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ABSTRACT

Precambrian granitic rocks are extensively exposed in the area
between Dixon and Penasco, northern New Mexico, where they form major
parts of a compiex terrane that includes older metasedimentary and meta-
volcanic rocks. At least four distinct episodes of magmatism over a
time span of about 300 m.y. resulted in the emplacement of granitic rocks
at successively greater depths.

The oldest of these granitic rocks is the Cerro Alto Metadacite,
which is fine grained and slightly porphyritic. It may have been in
part extruded and in part intruded at very shallow depths. The next
. younger rock is the Puntiagudo Granite Porphyry, which is characterized
by distinct phenocrysts of K-feldspar, guartz, and plagioclase. It
occurs as an epizonal pluton with sharply defined walls, a thin border
zone, and marging] aplite dikes. It is intruded by the Rana Quartz
Monzonite (1673 m.y.)}, which forms an epizonal piuton with a discon-
tinuous border zone and an equigranular interior with local aplite dikes.
Felsite dikes in the surrounding country rock are probably associated
with the border zone of the Rana Quartz Monzonite. The youngest of the
major granitic rocks is the Pefasco Quartz Monzonite (1470 % 20 m.y.),
which represenfs a mesozonal pluton with rare aplite dikes. It is dis-
tinctly more mafic than the older rocks, and locally it contains mega~
crysts of K-feldspar. '

Pegmatite bodies crosscut all the plutons and hence are at 1east‘
in part younger than the major granitic rocks. These pegmatites may

well represent more than one generation of magmatism but they probably
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are not genetically related to the exposed granitic plutons. Postdating
all of the igneous events was a period of epidote veining accompanied

by Tocal reddening of feldspars in the plutonites. Radiometric ages
suggest that this episode took place about 1200 m.y. ago.

Interpretation of field and petrographic data in terms of Buddington's
1959 classification of granites in North America suggests that the major
plutons were emplaced at increasingly greater depths with each successive
episode of magmatism. Estimates of depth of intrusion, based on
Buddington's criteria, are 0 to 2 km (upper epizone) for the Cerro Alto
Metadacite, 2 to 4 km {epizone) for the Puntiagudo Granite Porphyry,

3 to 6 km {Tower epizone) for the Rana Quartz Monzonite, 8 to 3 km
{mesozone) for the Penasco Quartz Monzonite, and 9 to 14 km for the
pegmatites.

The petrochemistry of these rocks is consistent with an igneous
origin, but some of the border-zone rocks and some of the felsite dikes
have compositions that reflect considerable postmagmatic alteration.

Details of barium distribution in the Puntiagudo Granite Porphyry,
the Rana Quartz Monzonite, and the Penasco Quartz Monzonite indicate
that the K-feldspar megacrysts crystallized from a melt rather than
from a water-rich fluid phase. The data also indicate that aplites
in these rocks probably formed from rest-liquids associated with each
of the granitic bodies, and that each of the aplites crystallized largely
as the result of a pressure quench.

A preliminary experimental and theoretical study of the distributicn
of barium during crystallization of granitic rocks demonsirates that the
distribution coefficient of barium between K-feldspar and silicate

1iquid depaends on both temperature and bulk composition of the system.
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A relatively simple analysis of the crystallization of granitic rocks
indicates that some assumptions commonly made in the calculation of
trace-element distribution behavior are inappropriate. Most notable
among these assumptions are the neglect of the effect of multiple
phases crystallizing simultaneousiy, neglect of variation in the order
of appearance of phases crystallizing, and neglect of temperature-
induced changes in distribution coefficients.

A study of the origin and development of late-stage features in
the granitic rocks prompts the following conclusions: (1) the bulk of
the gross textural features in these rocks formed while a silicate melt
was present; (2) the features, both microscopic and megascopic, that
are not ascribable to ignecus processes were formed mainly during sub-
sequent metamorphic and alteration events; (3) even features that are
most 1iké1y deuteric in origin, such as perthitic intergrowths, have

been modified by later events.
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I. INTRODUCTION

Purpose and Scope of the Stﬁdy

One of the fundamental problems in granite petrology has been the
difficulty in distinguishing among the products of primary magmatic
crystallization, late-stage magmatic processes, and subsolidus meta-
morphic processes. It has long been supposed that late-stage magmatic
processes have a significant effect on primary minerals in granitic
rocks, but no criteria have been established for distinguishing the
effects of such magmatic processes from fhose of metamorphic processes.
Yet the distinction is fundamental. In the case of the late-stage
processes, they are inherent in the crystallization of the magma itself
whereas the metamorphic processes result from subsegquent events that
may or may not be related to the original rock. The basic aim of this
investigation has been to establish criteria on which such a distinction
might be based.

J. J. Sederholm (1916) was one of the first petrologists to recog-
nize the possible importance of late-stage magmatic effects, and he
proposed to call such changes "deuteric.” In so doing he made an
ad hoc, conceptual distinction between the late-stage and the meta-
morphic processes. A few years later, R. J. Colony (1923) used the
term "aqueo-igneous matters" for end-stage consolidation products which
he thought must have been of "“low viscosity, great penetrating power,
considerabie chemical activity, and enriched in volatile gases."

The rocks he observed suggested to him that these late-stage products




were rich in silica and alkalies--especially soda--and that they

reacted with early formed minerals as, for example, in the albitization
of potassium feldspar, uralitization of pyroxene, and serpentinization
of hornblende., Colony considered the ultimate late-stage effect to be
the formation of micropegmatites, which in his mind represented consoli-
dation of the "concentrates" themselves. Colony's approach was rather
qualitative and he did not specifically consider the possible effects

of metamorphism, but his work provided valuable insight into_some
possible Tate-stage processes in granitic rocks.

Since the time of Sederholm and Colony, numerous and often conflic-
ting ideas have been deveioped in the context of this problem. For
example, "potash metasomatism,” which supposedly is a postmagmatic
process that re§u1ts in the formation of potassium feldspar porphyro-
blasts and/or potassium feldspar overgrowths on plagioclase crystals,
has been proposed by some investigators (e.g., Eskola, 1956; Robertson,
1959; Leggo, 1966; Nemec, 1967; Dickson, 1968). On the other hand,
similar features have been interpreted as products of strictly magmatic
crystallization (e.g., Hibbard, 1965; Kerrick, 1969; Nemec, 1975).
Contrasting theories also have been advanced to explain perthitic
textures. Thus Augustithis (1964), Schermerhorn (1961), and others
have supported the idea that perthite results from the "injection"
of albitic material or from some other.kind of "albitization" hy
matefia1 from externai sources, whereas Gates (1953), Tuttle and Bowen
(1958), and others have developed the_more widely accepted exsolution
hypothesis for the formation of most perthites. Such subsolidus
behavior might be involved in the formation of intergranular albite

and some rapakivi textures as well.




Granophyre, myrmekite, and graphic granite also have been regarded
as somehow related to late stages of magmatic crystallization (for a
discussion, see Barker, 1970). Various hypotheses have been suggested
for the genesis of myrmekite, ranging from exsolution {(e.g., Phiilips,
1964, 1972) to injection (e.g., Augustithis, 1962).

Pegmatites are likewise thought by most petro1ogists to represent
a late stage of magmatic differentiation, during which relatively large-
scale segregation can occur. A viable model for the crystgl]ization of
pegmatites (espacially zoned bodies) has been developed by Jahns
(1953, 1955, 1956) and Jahns and Burnham (1969), in which interactions
between silicate melt and a coexisting water-rich fluid phase are
emphasized. This model accounts for transfer of certain constituents
to different parts of a crystallizing body. It has seemed reasonable
that such a model also could be applied to the behavior of water-
saturated rest-magma and an accompanying aqueous fluid at near-solidus
temperatures in any natural granitic system.

To judge from the published record, development of the Tate-stage
features mentioned above rarely is considered in terms of an overall
crystallization sequence, either for a single rock or for a series of
comagmatic intrusive rocks. Magmatic and "hydrothermal processes
commonly are discussed without the elucidation of their relationships
or possible intervening developments, and "late-stage” tends to be
adopted as a catchall expression with few attempts to define sequential
relationships or relative significance of various processes that might
operate at subsolidus temperatures. The possible compiexity of the
problem seems even greater when one recognizes that the effects of

late-stage magmatic processes on primary igneous features may be mimicked,




at least to some extent, by low- to medium-grade metamorphism. As

the physical conditions of such metamorphism approach those of late-
stage ignequs processes, the products may well be indistinguishable,
but there will presumably be specific différences possibily due to con-
sistent variations in the physical conditions. Moreover, differences
in the kinetics of reactions in deuteric and metamorphic regimes

may be caused in part by differences in the amount of water present.
Such differences in kinetics of reactions nmay be expressed by varying
mineral assemblages and differeﬁt extents of alteration. Anisotropic
stress in the metamorphic environment produces characteristic textures
that can be used to distinguish some occurrences of metamorphosed
granitic rocks, but such deformation might alsc. occur simultaneously
with late-stage magmatic alteration. And metamorphism conceivably
could occur without significant deformation. In any case, it clearly
would be useful to establish criteria upon which a more definite dis-
tinction could be based.

Toward that end, this study was planned in order to characferize
and evaluate igneous and metamorphic processes in a specific occurrence
of Precambrian granitic rocks in northern New Mexico, with particular
emphasis on the origin of controversial textural features such as
perthite, myrmekite, and microcline megacrysts. In addition, the
following specific questions pertinent to understanding the effects
5of these processes in granitic rocks were asked at the outset:

(1) What is the distribution of major and minor elements, espe-
cially Ca, K, Na, Ba, Rb, and Sr, on both map and microscopic scales,
and to what extent is the distribution uniquely controlled by late-

stage processes?



(2) What are the variations in structural state of the feldspars
for the various intrusive phases of the granitic compliex, and can
these variations be ascribed to a "normal" thermal decline?

(3) What temperatures and pressures are indicated by late-stage
phase relations, and are these consistent with Buddington's (1959)
classification of zone of emplacement for granitic piutons or are
pressures significantly reduced by the time late-stage processes
become active?

(4) Do microscopic analogs of complex or simple pegmatites occur
interstitially in any of the granitic rocks?

(5) Can the pegmatites and aplites of the study area be considered
"late magmatic differentiates" of the granite, and if so, can a reasonable
model for their collection and emplacement be developed? Tuttle and
Bowen (1958}, in Geological Society of America Memoir 74, considered
the textural features discussed above to be post- or late-magmatic
in origin, but they noted that not all of the inferred changes are well
understood:

. . . .many changes have taken place in: (1) the compositions

of the minerals, (2) the polymorphic forms of the minerals, and

(3) the textural relations among the minerals or the granites,

syenites, and the nepheline syenites between the time of final

magmatic crystallization and observation under the petrographic
microscope. A few of these changes have been described here, but
many more complex reactions undoubtedly remain to be discovered

(p. 142).

It has been the aim of this study to understand, in a specific suite
of granitic rocks, the changes that have taken place in composition,
in polymorphic forms, and in textural relations~--attempting to delineate

some of the more compiex reactions that may occur after primary

crystallization of the magma.




Field Area Chosen for Study

A granitic terrane collectively termed the Embudo granite by
Montgomery (1953) was chosen for the present study. It is located in
north-central New Mexico about 20 airline miles south of Taos (fig. 1),
and 1t occupies parts of the 7.5' Peflasco and Trampas gquadrangles
of the U. S. Geological Survey. This area was initially brought to
my attention by Richard H. Jahns, who had a first-hand knowledge of
its geology. Its selection was based on the presence of numerous
pegmatites and on reports of late-stage petrographic features such as
clear microcline grains in clean-cut patches and veinliets, and grains
with fringes of untwinned oligoclase (Montgomery, 1953), which suggest
the importance of Tate- or postmagmatic processes in this terrane.

Montgomery (1953) regarded the "Embudo granite" as a series of
granitic rock bodies among which he recognized some differences, but
he considered them to be genetically related and perhaps to have been
“intruded over a "protracted period of geological time." He also viewed
the pegmatites as younger genetic associates of the granitic rocks.
This would appear to be an ideal setting for study of late-stane
crystaltization in granitic rocks. In the present study, however,
detailed field mapping soon revealed that the geoclogical situation
is much more complicated than had been thought earlier. Intrusive
contacts among the various granitic units, penetrative deformation
of some of these units but not of others, and crosscutting relationships
between pegmatite and quartz veins in the granitic rocks suggested
that an overall genetic relationship might be more apparent than real.

Further, a reinterpretation of Rb-Sr dating by Fullager and Shiver
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(1973) indicated that there may have been a time gap of as much as
300 m.y. between some of the intrusive episodes.

Such information clearly strained the original conception of the
"Embudo granite" and in some ways made it a less attractive setting
for the intended study, in that a greater complexity of metamorphic
and igneous history might well obscure important relationships. On
the other hand, the obvious expressions of metamorphic deformation in
some of the rocks but not in others could well provide a direct basis
for comparison of metamorphic and deuteric effects. An apparent lack
of evidénce for a genetic relationship between the pegmatites and any
of the exposed granitic rocks was disconcerting, yet the presence of
aplite bodies apparently in genetic association with each of the
granitic units suggested a significant role for late-stage fluids.
Thus the study did not exactly follow preplanned lines, but it yielded
unexpected and useful information in closely related areas of igneous

petrology.

Methods of Study

The basic work in this investigation has been detailed geological
mapping and sampiing of the Precambrian gfanitic rocks and the meta--
morphic rocks they intrude in an area of 45 sq mi between the towns of
Dixon and Pefasco in northern New Mexico. The majority of the mapping
was done at a scale of 1:]2,000 using the Trampas and Peflasco 7.5'
quadrangles (U. S. Geological Survey) as a base. The field work was
done during the summer months of 1971 and 1972, and for a brief period
during the summer of 1973. More than 300 samples were collected, and

selected samples were studied using the following techniques:



(1) standard petrographic examination, including modal analysis, of
more than 250 standérd and polished thin sections; (2) X-ray powder
diffractometry of é]ka]i feldspars; (3) chemical analysis of bulk-rock
samples for Si, Al, K, Ca, Na, Mg, Mn, Fe, Ti, Rb, Sr, Zr, and Ba

by nondispersive X-ray fluorescence; (4) electron microprobe analysis
of selected minerals in the granitic rocks for various elements. In
addition, an experimental study was done in which the distribution
coefficient of barium between alkali feldspar and a synthetic granitic
melt was determined as a function of temperature. The purpose of the
experimental study was to help explain barium zoning observed in micro-

cline megacrysts from some of the natural granitic rocks.

General Features of the Dixon-Penasco Area

The study area is a Precambrian terrane in north-central New
Mexico, lying between the rural towns of Dixon and Peflasco and about
20 airtine miles south of Taos. It forms the southern margin of the
Picuris Range, a mass that extends westward as a triangular prong from
the Sangre de Cristo Range. Both the Dixon-Pefiasco area and the Picuris
Range are bounded on the west by the Rio Grande rift valley, and to
the south and east the Precambrian rocks south of the range are covered
by Cenozoic sediments of the Chamisal-Peflasco re-entrant. Figure 2
shows the location of the study area and its relationship to the major
physiographic provinces of northern New Mexico.

The elevation of the area ranges from 7807 to 6020 ft, generally
decreasing from east to west. Some prowinent hills are present in the
west half of the area, but in general the topography is subdued relative

to the Picuris Range to the north {maximum elevation 10,801 ft) and
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the Sangre de Cristo Range to the east and southeast (maximum elevation
13,102 ft). Much of the area has been diésected by Embudo Creek and
its tributaries; hence there is considerable local relief and good
exposures, particularly along the steep, high walis of Embudo Canyon
and along the crests of several high ridges of resistant granite.

Embudo Creek drains into the Rio Grande and is the main perennial
stream of the area. Several perennial tributaries such as Rio de las
Trampas, Rio Pueblo, and Rio Santa Barbara contribute to its flow,
but much of the surface drainage in the area is ephemera]g

The climate is semiarid with an average annual precipitation
of about 10 in. In the summer months afternoon thunderstorms are
common, especially during July and August. This climate supports a
typical juniper-pifion woodland to Great Basin sagebrush assemblage
of vegetation at the Tower altitudes and relatively open pine forests
in the higher eastern and southern parts of the area.

The area is rural, and smali-scale agriculture is the primary
activity of the local inhabitants. Settlement and cultivation are
restricted to the valley bottoms, most of which are irrigated. Access
to the area is obtained via State Highways 75 and 76, and thence over
numerous graded but unpa&ed roads. Even the most remote parts of the
area generally can be reached or closely approached in a light truck

or four-wheel-drive vehicle.

Previous and Current Geological Investigations of the Area

The first geologic investigation of the area was made by Just
(1937), who mapped it at a scale of 1:62,500 as part of a reconnaissance

study of the mineral deposits of Rio Arriba and Taos Counties. Later
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Montgomery (1953) mapped the Picuris Range at a scale of 1:48,000 as
part of a Ph.D, dissertation. Neither of these workers was able to
concentrate much attention on the granitic rocks. Miller, Montgomery,
and Sutherland (1963) extended Montgomery's earlier mapping southward
and completed coverage of a 30' quadrangle, but they made no attempt
to formally subdivide the granitic terrane.

Aldrich and others (1958) reported some Rb-Sr and K-Ar ages for
minerals from the Harding pegmatite, but no other dates for rocks in
the area were recorded until Fullager and Shiver (1973) suggested a
uniform Rb-Sr age for the "Embudo granite." Since then K-Ar mineral
ages of pegmatite and granite samples from the area have been estimated
by Gresens (1975).

Nielson (1972} and Nielson and Dunn (1974) have outlined the
structure, stratigraphy, deformation, and metamorphism of rocks in the
Picuris Range. The results of their studies are important for the
correlation of metamorphic events in the country rocks with meta-
morpnism in the granitic rogks:

In connection with geochemical studies, Gresens and Stensrud
(1974a, b) examined the Precambrian stratigraphy of the Dixon~Pefiasco
area and attempted to correlate it with that of the Las Tablas-lLa
Madera area to the northwest. They reinterpreted some of the age
relations among the metamorphic rocks, but results of the present study

do not confirm their conclusions.




I1. GENERAL GEOLOGY

Regional Setting

The Dixon-Pefasco area is part of an extensive Precambrian terrane
that also forms much of the southern Sangre de Cristo Range. The igneous
and metamorphic rocks of this range are in fault or depositional contact
with Cenozoic sedimentary deposits, and atong its eastern margin with
Carboniferous marine sedimentary rocks. In the Dixon-Penasco area,
only Cenozoic sediments and Precambrian metamorphic and igneous rocks
are present. Where they are in contact, the Cenozoic sediments appear
to rest depositionally upon the older rocks, as shown on the generalized
geologic map of the area (fig. 3). Only the Precambrian rocks have

been given detailed attention in this study.

Precambrian Metasedimentary and Metavolcanic Rocks

The metamorphic rocks of the Dixon-Penasco area can be divided
into two main units: (1) an older assemblage, the Ortega Group,
consisting of metaquartzite, schist, and phyllite; and (2) a younger '
assemblage, the Vadito Formation, consisting of metaquartzites, meta-
conglomerate, schist, and amphibolite. These two units are given

-group status because of their internal complexity, the presence within
them of mappable formations, and the geologic significance of the
formations within each group. Specifically, the Ortega Group includes
the Ortega Quartzite, the Rinconada Schist, the Pilar Phyllite, and

the Piedra Lumbre Formation. The Vadito Group has been divided into
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a Tower metasedimentary unit comprising conglomerate, quartzite,

and schist members, and an upper amphibolite unit that consists of
interilayered mafic flows, metavolcanic conglomerates., and mafic meta-
sediments with minor discontinuous beds of recrystallized chert.

Cross-bedding in the metasedimentary sequence near the base of the
Vadito Group indicates that the Ortega Group is stratigraphically
lower and hence older. This is the same age relation that Montgomery
(1953) estab]%shed earlier, primarily from structural relationships.
Recent speculation that the age relations should be inverted (Gresens
and Stensrud, 1974a, b) is not in accord with the evidence provided
by the observations of cross-bedding. Figure 4 shows a general strati-
graphic section of the Vadito Group and the portion of the Ortega
Group that crops out in the map area of figure 3 and plate I. Figure 5
is & specific detailed stratigraphic section, the location of which is
shown in figure 3. Southeast of the area represented by figure 5,
stratigraphic relationships within the Vadito Group are complicated
by isociinal folding and a belt of amphibolite.

The amphibolite is the youngest stratigraphic unit, but its
relationship to the quartzite and schist exposed to its southeast is
not yet fully understood. The quartzite and schist may be coeval
equivalents of the schists north of the amphibolite belt, or they may
be the upward extensions of a thick schist sequence that is unconformably
overlain by the amphibolite. In either case the exposed amphibolite
appears to occupy the central parts of synforms and is the youngest
Precambrian stratigraphic unit exposed in the area.

The complexity of the Vadito Group rocks is increased by the

presence of amphibolite dikes, mainly in the schist north and northwest
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of the main amphibolite unit, and felsite dikes that occur primarily
within the amphibolite unit. The amphibolite dikes probably were
emplaced at about the time when rocks of the main amphibolite unit were
accumulating as extrusives on the then-existing surface. The felsite
dikes were emplaced later on, and probably in several episodes; they
may have marked the onset of granitic magmatism, although some may have

been related to one of the younger granite intrusions.

Precambrian Granitic Rocks

General Statement ]

The granitic rocks of the area, as shown in figure 3, comprise
four major intrusive units and numerous smaller bodies of pegmatite.
The sequence of granitic magmatism began with emplacement of a meta-
dacite stock (Cerro Alto Metadacite), along with widespread sills and
dikes of similar 1ithology. This was followed by emplacement of a more
coarse-grained and foliated complex of granite to quartz monzonite
porphyry {Puntiagudo Granite Porphyry) with distinctive phenocrysts
of microcline and quartz. This rock in turn was apparently intruded
by a large body.of foliated bioﬁite gquartz monzonite (Rana Quartz
Monzonite). The last major episode resuited in intrusion of a sphene-
bearing biotite quartz monzonite to granodiorite (Penasco Quartz
Monzonite). A1l of these units were postdated by pegmatites, most of
which appear to be distinctly younger than the last granitic intrusion,
but which themselves probably represent more than one generation of

magmatism.
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Cerro Alto Metadacite

The metadacite, oldest of the granitic units in the area, is a
dark- to medium-gray, fine~grained, slightly foliated rock containing
scattered small (<2 mm) phenocrysts of quartz and plagiociase. The
groundmass consists principally of quartz, plagioclase, and K-
feldspar with flecks of biotite, muscovite, and magnetite. The rock
occurs ﬁrimari]y as a stocklike body shown approximately at the center
of figure 3. The westerly margin of the body is in discordant intrusive
contact with Vadito metamorphic rocks. Along the easterly margin,
however, the relationships are less clear. Here the rock is marked
by slabby jointing that resembles bedding or flow banding, and it is
more conformably related to the country rocks.

Many isolated sills of metadacite are present in the main amphibo-
lite unit. They are similar in shape and size to the felsite sills
but invariably predate them. In a few places there are lithologic
gradations between the metadacite sills and the more leucocratic
felsite sills.

The metadacite is cut by the other granitic rocks and also occurs
as inclusions within them. The inclusions, though not abundant, are
so widespread that it is reasonable to assume a once extensive distri-
bution of the metadacite prior to intrusion of the younger granitic
rocks. It should be noted that the Cerro Alto Metadacite constitutes
part of what Montgomery (Miller and others, 1963) mapped as "Vadito
Conglomarate-felsite" {Vcf). The remainder of Vcf in this area comprises

schist, fine-grained quartzites, and minor conglomeratic rocks.
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Puntiagudo Granite Porphyry

The Puntiagudo Granite Porphyry has a fabric distinguished by
subequant and subhedral, Carlsbad-twinned phenocrysts of microcline
(1 cm in maximum dimension) and rounded phenocrysts of quartz set in
a fine- to medium-grained matrix of plagioclase, K-feldspar
biotite, and muscovite. Modally the rock is a quartz monzonite, locally
grading to granodiorite. It occurs as a massive body of irregular shape
that is in very sharp, discordant contact with the Vadito rocks. It
is featured by a thin border zone (0 to 20 m) of finer grained rhyolitic
rock that appears to reflect marginal chilling. Dikes of fine-grained
rhyolite also are present, mainly in marginal parts of the body.
Aside from the border zone and the dikes, the unit consists of mineralogi-
cally homogeneous rocks. Marked textural variations, however, are
expressed by differences in abundance of phenocrysts and differing
degrees of rock deformation. Foliation is evident in most places,
and generally parallels the northeast to east regional trend of struc-

tural features in the Precambrian terrane.
Rana_Quartz Monzonite

The Rana Quartz Monzonite is dominant among the granitic rocks
exposed in the area. Available field evidence such as probable inclusions
of Puntiagudo Granite Porphyry suggests that it is younger than the
Puntiagudo Granite Porphyry, but the paucity of contact between the two
units and the uncertainty of the evidence make it difficult to definitely
establish the age relationship. Most of the Rana is a medium-grained

faoliated biotite quartz monzonite to granodiorite. The biotite grains
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have been partly shredded and recrystallized, and they are commonly
transected by larger fresh grains of muscovite. The plagioclase has
been partly granulated and extensively altered to sericite, epidote,
and clinozoisite. The degree of deformation increases somewhat to the
south so that the rock in séme of the southernmost outcrops shown in
figure 3 is gtrongly Tineated. In addition to a prevailing foliation
that follows the regional structural trend, closely spaced fractures
(=N. 50° W.) and narrow ductile shears that trend northeast are present
in some places. Thus the Rana Quartz Monzonite appears to reflect

at least two and probably three events of regional deformation; this
is consistent with the regional deformations inferred by Nielson and
Dunn (1974) from Ortega Group rocks to the north.

In addition to the main mass of foliated rocks, the quartz monzonite
body is marked by a discontinuous border zone of fine-grained leuco-
cratic muscovite granite that contains oblate phenocrysts of quartz
and, locally, phenocrysts of microcline, and by a mass of unfoliated
biotite quartz monzonite that is modally similar to the foliated quartz
monzonite but Tacks biotite alignment and extensive granulation of
plagioclase. Both these subunits are in gradational contact with the
main mass of foliated biotite quartz monzonite.

The Rana Quartz Monzonite in general shows strong discordance
with the rocks i1t intrudes, although apophyses of border zone rocks
commonly are concordant and appear much Tike the isolated felsite dikes
in the amphibolite. This suggests that at least some of these discrete
felsite dikes may be directly related to the intrusion of the Rana

Quartz Monzonite. Textural, compositional, and structural variations
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among the dikes, however, indicate that more than one generation may

well be represented.
Pefiasco Quartz Monzonite

The youngest major granitic unit is the Pefiasco Quartz Monzonite,
which is in intrusive contact with the Rana Quartz Monzonite, as shown
in the southeast part of figure 3. Like the Rana, it is a biotite
quartz monzonite to granodiorite, but it contains more biotite, is
featured by wedgelike crystals of sphene, and, in some places, contains
less quartz and more plagioclase. Further, the Peflasco rocks lack the
strongly pervasive foliation so prevalent in the earlier granitic rocks
and, in some areas, they contain abundant tabular megacrysts of Carlisbad-
twinned microcline as much as 9 cm in maximum dimension.

The intrusive body of Penasco rocks is generally conformable with
the amphibolite country rocks, particularly in the area just north of
Embudo Creek (eastern part of fig. 3). It lacks a distinctive border
zone, contains mafic inclusions that are most abundant near its margins,
and shows minor migmatization along its contacts. Local chevron
folding in the amphibolite near the intrusive contact suggests that
forceful injection was important in the emplacement of the quartz

monzoni te.
Pegmatites

Bodies of pegmatite cut all of the granitic rocks in the areas;
hence at least some of them are younger than the youngest granitic
intrusion. The& can be characterized according to five groups:

(1) simple pegmatites in bodies of relatively small size, containing
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microcline, quartz, albite, and muscovite with minor green beryl;

these constitute the most abundant type; (2) faintly to well-zoned
bodies of generally larger size with various amounts of exotic mineraliza-
tion; the Harding pegmatites belong in this category; (3) small,

zoned bodies of pegmatite containing only albite, quartz, and muscovite;
(4) pegmatite-aplite pairs occurring as small dikes, primarily in one
locality near Peflasco; and (5) tourmaline-bearing pegmatite in medium-
sized, s1ightly zoned dikes consisting mainly of K-feldspar,
plagioclase, quartz, and tourmaline; observed in only one locality

1.5 mi north of Peflasco. In addition, pink to white aplite dikes,

which apparently are unrelated to any pegmatites, occur in both the

Rana and Pefiasco Quartz Monzonites. Quartz veins and pods typically
occur in all the Precambrian rocks of the area.

The diverse types of pegmatite suggest that more than one age of
pegmatite formation is represented in the area. Further, the pegmatites
are consistently younger than the aplite dikes and quartz veins. These
aplites may well represent the rest-liquid fractions of the granitic
rocks that enclose them, as they are restricted to these rocks and are
in part gradational with them. If this is the case, it suggests that
the pegmatites, which are younger, may have originated not as rest-
tiquids of the granitic rocks they cut, but perhaps as rest-liquids
of an intrusive body not exposed at the present surface. That the
pegmatites cut quartz veins indicates that they are younger than a
period of post- or late-magmatic hydrothermal activity, further pointing
toward a separate magmatic event for them. Two other field observations
also support this notion. First, the pegmatites do not have a consistent

spatial relationship to any of the exposed granitic rocks. They are
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-distributed sporadically tﬁroughout the area, possibly increasing
slightly in abundance southward along with increasing deformation

in the Rana Quartz Monzonite. Second, the granites do not show the kind
of compositional variation with time that would lead ultimately to
pegmatite formation. Instead, the youngest granitic unit is one of the
most mafic plutonites and thus appears least 1ikely to have given rise
to pegmatites, Available radiometric ages, although open to some ques-
tion, indicate that the Harding pegmatite is as much as 100 m.y. younger
than the youngest granite. This casts doubt upon any proposed genetic
relationship between the pegmatites of the Harding type and the granitic

rocks exposed in the area.
Alteration of the Granitic Rocks

Three main types of alteration have been observed in the area:
(1) alteration along shear zones, resulting in a quartz-muscovite
assemblage; (2) alteration resulting in reddening of feldspars and
ultimately in deposition of vein epidote. This kind of alteration
occurs in random patches in the Puntiagudo Granite Porphyry and in the
Rana Quartz Monzonite; (3) alteration resulting in deposition of
tourmaline and tourmaline-quartz veins. Age relationships among these
contrasting types of alteration are uncertain, but it is 1ikely that
the quartz-muscovite alteration preceded the other two. It is clear
that the epidote alteration occurred after the latest shearing event
and the formation of quartz veins and pegmatites.

The epidote a]tgration is the most widespread, and except for
control by joints at some localities, it appears to have been little

influenced by structural features. Nor is it spatially correlated
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with pegmatite bodies. The available evidence implies that this type
of alteration may have been the result of a thermal event occurring
after the time of pegmatite emplacement. No significant megascopic
alteration has been observed in the Penasco Quartz Monzonite, but there
is some alteration of plagioclase on a microscopic scale. The tour-
maline alteration is very common in some localities, especially in the
Vadito metasediments, and it also occurs in the Rana Quartz Monzonite.
It probably occurred at nearly the same time as the rare tourmaline-
bearing pegmatites. These pegmatites cut the Periasco Quartz Monzonite;

hence the tourmaline alteration probably. is younger than that rock.

Cenozoic Sedimentary Deposits

General Statement

The only younger rocks in the Dixon-Penasco area are Cenozoic
sedimentary deposits. They consist of poorly sorted to conglomeratic
tuffaceous beds (Picuris Tuff) that grade upward into, or interfinger
with, a thick sequence of coarse, poorly sorted fluviatile sediments
(the Tesugue Formation). These buff-colored units are mid-Tertiary
in age and are unconformably overlain by Quaternary depositsAof boulder
gravel (Ancha Formation) and by younger Quaternary alluvium that predates
the modern stream deposits. In addition, a mantle of fine brown
to tan silt and soily material with rare pebbles and pebble layers
is present Tocally. This material may be equivalent to the Espanola
Formation {Galusha and Blick, 1971). It tends to fil1l topographic
depressions and locally reaches a thickness of 15 ft. Currently it

is being gullied by ephemeral streams. The youngest deposits in the
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area are the Holocene alluvium of the minor flood plains and stream
beds. These deposits are particularly well developed where streams

cut through the Tesuque Formation.
Picuris Tuff

The Picuris Tuff appears to occur locally near, or at the base
of, the Tesuque Formation. It is recognized primarily by its greater
degree of induration relative to the Tesugue, and to a lesser extent
by its tuffaceous character. It has been observed only in minor occur-
rences beneath the southeastern and eastern outcrops of Tesuque
Formation (pl1. I). Just to the east of the area mapped, occurrences
of conglomerate were noted to consist of locally derived clasts of
biotite quartz monzonite. Strata of similar 1ithology were interpreted
by Montgomery (1953) as a basal unit in fhe Picuris Tuff. The type
locality of ?icuris Tuff occurs 2 mi north of Peflasco where it is easily
identified, but the relationship between the outcrops of the type Tocality
and the outcrops in the map area is not clear. Unfortunately, this
also means that the stratigraphic relationship between the Tesuque
Formation and the type Picuris Tuff is obscure. The Picuris Tuff is
physically near the base of the Tesuque Formation; however, it is not
certain that it is definitely older than the bulk of the Tesuque
Formation, as it occurs over a wide area and was deposited on a surface
with as much as 1000 ft of relief. It is not known, then, whether
there is an unconformity between the two units, whether they are
interbedded and thus in part coeval, or whether there is a facies change

between them.
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Tesuque Formation

The type section of the Tesuque Formatjon, just north of Santa
Fe, was defined by Baldwin (1956) as the middie unit of the Santa Fe
Group (see also Galusha and Blick, 1971). The unit presumably extends
north to the Dixon-Pehasco area, where it is mainly in depositional
contact on the Precambrian rocks. Its thickness in this area is on the
order of 1000 ft, but it thins rapidly where it Taps up onto the
crystalline rocks. Contacts between the Tesuque Formation and the
older rocks generally are poorly exposed, but they appear to be irregular
in plan view and variable in dip. The 1ithology of the underlying
or adjacent Precambrian rocks is strongly reflected in the clasts of .
the Tesuque near the contacts. The local steepness of such contacts
is consistent with the observation that the Tesuque was deposited on
a surface of considerable relief, and there can be 1ittle doubt that
the Precambrian rocks were at Tleast locally a significant source of
coarse detritus during Tesuque time.

The Tesuque Formation comprises variegated beds of sand, silt,
gravel, conglomerate, breccia, and volcanic ash. It is gencrally
buff colored and is consistently 111 sorted. Wide variations in degree
of induration of alternating beds are reflected by ribbed cliffs
at some localities. A typical exposure is shown in figure 6. The
stratigraphy of the Tesuque Formation is poorly known. No attempt
was made to correlate beds in the formation, but it seems clear that
discontinuous beds are the rule, and Miller (Miller and others, 1963)
reported that Tew beds can be traced for distances of 1 to 2 mi.

Stratification generally dips south-southwestward at angles of 1° to



Figure 6. A typical exposure of Tesuque Formation, 0.75 mi north
of La Cuestecita.

Figure 7. A gentle fold in Tesuque Formation, approximately 0.5 mi
north of Apodaca, New Mexico.
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10°; but at one locality near the western edge of the map area a

broad, gently plunging anticline can be observed (fig. 7). No faults
were seen to cut the Tesuque Formation in the map area, but air photo
lineations in the basement terrane appear to extend into areas of the
Tesugue Formation as definable morphologic features such as stream
valleys and gullies. The structural features thus show that late
Tertiary tectonic movements in the area have either folded or fractured
the Tesuque Formation as the underlying basement blocks were jostled.

The age of the Tesuque Formation is uncertain, but vertebrate
faunas found near Pojoaque and Espanola suggest a Miocene-Pliocene
age (Frick, 1937; Simpson, 1953). Presumably the strata outcrops in
the Dixon-Pefiasco area are of a similar age. Work currently in progress
by Kim Manley of the U. S. Geological Survey, Denver, should provide
more definitive information about the Tesuque Formation.

The name Ancha Formation has previously been applied to gravei
deposits overlying the Tesuque Formation, and Miller and others (1963)
considered it to be the upper member of the Santa Fe Group. Manley
(1974) more appropriately chose to consider it post-Santa Fe and
pointed out that it may be misleading to give all such gravel deposits
the formational name Ancha. Following this suggestion, the thick
gravel deposits that lie to the southwest of the main outcrops of
Precambrian rocks are here referred to informally as the gravel deposits
of Cejita Mesa. These deposits are on the order of 200 ft thick and
consist largely of sand and gravel. Quartzite is the dominant 1ithoTogy

among the clasts.
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Younger Terrace Gravels

Gravels whose elevation and geomorphic expression show that they
are younger than the gravels of Cejita Mesa are here referred to
informally as the younger terrace gravels. They are lithologically
simiTar to the Cejita Mesa gravels and probably were derived from them
either as Tag deposits or as products of a more active fluviatile
reworking., In either case these younger deposits seem to represent
temporary base levels in the erosional history of the area.

Some deposits mapped as younger terrace gravels, notably those
just east and northeast of Cerro Puntiagudo and those north of Trampas
(p1. 1), may in fact be direct correlations of the Cejita Meas gravels.
They are considerably thinner than the typical Cejita Mesa deposits,
but could be erosional remnants. The correlation is difficult to prove
or disprove, owing to geographic separation and the inherent complexity
of such gravel deposits. Manley (1974), for example, has postulated
"shifts in drainage direction with time" and "considerable post Santa

Fe Group topographic reiief."
Brown Sand-Soil Deposits

The brown sand-soil deposits occur locally on the upland surfaces
of the eastern and northern parts of the area. They mantle terrace
gravels in some Tocalities, but their relationship to the younger terrace
gravels (e.g., south and southwest of Cerro Puntiagudo) is uncertain,
although there is a conspicuous absence of the brown sand-soil deposits
in the more dissected areas. Figure 8 shows a typical exposure of the

material, which on all slopes is gullied by recent stream erosion.




Figure 8. A typical exposure of brown sand-soil deposit,
about 1 mi northwest of Cerro Alto.
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-

Its origin is uncertain, but it may be equivalent to; or reworked

from the Espan61a Formation which is primarily a wind-blown sand
(Galusha and Blick, 1971). 1Its occurrence and 1ithology suggest that
it may have a large eolian component. In some localities, it is
difficult to distinguish from Holocene alluvium, since both can occupy
stream bottoms, but it is a significant map unit because it commonly
obscures the Precambrian rocks in areas where Holocene alluvium is

not present.
Holocene Stream Deposits

Erosion and deposition by currently active streams in the Dixon-
Periasco area has produced significant Holocene alluvial deposits. The .
largest occurrences are along Embudo Creek downstream from Cafioncito
and along Cafiada de 0jo Sarco and Las Trampas tract. In some areas,
especially along Las Trampas tract, Caflada de 0jo Sarco, and near
Chamisal, what has been mapped as Holocene stream deposits (based
Targely on morphology) may actually be brown sand-sojl deposits or at
Teast products from the reworking of such deposits.

The occurrence of Holocene stream deposits along the Rio de Las
Trampas, especially at Vallecito and Las Trampas fract, is curious
in -that they form large hollows {up to 0.5 mi long) between exposures
of Precambrian rocks. This apparently is due to the relatively soft,
unconsolidated character of the underiying Tesuque Formation. The
asymmetry of ridges between Rio de Tas Trampas and the Canada de Qjo
Sarco, and between Caflada de 0jo Sarco and Cafiada de Oso, suggests
lateral migration of these streams with time. The cause of such migra-

tion is not apparent, but it is interesting that these are the same
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streams that tend to line up as extensions of airlphoto lineations

in the exposed Precambrian terrane. Again, their position and possibly
their migration may have been controlled in part by joints in the Tesuque
Formation that could have been caused by a slight jostling of the
Precambrian basement in this area. Such adjustments probabiy were
related to uplift of the Picuris Range and Sangre de Cristo Range along

marginal faults of the Rio Grande rift.




I1I. METASEDIMENTARY AND METAVOLCANIC ROCKS

Ortega Group

Rocks of the Ortega Group crop out mainly in the Picuris Range,
where the older units of the group, the Ortega Quartzite and the Rin-
conada Schist, are found. The younger units of the group, the Pilar
Phyllite and the Piedra Lumbre Formation, crop out in the northwest
corner of the map area (pl. I}. The Ortega Quartzite and the Rin-
conada Schist do not occur in the map area, but they have been discussed
in detail by Montgomery (1953), Miller and others (1963), Nielsen
(1972), Nielsen and Dunn (1974), and Holdaway (1975). The work of
Nielsen and Dunn has corroborated Montgomery's initial suggestion that
the Pilar Phyliite and the Piedra Lumbre Formation are the uppermost
units of the Ortega Group but are older than nearby rocks of the Vadito
Group. Except for some differences in assigned nomenclature, the
results of my field work are in essential agreement with those of Nielsen

and Dunn (1974).

Pilar Phyllite

The Pilar Phyllite was named as a member of the Ortega Formation
by Montgomery (1953) on the basis of extens%ve outcrops of phylilitic
slate south and west of Pilar, New Mexico. These rocks occur only
in the extreme northwest corner of the map area (pl. I), but they are
part of a belt of Pilar Phy11ité that extends off the map area and

forms a portion of the southern 1imb of a westward-plunging anticline
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(Miller and others, 1963, pl. I). The general lithology of the Pilar
PhyiTite has been described by Montgomery (1953), and the description
that follows here is Timited to the rocks occurring in the small area

of exposure shown on plate I.
LithoTogy

The Pilar Phylilite is dark gray except on cleavage surfaces, which
have a slight sheen that gives the rock a medium-gray to medium-1ight-
gray appearance. The well-developed slaty cleavage also gives most
outcrops a rubbly to slabby appearance. The general lithology is
intermediate between phyllite and slate, and Just (1937) originally
referred to the formation as the Hondo Slate. Montgomery (1953) noted
that the name Hondo had prior usage and substituted Pilar; he also
preferred a designation as phyllite.

The rock is extremely fine grained except for muscovite flakes
visible with a hand Tens on cleavage surfaces, quartz-muscovite veins
(1 mm thickness) that parallel the cleavages, and minute porphyroblasts
(0.4 mm) that occur along some layers in the matrix. Some of the
quartz veinlets cut across the cleavage. The veinlets also typically
contain small lenticular cavities and locally are stained by iron oxides.
The spacing and continuity of these veinlets differ considerably from
outcrop to outcrop, which may account for the characteristic variability
in coarseness of rubble derived from the rock.

The following descriﬁtion of thin sections from the Pilar rocks
is quoted directly from Montgomery (1953, p. 20):

Thin sections show a very fine-grainéd mineral aggregate,

in which dark, streaky patches of carbonaceous material are
very prominent. Crossed nicols show elongate quartz grains,
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0.01 to 0.02 mm. Tong and murky from carbonaceous inclusions,
strung out irregularly in sub-parallel orientation. Interspersed
with them are muscovite flakes 0.05 by 0.01 mm. in size. The
quartz commonly makes up 50% to 75% of the rock; the muscovite
15% to 30%. The muscovite plates are not generally matted together,
but some form very thin, continuous trains. Darker parts of the
rock, relatively rich in carbonaceous matter, in some places cross
the foliation as distinct bedding layers.

Larger quartz grains, as much as 0.25 to 0.5 mm. in size,
occupy lenticular areas or criss-crossing veinlets 0.1 to 0.25
mm. wide. The grains rarely are flattened perpendicular to the
veinlet walls. Some veinlets offset other veinlets where they
cross, and some are complexly folded on a minute scale. Most
sections show a scattering of lenticular porphyroblasts 0.1 to
0.5 mm. in size that consist of yellowish or dark-brownish
Timonitic material. Some of these augen are wispiike, and a few
are bent into pinwheel shapes. Some porphyroblasts show traces
of biotite stained dark by iron oxides, and others have a distinct
outline, generally rounded, squarish, or diamond-shaped. A few
stubby-prismatic shapes stand across the foliation. These crude

retic porphyroblasts constitute as much as 5% of the rock in
most places. '

Structural Features

In the small area of Pilar Phyllite that was examined, the attitude
of the slaty cleavage ranges from about N. 66° W. strike, 58° S. dip
to about N. 75° E. strike, 75° S. dip. Smali-scale isoclinal and
chevron folds (wavelength 1 to 2 m) occur Tocally and crenulations
with axial plane traces trending N. 75° E. and plunging N. 75° W. at
42° S, ave developed on cleavage planes. The variability in attitude
of the cleavage suggests that large-scale folding may be present within
the Pilar at this locality. The observable small-scale folding and
crenulations also suggest that the rocks may have been deformed rather
incompletely relative to nearby quartzite units. Local well-developed

vertical joint sets strike N. 770 Et
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Piedra Lumbre Formation

General Statement

Piedra Lumbre is a new formational designation here applied to
an eastward-tapering belt of rocks that lie stratigraphically and
physically between the Pilar Phyllite and rocks of the Vadito Group.
The name derives from Cafiada de Piedra Lumbre, which transverses
excelient exposures of an apparently complete section of the formation.
Montgomery (1953) mappéd these rocks as a muscovite-quartz~biotite-
garnet phyllite unit of the Rinconada Schist Member of the Ortega
Formation. Nielsen {1972), however, recognized that the rocks of the
Piedra Lumbre Formation are 1itho1o§1ca11y and stratigraphically
distinct from the upper part of the Rinconada Schist, noting in par-
ticular that they contain less garnet. Unfortunately, he referred to
this unit as the muscovite-biotite phyllite member of the Pilar
Formation. This requires an unnecessary redefinition of earlier
nomenclature, in that Montgomery's (1953) Pilar Phyllite (member
status) did not include the Piedra Lumbre Formation. Thus the most
straightforward revision of the nomenclature is to rename the rocks
that Montgomery erronecusly thought were part of the Rinconada Schist.
A comparison of Piedra Lumbre terminologies is givén in figure 9.

Regardless of terminology, the work of Nielsen (1972) and Nielsen
and Dunn (1974) has made the stratigraphic relationships clear.
The Pilar Phyllite is directly and conformably overlain by a sequence
of mainij phyllitic rocks, the Piedra Lumbre Formation, which separates
the Pilar rocks from the overlying Vadito Group rocks stratigraphically

but not everywhere physically. This contact between the Pilar Phyllite
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and the Piedra Lumbre Formation is in one sense gradational, as some
of their 1ithologies are similar, but it can be accurately mapped.

The contact between the Piedra Lumbre Formation and the overlying Vadito
Group rocks is sharp. Stratigraphic and structural relationships
immediately east of the mép area (Nielsen, 1972, pl. I} indicate that
the contact is either an unconformity or a fault. Nielsen (1972) and
Nielsen and Dunn (1974) mapped this contact in two localities and
concluded that it is an unconformity. Detailed examination of this
contact in the SE%4 sec. 24 revealed no evidence of a fault, even though
the 1ithology of the upper part of the Piedra Lumbre Formation is

such that any fault should have created a significant zone of disrup-
tion. In the absence of positive evidence for a fault in a situation
where such evidence might be expected, the Vadito Group rocks are here
considered to unconformably overlie the Piedra Lumbre Formation in

accordance with the interpretation made by Nielsen {1972).
Distribution.

The Piedra Lumbre Formation is exposed only in the northeast corner
of the map area. About 4 mi north-northwest of this area, extensive
-outcrops along Rito Cieneguilla and the uppermost reaches of Hondo
Canyon have been mapped by members of the University of North Carclina
field camp. Results of that mapping, as compiled by Nielsen (1972),
show the expected stratigraphic relationships. Furthermore, Montgomery's
(1953) description of certain calcareous beds in the Cieneguilla
exposures matches perfectly the calcareous beds observed in the exposures
along Canada de Piedra Lumbre. Thus, there seems 1ittle doubt as to

the eguivalence of the rocks in these two areas of exposure.
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Lithology

The formation as mapped along Cahada de Piedra Lumbre actually
consists of distinctive subunits which can be readily mapped at a scale
of 1:12,000. A detailed stratigraphic section is shown in figure 10.
The Towermost subuni; is about 120 ft thick and consists of quartz-
muscovite-biotite~-garnet-staurolite phyllitic schist. It has a charac-
teristic l1ight-gray sheen on crenulated cleavage surfaces and is specked
with 1 mm polyhedra of garnet, 2 mm tablets of biotite, and widely
scattered 3 to 5 mm anhedral crystals of staurolite. Small pods of
guartz (<5 cm) and iron stains are common. 1In the area of the detailed
section, the rock becomes somewhat finer grained, with smaller porphyro-
blasts, and it becomes less crenulated upward in the section.

The lowermost subunit is overlain by a sequence of closely inter-
beddéd schist and gquartzite, a typical sample of which is shown in
figure 11. The schist 1ayers are 1ight gray, phyliitic, and consist
of quartz, muscovite, and biotite with minor garnet. The quartzite
is medium dark bluish gray, fine grained, and contains biotite. The
thickness of the quartzite beds ranges from 1 cm to T m. The schist
is generally subordinate except toward the top of the sequence, where
bedding becomes generally finer and the rock has a higher percentage
of schist. Thus the uppermost 25 ft of section is primarily black
phyllitic schist with white banding. The quartzite beds in the lower
part of the subunit have small-scale cut-and-fill features, and some
2 to 15 cm beds of calcareous material are present. On a weathered
surface, these calcareous beds are distinctively light yellowish gray,

pale yellowish gray, or pale yellowish brown and contain randomly
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Figure 11. An outcrop of the second subunit in the Piedra Lumbre
Formation. Light-colored beds are calc-silicate layers.

Located 0.5 mi north-northwest of Cerro Puntiagudo.
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oriented elipsoidal cavities (=4 mm long) that represent weathered-out
crystals of hornblende. In thin sections of fresh material these beds
are seen to contain hornblende and garnet porphyroblasts set in a matrix
of very fine-grained (0.05 mm) anhedral calcite and quartz. Both

the hornblende and garnet are sievelike in appearance, owing to numerous
inclusions of quartz. The hornblende, pleochroic in shades of green,
light green, and pale yellow, probably is an actinolite. Sphene and
ilmenite are accessory minerals. Similar calcareous beds were described
by Montgomery (1953) as occurring to the north in rocks thét he identified
with the Rinconada schist. These rocks since have been mapped by
Nielsen (1972) as lying stratigraphically between the Pilar Phyllite

and the Vadito Group récks.

Overlying the subunit of interbedded schist and quartzite is a
subunit consisting of light-gray to gray garnet schist with discon-
tinuous lenses of quartzite. It is about 100 ft thick where the section
was measured, but its thickness is not uniform. A thinning to less
than 25 ft was observed at one point.

The uppermost subunit of the Piedra Lumbre Formation is a 15 to
30 ft thickness of phyllitic-slate that is virtua11y.indistinguishab1e
from the Pilar Phyllite. That it is not in fact a faulted-in slice
of Pilar seems evident from its occurrence as a thin layer that is
- conformable with the underlying subunits of Piedra Lumbre Formation.
This uppermost subunit was reported by Nielsen (1972), even though a
section of Piedra Lumbre Formation along the Rio Cienequilla to the
north is complete in the sense of including lower Vadito Group rocks.

It is therefore assumed that in spite of a lesser thickness, 320 ft

as contrasted with 600 ¥t for the Cienequilla section, the section
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described here may well be even more complete because it apparently

includes the youngest units of the Piedra Lumbre Formation.
Structural Features

The subunits of the Piedra Lumbre Formation have well-developed
bedding-plane schistosity (fig. 11)}. This is especially well demon~
strated in the subunit with interbedded quartzite and schist, where
the bedding planes are easily distinguished from the schistosity.
Irregular crenulations with a typica} wavelength of 0.7 cm and an
amplitude of 0.2 cm are common, espeéia11y in the Towermost subunit
which tends to become less crenulated toward its top. The mesoscopic
structural elements, which include bedding, schistosity paraliel to
bedding, c¢renulations, and a Tess we11—deve10ped.schistosity not paraliel
to bedding, have been recognized and systematized by Nielsen (1972)
and Nielsen and Dunn (1974). Their terminology is given in table 1
and is here used, insofar as it is applicable, in discussions of
deformational features in all the rocks of the area.

Commonly all of the planar elements could be recognized in a
single outcrop of Piedra Lumbre Formation, although 82 in particular
can be difficult to recognize. LI was never observed, whereas Lz
could be seen as biotite alignment on some cleavage surfaces, parti-
cularly in the lowermost subunit. In some beds L2 alignment is con-
spicuously absent, suggesting some variability in the timing of growth
of biotite and/or in the Tocal intensity of deformation forming L2‘
L3 is observed only in rocks that show well-developed crenulations.
The fact that the crenulations themselves are rarely observed in the

interlayered quartzite schist or in the phyllitic slate, but are very
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Table 1

Structural Elements of the Ortega Group Observed by

Nielsen (1972). Terminology after
Turner and Weiss (1968).

PTlanar features:

Folds:

*Directly

Bedding

Schistosity parallel to S0

Schistosity that cuts 51

Crenulation cleavage (cuts 52, 51, and So)

* Semiductile shear zones (cut S2 and 53 in granitic

rocks)

ST’ﬁ\so
52;\\ S, and 52//:50
53 S1 and S3 S0
53/\ Sy

8S¢ /1 S,
BS, M\,

855 /\s; and 533/\ S,

8, /\S, and gS,/\ S5 (?)

observed only in the granitic rocks.



46

common in the phyllitic schist suggests that their development is
strongly dependent on 1ithology. L4 is observed only rarely, as it is
dependent on a good expression of 52‘ It is a crinkle lineation that
appears very similar to crinkle 1inea£1ons in the S surface. Mesoscopic
folds were more difficult positively to identify relative to Nielsen's
(1972) classification, and in general there are few mesoscopic folds

in the Piedra Lumbre Formation. Folds observed in the adjacent Pilar
Phyllite are probably FZ’ but no other mesoscopic folds were observed

near the Piedra Lumbre outcrops.

VYadito Group

General Statement

The Vadito Group comprises three formational units: the Marquenas
Quartzite, an unnamed schist unit, and an unnamed amphibolite unit.
The quartzite unit and the schist and amphibolite units combined pre-
viously were given status as members of the Vadito Formation in Mont-
gomery's (1953) terminology. The units are lithologically disparate,
however, and are so readily mapped that it has seemed advisable to
accord them formational status. The original formational name was
applied by Montgomery (1953) from the village of Vadito, which is 2 mi
south of outcrops of amphibolite and schist that 1ie about 3 mi east of

the present map area.
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Marquenas Quartzite

Distribution

The Marquenas Quartzite is named for Cervo de las Marquenas

which is just north of sec. 30 (off the map area) and is underlain

by this unit. These rocks occur as an east-trending belt that extends
east and north beyond the map area. Quartzite beds do occur in the
overlying schist unit, but with only one possible exception these
quartzites appear to be stratigraphically part of the schist sequence
and have beén mapped as such. Thus the Marquenas Quartzite is defined
as those quartzites and conglomerates that Tie stratigraphically above
the rocks of the Ortega Group but below the first occurrence of the

unnamed schist unit.

Lithology

More than 80 percent of the Marquenas Quartzite is quartzite, and
the remainder is coarse stretched-pebble conglomerate that geﬁeraiiy
has a muscovite quartzite matrix. Figure 12 shows a typical section
of this unit. Lenses and beds of conglomerate are widely distribufed
in the section, but the most significant occurrence is near the top
of the unit. A typical exposure of the conglomerate is shown in figure
13. The pebbles are on the average about half the size of a flattened
fist. Montgomery (1953) traversed a section of the conglomerate and
quartzite and recorded average sizes of cobbles; the results are
reproduced here in table 2. He also noted that the cobbles are crudely
ellipsoidal in shape as the result of flattening in the plane of

foliation, and he estimated the average ratic of axial lengths to he
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Figure 13. An outcrop of Marquenas Quartzite, about 0.5 mi northwest
of Cerro Puntiagudo.




Table 2

A Traverse of a Portion of the Marquenas Quartz%te
(from Montgomery, 1953), Showing Typical Lithologic

Variation as its Base is Approached

Lithology

Coarse conglomerate {cobbles averaging 3 to 10 cm in size)
Pebhly conglomerate {pebbles averaging 3 to 5 cm in size)
Fine-grained quartzite (gray white, gritty, with rare
pebbles, containing microscopic thinly disseminated
flakes of muscovite and a few black iron oxide
bands up to 0.5 cm wide) :
Pebbly conglomerate (pebbles averaging 3 to 5 cm in size)
Coarse conglomerate (cobbles averaging 6 to 8 cm in size)
Pebbly conglomerate and fine-grained micaceous quartzite

Distance
traversed
in feet

300
200

500
200
200
100-200

50
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1:2:3. The ratio commonly is as great as 1:2:6 in some localities,
and the maximum is 1:8:16.

The cobbles typically are veryITTth-gray cloudy quartzite with
dark-gray inclusions, but some are wmore vitreous and darker in appearance.
Some of the cobbles, about 10 percent of them according to Montgomery,
consist of other rock types, in general softer than the quartzite.

Many of these have been nearly obliterated by deformation, appearing

as extremely thin smears and patches that consist of a white muscovite
plus quartz with scattered porphyroblasts of biotite (1 to 3 mm) that

have been largely chioritized. The original 1ithology of these deformed
clasts is difficult to determine, but some sort of felsite is a reasonable
inference.

The matrix of the rock consists of fine-grained quartz and muscovite
(0.05 to 0.3 mm), iImenite, biotite, magnetite, hematite, zircon, and
tourmaline. The texture is very complicated in detail, apparently due
in part to the effects of "jostling" between adjacent quartzite pebbles,
resulting in irregular pebble shapes. Streaks of dark minerals are
intimately admixed with muscovite and quartz, and randomly oriented
porphyroblasts of biotite speckle the contorted pattern. The matrix
generally accounts for Tess than 30 percent of the rock except where
the conglomerate grades into quartzite.

The quartzites themselves differ in texture and bedding, but they
are ordinarily fine fo medium grained, 1ight agray to medéum dark gray,
and cross-bedded. They contain muscovite, biotite, and magnetite as
accessory minerals. Pebble layers or lenses are not uncommon and
generally the quartzites grade into the conglomerate beds. The details

of the stratigraphic sequence are shown in figures 12 and 14. Individual
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beds, particularly the thinner ones, do not appear to be continuous
enough to allow detailed correlation of one section of quartzite with
another. Cross-bedding in the quartzite is particularly useful in
providing a consistent indication of the "up" stratigraphic direction.
This is important because i1t definitely determines that the Vadito
Group stratigraphically overlies the Ortega Group. This is %n direct
conflict with speculative suggestions (Gresens and Stensrud, 1974a, b)
that the Vadito Group may be the oldest rocks in the area. Not only
is there no direct evidence for such a notion, but both my observations
and those of Nielsen (1972} show conclusively that Montgomery {(1953)
was correct in considering the Vadito rocks to be younger than the

Ortega rocks.

Structural Features

The bedding planes, (SO) and S or 32’ are the dominant structural
features of the quartzite-conglomerate sequence. The bedding is par-
ticularly well developed in the quartzites but they tend not to show
a straong S] or 52 foliation except in the more schistose layers. The
conglomerates show 52 by the flattening and stretching of the pebbles.
In addition, there are marked changes in thickness in the main conglomerate
bed, particularly in the northern part of sec. 30, north of Cerro de
las Arboles. This change may be due to original differences in bedding
thickness, but in view of the general degree of deformation in the
area, it may well be the result of a large-scale stretching and
thinning of the bedding. This possibility obscures the stratigraphic
retationships in the north part of sec. 30, but nevertheless the

fact that the phyllitic schist which overlies the Marquenas Quartzite
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is in contact with both a major conglomerate bed and quartzite, suggests
the possibility of an unconformity at the top of the Marguenas Quartzite.
Simitar evidence may exist in the northwest corner of sec. 25, but
again structural complexity makes it impossible to positively distin-
guish between infolding of beds, actual interbedding, or the relation-
ships of an unconformity. It does seem, though, that a slight angular
unconformity may exist at the top of the Marquenas Quartzite.

Minor faults offset bedding the Marquenas Quartzite. These faults
are subparallel and nearly vertical, with trends that are within
102 or 15° of due north. They appear to be rather short, perhaps
an eighth of a mile in maximum length, and their occurrence is Timited

to the northwest parts of secs. 25 and 30.
Unnamed Schist Unit

Distribution

The unnamed schist unit of the Vadito Group~-hereafter referred
to informally as the Vadito schist--is present over a rather large
aggregate fraction of the map area, cropping out in parts of secs. 25,
26, 27, 28, 29, 30, 32, 33, and 34. It can be defined as those schists,
phyllitic schists, quartzites, and cong]omerafes that occur strati-
graphically above the contiguous outcrops of the Marquenas Quartzite.
The stratigraphy of the Vadito schist, however, is complicated by
intense isoclinal folding and lithologic variability, including amphi-
bolite and felsite dikes and the main amphibolite belt. Basically,
the problem involves estimating the true thickness of the unit and

specifying the stratigraphic position of the schists that are physically



separated from the main schist belt. These problems will be discussed

further, following 1ithologic descriptioh of the unit.

Lithology
The Vadito schist that 1ies to the north and west of the main

amphibolite belit is made up of four major rock types: phyllitic schist
with rare cordierite knots, quartzites with minor conglomerates, felsites,
and amphibolites. South and east of the amphibolite belt, the schists.
tend to be more quartzose and Tess phyllitic, and have andalusite rather
than cordierite as the main constituent of knotty layers. Dikes and
sills of amphibolite are largely absent. Even though the stratigraphic
succession is not everywhere clear, it is possible to describe all the
1ithologies that occur, and to construct detailed sections where the

stratigraphy is rather straightforward (fig. 15).

Banded Bluish-Gray Schist

Bluish-gray schist commonly occurs as a thin bed (100 to 200 ft)
near the base of the Vadito schist (secs. 25 and 30). This schist is
partly interbedded or infolded with the Marquenas Quartzite and shows
a remarkable banding expressed by alternation of discontinuous fine-
grained dark layers and coarse-grained lighter layers 0.2 to 0.8 cm
thick. The banding appears to be the result of intense deformation
and granulation along certain planes in the rock., The rock is in general
fine grained, but it contains porphyroblasts of garnet (1 to 2 mm)
and augen-shaped quartz masses up to 2 cm in length. In polished
thin section, the rock is seen to consist of alternating discontinuous
layers and pods of 1 mm po?ygonated quartz grains, light-green chlorite

sheaves, and finer grained zones of finely comminuted quartz with minor
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belt and Embudo Creek. Secs. 29 and 32, 0.3 mi west of Cerro Alto.
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feldspar which is interlaced with muscovite and chlorite as subparallel
undulating stringers. Within the coarser grained portions, 0.5 mm,
randomly oriented chlorite sheaves are interstitial to the polygonated
quartz grains. Along the margins of the coarse-grained portions
are layers of well-oriented muscovite and chlorite, as well as T mm
grains of ilmenite with widmannstatten patterns of hematite exsolution
Tamellae. These large ilmenite grains are also scattered throughout
the rock, but seem to be preferentially associated with the coarser
grained parts. The finer grained parts of the rock contain, in addition
to quartz, chlorite,and muscovite, grains of garnet (0.8 mm) with quartz
inclusions near their centers, irregular staurolite grains of similar
size, and somewhat larger but rare grains of epidote. In addition there
is also a small percentage of feldspar, probably albitic plagioclase.
The most Tinely comminuted layers are dusted with tiny grains of
hematite containing irregular inclusions of ilmenite. These opaque
grains apparently account for the darker color of the finest grained
bands. From the texture of the rock, it appears that quartz, muscovite,
chlorite, 1Tmenite, hematite, and possibly garnet and epidote were
coexisting phases during the last period of readjustment of the rock's
mineral assemb?ége. Staurolite and p]agidc]ase may be relict phases
from an earlier and somewhat higher state of metamorphism.
Stratigraphically above the blujsh-gray banded schist Ties a thick
sequence of silvery-gray schist that extends from either the bluish-gray
banded schist or the Marquenas Quartzite to the main amphibolite belt.
The sequence includes quartz-muscovite phyllite and phylilitic schist,
quartz-muscovite-biotite schist, a variety of andalusite- or cordierite-

bearing knotty schists, and interbeds of more quartzose schists or
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quartzite with rare conglomerates. There is a slight tendency for the
rocks to become more schistose and less phyllitic and to contain more
quartzose layers in the more southerly and easterly outcrops of the unit,
t.e. upward in the stratigraphic section. The exact stratigraphic
sequence of beds becomes uncertain as one moves upward in the section
toward the main amphibolite belt. This probably is due in part to the
presence of tight isoclinal folding. However, marker beds of knotty
schist indicate that in spite of folding, the sequence is essentially
intact. That is, the upper or lower contacts of the unit largely appear
to be sedimentary rather than fault contacts. Unfortunately there are
no continuous marker beds that would permit the tracing of folds in the

middle of the sequence.

Phyllitic Schist

The rocks immediately above the bluish-gray schist are silver-gray
phyllitic schists that consist primarily of fine- to medium-grained
quartz, muscovite, chlorite, staurolite, garnet, and an opaque mineral.
Quartz occurs as 0.2 to 0.05 mm polygonal grains that are interwoven
with well-oriented plates of muscovite and chlorite plates that are
similar in size. This fabric is studded with anhedral porphyroblasts
(0.3 mm) of pinkish-brown staurolite, and scattered throughout the rock
are abundant 0.05 to 0.25 mm opaque grains, probably of ilmenite with
hematite. Rarely there are 1 mm layers of chlorite and muscovite that
are a distinct green color and which are somewhat coarser grained than
the bulk of the rock. These layers commonly cut the dominant foliation

at a low angle and may represent primary bedding.
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In terms of grain size and texture there are all gradations between
the phyllitic schist just described and a coarser grained, more quartzose
schist that generaliy occurs higher in the section. A typical sample
is a dull light-gray rock that is speckled with black biotite grains
(0.3 to 0.8 mm) and bright muscovite platelets of a similar size.

In thin section the rock is seen to have an average grain size of 0.15
to 0.05 mm and to contain quartz, muscovite, biotite, opaque grains,
probably ilmenite(?), chlorite, staurolite, and garnet. Zircon and
apatite are accessory minerals. The quartz, forming about 50 percent
of the rock, occurs as typical poiygonal grains. In contrast, oriented
plates of green-brown biotite and water-clear muscovite give a planar
fabric to the rock. About 10 percent of the biotite is chloritized,
and in some places chlorite cccurs as separate grains., The rare zircon
grains a-pear to be detrital. This rock appears different in composition
from the more phyllitic schist, but the most obvious differences are
textural, this 1ithology having a coarser grain size, a higher quartz
content, and less of a planar fabric.

These relatively quartz-rich schists commonly contain thin (2 to
15 cm) interbeds of meta-arenite or quartzite, which are widely spaced
and are characterized by a grain size of 1 to 0;5 mm, being either a
dull Tight to medium gray or vitreous dark gray to black. They are
very impure quartzites containing feldspar, garnet, opaques, muscovite,
and apatite. They have a distinct planar fabric, but schistosity is
generally poorly developed owing to the low percentage of platy minerals.

In addition to the thin quartzite beds interlayered with schist,
coarser grained quartziteé occur as thicker lenticular bodies ranging

from 0.12 to 1 mi in maximum dimension. These quartzites are similar
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to those of the Marquenas Quartzite except that they tend to be sTightly
coarser, less vitreous, and more argililaceous. Also, congiomerate beds
within these quartzites contain a variety of clast Tithologies with

an abundance of felsite clasts. The quartzite typically is dull Tight
brown or buff to vitreous dark gray, and consists of discrete rounded
quartz grains (0.5 to 1 mm) and interstitial blebs of altered ferspér.
Concentration of opaque minerals in thin (2 mm} layers is common.

This layering does not everywhere represent bedding and it is rarely
paraliel to the dominant foliation. The more vitreous quartzite contains
less altered feldspar and muscovite and tends to be darker in color.

The internal structure of these quartzite masses can be complex, as

can be seen from figure 16 which is a detailed map of one such mass

near the Harding mine. The significance of this structure is discussed
in the section on structural features.

A variety of knotty schists, which in some places have rather
spectacular textures, also features the Vadito schist. Figure 17 shows
the appearance of some of these rocks in outcrop. The knots or por-
phyroblasts are eithér cordierite or andalusite, and in most occurrences
they are severely altered. These knotty schists could, in many areas,
be mapped as separate units. One bed in particular serves as an excellent
marker horizon that lies stratigraphically just northwest of the main
amphibolite unit (p1. II). This rock has a matrix that is a
typical quartz-muscovite-biotite {staurolite) phyllitic schist but it
contains large (5 to 10 cm) porphyroblasts of dark bluish-gray cor-
dierite. These cordierite knots appear unaltered in hand specimen and
are either rounded subequant ellipsoidal masses or are shaped like stubby

cigars with hexagonal outlines. Rarely, the knots occur as irregular




o age relations implied e

%ﬁ' :ﬁv‘q control by RRJ and PEL
. : ; ' geology by PEL July 1973

vitreous quartzite. suffix of 1, 2, or 3 indicates,
degree of vitreous character, SRR

sub~vitreous quartzite, suffix of 1, 2, or 3 indicates
relative.muscovite content, ¢ or £ as a prefix indicates
coarse and fine grain size respectively,

gray quartzite. similer to vq2 but with a2 distinctive gray color;

black quartzite, localized areas of vitreous, dark colored rock.

Camp Harding

conglomerate, thin beds of conglomerate with & sandy matrix., Knobs
is an a suffix indicates an abundance of felsite clasts.

unpatterned areas lack outcrop but are = v ™™ i ™™ msans ™™ s ™ s
generally underlain by schist . 0 50 I00FT

Figure 16. Geologic map of Camp Harding knobs.

29



63

Figure 17. An outcrop of knotty schist where the knots are especially
large and have been converted to chlorite and muscovite. 0.5 mi
northeast of Cerro de las Arboles.
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tapering masses up to 15 x 8 cm. Rocks with these fresh-appearing
cordierite porphyroblasts generally contain relatively large (2 to 3 mm)
biotite porphyroblasts, which are especially prominent in the finer
grained, more phyllitic schists. Thin-section examination shows that
the cordierite porphyroblasts are riddled with tiny inclusions of quartz,
muscovite, garnet, and andalusite. In addition there are larger
inclusions of biotite (1 to 2 nm). A1l of these minerals are also
found in the matrix which is well foliated, rich in muscovite, and is
featured by diséontinuous 1 mm sized trains of polygonal quartz grains
interlacing the fabric. Andalusite occurs as 0.7 mm augen-shaped
crystals that are commonly surrounded by a thin rind of a rusty-colored
unidentified material. The biotite porphyroblasts are various shades
of pale brown to straw yellow and are either partly chloritized or appear
to be considerably muscovitized. They occur in all orientations and
~ appear to have been rotated during deformation. Scattered, large mus-
covite flakes are typically associated with the biotite porphyroblasts.
Garnet occurs as very small (0.1 mm) euhedra that show a moderate to
very heavy concentration of inciusions at their cores. Rare small
grains of apatite and zircon apparently are detrital. The opaque mineral
in this rock type is largely magnetite, with a very minor amount of
intergrown or included i]ﬁénite. Some specimens of this type lack
andalusite and show larger biotite porphyroblasts that are less mus-
covitized. Some of the biotite and cordierite porphyroblasts have been
strongly deformed. |

Most of the cordierite porphyroblasts have a halo of concentrated
and preferentially oriented fine- to medium-grained muscovite. Some

porphyroblasts show different extinction angles in different zones
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of the crystal, especially in a narrow zone around the outside of the
crystal. Part of the extinction pattern probably is due to crude
pseudohexagonal cyclic twinning, but the marginal zone may instead
represent a late-stage addition of cordierite to the porphyroblast.

As noted by Montgomery (1953), some of the cordierite crystals show
layering on a fine scale (0.02 to 0.04 mm), The lack of concordance
between these layers and layers in the matrix suggests possible rotation
of the porphyroblasts.

In_addition to the cordierite porphyroblasts there are relict
andalusite porphyroblasts that have been Targely replaced by muscovite.
These pseudomorphs commeniy have small cores of andalusite and a cross-
shaped pattern of carbonaceous inclusions, indicating that they were
once andalusite porphyroblasts.

In contrast to the occurrence just described, most of the knotty
schists lack unaltered cordierite porphyroblasts. Instead, the knots
are poorly defined flattened ovoid masses consisting of muscovite,
chlorite, and quartz. In some places they contain a core of cordierite
or andalusite. The minerals within the knots, especially the chlorite,
tend to be randomly oriented, but those outside the knots show the
typical strong foliation of the schist. Chlorite occurs in the knots
as 1 mm tabular to sheafiike crystals that are intergrown with generally
smailer muscovite plates and quartz grains. The matrix of the rock,
ranging from schistose to phyllitic, consists of foliated quartz and
muscovite with biotite porphyroblasts (2 mm) that show some chloritiza-
tion. The opaque mineral is magnetite with included blebs and stringers

of ilmenite.



66

Amphibolite Dikes and Sills

The Vadito schist lying north and east of the main amphibolite
belt contains numerous amphibolite dikes and siils. These bodies are
mostly of intrusive origin as they crosscut bedding in places. Some
of the bodies may be flows, but there is no definite evidence to this
effect. Most of them are large enough to map at a scale of 1:12,000
and are shown, in part schematically, on plate II. Amphibolite dikes
also occur in the Marquenas Quartiite but they are not as common there.

For the most part, these rocks are fine- to medium-grained plagio-
clase amphibolites, but there is considerable variability from one dike
to the next in texture and, to a lesser degree, in mineralogy. Coarse-
grained samples collected from dikes that crop out in the far northwest
corner of the map area show fibrous radiating crystals of black amphi-
bote (1 to 5 mm) with interstitial light-gray plagioclase. In thin
section the featherlike hornblende crystals project into interstitial
aggregates of granular plagioclase (An33 to An21) that also contain
sphene, epidote, and rarely quartz. Small ilmenite grains contain
blebs of exsolved magnefite. These grains are commonly rimmed with
sphene. Other 1ithologies have textures in which the hornblende is
finer grained and less acicular. Biotite accompanies hornblende in some

dikes.

Vadito Schist Southeast of the Main Amphibolite Belt

Schists southeast of the main amphibolite belt are similar in
many respects to those just described but since they are physically
separated and there are some lithologic differences, they are described

separately. Figure 15b and figure 18 show stratigraphic sections of
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Figure 18.
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these rocks. Lithologies in these rocks are similar to those schists
lying to the northwest of -the main amphibolite belt, but these rocks
are in general more quartz-rich and less phyllitic. The section shown
in figure 15b also contains several pebbly conglomerate beds that have
no exact equivalent to the northwest. There are numerous occurrences
of knotty schists in this area, but none appears to be lithologically
identical to the knotty schist that lies immediately north of the main
amphibolite belt. This lack of exact 1ithologic correlation permits
several stratigraphic and structural interpretations that are diséussed
in the section on structural features.

A typical knotty schist from the area southeast of the main amphibo-
1ite belt appears much like those to the northwest in that garnet and
biotite porphyroblasts are included both in a phyilitic matrix and in
the knots. The knots, however, are andalusite rather than cordierite.
These subrounded knots are medium gray and are 2 cm in maximum diameter.
In thin section part of the matrix, primarily the quartz grains, appears
fo extend through the knots. The garnet crystals are 1 mm in size and
show a moderate concentration of inclusions toward their centers.
Blocky, 3 mm biotite plates show slight evidence of deformation and
rotation into the plane of foliation. Rarely there are 3 mm euhedra
of hematite. A1l of these porphyroblasts are enclosed in a typical
schistose matrix with subparallel trains of lathlike muscovite plates
(0.1 mm), separated by equant polygonal quartz grains (0.2 mm).
Scattered grains of flmenite are present, and are Tocally concentrated
in some layers. ‘

Immediately adjacent to the south side of the main amphibolite belt

is knotty schist that is locally similar in appearance to the one
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occurring to the immediate north of the amphibolite belt. The knots
are about the same size as many to the north (5 cm) and have a similar
shape and color, but again they are andalusite rather than cordierite.
Two other different“11tho1ogies found in this area are beds of
quartz-rich gritty metasediments that tend to lack a strong foliation
because of a lack of platy minerals, and beds of pebbly conglomerate.
The quartz-rich sediments show all gradations between "dirty" fine-
grained 1ight gray-brown quartzite to near-massive beds of light-
to medium-gray granulose garnet schist and phyllitic schists as a?ready
described. Some beds have an abundance of reddish garnet. An excellent
description of thin sections from these rocks is here quoted from
Montgomery (1953, p. 29).

The quartz-biotite granulite is commonly a fine-grained, sandy.
crudely-foliated rock showing irvegular, silvery-white, micaceous
surfaces on which tiny black flakes of biotite stand out sharply.
With Tess muscovite the rock becomes a biotite-specked gquartzose
gneiss or quartzite. With more muscovite it grades into the
quartz-muscovite phyllite already described. As seen in thin
section, quartz grains 0.04 to 0.25 mm. in size make up at least
50% of the reck. They are angular and highly jrregular in shape.
Sodic feldspar constitutes 20% to 30% of the rock, and occurs as
interstitial murky-brown patches 0.2 mm, in size; these are crowded
with kaolin and iron-oxide dust but show very 1ittle sericite.
Muscovite plates 0.1 by 0.05 to 0.2 by 0.1 mm. in size and partly
of stubby habit amount to 10% of the rock; they are well oriented
in parallelism, but cross the feldspathic patches and are not
interstitial to the quartz grains. Scattered irregular patches
of biotite, 0.25 to 0.5 mm. in size, are haphazard in their
orientation. Some of the fresh ones have a brownish-black color,
with a tinge of olive-green, but most are partly altered to pale
grass-green chlorite. Some biotite crystals show alteration to
streaky iron-oxide and wisps of leucoxene. Abundant platy grains
of ilmenite, 0.1 by 0.04 mm. in size, are well orientated in
parallelism and are associated mainly with the feldspar and biotite.
A few small grains of apatite, zircon, and granular sphene are
present.
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Structural Features

The dominant structural feature in the Vadito schist is the perva-
sive regional foliation or schistosity which varies in orientation
from about east-west in the northeast part of the area to about 60° E.
near the main amphibolite belt. Isoclinal folding is the dominant style
of deformation, as gvidenced mainly by the outcrop patterns of some
amphibolite dikes but also by the style of small~scale folding in some
thick quartzite beds. In the northeast part of the area, it is possible
to observe most of the planar structural elements and many of the linear
elements postulated by Nielsen {1972) and Nielsen and Dunn (1974},
but to the southeast, as structures and 1ithologies become less well
defined, it becomes increasingly difficult to relate Nielsen's struc-
tural elements to those observed in outcrop. However, it does seem
that the dominant orientation of beds in the schist unit corresponds
to Sy, while So 1s expressed as the dominant foliation in the schist.
Sq could rarely be identified. The best evidence for the existence
of F4 appeared to be linear elements and crinkle lineations thought
to correspond to Lo and L3 respectively.

It was possible, by detailed mapping of a guartzite mass near
the Harding mine (fig. 16), to observe parts of megascopic folds
involving conglomerate beds. This fold pattern is not related to the
dominant foliation, but its orientation suggests that it is related
to either F2 or F4. Alternatively, it may be related to shearing or
faulting that resulted in the marked thinning of the main amphibolite
belt in secs. 28 and 29. This supposed fault or shear zone is not
obvious in outcrop, but may well extend westward into the schist itself,

as suggested in a sketch map of the area (fig. 19).
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In the area south of the main amphibolite belt and just southwest
of Cerro Alto, there is some evidence for the existence of a large
anticline. A crude repetition of bedding can be recognized in the
section transversing the supposed structure (fig. 15b), and foliation
clearly crosscuts bedding on the hillside above the location of the
section line and at a point about where the axis of the anticline should
be. Unfortunately, it is difficult to confirm this possibility as
the exposures are 1imited by the close proximity of intrusive bodies. |

Other, later structural features are minor tear-faults and sub-
para11e1 Tjneaments observed on air photos. These features, shown on
plate II, probably are related to Tertiary block faulting that uplifted
the Picuris and Sangre de Cristo Ranges.

As previously stated, a significant structural and stratigraphic
problem in the Vadito schist is the relationship between the schists
north and south of the main amphibolite belt. Three main possibilities
exist: (1) The schists to the south are coeval with the upper part of
the schists to the north, but there is a sedimentary facies change,
north to south, to explain the Tithologic differences; (2) The schists *
to the south are equivalent to the Tower part of the schists to the -
north, possibly even including the Marquenas Quartzite. This would
require an unconformity above the schist and considerable structural
complexity prior to emplacement of the main amphibolite unit; (3) The
schists to the south are younger than the amphibolites and represent
a continuation of sedimentation similar to that of the schist north
of the amphibolite, after cessation of the volcanism and sedimentation

that resulted in the amphibolite. Overall the evidence favors the
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first possibility, primarily because of lack of evidence supporting the
other two possibilities.

The second possibility is unlikely because of the lithological
differences between the quartzites and conglomerates on either side of
the main amphibolite belt. This could be attributed to a sedimentary
facies difference but that would obviate the need for an unconformity
and case 2 becomes case 1. However, the most compelling evidence
that there is no profbﬁnd unconformity involved is the apparent strati-
graphic parallelism between the schist-amphibolite contact on the north
side of the main amphibolite belt and the very distinctive bed of
relatively unaltered cordierite knotty schist. The distance between
this contact and the cordierite-bearing bed is nearly constant, as can
be seen on plate II. Thus, any significant angular conformity between
the two units would have to be oriented in such a fashion as not to
be apparent in the section observed at the present surface. This would
be highly fortuitous.

Evidence that the schist south of the main amphibolite belt does
not overlie the amphibolite is that (1) there probably is an anticline
in the schist southeast of Cerro Alto, and (2) the exposure pattern of
the amphibolite suggests that it may die out with depth. Bo%h of
these observations suggest that the amphibolite occupies the cores of
synclines andhence is the youngest Precambrian stratigraphic unit in
the area. Unfortunately, neither .of these two observations is parti-
cularly conclusive, so it should be emphasized that possibility 1 is
only tentatively correct. Additional detailed mapping might provide
a more definite solution to the problem. The cross section (pl. III)

and figure 19 are constructed assuming possibility 1 to he true.
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Figure 19 is a hypothetical cross section showing relationships as they

might have appeared if no granitic rocks had been intruded.
AmphiboTite Unit

The amphibolite unit is a complex metavolcanic and metasedimentary
sequence that consists of about two-thirds metavolcanic conglomerates
and metavolcaniclastic rocks, and about one-~third mafic flows, i.e.
metabasalts and meta-andesites. Near its base it is commonly inter-
bedded or infolded with biotite schist, and farther up in the section
there is an abundance of thin (0.2 to 2 m) vitreous black metacherts
or metaquartzites. Intrusive into the section are metadacite and
metafelsite dikes.

In general, the amphibolite unit occurs in two belts, the main one
extending from sec. 31 northeast through sec. 27 and into the
Picuris Pueblo. A second, smaller belt lies southeast of the main
amphibolite belt and on the northwest side of Cerro Colorado. This
smaller belt is Tithologically very similar to the main belt and is
probably a remnant of a once continuous extension of the main belt
that formed the southern 1imb of a large anticline or the northern Timb
of an adjacent syncline.

It was nearly impossible to map different rock types in the amphi-
bolite unit except the metacherts, metadacites, and metafelsites.

This was due to a combination of poor exposure and the complex inter-
bedding and deformation of the mafic flows and the metasediments.
Thus no attempt has been made to show the flows and metasediments as

separate units on plates I and II.
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Lithologies

The metasedimentary rocks and metavolcanic conglomerates constitute
about two-thirds of the amphibolite unit. There are all gradations
between very coarse metavolcanic conglomerates and breccias with
boulder-sized clasts to schistose amphibolitic or biotitic rocks that
are fine to medium grained. The coarse clastic rocks seem to constitute
most of the metasedimentary types but this impression may be largely
a function of exposure. Figure 20 shows photographs of outcrops of
typical metavolcanic conglomerate. As can be seen from this figure,
the rock contains a wide range of clast types including quartzite,
plagiogranite, gabbro, and basalt. The fragments are angular to sub-
rounded are are very poorly sorted. This rock type has a well-developed
foliation that is evidenced by flattening and shearing of the softer
clasts. In thin sect&on, the matrik between the clasts (about 25 to
45 percent of the rock) is seen to consist of 0.4 mm and smaller prisms
of blue-green hornblende, many with perfect diamond-shaped cross sections,
interspersed with lesser amounts of equant polygonal grains of quartz
and plagioclase (0.1 to 0.25 mm). Accessory minerals are epidote,
sphene, and an alteration product of sphene, probably anatase. The
clasts, except for the quartz-rich ones, generally consist of the same
‘phases but in various proportions and textures. There also are patchy
areas (0.5 mm) of inclusion-riddied microcline in some clasts, and some
have a fringe of concentrated s1ightly coarser hornblende, The optical
properties of the hornblende are constant whether it occurs in the
matrix or in clasts.

The metavolcanic flow rocks are typically very fine grained and

dark gray to black, with a saccharoidal texture. Some are faintly
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(b)

Figure 20. Outcrops of metavolcanic conglomerate in the main amphibolite
unit about 0.5 mi southeast of Cerro de Tos Arboles.
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dark greenish and display fine felted needles of hornblende which can
have a slight preferred orientation to form a weak foliation. Still
other rocks contain relict phenocrysts of plagioclase or epidote-filled
relict vesicles. In thin section these rocks consist primarily of
blue-green to straw-yellow idiomorphic hornblende (0.2 mm) in a kind
of jack-straw network, the interstices of which are occupied by plagio-
clase (An33 to An21) (0.2 to 0.15 mm} and the common accessory minerals
sphene and epidote. The sphene occurs as clumps of 0.03 mm oblate
granules and the epidote as irregular 0.05 mm grains. In some sections
the hornblende shows a strong preferred orientation and is arranged
in crude layers or trains, with altered plagioclase occupying inter-
vening layers. In addition, some samples contain minor biotite and quartz.

The para-amphibolites which are not conglomeratic commonly contain
considerable biotite and quartz, and in some areas grade into quartz-
bjotite~garnet~epidote schist. In other samples the rock takes on a
migmatitic character with crude mineraloegic layering being thoroughly
contorted. These rocks have garnet as a common constituent locally.
and epidote is commonly pseudomorphous after hornblende. Very rare
pods of coarse bladed amphibole, massive garnet, and epidote appear
to be Tocal expressions of skarn-type mineralization. In still other
rare beds are thin alternating layers of quartz and hematite, with or
without epidote, and 1ight-green hornblende with garnet. These beds
apparently are a very small-scale banded iron formation.

Thin beds of metachert or metaquartzite have been mapped as
separate units on plate II. They are almost pure quartz and have a
vitreous to subvitreous dark-gray to black color with some lighter

colored zones. Texture and grain size differ from one exposure to
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another, but most samples have a compact interlocking granular texture
and a grain size averaging about 0.5 mm. Thin section examination
confirms, in particular, the interlocking nature of the grains which
commonly have TZO”@eg triple junctions with other grains and show no
evidence of rounding or original sedimentary grain structure. Also
present are rare veinlets of secondary reddish-brown garnet and scattered
tiny blebs of magnetite. These magnetite grains are concentrated in

the finer grained, less recrystallized parts of the rock and apparently
account for the darker color of these parts.

Whether these rocks are metaquartzites or metacherts is not
positively known. Bedding features clearly indicate that they are
sedimentary, but recrystallization has obliterated any evidence of
original clastic grains of quartz jf indeed the material was once
quartzite. Lacking such evidence, and recognizing that all clastic
quartzites in the area are not so recrystallized, it is suggested that
these rocks may be metamorphosed cherts that formed in associatjon with
the volcanic activity that created the bulk of the amphibolite belt,

a possibility first pointed out to the writer by L. T. Silver of California

Institute of Technology.

Metadacite and Metafelsite Dikes and Sills

Numerous dikes and sills, generally granitic in composition,
occur in both the Vadito schist and the main amphibolite belt, but they
are particulariy concentrated in the central part of the amphibolite
belt (pl. II}. These rocks characteristically occur as tapering,
tabular, and partly irregular bodies that range in thickness from less

than a meter to several tens of meters or more.
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Lithology

The metadacite dikes are in part gradational with lighter colored
dikes here referred to 4s Telsite dikes informally. For the most part,
though, the metadacite dikes are a distinct rock type which is very
similar to the large metadacite body underlying Cerro Alto. Hence
the Tithologic description of these dikes is included in a later section
on the Cerro Alto Metadacite. Some of the felsite dikes may be related
to other bodies and a few apparently are appendages of the Rana Quartz
Monzonite pluton. In general, such relationships are difficult to
prove because of differences in textures of the felsites, and in part
because most of them have no well-defined spatial arrangement relative
to any one of the major granitic intrusive bodies.

Rocks that have been mapped as felsites have two features in common:
(1) a1l are more or less Tight colored, although some contain biotite
streaks or inclusions, and (2) they are all fine to medium grained and
marty of them contain small quartz and/or feldspar phenocrysts. The
color of these rocks ranges from a Tight pinkish white to a medium
grayish brown, which makes it possible to divide the felsites into
three broad groups: (1) those that are 1ight pinkish white to light
gray brown, (2) those that are medium gray and are streaked with opaque
minerals or biotite, and (3) those that are medium grayish brown
and very fine grained. On plate II, the felsites are not subdivided
into three categories, because of difficulties in making direct compari-
son of hand specimens from each dike. It should also be noted that the
categories may not have much genetic significance.

The T1ight pinkish-white to Tight gray-brown felsites occur primarily,

but not exclusively, within the middle parts of the main amphibolite
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belt. These rocks typically are very fine grained but in places have
phenocrysts of quartz. They very commonly show mineral alignment,
crude foliation, or other evidence of severe deformation. One common
feature is the presence of thin (0.5 mm) planes of slight concentration
of dark minerals, biotite and magnetite, that have apparently random
orientations. In part, these appear to be associated with penetrative
deformation and in part with later fracturing of the rock. In thin
section, a typical sampie has distinctly anhedral, 0.15 mm quartz grains
which conform to the rounded shape of the quartz that is interspersed
with smaller grains of altered plagioclase. Relict plagioclase pheno-
crysts (2 mm) are fairly common, commonly showing a polygonated subgrain
structure and being altered and replaced by large {1 to 2 wm) poikilitic
muscovite flakes. Epidote as discrete grains and as tiny granules is
scattered through these rocks, as are 0.1 mm flakes of muscovite.
The epidote granule areas, as seen in reflected 1ight, are actually
simplectic intergrowths of epidote and quartz (fig. 21). In some samples,
the discrete crystals of épidote have small cores of allanite.
Muscovite and epidote appear to be the main alteration products of the
plagioclase. Biotite, largely altered to chlorite, and opaque grains
of magnetite occur primarily along the fracture planes previousiy
noted. Also present are tiny subhedral to anhedral crystals of zircon.
K-feldspar is present but is difficult to identify owing to small grain
size and apparent lack of M-twinning. Tiny crystals of bluish tourmaline
also occur rarely.

Other samples of this type have phenocrysts of plagioclase zoned
Anza to An15; some with distinct rims of Ans. Microcline and quartz

also occur as phenocrysts, ranging in size from 1 to 5 wm, and they are
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(b) 0.1 mm

L. -

Figure 21. Photomicrographs of quartz-epidote intergrowth from type 1
felsite (PL72-157}. A. transmitted light, crossed nicois. B. reflected
1ight.



Figure 22.

(PL72-157)

Serrated quartz subgrain boundaries in type 1 felsite

.
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set in a very fine-grained groundmass (<0.6 mm) similar to that just
described. The quartz phenocrysts show strong poiygonation and consist
of subgrains that have a peculiar serrated texture along grain-to-grain
contacts (fig. 22). Anhedral sphene occurs with biotite in some
sections.

Sti11 other type 1 felsites appear to be pervasively altered and
contain muscovite rather than biotite. This muscovite is strongly
oriented and is slightly concentrated in domains or layers, giving
the rock a marked schistosity. In spite of this alteration, zircon
crystals and allanite crystals rimmed by epidote appear as in the
unaltered felsites. |

The dikes of medium-gray felsite with dark streaks (Group 2)
are commonly porphyritic and have substantially more biotite and/or
magnetite than those of Group 1. Fractured quartz augen (5 to 7 mm)
are common, and in thin section are seen to consist of numerous subgrains
having 120° triple junctions with some subgrains but interiacing,
serrated contacts with others. Severely sericitized and deformed
plagioclase phenocrysts are also common, and the alignment and structure
of biotite and muscovite impart a strong foliation to the rock in
thin section and have a shredded appearance, Biotite appears to be
much replaced by muscovite, rarely by biotite. Magnetite with ilmenite
lamellae, apatite, epidote, and zircon are the common accessories,

One large dike in the Tower part of sec. 29 has petrographic charac-
teristics of both Group 1 and 2, in that it has considerable biotite
and is medium to dark gray in color. It also has diamond-shaped
epidote crystals with brownish aTlaﬁite cores and magnetite partly

altered to hematite, features found mostly in Group 1 felsites and the
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border zoné of the Rana Quartz Monzonite p1uﬁon. This suggests that
this larde Group 2 dike may have a common origin with the Group 1
felsites.

Group 3 felsites are characterized by a brownish-gray to gray color
and are very fine grained. In thin section and in a textural sense,
however, they appear to be a scaled-down version of Group 1 felsites.
Partly connected polygonal quartz grains are interspersed with grains
of altered plagioclase, and microcline, greenish-brown biotite, clear
muscovite, magnetite, and epidote are scattered throughout the rock.

The biotite occurs as well-oriented 1 mm plates whereas the muscovite
plates are randomly oriented, slightly Tlarger than the biotite, and
commonly poikilitic. The magnetite optically appears to be titaniferous
and is altered along margins and cleavage planes to hematite. Epidote
occurs as tiny diamond-shaped euhedra with cores of brownish allanite.
These petrographic features suggest that Group 3 felsites may be gene-
tically related to those of Group 1, but that they crystallized under

different conditions.

Structural Features

The dominant structural feature of the amphibolite unit is its
reflection of the pervasive regional foliation (S] and/or‘sz). This
foliation can be readily seen in most hand specimens and is expressed
in part by the orientation of tabular bodies within the amphibolite
unit such as metachert beds and felsite sills. The orientation of
felsite bodies, particularly in secs. 26, 27, and 33, also suggests
another phase of folding probably equivalent to Nielsen's (1972) F3

which produced similar fold styles and orientations to the north.
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A possible fault, as discussed previously, is shown'in figure 23,
and air photo lineaments that cut the amphibolite are shown on plate II.
Some of the lineaments appear to be subparaliel with a northwest-trending
set of near-vertical joints that are Tocally well developed in the

amphibolite.
Foliated Granodioritic Rocks of Uncertain Age

Distribution

A small, irregﬁIar body of diorite to quartz-diorite composition
occurs about 1 mi west of Trampas {southeast corner of pl. I). This
body is structurally and mineralogically complex. To the north it is
intruded by the Rana Quartz Monzonite but to the south it is bordered
by schist that is tentatively correlated with the Vadito schist to the
north., The dioritic rocks themselves probably are related to the Cerro
Alto Metadacite, but this cannot be demonstrated divectiy: they may

represent a separate, distinct phase of magmatism.

Lithology

The dioritic rocks are marked by substantial <ifferences in texture,
principally as a reflection of variations in deformation and degree of
injection or invasion by the nearby Rana Quartz Monzonite. A typical
rock, though, has an overall medium dark-gray coior and a crude to
well-developed foliation resulting from either mineral segregation
(gneissic banding) or parallelism of platy minerals or both. The
average grain size ranges from about 1 to 2.5 mm. In thin section the

rocks show an allotriomerphic granular texture that is disrupted only
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s1ightly by the orientation of biotite and hornblende Taths. The
biotite is a brown-yeliow variet& whereas the hornblende has a typical
blue-green, green, straw-yellow pleochroism. The quartz has a slightly
larger grain size than the other winerals, has a pronounced lobate
texture, and shows undulatory extinction. Plagioclase is zoned from
about Angy to An3O in a continuous normal fashion, with minor continuous
reversed zones. Narrow discrete rims of about Ang to Angq are common.
Microcline shows typical M-twinning and has hairlike exsolution lamellae
of albite. The common accessory minerals are epidote, magnetite,
allanite, apatite, sphene, and zircon. There are also rare occurrences

of myrmekite.

Structural Features

The main structural feature of this small, isolated body is the
strong foliation which ranges from N. 15° E. to N. 15° W, and has low
east or west dip. A strong lineation that plunges gently to the
sauth is present in many exposures. The structure of the contact with
the Rana Quartz Monzonite has a generally low dip although in most
areas the contact is either poorly exposed or is an injection zone inat
has been modified by the intensé deformation that produced the foliation.
In general, the body appears to be a part of a screen of country rock

between two younger granite intrusive bbdies.

Metamorphism

General Statement

The metamorphism of the Vadito and upper Ortega rocks can be

considered {n terms of: (1) the sequence of pressure-temperature
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regimes that resulted in the observed mineral assemblages, and (2) the
deformational events that resulted in the folding and development of
schistosity and foliation in the rocks. These two aspects appear to
have been in part independent of each other, making it possible to
outTine an internaily consistent sequence of pressure-temperature
regimes and deformation events. The fact that the older granitic units
had already been emplaced at the time of some of the deformational
events means that in principle it is possible to relate the sequence
of intrusive events to the sequence of defofmationa] events. The
deformational events in turn can be related by textural relationships
to the metamorphism of the Vadito and upper Ortega rocks. These
relationships provide the opportunity to check any hypotheses about
possible changes in depth of intrusion of the granites by establishing
independently the sequence of regional metamorphic events in the
surrounding country rocks and relating it, via deformational features,
to the intrusive sequence. This is the principal aim of the following

discussion.
Previous Work on the Metamorphism

Montﬁomery (1953), in attempting the first systematic appraisal
of metamorphic events in the area, inferred a phase of dynamothermal
regional metamorphism of "medium grade to high grade." This, he con-
cluded, was followed by "widespread hydrothermal metamorphism related
to granitic intrusion." In the Ortega Group rocks in particular,
Montgomery recognized sillimanite, kyanite, and staurolite zones of
progressive metamorphism., He considered these zones to be in part

related to depth in the stratigraphic pile, and thus his isograds
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generally are parallel to bedding. He noted, however, that some of the
sillimanite "apparently is of hydrothermal origin." The Vadito Group
rocks were mapped as representing the staurolite zone and a "middle
grade of metamorphism." "Hydrothermal metamorphism" was supposed to
have followed closely on the heels of the main metamorphic event and
was thought to haveainV01ved hydrothermal fluids from the granitic rocks.
In the Ortega Quartzite this resulted, according to Montgomery, in
formation of tourmaline-quartz veins and segregations of coarse-grained
sillimanite, kyénite, and stauroiite in quartz veins. Montgomery
further distinguished a period of "retrograde metamorphism" that
supposedly was evidenced by seritization of plagioclase, alteration of
cordierite to sericite-chiorite, and local formation of abundant
epidote in the amphibolite.

Neilsen (1972) and Nielsen and Dunn {1974) attempted to relate
a sequence of deformational events with metamorphism by examining the
mineral paragenesis relative to deformational features as observed
in thin section. Figure 24 is taken from their work (Nielsen, 1972)
and gives a synopsis of their conclusions. It is greatly oversimplified
for two reasons. First, the intensity of dinferred deformation is
nonspecific relative to particular grade of metamorphism (P-T regimes),
and second, their acceptance of Montgomery's (1953) and Fullagar and
Shiver's notions of a single Embudo granite severely limits interpre-
tations of the timing of magmatism relative to metamorphism. Their
work nonetheless is valuable because it defines a working model for the
deformaticnal history, a model that implies clear recognition of the
tong-term polybaric and polythermal history of the area as well as its

polyphase deformation. They did not attempt to map isograds, and
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apparently they considered the whole terrane to have attained the same
metamorphic grade during the main metamorphic event. Montgomery's
metamorphic zones might thus be explained in terms of differences in
bulk composition and degree of retrogression.

Holdaway (1975) estimated a temperature of 527°C and a pressure
of 3.7 kbar for metamorphism of the Rinconada Schist and the Ortega
Quartzite. The pressure estimate was based on the Al-silicate triple
point of Holdaway (1971) and on the textural interpretation of Al-silicate
paragenesis 1ﬁ these rocks, which according to Holdaway are either
kyanite-andalusite-sillimanite or kyanite-si]liman%te, with kyanite the
most common and sillimanite the least common. The temperature estimate
was based on the pressure of 3.7 kbar, and the reactions 4 Ctd + 5 A1-Sil
= 2 Staur + 1 Qz + 3 H20 and 23 Ctd + 8 Qz = 4 Staur + 5 Alm + 2] Hzo.
Experimental determinations of these reactions, with consideration of
the effect of fluid compositions, prompted Holdaway to conclude that,
in spite of the apparent staurclite isograd between them, the two units
probably were metamorphosed at the same temperature (527°C). This
analysis suggests that Montgomery's isograds have 1ittle significance
in terms of fossil thermal or pressure gradients. However, it does
assume an effectively constant pressure for the lithologic system and
nresumably refers only to the maximum temperature of the major meta~
morphic event. In other words, it is an estimate valid for one point
in geologic time, whereas what is of interest here is an estimate of
the actual P-T path of these metamorphic rocks. Holdaway (1975) gives
no textural data, but if his estimate refers in fact to the main meta-
morphic event of Nielsen (1972) (fig. 24), thén it provides one possible
point on the P-T path.
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Eétimates of the General Metamorphic Grade and Paragenetic
Sequences of the Vadito Group Rocks

Four main rock types in the upper Ortega Group and Vadito Group
rocks provide a range of metamorphic assemblages upon which to base
an assessment of the highest metamorphic grade of the terrane. They
are amphibolite, pelitic schists, calcareous hornfels, and quartzite.
The quartzites have not been examined in detail because of their rela-
tively simple and nondiagnostic mineral assemblage. The other rocks,
however, are all useful in estimating metamorphism, and textural infor-
mation from certain cordierite-bearing beds within the schists is par-
ticularly valuable in placing an upper limit on the pressure at which
retrograde metamorphism took place. .

Montgomery noted that the plagioclase in the amphibolites is typi-
cally andesine, and that the hornblende appears to be aluminous according
to its optical propé?ties. It was on this basis that these rocks
were considered to' be "middie grade."™ The complete assemblage for the
dikes of coarse-grained amphibolite is hornblende + andesine + sphene
+ ilmenite (with magnetite blebs and stringers included) + epidote
+ quartz. The textural occurrence of the epidote suggests that it may
have developed in part as a retrograde mineral and in part as a prograde
mineral. In ejther case, the maximum grade may be amphibolite facies
(Turner, 1968). The assemblage in relatively homogeneous wafic flows
from the main amphibolite belt is similar: hornblende + plagioclase
(An21_33) + sphene + epidote. It is uncertain whether the sphene and
epidote are prograde or retrograde. In some of the metabasalts, clouding
éf feldspars occurs, and this may be related to retrogression following

the development of epidote. Alteration of sphene is also common Tocally.
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Again amphibolite grade is suggested. The metavoicanic conglomerates
also contain quartz and, rarely, microcline, whereas still other amphib-
olites, some of which have a magmatic parentage, contain in addition

to hornblende and plagioclase, biotite, ilmenite, garnet, and typically
targer crystals of epidote. Al71 of these assemblages are compatible
with a maximum grade of amphibolite facies, followed by some reiro-
gression.

The metamorphosed calcareous rocks in the Piedra Lumbre Formation
contain the assemblage calcite + quartz ; garnet + actinolite + sphene
+ ilmenite, and textural evidence indicates that the actinolite was
formed prior to the garnet. This assemblage may well have resulted
from an original impure dolomite by an initial reaction of the type
dolomite + quartz + H,0 % Tr (actinoiite in this case) + calcite + COZ.
If dotomite was consumed, then this would result in the paragenesis
Q + Tr (Ac) + Cc. This may have been followed by a reaction such as
zoisite + calcite ¥ grossularite + anorthite + COZ' In order for the
first reaction to have taken place at reasonable temperatures (4750 to
530°C) relative to the grade of the basic assemblages, the pressure
probably was in the range of 1 to 2 kbar (Winkler, 1974; Slaughter
and otﬁers, 1975). The second reaction may have taken place at higher
pressures, and certainly at somewhat higher temperatures than the first.
The stability of the garnet at Tow PCOZ’ which is consistent with its
occurrence in thin beds, is limited by the reaction grossular + quartz
+ wollastonite + anorthité. Data for this reaction {Newton, 1966;
Storre, 1970) and Holdaway's (1971) aluminosilicate triple point
suggest that the garnet could not have been stable beyond the region

shown in figure 25.
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Figure 25. Upper stability limit of grossularite + quartz at Tow
PCO and the aluminosilicate triple point combined to limit the P-T
2
regime of the calcareous Tayers in the Piedra Lumbre Formation.
Data from Holdaway (1971) and Storre (1970).
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The random orientation of the actinolite grains suggests that
they grew after the F2 phase of deformation,‘a notion in agreement with
Nielsen's (1972) assertion that prograde metamorphism peaked after the
two major folding events. The slope of the grossularite + quartz
reaction in figure 25 indicates that if equilibrium was maintained
during any subsequent retrogression pressure could not have dropped
without some decrease in temperature or the grossular would not have
remained stable,

The mineral assemblages in the pelitic rocks have a variety of
textures which for the most part are difficult to interpret relative
to a definite pressure and temperature of formation. The strong control
of composition of the original sediments on paragenesis and texture is
obvious even from a casual examination in the field. A1l of the
‘ assemhlages, ﬁowever, include gquartz, muscovite, and bictite, and where
an AlZSiOS polymorph is present it is invariably andalusite. Specific
assemblages are:

-+

I. quartz + muscovite + chlorite + ilmenite + (hematite)
+ almandine garnet + (staurolite) + (plagioclase)

II. quartz + muscovite + chlorits + garnet + staurolite
+ opaque (ilmenite?)

III. quartz + muscovite + biotite + opaque (ilmenite?) + chlorite
+ (staurolite) + (garnet) + (zircon) + (apatite)

IV. gquartz + fé1dspar + garnet + opaques + muscovite + {apatite)
V. qua#tz + muscovite + biotite + cordierite + andalusite
VI. quartz + muscovite + biotite + cummingtonite(?).
These assemblages are typical of either the amphibolite facies'(lower)

of Turner (1968) or an epidote-amphibolite facies. That andalusite is

the only A123105 polymorph in these rocks Timits the pressure under which
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metamorphism{s) could have occurred to 3.7 kbar (Holdaway, 1972).

This is consistent with the occurrence of cordierite in these rocks as
shown by figure 26, which also indicates that even if andalusite per~
sisted metastably, the narrowing of cordierite stability against the
granite minimum melting curve still Timits the pressure of metamor-
phism to about 8 kbar.

The textures of some of the cordierite schist are especially
interesting. Unaltered cordierite porphyroblasts enclose smalier
porphyrobiastic and unoriented biotite crystals. In addition, relict
chiastolite crystals have been altered to muscovite. The sequence of
mineral formation then is: biotite - cordierite + andalusite - muscovite;
or biotite » andalusite + cordierite + Tate muscovite. The timing
relative to deformation is: F; > F, + biotite » andalusite + cordierite
+ F3 + late muscovite + F4(?). The particu?ar importance of this
sequence is that alteration of the andalusite to muscovite must have
taken place during a late metamorphic event as the result of a reaction
of the type K-feldspar + aluminosilicate ¥ muscovite + quartz + 4 H20.
The combination of the andalusite-sillimanite transition and the
univariant edui]ibria for the‘above reaction (Evans, 1965; Kerrick,
1972) provides an upper limit on pressure during at least the start of
retrogression as shown in figure 27, This assumes that residual anda-
lusite in the cores of the altered chiastolite crystals indicates that
P-T conditions were not far from the univariant curve at the time of
replacement. Textural relationships suggest that the reaction occurred
largely after the Fy deformation.

Combining the data from all of the above assemblages, we can now

suggest a possible P-T path Tike that shown in fiqure 28. The sequence
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Figure 26. Stability of cordierite (modified from Seifert and Schreyer
(1970) to be compatible with Holdaway's (1971) aluminosiiicate triple
point). A is minimum melting curve of granite; B is melting of sanidine-
quartz-water (Luth and others, 1964). Combination with aluminosilicate
stability (Holdaway, 1971) restricts metamorphism of the Vadito Schist
cordierite layers to the stippled and shaded area. If aluminosilicate
stability is not considered then the minimum melting curve of granite
restricts conditions of metamorphism to the stippled area. .
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Figure 27. Possible restriction on pressure (P,) at.time of alteration
of chiastolite to muscovite if the reaction actually took place along
the reaction curve. In any case the P-T regime 1s again restricted
by the stability of andalusite.
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Figure 28. Possible P-T path during metamorphism. The P-T path during
the retrogressive stages is highly conjectural and the paths may have
actually overlapped one another.
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of mineralization in the calcareous beds suggests an initial steep

rise in pressure. The presence of epidote in some of the amphibolites
may be prograde and again suggests fairly high pressures during initial
metamorphism. Maximum pressure is apparently Timited by the alumino-
silicate tripie point although some excursion into the-si?limanite field
may have occurred. The alteration of the andalusite suggests a lower
pressure late in the metamorphic sequence. This late metamorphic
alteration may have occurred at a higher temperature, as figure 28
shows, but it is difficult to prove because the 1ntroduction-of fluids
may well have been an important factor in the development of the altera-
tion. Finally, it is possible to suggest the relative timing of the

P-T path by noting the deformation events on the curve and by reducing
it to P-time and T-time plots as shown in figure 29. This information
is particularly useful when combiﬁed with data oﬁ the age, deformation,

and probable depth of intrusion of the granitic rocks.
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IV. GRANITIC ROCKS

Cerro Alto Metadacite

Distribution and Occurrence

The Cerro Alto Metadacite crops out mainly in secs. 28 and 33
as a small (0.3 sq mi), stocklike body, but it also occurs as isolated
dikes and sills especially in the main amphibolite belt. Its fine-
grained character sometimes makes it difficult to distinguish in the
field from some of the gquartz-rich schists and metagraywackes south
of the main amphibolite belt. As a result Montgomery (1953) included
this rock type in a unit called "Vadito Felsite-Conglomerate." Here
it is recognized as a distinct, and at least partly intrusive unit that
"is named for Cerro Alto (SWix sec. 28). Its widespread occurrence as
dikes and as inclusions in younger granitic rocks suggests that its
original extent may have been much greater than indicated by present
exposures. In general, this rock type is fairly homogeneous except
for mild textural variations, especially in dike occurrences. Felsite
dikes and large (1 to 1000 mm) inclusions or dikes of amphibolite are
found within the main body of metadacite. The amphibolites are of

uncertain age and origin.
Contact Relationships

The main body of the Cerro Alto Metadacite generally has sharp

contacts with the country rocks, particularly along its western margin
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where definite crosscutting relationships with the schists are observed.
Near this contaét, metadacite dikes aiso crosscut the sedimentary
structures (fig. 30). Most other parts of the margin of the main body
are less clear cut. Exposures are not everywhere good, but the general
shape of the contact, especially along the eastern margin, suggests a
much more conformable character. This may be the result of postintrusion
regional deformation, or it may stem from emplacement of the rock as

an extrusive or nearly extrusive body, thus making it partly interlayered
with surrounding stratified rocks. There is compelling evidence to
support both possibilities, and it appears that the present shape of

the body arises from a combination of an irregular initial shape of a
partly extrusive body and postintrusion deformation resulting in further
misshapen character. The north margin of the body may actually be an
extension of a shear zone or a fault that apparently offsets the main
amphibolite belt (see section on structural features of the Vadito

schist and fig. 23). The southern and part of the western margins,

on the other hand, appear to follow general fold structures in the

surrounding Vadito schist.
Petrography

The Cerro Alto Metadacite is a nondescript gray rock that consists
Targely of fine-grained quartz, plagioclase, microcline, biotite,

and muscovite. Epidote, allanite, sphene, magnetite, and zircon are
the common accessory minerals. Hand specimens are shown in figure 31.
A typical sample is medium dark gray on fresh surfaces and brownish
‘gray on weathered surfaces. Overall, the rock has an allotriomorphic

granular to porphyritic texture with relict oblate phenocrysts of
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Figure 30. Cerro Alto Meta-
dacite dike crosscutting
a conglomerate bed. 1/3
mi southwest of Cerro Alto.
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Figure 31. Stained slabs of
Cerro Alto Metadacite.
K-feldspar is stained
yeliow. A. PL72-135;

B. PL72-133; C. PL72-214;
D. PL72-198.
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quartz and/or plagioclase up to 4 mm Tong set in a groundmass (0.15 mm
average grain size) of quartz, plagioclase, microcline, and biotite

plus aEcessory minerals. The quartz and plagioclase phenocrysts consist
of 1 to 0.5 mm subgrains. Muscovite occurs both as singie plates like
the biotite and as poikilitic grains commonly with optical continuity
mafntained over distances of 2 mm. The groundmass typically has a

very granular appearance, with numerous 120° triple junctions between
mineral grains. Biotite occurs both as single subparallel grains and

as glomeroporphyritic masses with associated epidote, allanite, magnetite,
and sphene. Epidote grains commonly have a core of brownish allanite.

Typical photomicrographs of thin sections are shown in figure 32.
Modal Composition

Modal data for the Cerro Alto Metadacite are given in Appendix II
and are plotted as crosses on a plagioclase-K-feldspar-quartz triangular
diagram in figure 33. The open hexagons represent felsite dikes, and
the single metadacite sample that has more than 50 percent quartz occurs
as a dike. These data demonstrate the generally silicic, but still
plagioclase-rich nature of the metadacite. The modal similarity of the
one sample of a metadacite dikg and the felsite dikes may reflect
similar alteration histories for both types of dikes rather than a

primary magmatic association.
Structural Features

A significant foliation is usually visible in hand specimen and in
thin section, but in casual examination of outcrops it is easily over-

looked, because the rock is so fine grained. This foliation strikes
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Figure 33a. Plots of modal data for Cerro Alto Metadacite (crosses)
and felsite dikes (open hexagons).
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Figure 33b. Plots of modal data for Cerro Alto Metadacite (crosses)
and felsite dikes (open hexagons).
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N. 50°-60° E. with local strikes of due east and has steep southeast
dip. Thus it generally follows the régiona] trend and js presumably
the result of FZ' Rarely a distinct Tineation is present striking
north-south and plunging 55°S. In one locality a joint set was noted
with a N, 77° E. strike and a 65° N. dip. As previously stated, the
general outcrop pattern of the main Cerro A1t5 Metadacite body suggests
some larger scale folding, and it is possible that the deviations

from the general N. 60° E. foliation trend south of Embudo Creek and

at the extreme eastern margin are due to the broader, more open folding
and warping associated with the F3 deformation period of Nielsen

(1972).
Metamorphism

Timing of the deformation events Fq and F2 relative to the main
metamorphic event indicates that the Cerro Alto Metadacite was meta-
morphosed along with the surrounding amphibolites and pelitic schists.
However, the original igneous phases of the metadacite apparently were
relatively insensitive to the prograde metamorphism in the area. The
most substantial readjustment seems to have been a "retrogressive"
type analogous to the reaction: aluminosilicate + K-fe?dspaf ¥ muscovite
+ quartz + HZO‘ In the dacite, however, the plagioclase must have
acted as the peraluminous source instead of A]25i05. This type of
reaction accounts for much of the muscovite, probably for the severe
alteration, and possibly for the local mechanical instability of the
plagiociase phenocrysts. The reaction also would tend to reduce the
modal amounts of microcline and calcic plagiociase while increasing

quartz, perhaps accounting for the high quartz content of the altered
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dike rocks in particular. That the destruction of calcic p1égioc1ase
would release calcium may account for at least some of the épidote--
especially that which is texturally associated with muscovite and/or
altared plagioclase. These reactions are discussed in more detail in

a later section, as they apparently were important in the histories

of the younger granitic rocks as well, Some of the sphene may be meta-
morphic in origin but its lack of association with the magnetite grains
suggests that i1t did not form from exsolution of titanium from the

magnetite.
Summary

The Cerro Alto Metadacite is the remnant of what probably was once
a much more extensive subvolcanic complex. The main body of the meta-
dacite is at Teast partly intrusive and has sharp discordant contacts
with the country rock. This fact plus the texture of the rock suggests
that it was emplaced at very shallow depths. At the time of intrusion
and chilling quartz and plagioclase, and probably biotite, epidote-
allanite, and zircon coexisted with a silicate liquid. Subsequently,
the rock was deformed and metamorphosed at least once prior to the
largely postdeformational retrogressive development of muscovite,

epidote, and possibly sphene.

Puntiagudo Granite Porphyry (Quartz Monzonite)

Distribution and Occurrence

The Puntiagudo Granite Porphyry occurs as a large lobate body in

the northwest and central parts of the map area. Its total exposed
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area is about 1.5 sq mi. As one of the more resistant rock types, it
forms prominent ridges and hills that include Cerro Puntiagudo and Cerro
de Los Arboles. To the south and west it is covered by Tertiary sedi-
mentary rocks whereas to the north and east it either intrudes Vadito
schist or is intruded by the Rana Quartz Monzonite (pls. I and II).

Near Trampas there are limited and mostly isolated exposures of rocks
that are in part similar to those in the main body of Puntiaqudo Granite
Porphyry. These exposures have been tentatively mapped as equivalent

to the Puntiagudo Granite Porphyry although it is recognized that they

may represent a separate ptluton.
Contact Relationships

The Puntiagudo Granite Porph}ry generally has sharp contacts with
the country rock it intrudes (fig. 34). The shape of the contact is
irregularly lobate and in one area a large tapered tongue of schist
nearly 0.5 mi long projects into the main body. In addition, parts of
the margin show thin dikes which are apophyses of the main mass.

The contact is clearly discordant, but its general shape and the
variability of dip near Cerro de Los Arboles suggest that the intrusion
may be in part phacolithic or, alternatively, that its shapé is largely
a result of postintrusion deformation. If the latter were the case,
however, one would expect the body to have generally more conformable
contacts. So while the Puntiagudo Granite Porphyry has obviously
undergone considerable deformation, such deformation does not appear
to have been mainly responsible for the present shape of the body.

Its basic shape is primarily the result of the nature of the intrusion,

but it has been modified and perhaps accentuated by subsequent deformation.
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Figure 34. Contact of marginal si1l of Puntiagudo Granite Porphyry
with Vadito schist. The main contact is in the top portion of the
photo. 0.25 mi north of Cerro Puntiagudo.
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The modifying effects of deformation are particularly important for
the contact between the Puntiagudo Granite Porphyry and the Rana
Quartz Monzeonite, which is a shear zone along much of its length

(p1. II).
Petrography

The Puntiagudo Granite Porphyry was mapped as a single unit, but
it has a narrow, discontinuous border zone (0 to 30 m). Typically
associated with this border zone are fine-grained slightly porphyritic
dikes that commonly occur within the body. The main mass of the
body has no obvious internal contacts, but is characterized by varia-
tions in degree of deformation and by differing amounts and proportions
of microcline, quartz, and plagioclase phenocrysts.

A consistent feature of this rock is its porphjritic character
(fig. 35). Finer grained border zone rocks and fine-grained dike rocks
are not as obviously porphyritic but do contain small bhenocrysts.

In a typical sample, which might be called a porphyritic biotite

quartz monzonite, subequant, nearly euhedral 1 cm grayish-orange-pink
microcline grains are set in a fine-grained matrix along with 4 to 6 mm
oblate anhedral quartz grains. The matrix consists of 0.07 mm quartz,
plagioclase, and microcline. Biotite occurs in the groundmass as

1 to 2 mm clots of partly shreddeg and bent 0.5 mm grains or as
scattered single flakes. Muscovite is either associated with biotite
as fresh, randomly oriented 1 mm plates or it appears to partly replace
deformed and polygonized grains of plagioclase. These granulated por-
tions of the rock appear to be relict plagioclase phenocrysts. Locally

plagioclase phenocrysts are preserved as partially included grains in
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Figure 35, Stained slabs of the Puntiagudo Granite Porphyry. Note
the differences in grain size and the wide range of deformational
textures in this unit. K-feldspar is stained yellow. A. PL72-126;
B. PL72-100; C. PL72-124; D. PL71-44.
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the microcline megacrysts. Accessory minerals are granules and stubby
crystals of epidote which replace plagioclase, elongate, zoned 1 mm
crystals of allanite, granules of sphene and zircon associated with
biotite, and octahedra of magnetite partly altered to hematite. In
some places chlorite replaces biotite. Some of these petrographic
features are shown in figure 36.

The border zone of the Puntiaqudo Granite Porphyry is more leuco-
cratic than fhe main mass, and it commonly has a coarse sugary texture
and an orange-pink color. Quartz is more abundant as phenocrysts than
are plagioclase and microcline. The matrix contains Tess biotite than
does that of the main mass but its mineralogy is otherwise similar,

Its texture is markedly different, however, showing peculiar inter—’
lobate serrated plagiociase grains that appear to cement the grains of
microcline and quartz together.

The porphyritic aplite dikes have a very fine-grained groundmass
(0.1 mm) which has an overall yellowish-brown color. Phenocrysts are
quartz (1 to 3 ém), microciine (0.5 to 1 mm), and plagioclase (0.5 to
2 mm). There are also rare clots of biotite. The cores of plagioclase
microphenocrysts are invériab]y replaced by muscovite, and they commonly
have low-An rims that show T1ittle or no alteration. The matrix consists
of interlobate grains of quartz, microcline, and plagioclase with
irregular flakes (0.3 mm) of muscovite scattered throughout. These
rocks have a definite foliation, but the fine grain size makes it
difficult to see.

In one area there appeared to be two generations of fine-grained
dikes, an older one with numerous small phenocrysts and a younger one

which lacked obvious phenocrysts and which intruded the older one. The
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Figure 36. 7 Photomicrographs of Puntiagudo Granite Porphyry samples.
A. PL71-68; B. PL71-44.
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younger dikes have a distinct trace-element chemistry as well, and are

discussed further in that cohtext in a Tater section.
Modal Composition

Modes from seven samples of Puntiaéudo Granite Porphyry show a
variation from quartz monzonite to granodiorite (fig. 37; Appendix II).
Two samples of porphyritic aplites, however, have considerably higher
plagioclase contents than do the samples of the main unit. This
suggests that the general fractionation trend in the Puntiagudo Granite
Porphyry may have been toward higher plagioclase and quartz, behavior
that would be consistent with the large microcline crystals forming
as a primary, early crystallized phase. The "horizontal" trend on the
modal plot, though, suggests that quartz and plagioclase may also have
participated in the supposed fractionation, with quartz being more

efficiently separated than plagioclase.
Structural and Texturail Features

The main structural feature of the Puntiagudo Granite Porphyry is
its pervasive foliation. It has a trend which is generally about due
east (=20°) with a steep south dip.. A few outcrops show a lineation
that plunges about 20% E. in the plane of the foliation. In addition,
some outcrops show a well-developed pattern of near-vertical closely
spaced fractures that are oriented about N. 250.20° W. Differences
in the intensity of deformation, though, are curious. Figure 33 shows
examples of extreme deformation whereas figure 36a shows, in thin section,
an example of very Tittle deformation. Note that in figure 38 the rock

has a gneissic appearance with microcline grains being augen shaped
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Figure 37. Plot of modal data for the Puntjagudo Granite Porphyry.
Open squares are samples from the main body, half open squares are
marginal rhyolite dikes.
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Figure 38. OQutcrops of Puntiagudo Granite Porphyry showing strong
deformation. MNotice flattening of gray quartz grains. Located
on the southeast shouider of Cerro Puntiagudo.
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and quartz having a flaser texture. The groundmass and plagioclase
grains were obliterated during granulation while biotite appears to
have been recrystallized. In the well-preserved sample (fig. 36a)
the deformation is nearly imperceptible in hand specimen or thin section.
There is Tittle problem in distinguishing relict plagioclase pheno-
crysts from the groundmass and in general, except for alteration, the
texture has not been strongly modified by any of the regional defor-
mations.

The variability of the orientation of the foliation, the presence
of Tineation, and the occurrence of a closely spaced fracture pattern
all suggest polyphase deformation. Further, these features can be
reconciled with the data of Nielsen (1972) who indicated that the
“Embudo" granite was post—F1, but simply stated that this was based on
“field relations.” If we accept this, then F, produced the main folfa-.
tion and F, produced the lineations and the closely spaced fracture
pattern. The quasi-ductile shear zones of F4 are only rarely observed
in the Puntiagudo Granite Porphyry. Thus it 1s necessary for a single
phase of deformation, F;, to have produced the closely spaced fracture
pattern, the lineation, and the general disruption or folding of the
F2 foliation. If the maximum compressivé stresses of F3 were oriented
east-west as proposed by Nielsen (1972}, then it is possible that initial
slippage along easi-west foliation planes could have produced the
Tineation while further deformation may have disrupted the orientation
of F2 foliation in widely spaced outcrops. The closely spaced fractures
are oriented about ﬁorma1 to the proposed east-west F3 stresses and may
have been generated as decompressive features similar to sheet fractures,

or they may represent a kind of incipient foliation. Any alternative
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explanations of the deformation sequenée either would have to involve

F] in the initial deformation or would require an additional phase of
deformation that was not recognized by Nielsen and that would have
occurred between F2 and F3. There is no independent evidence to suggest

gither of these two latter possibilities.
Metamorphism and Alteration

1f the proposed deformational sequence just discussed is correct,
then the Puntiagudo Granite Porphyry must have been metamorphosed
simultaneously with the Vadito Group rocks. Modification of the original
igneous, or possibly deuteric, phase assemblage does not, in general,
seem to have occurred in a way that can be positively attributed to
prograde metamorphism. The two main features that might be attributed
to metamorphism are the alteration of the cores of plagioclase grains
to muscovite and epidote and the sporadic development of epidote altera-
tion over fairly large areas. This alteration is characterized by a
distinct reddening of the feldspars and by local development of epidote
veining., Unfortunately, neither of these features is unique to meta-
morphism, and both could have formed as the result of deuteric processes.
Yet there are substantial arguments that they did not. The eﬁidote
veining in particular seems to have completely escaped any deformation,
and Targe muscovite grains in the unaltered Puntiagudo Granite Porphyry
generally lack any evidence of deformation. Furthermore, the spatial
distribution of the epidote alteration bears no systematic relationship
to the Puntiagudo Granite Porphyry itself, such as occurring only along
its margins, and in fact affects the next younger granite, the Rana

Quartz Monzonite as well. Finally, some epidote veining is definitely
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later than pegmatites that occur in the Rana Quartz Monzonite and,

as shown farther on, all the pegmatites probably are substantially
younger than either the Rana Quartz Monzonite or the Puntiagudo Granite
Porphyry. It must be pointed out, however, that the alteration probably
was complex. This is pointed up by the rare occurrence of muscovite-
quartz alteration of Puntiagudo Granite Porphyry along narrow discontinuous
shear zones (N. 50° E.) and by the occurrence of a variety of cross-
cutting alterations and epidote veining in the Rana Quartz Monzonite.

It is here shggested that the alteration is primarily the result of
metamorphism, in particular a "retrograde" phase of metamorphism when
fluids apparently were available for the alteration process. It should
be stressed, however, that the alteration seems largely to have enhanced
features that might well have been initiated in a deuteric process.
Whether or not alteration actually was begun during late-stage crystal-
Tization would depend on the details of the cooling history of the body
and such fac?ors as water content and permeability of the rock. It
should be clear, though, that there will in some sense be a continuum
between deuteric and metamorphic processes in that every cooling granite
body probably passes through a P-T regime appropriate for alteration.
The question is, are the kinetics of the alteration process rapid encugh
relative to the cooling rate of the body in order to actually effect

any alteration? In the case where no evidence is available for the
timing of a subsequent metamorphic event, it may be very difficult to
distinguish. products of the two processes. Fortunately, in this instance
the evidence indicates that much of the epidote veining and associated
alteration must have been due to a postmagmatic metamorphic event or

events.
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Summary

The Puntiagudo Granite Pdrphyry probably was intruded as a crystal-
1iquid mush in which microcline, quartz, and plagioclase coexisted
and were apparently crystallized simulitaneously. Intrusion of the body
resulted in formation of the discontinuous chilled margin which may
have been part of an early formed melt and development of the strongly
porphyritic texture that occurs in much of the body. The aplitic
rocks associated with the margins of the body represent residual liquids
separated from the Puntiagudo Granite Porphyry at various stages of
crystallization.

Three periods of deformation (FZ’ F3» and F4) followed primary
intrusion and crystaliization of the body. Although prograde metamorphism
must have been experienced by the Puntiagudo Granite Porphyry, the most
obvious effects were caused by fluids accompanying regional retrogressive
metamorphism, an event that occurred during the waning stages of

the F3 phase of deformation or shortly thereafter.

Rana Quartz Monzonite

Distribution and Occurrence

The Rana Quartz Monzonite, named for Cerrc de la Rana, occurs in
the central and south-central parts of the map area (pl. I). It has
a total exposed area of about 4.5 sq mi and is divided into three
subunits: the border zone (0.25 sq mi exposure), a foliated facies
(3 to 4 sq mi exposure), and an unfoliated facies (about 0.75 sq mi
exposure). Aplite dikes occur sporadically throughout the foliated

and unfoliated phases. The border-zone rocks occur discontinuously
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along the contact of the foliated facies with the country rock and have
a gradational contact with the foliated facies. The unfoliated facies
occurs as a single block in secs. 1.and 6 and parts of secs. 36

and 33. It has a gradational relationship with the foliated facies.
Contact Relationships

The Rﬁna Quartz Monzonite has sharp and, in general, strongly
discordant contacts with the Vadito Group rocks. In detail this contact
is very jagged, and numerous sills and dikes protrude out from the border
zone into the Vadito schist. Close examination of contacts, however,
shows that they are not as sharp as in the case of the Puntiagudo
Granite Porphyry. Figure 39 shows the slightly more diffuse nature
of a typical Rana Quartz Monzonite contact.

The Rana Quartz Monzonite also is in contact with the Puntiagudo
Granite Porphyry. This boundary is difficult to interpret in terms
of relative age because over most of {ts short length it is actually
a broad shear zone (F4 type deformation), and where it is not a shear
zone it is occupied by a large mass of aplitic or rhyolitic material.
Careful observation in the vicinity of the contact, though, suggests
that the Rana Quartz Monzonite intruded the Puntiagudo Granite Porphyry
and included diffuse blocks of that unit in itself. Though this evidence
is not definite, the Rana Quartz Monzonite is tentatively assigned
as younger than the Puntiagudo Granite Porphyry.

The Rana Quartz Monzonite also intrudes dioritic rocks along a
conformable contact in the south portion of plate I, but the very
1imited exposure of this contact as well as the deformation that has

taken place in this area, make it difficult to interpret. The Rana
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Figure 39. Contact of Rana Quartz Monzonite with upper Vadito schist
?her‘e a metagraywacke). Note the slightly less than sharp character
of the contact. 0.3 mi southwest of Cerro Alto.
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Quartz Monzonite itself is definitely intruded by the Penasco Quartz

Monzonite, as discussed farther on.
Petrography

Border Zone

Rocks of the Rana Quartz Monzonite are of three basic types:

(1) fine-grained, but generally porphyritic leucocratic granitic rock,
(2) altered versions of (1) that are now quartz-muscovite schists,

and {3) a moderately coarse-grained muscovite granite and quartz mon-
zonite.' The border-zone rocks are defined as those that occur along
the margins of the Rana Quartz Monzonite but which are distinctly more
leucocratic than the main mass of Rana Quartz Monzonite. The principal
difficulty in mapping and interpreting these rocks is that they are
gradational with the main mass of foliated Rana Quartz Monzonite.
Further, the three types of border-zone rocks tend to have gradational
boundaries among themselves. In geﬁera], though, types 1 and 2 occur
largely in sectiomr 32 and in the west half of sec., 33 whereas

type 3 occurs mainly on the south side of Cerro Colorade where the border
zone is thickest.

Type 1 Tithologies are best preserved where the border zone pro-
jects out into the country rock as tongues or dikes. A typical example
(fig. 40a) consists largely of a fine-grained matrix of quartz,ﬂmuscovite,
plagicclase, and microcline in which ovoid, 8 mm phenocrysts of quartz
are embedded. This matrix also contains clots of muscovite, rare
octahedra of magnetite, and rare grains of schori. A thin-section view
of a typical sample is shown in figure 41. Note the interlocking

allotriomorphic granular texture of the groundmass and the serrated
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Figure 40. Stained sltabs of various Rana Quartz Monzonite.

‘ 5 mm

t L]

Figure 41, Photomicrograph of Rana Quartz Monzonite from border zone
?PL73-267). Notice the oblate polygonated quartz phenocryst.
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edges of neighboring quartz subgrains within the quartz phenocrysts.
Muscovite occurs as pods or clots within the matrix and as individual
flakes scattered through it. Accessory minerals are allanite, epidote,
zircon, and hematite (after magnetite). It is of particular interest
that the allanite occurs as tiny (0.1 mm) cores of epidote grains

(fig. 42).

More altered border-zone rocks occur within the border zone itself
and range from porphyritic muscovite quartz monzonite to quartz-muscovite
schists. A typical sample has oblate rounded quartz grains (<10 mm)
and flattened muscovite clots set in a fine-grained matrix of feldspar,
muscovite, and quartz. fhese rocks have a substantial foliation
defined by flattening of the quartz phenocrysts and by a subparallel
orientation of the muscovite. The quartz grains are clearly relict
phenocrysts which typically consist of subgrains that have serrated
contacts with one another. They also have 1ight-bluish-gray cores
that are rimmed with a thin layer of transparent quartz grains as shown
in figure 43, Careful examination of the light-bluish-gray cores shows
that there are slight zonal changes in color, and under high magnifiéa-
tion the bluish zones are seen to contain a large number of minute
rutile needles which are lacking in the ciear quartz grains of the rim.
This feature is common in the border-zone rocks and also occurs in the
main mass of Rana Quartz Monzonite, although the quartz grains there
are matched in size by the other minerals. Accessory minerals are
epidote, allanite, schorl, biotite, and magnetite. Alteration to hema—
tite has taken place along cleavage planes or around the margins of
the grains. As in all Rana rocks, epidote forms thick overgrowths on

tiny equant allanite grains.
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L 0.1 mm

Figure 42. Photomicrograph showing alianite core of an epidote grain.
Rana Quartz Monzonite border zone; sample PL73-267.

Figure 43. Rounded quartz phenocryst with internal zoning. Rana Quartz
Monzonite border zone, detail of figure 42; PL73-267.
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Border-zone rocks of the other major type (type 3} are richer in
microcline than those just described. These rocks have an overall
grayish-orange-pink color with obvious transTucent medium-gray quartz
phenocrysts {1 to 3 mm). Less obvious are subhedral microcline pheno-
crysts (2 to 5 mm) which,'a1ong with the quartz grains, are set in a
finer grained (<1 mm) matrix of plagiociase, qﬁartz, muscovite, and
microcline. Accessory minerals are magnetite-hematite, biotite, garnet,
epidote, and zircon. This type of border zone generally is less foliated
and somewhat coarser than types 1 and 2, and it also contains myrmekite,
a textural feature that is lacking in other border-zone rocks.

The border-zone rocks are rather strongly deformed, and they are
characterized by marked differences in grain size and degree of altera-
tion and/or deformation. The alteration and deformation make inter-
pretation of the early magmatic history difficult, but it appears that
some of the border zone formed in more than one stage with possible
multipie injection of magma. This may account for some of the marked

differences in grain size.

Foliated Facies

As previously stated, the border zone grades into the foliated
-facies. The contact between the two units was placed where biotite
began to appear as readily visible, discrete clots in the rock. This
generally coincided with the coarsening of the groundmass, i.e. with
the 1oss'of a porphyritic texture. There are different degrees of
foliation within the foliated phase, ranging from moderately foliated
biotite quartz monzonite to gneissic biotite quartz monzonite. The

general tendency is for the deformation to increase in intensity from
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the northwest to the southeast part of the body, with the Teast defor-
mation occurring near the unfoliated facies {(pl. I) and the greatest
deformation occurring near the contact with the Peflasco Quartz Monzonite
abaut 1.25 mi north<northwest of Trampas.

A moderately foliated rock commonly shows a crude but distinctly
planar alignment of biotite clots and some granulation of feldspars,
especially plagioclase. There also is some orientation of oblate
agaregates of quartz grains which are flattened as well as sTightly
elongated. A typical example of the fabric of this lithology is shown
in figure 44, It is an equigranular network of aggregates of quartz
grains (<12 mm}, granulose aggregates of plagiociase {5 to 9 mm),
and anhedral, broken-appearing grains of microcline (<7 mm). Biotite
and magnetite commonly occur together in clots that tend to form
groups over 3 to 4 cm areas. Quartz shows a very marked undulatory
extinction. The microcline occurs as fairly large grains which generally
are associated with aggregates of smaller grains (0.4 mm). The micro-
cline commonly contains "flame" and/or "film" microperthite and inclu-
sions or patches of albitic plagioclase and quartz. ‘M~twinning is
ubiquitous in the microcline and some larger grains also have a single
Carlshad twin plane. Plagioclase occurs as altered aggregates of.

0.5 to 0.1 mm grains, with composition An27 to An22. Little primary
zoning is apparent in thin section, and all of the plagioclase grains
are dusted with epidote and muscovite. The only unaltered plagiocliase
occurs in perthite and as rims on altered grains that are adjacent to
microcline. Myrmekite occurs consistently as wartlike projections into
microcline, where it is in contact with adjacent plagioclase grains.

Accessory muscovite, magnetite-hematite, sphene, allanite, epidote,
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Figure 44. Typical example of foliated Rana Quartz Monzonite. 0.75 mi
south of Cerrpo de la Cruz.
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zircon, and apatite are associated with biotite (see Appendix I for a
detailed description of the accessory minerals--sample PL72-193).

The most foliated types of Rana Quartz Monzonite are gneissic
biotite quartz monzonites which have a strong foliation expressed by
preferred orientation of undulatory biotite Tayers which are separated
by irregular lenses and layers of granulose quartz and feldspar.

In thin section, the rock has a foliated and seriate allotriomorphic
granular texture, with microcline and quartz being the largest in grain
size and plagioclase being distinctly smaller and more granulose or
polygonized. The microcline occurs as anhedral grains (<5 mm) showing
crosshatch twinning and rarely a crude Carisbad twinning. Some of the
crosshatch twinning is clearly deformed. The quartz occurs as allo-
triomorphic grains shaped like pieces of jigsaw puzzle. These grains
have a cracked appearance, and their largest dimension (<1 mm) commonly
is paraliel to the foliation plane. The plagioclase grains (<0.5 mm) .
are anhedral, show uniform normal continuous zoning from An30 to An25,
and commonly are altered, Biotite forms pods and trains of anastomosing
strongly oriented flakes (1 mm) most of which have a fresh appearance,
whereas others appear shredded. Accessory minerals associated with
biotite are muscoviée as crisp, clear flakes replacing biotite, magnetite-
hematite grains as irregular octahedra, sphene as anhedral 0.5 mm
granules associated with the magnetite, epidote as thick rims on tiny
allanite grains, apatite as ¢lear, anhedral stubby grains, and zircon

as euhedral to anhedral prisms with tube-shaped fluid inclusions.
Muscovite and epidote also occur as fine-grained alteration products

of plagioclase.
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Unfoliated Phase

The unfoliated phase has a very gradational contact with the foliated
phase of the Rana Quartz Monzonite. An average sample of the unfoliated
phase has a typical granitic texture with interlocking grains of rounded
quartz (<10 mm), tabular to rounded grains of light-gray plagioclase
(<6 mm), and anhedral grains of pink to light-gray microcliine (<9 mm).
Aggregates of biotite and magnetite-hematite (<1 to 7 mm) are scattered
throughout this rock. Quartz occurs as aggregates of 1 to 2 mm subgrains
showing some undulatory extinction. In some samples the quartz grains
have cores of 1ight-bluish-gray color similar to those of the border-
zone rocks. The largest single grains are anhedral microcline (<7 mm)
with both Carlsbad and M-twinning. These grains commoniy are perthitic
and contain round gquartz blebs (or pods) and patchy areas of albite
as well as rounded albite inclusions. Blebs of albite between adjacent
grains of microcline are very common. Plagioclase grains are subhedral
(<7 mm) but commonly project into the distinctly anhedral and inter-
stitial microcline. They show slightly undulatory normal zoning from
An33 to An]5 and in many places, particularly adjacent to microcline,
they have discrete unaltered rims of albite (An8 to An4). The other
parts of the plagioclase grains are commbn]y altered to muscovite
and fine-grained epidote, especially in their more calcic cores. Large
plates of green-brown biotite (<2 mm)} and biotite with magnetite
(+ hematite) occupy areas that appear interstitial in the fabric of the
rock and aré adjacent to or included in quartz grains. Sphene, allanite,
zircon, apatite, and epidote are associated with the biotite and magnetite.

Muscovite occurs either as fine-grained stubby flakes (<0.5 mm) in

plagioclase or as large {2 mm) fresh flakes transecting or infiltrating
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into biotite. The magnetite~hematite grains (<3 mm) are subhedral to
anhedral and nearly equant. They are mostly magnetite, and the hematite
occurs along margins or cleavage fractures as spindly branches projecting
into the magnetite interiors of the grains. It also occurs as irregular
trails of discrete blebs within the interiors of magnetite grains.
Sphene commonly rims the magnetite grains and also forms tiny granules
throughout the rock. Epidote occurs as individual grains associated
with biotite, as thick rims (0.4 mm) around tiny allanite grains, and

as small granules (0.05 mm) in altered plagioclase. The allanite is
rimmed by epidote ovr is otherwise associated with it, and occurs as
zoned equant to slightly elongate crystals {0.3 mm). Apatite is usually
found with biotite, either included in it or sandwiched between it and
another mineral. The crystals of apatite are squatty, sausage-shaped
single grains (0.5 mm). Zircon grains have a similar habit but they
tend to be more elongate and more idiomorphic, characteristically
containing one or more tubelike inclusions. A minor amount of chlorite
occurs as an alteration product of biotite. Myrmekite, with its cauli-
flower or wartlike intrusion into microcliine, is common where plagio-
clase grains are in contact with microcline grains. In one instance
myrmekite appeared to transect albite Tamellae in microcline. Figure 45
shows typical petrographic features of the Rana rocks.

In thin section the rock gives the impression of being a framework
of fresh quartz and microcfine that is collapsed around the altered
plagioclase grains. There is, however, only the slightest hint of
foliation. The mutually perpendicular closely spacedrfractures, visible
in polished slabs, and the slight granulation seen in thin section

indicate that the rock has undergone some deformation.
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(a) , 5 mm ,

(b) , 5 mm

Figure 45. Photomicrographs of Rana Quartz Monzonite. A. Unfoliated
facies (PL71-14); B. Foliated facies (PL72-190).
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Aplites

Aplites in the Rana Quartz Monzonite are common and occur as
irregular dikes 3 to 30 cm thick. They are ordinarily white or pink
and in some places contain small amounts of biotite and/or are somewhat
porphyritic. They are older than pegmatites that occur in the Rana
Quartz Monzonite, as demonstrated by consistent crosscutting relation-
ships. Furthermore, aplites associated with the Rana Quartz Monzonite
itself are not found in any surrounding rocks.

A typical pink or pale-red aplite has a fine-grained sugary texture
(average grain size 0.5 to 0.6 mm) that is subequigranular. The micro-
cline is slightly larger in average grain size than the quartz or plagio-
clase. The quartz has a Tobate, partly inequigranular texture and shows
undulatory extinction. Plagioclase is primarily intergranular and is
dusted with muscovite, epidote, and possibly kaolinite(?). Muscovite
also is scattered throughout the rock as small interstitial grains.

Some dikes contain dendritic schorl and most have minor hematite and
granular epidote.

One occurrence of particular petrogenetic interest is a porphyritic
biotite aplite dike which contains two distinct rock types. One is a
coarser, more porphyritic and biotite-rich aplite, the other finer
grained with Tess biotite and a more nearly equigranular texture.

These two types of rock each occupy about half of the dike at one point
(fig. 46). The finer grained rock is more abundant. The general
character and mineralogy of these two rock types suggest that they are
cogenetic fractions of a late-stage differentiate of the Rana Quartz

Monzonite and hence might provide opportunity to trace the chemical
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and mineralogical directions of fractionation. Textures of the two

rocks are compared in figure 47. Complete descriptions of both por-
tions are given in Appendix I, modes in Appendix II, and chemical analyses
in Appendix IIl1. The modal and chemical data are discussed farther on,
but here it is worth noting some of the salient textural features of

the two rock types. First, the coarse facies shows a moderate foliation
(N. 50° E.) defined by a slight flattening of biotite clots and by an
alignment of relict phenocrysts (fig. 47). The fine-grained portion

may also be foliated but if it is, it 1s.very much less visible in hand
specimén. Second, in the coarse facies, textural features such as
alteration of plagioclase, albite overgrowths on plagiociase, and the
mafic associations of biotite, zircon, and other accessory minerals

occur in a manner analogous to that of the host Rana Quartz Monzonite.
Plagjoclase, quartz, microcline, and biotite appear to have coexisted
with a silicate 1iquid phase at an early point in the rock's crystalliza-
tion. Finally, in the finer facies, textural relations are similar

to those of the coarser facies except for the marked decrease in grain
size. Although the proportions of phenocrysts are different, plagioclase,
quartz, microcline, and possibly biotite again appear to have coexisted
with a.siTicate 1iquid phase early in the crystallization sequence.

Some minor quartz veining appears to have occurred after crystallization

was essentially complete.
Modal Composition

The modal compositions of Rana Quartz Monzonite rocks are given in
Appendix II and plotted in figures 48 through 51. The bulk of the Rana

(uartz Monzonite samples cluster around the arbitrary dividing line
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Figure 47. Stained slab showing the two facies (A and B) of the dike -
in figure 46. K-feldspar is stained yellow. -

-
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Pl

Figure 48. Plot of modal data from the Rana Quartz Monzonite. Solid
circles are unfoliated facies, half solid circles are foliated facies,
open circies are border zone, bar circles are aplites.
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Kf+Ms

Figure 49. Plot of modal data from the Rana Quartz Monzonite. Symbols
same as figure 48.



143

Figure 50.
Monzonite.
(see fig.

Kf

Plot of modal data from the border zone of the Rana Quartz

Numbers vefer to proximity to contact in a sample traverse
52). Symbols as in figure 48.
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Pl x . < \;m Ms

Figure 51. Plot of modal data from the border zone of the Rana Quartz
Monzonite. WNumbers refer to proximity to contact in a sample traverse.
(see fig. 52). Symbols as in figure 48.
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between granodiorite and quartz monzonite. These data suggest that
while there may be some local compositional changes within the main
body, it is largely of a rather constant mineralogical composition.
The border-zone rocks and the aplite dikes, however, show considerable
variations in mode as plotted on the quartz-plagiociase-K-feldspar
triangular diagram. The border-zone rocks especially show a wide
variation in quartz-feldspar ratios, a feature that is due at least in
part to alteration of some of the border-zone rocks to quartz-muscovite
schist. With this in mind, quartz, plagioclase, and K-feldspar plus
muscovfte were plotted in figures 49 and 51. This plot reveals that
for thé main foliated facies there is a slight suégestion that muscovite
may be a significant alteration product in some samples causing a sjight
shift away from the main cluster. Some of the border-zone rocks show
a éendency toward higher quartz and muscovite, while the others tend
toward high K-feldspar and muscovite. These tendencies suggest that
two kinds of processes may have occurred in the border-zone rocks:
(1) an early process, possibly magmatic differentiation, resulting in
enrichment of some rocks in K-feldspar and others in plagioclase +
quartz; and (2) a later alteration process giving rise to much of the
muscovite in these rocks, particulariy in tﬁe quartz-muscovite schists.
To test this idea, a sample traverse was made across the border
zone in sec. 32, where a significant amount of alteration can be
observed. The cross section along which the traverse was made is shown
in figure 52, along with the plotted modal percentages of biotite and
muscovite. These data demonstrate the existence of a marginal, mineralo~
gically distinct border zone followed by a gradational change inward

to typical foliated Rana Quartz Monzonite. Triangular plots of just
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the traverse samples (figs. 50 and 51) show that the two "trends" or
rock types are not clearly separated in space. This points up the general
complexity of the border zone and suggests that the alteration may
have been superimposed on what was already a structurally and mineralo-
gically complex set of rock types. One possible explanation is that
the initial pulse of magma, which differentiated as the result of frac-
tionation of quartz and plagioclase, gave rise to a series of injections
and reinjections of liquids of different compositions which were
quickly cooled and crystailized. Alteration, which took place preferen-
tially along shear zones, may also have preferentially altered the more
plagioclase-rich rocks. It is unce%téin exactly why the border-zone
rocks are so teucocratic or to what extent their compositions were
changed by the quartz-muscovite alteration. These general problems,
as well as the possible details of the differentiation and alteration
processes are addressed in the light of petrochemical data in a.]ater
section, |

In general, the ‘modal compositions of the aplites show that they
are more enrichéd in K-feldspar than the average Rana Quartz Monzonite.
The percentage of quartz varies from one apiite to another, but con-
sideration of the fine and coarse aplite pair previously described
suggests that there may have been a slight tendency toward enrichment
in quartz in the finer grained portion of the dike (fig. 48). Thus
‘there is an overall trend toward enrichment in K-feldspar, but this is
- accompanied by first a slight depletion and then a slight increase in
quértz. A possible explanation of this is slight fractionation caused
by extraction of plagioclase and quartz from residual liquids. A

resulting increase in K-feldspar crystallization may then account for
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the slight increase in quartz in the most fractionated aplites. This
interpretation is consistent with the texture and implied crystallization
sequence in the Rana Quartz Monzonite itself, and with textures in the
coarser grained aplites. It is a question that is tested-in terms of

chemical data in a later section.
Structural and Textural Features

The bulk of the Rana Quartz Monzonite is featured by a distinct
foliation defined by orientation of biotite clots and by flattening
and/or granulation of quartz and feldspar. This foliation is largely
missing in the unfoliated facies, but fracture patterns and foliation
in some aplites within the unfoliated facies indicate that it existed
at the time of the main deformation but for some reason it escaped
strong penetrative deformation. The main fo}iation, wnich apparently
corresponds to Fz; has itself been folded {fig. 53a) and in some areas
there is a distinct Tineation that appears to represent the intersection
of two planar features. Both of these features can be attributed to
F3. Local closely spaced fractures may also have been caused by F3.
The last major deformation in the area, Fj, is evidenced in the Rana
Quartz Monzonite by numerous quasi-ductile shear zones that are vertical
and trend N. 28°-61° E. (fig. 53b). Joint sets commonly trend north
to N. 20° W. and have opnasing dips of 90° ta 200, but odd orientations
that do not seem to fit any obvious pattern also occur. Lineaments
that appear clearly on air photos are shown on plates I and II. Their
orientation is typically either northwest (dominant) or northeast.
Their origin is uncertain, but they may be related either to the F4

shear zones or to the joint structures.
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Figure 53b. Semiductile shear zone in Rana Quartz Monzonite.
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A general trend in the Rana Quartz Monzonite is an increase in the
severity of deformation from northwest to southeast in the study area.
In the south and southeasternmost exposures a lineation becomes the
dominant structure. Any foliation present in these exposures has either
the typical northeast to east-northeast orientation or it has a north-
northwest to northwest orientation, the latter probably being caused
by F3. The Tineation typically has a plunge and azimuth that one would
expect from the intersection of S, and S3 (i.e. L3), but where Sq is
not sufficiently well developed to form a distinct planar feature
and yet thoroughly disrupts Sy, @ lineation is produced but no well-defined

foliation remains.
Metamorphism and Alteration

The Rana Quartz Monzonite provides an opportunity to observe the
progressive deformation and possibly the progressive metamorphism of
a granitic rock body. The central questions that arose during field and
petrographic examination were: Was the increase in deformation accom-
panied by an increase in temperature or average pressure to the south-
east, or was differential stress alone greater there than it was to
the northwest? If there was a thermal gradient involved, were there
mineralogic adjustments to the gradients? Even if there were no thermal
gradients, what were the major textural adjustments to the increased
deformation and how did these affect "Tate-stage" features?

The gross textural features are best shown by the series of stained
slabs in figure 54. Note that with increased deformation there is a
general reduction in gréin size, with quartz and microcline being the

most resistant to this grain-size reduction, Biotite clots first are
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Figure 54. A series of stained slabs (A through F) showing increasing
deformation from northwest to southeast in the Rana Quartz Monzonite.
Microcline is stained yellow. A, Unfoliated facies, PL71-14; B. Foliated
facies, PL72-193; C. Foliated facies, PL72-174; D. Foliated facies,
PL72-224; E. Foliated facies, PL72-73; F. Foliated facies, PL72-74.



152

increasingly flattened and orienied in the foliation plane and then
become increasingly smaller in grain size and more recrystallized until
they occur in the wispy planes and as isolated, peppery flakes. Plagio~
clase in particular.becomes very fine grained and granulose with the
increased deformation. A more detailed view is afforded by the thin
sections shown in figure 55. If we assume that all the samples began
with.gross textures similar to the unfoliated facies (fig. 55a), we

sea that the two Teast foliated samples of the foliated facies (figs.
55b, c¢) show polygonized plagioclase that is clearly the result of
recrystallization of the original undisturbed plagioclase grains.

They are characteristically altered throughout by very fine muscovite
and epidote. This is in contrast with the fairly coarse muscovite and
epidote that are concentrated in the more anorthite-rich cores of the
unpolygonized grains, suggesting that the alteration may already have
occurred at the time of deformation and that the alteration products
themselves have been recrystallized and dispersed. Still more deformed
racks {fig. 55d) show a slight increase in plagioclase grain size but
still retain the polygonal grain shape. They are notably less altered,
however, with alteration that is present being patchy or in some
instances partly controiled by orientation of albite twin Tamellae.
These plagioclase grains alsc have a crackled appearance that is

shown especially well in figure 55d. The most deformed rocks {figs.
55e, f) again show a smaller grain size, possibly the result of greater
deformation without appropriate conditions for recrystallization to
increased grain size. A];eration in these samples, however, is patchy

and less extensive than in some of the slightly less deformed rocks.
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(b) 5 mm

Figure 55. Photomicrographs of samples A-F shown in figure 54, Notice
decreasing grain size, increasing polygonation and increasing disper-
sion of biotite going from A to F.
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Some of the larger grains of recrystallized plagioclase have a slight
normal continuous zoning, but most appear to be unzoned.

Quartz shows some undulatory extinction in all samples but it is
more pronounced in the samples that show light to moderate foliation.
The two most foliated samples have considerably less undulatory extinction
than the other samples. There is, however, a general tendency for the
size of quartz-grain aggregétes to decrease with increasing deformation.
Yet the size of the subgrains themselves is only slightly larger in
undeformed samples than it is in the most deformed ones. Further, in
rocks where deformation is great enough that biotite is significantly
dispersed, the quartz becomes noticeably clearer than in less deforﬁed
samples.

Microcline is apparently unaffected in the undeformed rocks but
rapidly shows increased polygonization around the margins of grains
with increasing deformation. 1In spite of this, the Targest single grains
in any sample are invariably microclines that appear to have withstood -
the deformation except for granulation and rounding off of their edges
and corners. The amount of microcline that has not been polvgonized
decreases with increasing deformation. Certain textural features
associated with microcline persist or are even enhanced withldeformation.
For example, perthitic lamellae are commonly more obvious in microcline
subgrains than in intact crystals. Also myrmekite generally is finer
grained in the more deformed“foCks, but it is not obvious that it has
actually withstood deformatidn; be;ause it may have formed after or
during the waning stages of deforhatioﬁ. Albitic rims on recrystallized
grains of plagioélase that abut against microcline also are common

in the more deformed rocks, as well as in those with no foliation.
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This suggests that the deformation that resulted in polygonization

must have occurred at temperatures high enough to give rise to the rims
of albite by exsolution from K-feidspars at lower temperatures.

It is even possible that higher temperatures which would have increased
the albite content of K-feldspar were reached after the main deformation.
Subsequent cooling could have then resulted in the albite rims. In

any case, the textures seem to preclude the interpretation of the

rims as relicts from primary cooling and late-stage crystallization of
the original quartz monzonite.

As previously stated, biotite becomes increasingly shredded,
recrystallized, and redistributed with increasing deformation, the grain
sizes reduced from about 3.0 to 1.0 mm or less. Some muscovite flakes
appear to replace biotite, and others occur as large semipoikilitic
plates which replace plagiociase grains. These muscovite grains appear
less deformed than the biotite and in some places actually transect
the biotite foliation. This raises the possibility that muscovite
alteration of bijotite and plagioclase may have postdated deformation
or perhaps may have occurred during the waning stages of deformation.
This {s at variance with the notion already suggested that alteration
of plagioclase to coarse-grained muscovite was disrupted by polygonization
of the pTagioc]ase.;lInstead, recrystallization of the plagioclase
may have destroyed zoning so that the cores of the plagioclase were
not pérticu?arl& susceptibie to alteration, hence the even- and fine-
grained nature of the muscovite alteration in the moderately deformed
raocks. Still another possibility is that alteration, particularly of

ptagioclase, took place at more than one time, i.e. before and after
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deformation. This is not parsimonious, however, and further evidence
is needed to support the idea.

The assemblage of minerals associated with the biotite is remarkable
in that many textural features in the undeformed rocks persist in even
the most deformed rocks. For example, sphene commonly rims opaque
grains, epidote is found as thick rims on tiny brownish allanite crystals,
and apatite occurs as cigar-shaped rounded prisms in both the deformed
and undeformed rocks. Also hematite and magnetite are commonly found
intergrown (fig. 56), ragardless of the degree of deformation. One
conclusions that might be drawn from this observation is that the phase
assemblage associated with biotite was stable through the deformation
process and that granulation was not strong enough significantly to
disrupt the details of the textures. Another possibility is that some
of these textural features may represent ;eactions that have occurred
after deformation as metamorphic reactions. Evidence for or against
either of these ideas in part relates to later magmatic events and
the reactions involved, as discussed in a later section.

Megascopic alteration of the Rana Quartz Monzonite probably occurred
in several episodes, but the main type is a distinct reddening of the
feldspars which in the most severely altered areas is accompanied by
irregular epidote veining. A typical sample of epidote-veined material
is shown in figure 57. It is noteworthy that the epidote veining is
not deformed or foliated, and cuts a pegmatite in the foliated Rana
Quartz Monzonite. These observations indicate that the epidote altera-
tion is younger than the pegmatites and the youngest penetrative
deformatidna1 event. In thin section the reddening associated with the

epidote veining is seen to correlate with an increased alteration
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. i 0.5 mm i

Figure 56. Photomicrograph of hematite altering and/or exsolving
from magnetite. Rana Quartz Monzonite, sample PL71-14b.

Figure 57. Stained slab showing epidote veining of Rana Quartz
Monzonite.
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or clouding of the feldspars, especially plagioclase, by mostly very
fine-grained epidote and muscovite. This reddening of plagioclase also
is commonly accompanied by an increased chloritization of biotite.

The occurrence of the alteration is Tlocally controliled by joint
planes, but in general there is no obvious structural or spatial control.
Instead it has a patchy irregular distribution that appears to be inde-
pendent of the distribution of any other rock in the area. This feature,
together with the relative age relationship already mentioned, indicates
that the alteration represents an event that was late in the history of
the area and was not related to any evident igneous events.

Other types of alteration and veining in the area include epidote
veins that are accompanied by minor bleaching of feldspars, thin,
tabular zones of bleaching that occur in the unfoliated Rana Quartz
Monzonite, open-space veins of amethyst and hematite, and alteration
accompanied by the formation of rosettes 6f schorl and by quartz-schorl
veins. Age relationships among these types of alteration are uncertain,
but it is known that epidote alteration postdates Fa shearing, whereas
quartz veins predate it. Also, it is Tikely that the schorl rosettes,
the quartz-schorl alteration veins, and the rare schorl-bearing pegma-
tites are all genetically related. One possible oirigin of the boron
in the tourmaline is from the metasediments (Montgomery, 1953). It
is well known that boron is released from 1 M disordered i11ite when
transformed to 2 M muscovite during the early stages of metamorphism
“(Perry, 1972; Weaver and others, 1971; Perry and Hower, 1970; Muffler
and White, 1969). The boron then may have resided in interstitial fluids
in the sedimentary rock until conditions permitted transportation of

the boron in solution and later, deposition of the boron as tourmaline.
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The exact conditions under which this might have occurred are not known,
but Muffler and White (1969) indicate that the i11ite-muscovite traﬁsi-
tion takes pTacg bewa 210%C in the Salton Sea geothermal field, and
the occurrence of greenschist facies apparently marks the comp]gte
redistribution of boron because muscovite is almost all in the 2 M
polymorph in this facies (Erd, 1977).

The origin of the other types of alteration are even less certain.
The open-fracture-filling amethyst veins, though, are very well preserved,
suggesting that they were formed after the last deformation and after

sufficient uplift had occurred to allow the formation of open fractures.

Summary

The Rana Quartz Monzonite was intruded under conditions that gave
rise to a distinct but discontinuous fine-grained leucocratic border
zone witﬁ a main interior facies that originally was a typical sub-
equigranular biotite quartz monzonite. The crystaliization sequenFe
in this unit was quartz, plagioclase, biotite(?), and K-feldspar.
Late-stage differentiation produced aplites and possibly some quartz
veins. Subsequent to the intrusion and crystallization, the body
was subjected to at least three phases of deformation that in parts of
the body produced a foliation which increases to the southeast. Sub-
sequently, sporadic alteration by water-rich fluids reddened and altered

feldspars and deposited epidote veins locally.



162

Penasco Quartz Monzonite {Granodiorite)

Distribution and Qccurrence

The Pefiasco Quartz Monzonite occurs in the eastern part of the
map avea (pl. I). It intrudes the main amphibolite unit which Ties
along the northern margin of the pluton. Along its western margin,
only partially exposed, it intrudes either the Vadito schist or Rana
Quartz Monzonite. Its southern and eastern contacts are not exposed.
To the east and northeast of the map area, Perasco Quartz Monzonite
also occurs in generally relatively small, isolated outcrops.

The Pefiasco Quartz Monzonite lacks any distinctive border'zone,
and the degree of exposure generally prevents detailed mapping of internal
zoning. Nonetheless the body can be divided into porphyritic and
equigranular facies. The bulk of the body has a subequigranular texture
but there are sporadic occurrence’ of a strongly porphyritic rock that
contains large microcline megacrysts., These occurrences have gradational
retationships with the equigranular facies, a fact which, along with
relatively poor exposures, made mapping internal contacts between facies
impractical. Thus the occurrences of the porphyritic facies are simply

noted by a symbol on piate II.
Contact Relationships

Uniike either the Puntiagudo Granite Porphyry or the Rana Quartz
Monzonite, the Pefiasco Quartz Monzonite has a generally concordant
contact with the Vadito amphibolite unit along its northern margin.
The few apophyses that invade the amphibolite from the main body

characteristically have rounded, irregular shapes that contrast markediy
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with the ragged margin of the Rana Quartz Monzonite. Where Pefasco
Quartz Monzonite intrudes the Rana rocks, it transects the Rana folia-
tion along a contact with features that suggest some combination of
forceful injection and partial digestion of the Rana rocks. Large,
partly rounded and digested blocks of Rana Quartz Monzonite are included
in the Pefasco Quartz Monzonite near the irregular contact. The saw-
tooth nature of the contacts suggests that the Rana rocks have been
prised apart. '

The contact of the unit is also characterized by minor amounts of
migmatization, and it is much less sharp than the contacts of the older
rocks. This is shown particuiarly well in figure 58, where it is clear
that there is considerable interaction between the country rock and the
invading Pefiasco Quartz Monzonite. Figure 59 shows an example of folding
in the country rock near the contact. This folding may simply be an
expression of F3 deformation or it may be a very local effect of the
intrusion of the Peflasco Quartz Monzonite. If it is folding due to
intrusion then it suggests that one mode of emplacement was forceful
injection. Physical incorporation and partial digestion of the country
rock also may have been important, because the marginal parts of the
pluton, especially along its northern contact, contain numerous discoidal
mafic inclusions. In addition, the rock is slightly more mafic in that
zone. These features were interpreted by Montgomery (1953) as indicating
that the Penasco Quartz Monzonite magma had assimilated amphibolitic
country-rock material. This idea is difficult to prove or disprove,
but the abundance of inclusions suggests that it is at least partially
correct. Certainly a great deal more mafic material has been incorporated

in the Peflasco Quartz Monzonite than in the older granitic units.
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Figure 58. Contact of the Pehasco Quartz Monzonite with the Vadito
amphibolite unit. Note the incipient migmatization along the contact.
About 1.2 mi east of Cerro Alto.

Figure 59. Chevron folding in Vadito Schist(?) near contact with the
Peffasco Quartz Monzonite. About 1.5 mi east of Cerro Alto.
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Petrography

When examined in detail the Perlasco Quartz Monzonitelshows consider~
able differences in texture and composition. Some of the variations
are i1lustrated by the stained slabs in figure 60. Even though the
textures and proportions of minerals obviously change from sample to
sample, the types of minerals present do not. All the samples are
biotite granodiorites to quartz monzonites with biotite or very rarely
hornblende as the mafic mineral and muscovite, allanite, epidote, sphene,
magnetite (+ hematite), apatite, and zircon as accessory minerals.
Microcline is invariably blocky but is not commonly euhedral except
where it occurs as megacrysts. Plagioclase grains, on the other hand,
are typically subhedral to euhedral and show continuous normal undulatory
zoning. In some instances the plagioclase has clear rims of albite,
pafticularTy where a p]agfoc?ase grain is 1in contact with a microcline
grain. Quartz‘is typically transparent and medium gray, and it occurs
as aggregates of anhedral grains. Biotite occurs as aggregates of
tapered flakes that are pleochroic in shades of green to light yellow
green. The accessory minerals are associated with the biotite. One
of the most persistent and characteristic features of the Peflasco Quartz
Monzonite is the presence of 1 mm sized euhedréT wedges of sphene.
These are readily visible in hand specimen even where they are altered
to anatase. These sphene wedges and the generai]y higher biotite
content of the Pefiasco Quartz Monzonite make it possibie readily to
distinguish it from the Rana Quartz Monzonite. The occurrences of the
other accessory minerals are described in detail in Appendix I, but

two points can be emphasized here: (1) Allanite and epidote commonly
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Figure 60. Stained slabs of Penasco Quartz Monzonite. K-feldspar
is stained yellow.

; 0.3 mm ,

Figure 61. Photomicrograph of zoned allanite with a partial epidote
rim. Pefiasco Quartz Monzonite sample PL71-5a.



167

are associated in this unit as in the Rana unit, but here the allanite
also occurs as 1 mm sausage-shaped crystals that commonly have little
or no epidote rim and that are strongly color zoned in shades of brown
and red (fig. 61). (2) The magnetite-hematite association is similar
to that of the Rana Quartz Monzonite, as shown in figure 62.

in many samples there is some suggestion of slight deformation
in that some biotite grains are kinked, quartz and feldspar grains
are fractured, and some plagioclase albite twin lamellae are bent.

In addition granulation or polygonization of plagioclase and some
microcline may occur, particularly around the margins of the moderate-
sized grains. Megacrysts commonly show a subparallel alignment, but
nowhere in the unit was there a strong preferred orientation of biotite
similar to that found in the Rana Quartz Monzonite.

Myrmekite and albite rims on plagioclase are common. Myrmekite
occurs as wartlike projections into microciine at points where the
microcline is in contact with plagiociase. Slight alteration of
plagioclase by very Tine-grained muscovite and epidote is common but
by no means ubiquitous and its occurrence does not seem to be strongly
controlled by the anorthite content of the altered grains (fig. 63).

The Perasco Quartz Monzonite, Tike the older granite units in the
area, is cut by both pegmatites and apiites. The aplites are consis-
tently older than the pegmatites and appear to be restricted to the
Pefiasco unit itself. In at Teast one locality, however, there are
crosscutting relationships between aplites. The older aplite is darker
and clearly more mafic than the younger one and is apparently genetically
related to the Peflasco Quartz Monzonite. The younger, more leucocratic

aplite presumably is associated with nearby pegmatite-aplite dikes.



. 168

0.1 mm

i

Figure 62. Photomicrograph of magnetite (white) with associated hematite
(1ight brown), Peflasco Quartz Monzonite.

2 mm

L. j

Figure 63. Photomicrograph of plagioclase alteration in the Pefiasco
Quartz Monzonite. Notice irregular distribution. Sample PL771-35.
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Evidence for this is that the younger dike locally contains garnet
that is similar to garnet occurring in the pegmatite-aplite. Also,
its general texture and leucocratic character suggest a genetic rela-
tionship to the pegmatite-aplite. Aplites that occur in the Penasco
Quartz Monzonite commonly contain biotite, which in itself sets them
apart from those associated with the pegmatites or most of the older
granitic units. The generally mafic character of these aplites is con-
sistent with their having been derived from the Penasco Quarfz Monzonite

as it is the most mafic of the granitic rocks in the area.
Modal Composition

The Pehiasco Quartz Monzonite is characterized by a wide range in
modal compesition, particularly with respect to plagioclase-K-feldspar
ratios as shown in figure 64, wnich demongtrates that the body actually
consists of rocks ranging from quartz diorite to quartz monzonite.

The quartz to feldspar ratio, however, has a narrowly defined range
suggesting that it is roughly independent of the relative proportions
of K-feldspar and plagioclase. Figure 65 shows that on the ave;age
the Pefiasco Quartz Monzanite contains less quartz than any of the other
granitic rocks. Figure 66 demonstrates that this unit has muscovite
in Tower amounts than much of either the Puntiagudo Granite Porphyry or
the Rana Quartz Monzonite. Even more distinctive, however, is the
biotité content which except for two samples is in excess of 12 volume
percent while the highest observed in the other granitic rocks is about
11 volume percent. Figure 66 shows the lack of correlation between
iotite content and plagioclase/K-feldspar ratios. Finally, it is of

interest that the aplites in the Pefiasco Quartz Monzonite (fig. 64)
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Pl

Figure 64. Plot of modal data from the Penasco Quartz Monzonite. Solid
triangles are from the wain mass. 96 gm is the groundmass of sample
PL72-96 while 96 wr is the whole rock. Open circles are aplites.
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Pl

Figure 65. Plot of average modes for the granitic rocks. Symbols as
in previous mode plots.
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are one endpoint of a "trend" toward lower plagioclase/K-feldspar

~ ratios. These data taken together suggest that the compositional
variation in the body may be attributed to fractional crystallization
of plagioclase and biotite, Teaving residual melts relatively more
enriched in components forming K-feldspar. Alternatively, some of the
compositional variation may refiect digestion of mafic wall-rock
material. This could have an effect similar to thaf of fractional
crystallization, although if this were the case a tendency for the more
mafic (and thus more contaminated) rocks to show a depletion in quartz
might be expected. Instead, the most mafic sample of Penasco Quartz
Monzonite is enriched in quartz relative to the others, suggesting that
assimilation does not explain the compositional variation here observed.
The question is not resolvable solely on the basis of modal data, and

it is further discussed in the section of petrochemistry.
Structural and Textural Features

Structural and textural features in the Pefasco Quartz Monzonite
are of three main types: (1) joint sets, (2) very slight penetrative
foliation, and (3) alignment of tabular K-feldspar megacrysts. The
alignment and/or deformation of mafic xenoliths constitutés a possible
fourth structural feature. Also one prominent lineament was observed
on air photos.

Joint sets in the Pefiasco Quartz Monzonite have a wide range of
orientations, but they commonly strike either northwest to north-north-
west or within 25° of east-west. Their dips commonly show that the

joint sets are conjugate. The general strike directions of the joints
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are similar to those in the older granitic units, but lower dips are
more common in those in the Pehasco Quartz Monzonite. This suggests
that the Pefiasco Quartz Monzonite either responded differently to
similar stress o% that slightly different stresses gave rise to the
joint sets in the older granitic bodies.

The slight foliation in the Peflasco Quartz Monzonite, often not
readily noticed in outcrop, is typified by a slight alignment of biotite
clots and tabu]ar minerals {fig. 68). Fractures in larger grains of
plagioclase commonly paraliel the general direction of the foliation.
In the majority of outcrops it is impossible confidently to determine
“a specific foliation plane, and hence relatively few measurements were
taken. From the sparse outcrops that do show a measurable foliation
it appears that the strike ranges from northeast ;0 east-west and the
dip from 27° to 78% 5. It %Tso appears that the attitude of the
foliation near the contact tends to conform to the orientation of the
contact.

Alignment of tabular K-feldspar megacrysts is nearly ubiquitous,
and a typical example is shown in figure 69. This orientation appears
to have been caused by laminar flow in the magma while it was still a
crystal-Tiquid mixture. Evidence for this is alignment parallel to
the walls of apophyses of Perlasco Quartz Monzonite and a lack of syste-
matic orientation of the megacrysts that would be expected if they had
been oriented by regional stress during growth. The flow orientation
of the megacrysts, together with the general conformity to the walls
of the weak foliation of rocks without megacrysts., suggests that much

of the foliation in the Peflasco Quartz Monzonite was produced by flow
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Figure 68. Slight foliation of biotite visible in an outcrop of the
Penasco Quartz Monzonite. About 1 mi east of Cerro Alto.

Figure 69. Subparallel alignment of K-feldspar megacrysts in the
Pefasco Quartz Monzonite. About 1.2 mi north of Trampas.
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in the magma while it was being emplaced. Any regional stresses that
may have heen partly vesponsible for the deformation were definitely
weaker than those that produced the dominant foliation of eariier granitic

hodies.
Alteration

Megascopic alteration involving epidote veining and reddening of
feldspars is largely absent from the Penasco Quartz Monzonite. Only
in a few localities was minor reddening observed along joint surfaces.
Microscopically, plagioclase is commonly altered to muscovite and
epidote, but the degree of alteration is much 1e§s than in the Rana
Quartz Monzonite. Also its occurrence within grains appears to have
been only partly controlled by the anorthite content of the plagioclase.
Some plagioclase grains show 1ittle or no alteration while others in
the same rock have a patchy dusting of muscovite and epidote and stilil
others show fairly severe alteration. In any case, it is certain that
the Perlasco Quartz Monzonite has not been subjected to the same amount
of microscopic or megascopic alteration as have the older granitic

rocks.
Summary

The Penasco Quartz Monzonite was intruded partly by forceful injec-
tion and partly by incorporation and perhaps digestion of country
rocks. Conditions were such that no border zone was formed, and minor
migmatization occurred along the contacts with the country rocks. The
variation in modal composition of this unit can be explained by frac-

tionation of plagioclase and quartz from magma, although it is recognized
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that assimilation may have palyed a role as well. The sequence of
crystallization is not completely known but plagioclase and biotite
were generally the early phases followed shortly by K-feldspar and
quartz. Most of the associated aplites appear to bé genetically related
to the main body and probably formed from residual 1iquids.

| This unit shows very 1ittle of the obvious alteration and defor-
mation of the older granitic rocks, although there is microscopic

evidence for limited alteration of the plagioclase.

Pegmatites

The pegmatites of the Dixon-Penasco area are of particular interest
because among them is one of the most unusual occurrences in the world,
the Harding pegmatite. It is one of the largest known concentrations
of tantalum, 1ithium, and beryliium, and it is a spectacularly coarse-
grained, zoned pegmatite body. The Harding is, however, only one of
almost innumerable pegmatites in the area and no attempt is made here
to describe it in detail (see Jahns and Ewing, 1976, for the most
comprehensive description available). Instead it is discussed in a
general way as an example of one of five broad categories of pegmatites
that occur in the area.

The general distribution of pegmatites in the area is shown on
piate IV, and pegmatites are also shown in some detail on plate II.

It can be readily seen that there is no consistent spatial relationship
between the pegma;ites and any of the major granitic bodies. Instead,
the pegmatite bodies appear to have a semirandom distribution over the
“area, and are slightly concentrated in its southern and southeastern

parts. The bodies occur typically as dikes or pods that differ markedly



179

in size ranging from 2 cm to 15 m in thickness. The detailed shapes
of the dikes in three dimensions are difficult to determine, but in
section they commonly show rolls and other changes in orientation.
In some places they branch and they typically thin toward their ter-
minations although their actual terminations are rarely exposed.

Most of the dikes apparently are not connected to any larger igneous‘
body at depth, and no evidence for such a connection has been observed
in the area despite considerable topographic relief along parts of
Embudo Creek. The variations in exposed lengths suggests that the
dikes may be very irregular in a view perpendicular to their large
dimensions. In addition to branching, some larger dikes show bulges
that give them the shape of a two-tailed flattenad tadpole.

In terms of internal zoning and mineralogic composition, the peg-
matite bodies can be classified as (1) simple pegmatites of small
to moderate size and consisting primarily of coarse gquartz, K-feldspar,
and albitic plagioclase, (2) comp]ex\pegmatites that contain rare
minerals and sﬁow at least some degree of internal zoning, (3} pegmatite-
aplite pairs with complex internal zoning but no rare minerals, (4) rare
tourmaline-bearing pegmatites without distinct internal zoning and
of relatively simple mineralogy, and (5) albite-quartz-muscovite
pegmatites which in some instances are internally zoned but which
consistently lack unusual minerals.

The simple pegmatites are by far the most abundant in the area.
Photographs of typical occurrences are shown in figure 70. The bodies,
unzoned or only crudely zoned, consist of blocky to sugary K-feldspar
(microcline), masses of anhedral quartz, sugary albite, and irregular

books of greenish muscovite. Some dikes contain minor hematite as
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stains, bright-yellowish bismutite, and very rare euhedral crystals of
green beryl. Although most of these pegmatites are unzoned, some show
features of crude segregation {fig. 71}. In general, the thicker
pegmatites seem to show more internal segregation but thickness does
not, however, seem to correlate with the content of raré minerals.
Indeed, the thin, terminal parts of the Harding pegmatite appear to be
of the "simple" type which further suggests a possible link between
at least some of the simple pegmatites and some of the complex ones.

The distinction, then, between the simple and complex pegmatites
is not everywhere simple or clear. Still, it is useful to place in a
separate category those pegmatite bodies that show marked internal
zoning and contain significant amounts of rare minerals. In the Dixon-
Pefiasco area this type of pegmatite is exemplified by the Harding
occurrence (Jahns and Ewing, 1976). The main body is about 30 m thick
and 300 m in apparent 1éngth. It is characterized by strong internal
zoning def{ned by changes in both texture and mineralogic composition.
Particulariy spectacular is a zone containingllath-shaped spodumene
crystals up to about 5 m in length with an interstitial matrix that is
mostly quartz but also includes lepidolite, muscovite, beryl, microcline,
apatite, and microlite. In all there are four major zones 1% the dike
including a border rind, a zone of massive quartz, the spodumene zone
mentioned above, and a core of 1ithium~- and tantalum-rich pegmatite
(Jahns and Ewing, 1976). In addition, irregular masses of sugary,
porous albite with minor K-feldspar appear mainly in footwall parts
of the dike.

The Harding is a highly unusual occurrence, not only in this area

"but also on a worldwide basis. Other pegmatites in the area that might
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(a)

Figure 71. Examples of peg-
matites which are simple
in mineralogy but which
show limited zoning.

(a) Note small quartz

* core, about 0.5 mi north
of Cerro del Abrevadero;
(b) note directional
orientation of blocky
K-feldspar as well as
that of quartz and musco-
vite, northwest shoulder
of Cerro del Abrevadero.
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be considered as complex because of their marked internal zoning
generally lack lepidolite or spodumene, but some of them contain garnet
and/or tantalum-niobium minerals. The Harding and two other smaller
pegmatites in the area may well be the only bona fide compiex pegmatites
in the area with the others which are internally zoned being considered
variants of the simple type.

The third category of pegmatite in the area, pegmatite-aplite
pairs, has only one known occurrence and that is at the west end of
downtown Pefiasco. This pegmatite, a part of what is known as "the
Pefiasco outcrop,” is similar in overall texture and zoning to pegmatite-
aplite pairs in San Diego County, California (Foord, 1976; Jahns, 1954).
The occurrence consists of at least two dikes 30 to 60 cm thick, each
having basically a two-ply structure with moderately coarse-grained
uniform pegmatite in the upper part of the dike and fine~grained layered
aplite in the Tower part. The layering in the aplite is defined by
slight changes in grain size and by definite bands of garnet (fig. 72).
The only K-feldspar crystals in the aplite portion are tapered downward
toward the footwall contact; they appear to have grown upward more or
less simultaneously with crystallization of the aplite. This pegmatite
has been singled out as a particular type largely because its zoning
is so markedly different from the more symmetric zoning found in other
zoned bodies in the area. Despite its gross similarity to many pegma-
tites in San Diego County, California, it differs from them in that it
lacks "pockets," i.e. gem-producing, crystal-lined cavities.

The fourth type, tourmaline-bearing pegmatite, has been observed

in only two localities, but these occurrences are noteworthy because

otherwise the pegmatites and granitic rocks in northern New Mexico are
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Figure 72. The Penasco pegmatite. (a) General view of the aplite
portion showing garnet banding; (b) detail of 'slightly tapered K-feld-
spar crystals near the footwall.
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low in boron. Indeed, tourmaline has not been observed in the Harding
¢ egmatite, nor in most of the other complex pegmatites in northern New'
Mexico. The tourmaline pegmatites, however, contain abundant crystals
of black schorl up to 2.5 cm in diameter in a pegmatite matrix that
consists largely of albite, quartz, and lesser amounts of K-feldspar.
Zoning in these pegmatites is not conspicuous, but they contain some
medium- to coarse-grained aggregates of schorl and quartz with minor
feldspar.

The fifth type of pegmatite, consisting of quartz, mﬁscovite,
and albite, is reasonably common and tends to occur as small dikes in
which albite forms bladed radiating masses that project inward toward
a quartz core (fig. 73a), or in which albite, quartz, and muscovite occur
together in a medium-grained, unzoned, or crudely zoned massive aggregate
(fig., 73b).

The above characterization'qf pegmatites in the Dixon-Peflasco area
does not necessarily describe boundaries between genetically separate
episodes of pegmatite empiacement, but it does point out the overall
complexity of the pegmatites and suggests that there was more than
one age of pegmatite formation in the area. Owing to their mode of
occurrence, however, it is difficult to-éstab]ish relative ages between
the various types of pegmatites, and no one has yet attempied a systematic
age-dating program on them. Still, certain field observations bear on
the problem. First of all, pegmatites consistently transect the granitic
rocks and their dominant foliation. Aplites that are not associated
with pegmatites are restricted in distribution to the granitic bodies
with which they are associated. In one instance a pegmatite with a

core of aplite is cut by a pegmatite without aplite (fig., 74). Epidote
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(b)

Figure 73. Quartz-albite pegmatites. {a) Zoned with a quartz core,
about 1 mi north-northwest of Cerro de los Arboles; (b) near massive
quartz-albite-muscovite pegmatite, about 0.3 mi south of Cerro Alto.
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Figure 74. Simpie pegmatite body cutting one which shows symmetrical
zoning similar to figure 71a. About 0.8 mi south of Vallecite.
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alteration and veining has, in one locality, transected a typical simple
ﬁegmatite, whereas at another locality a simple pegmatite was observed
to cut a quartz vein in the foliated portion of the Rana Quartz Monzonite.
Finally, all pegmatites in the area show Tittle or no effectg of regional
deformation.

Thege observations suggest that (1) the pegmatites are at Teast
in part younger than the youngest granite, (2) they are at least in
part younger than late-stage features such as quartz veins in the Rana
Quartz Monzonite, (3) there are at least two ages or generations of
pegmatites, (4) the pegmatites are not associated with aplites that
appear to be genetically related to the granites, and (5) at least the
simpie pegmatites are older than the epidote alteration. It aiso is
suggested that the early pegmatites may have tended toward association
with aplite (e.g. fig. 74) and also may have tended to be zoned, whereas
later ones may have been predominantly the simple types. This is highly
conjectural, however, and it is difficult to determine where the tour-
maline or quartz-albite-muscovite pegmatites belong in the sequence
of pegmatite emplacement.

There can be Tittle doubt that pegmatite emplacement was a compli-
cated and probably protracted process which for the most part took
place after intrusion and crystallization of the youngest granitic
unit, the Penasco Quartz Monzonite. How long after is a question
addressed in a later section on geochronology, but it is interesting to
note here that the Peﬁasco'Quartz Monzonite is the most mafic of all
the granitic units, even in its most leucocratic facies. It does not
seem to be sufficiently differentiated, at least in surface exposures,

to have been a likely progenitor for the very Teucocratic and obviously
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highly differentiated pegmatites df the area. On the other hand,

9 mi to the southwest of the map area near Cordova, New Mexico, there
are exposures of a leucocratic muscovite granite with intimately asso-
ciated pegmatites and this seems to be a much more Tlikely relationship
with the pegmatites in the Dixon~Pehasco area. .A]1 this suggests

that there may be no genetic Tink between the pegmatites and the Penasco
Quartz Monzonite, and indeed there may well have been a considerable
time span between them. Radiometric dating of the pegmatites and of
the muscovite granite near Cordova, New Mexico, would help in resolving

the pegmatite problem.

Quartz Pods and Veins

General Occurrence and Petrography

Pods and veins of massive quartz, with or without accessory minerals
such as magnetite, hematite, chalcocite(?}, bornite, chrysocolla,
and azurite or malachite, are common in the Dixon-Penasco area. On
plate IV the Targer masses are shown as dotted lines or stippled areas.
These features do not appear to be related to pegmatites, and some are
clearly transected by‘pegmatite bodies, but it is by no means certain
that all quartz masses in the area are older than the pegmatites.
Indeed, the quartz masses probably represent more than one age of
hydrothermal activity.

The bulk of the quarfz occurs as barren, irregular, pod-shaped
masses ranging from 5 cm in thickness to 200 x 10 m in exposed dimen-
sions. Some of the bodies are more dikelike in form and as much as

0.5 m thick. Some show copper mineralization, and most of these have
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been prospected. In some places, notably near the top of Cerro Alto,
shafts as deep as 10 m have been sunk. In these cccurrences, the quartz
is iron stained and contains small pods and stringers of hematite
and/or chrysocolla with malachite or azurite. Some veins, apparently
the less altered or weathered ones, contain visible chalcopyrite,
bornite(?), and chalcocite. Copper mineralization, chrysocolla and
malachite(?), presumably associated with that of the quartz veins,
also has been cbserved locally in the schists of the Vadito Group,
and in one place in an epidote-altered part of the Rana foliated biotite
quartz monzonite. Minor amounts of similar mineralization also have
been observed in the Harding pegmatite (Jahns and Ewing, 1976).
Thin quartz veins also are associated with black tourmaline,
particularly in schists of the Vadito Group (fig. 75). Locally the
Rana Quartz Monzonite shows both isolated rosettes of black tourmaline
and, rarely, small bleach zones with concentrations 5f black tourmaline
(fig. 76). As previously suggested, the boron could have been derived
from the metasediments themselves, and this is consistent with the
behavior of boron during diagenesis and metamorphism (see section on
alteration of the Rana Quartz Monzonite). It is further sugges ted
here that the rare tourmaline pegmatites may have also been dérived
from the metasediments at depth, by a partial melting process and which
would have given rise to a boron-rich silicate melt. Conceivably, the
quartz-tourmaline veins and the tourmaline-bearing pegmatites may have
formed during the same episode of metamorphism and/or partial melting.
One example of an amethyst-bearing quartz vein was observed in the
Rana Quartz Monzonite. It is about 5 cm in maximum width and is traceable

as en echelon segments for about 30 wm. The vein comprises symmetrical
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Figure 75. A tourmaline-quartz vein in Vadito schist. 0.3 mi southwest
of Cerro Alto.
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(b)

Figure 76. Tourmaline in Rana Quartz Monzonite. (a) Single rosettes
(0.5 mi northeast of Cerro del Abrevadero); (b) rosettes in a bleached
zone (0.5 mi north of Cerro del Abrevadero).
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halves which on the outside margins consist of very fine-grained quartz
and feldspar. The rind gives away inward to dog-tooth amethyst {1 c¢m
maximum size) and small, botryoidal crystals groups of hematite(?).
This is the only observed occurrence in which a quartz vein could be

classed as an open-space filling.
Age Relations

It is generalily difficult to establish the age of any particular
occurrence of a quartz pod, but some crosscutting relationships with
pegmatites (see previous section and fig. 70) indiéate a quartz vein
to be older than a simple pegmatite. On the other hand, the Harding
pegmatite appears to have been affected by copper mineralization asso-
ciated with quartz veins, suggesting that some of them may have formed

after at Teast one of the pegmatite episodes.
Structural Features

For the most part the quarﬁ; bodies, though commonly broken
and fractured, do not appear to have been subjected to penetrative
deformations typical of F2 and F3. Indeed, in most localities they
clearly transect the dominant foliation, F2’ and in one area an F4
quasi-ductile shear zone offsets a small quartz vein as shown in figure 77.
This particular outcrop further demonstrates that the epidote alteration

postdates not only the quartz veins and F4, but also the jointing. :

Summary of Relative Ages of Granites, Pegmat}tes,.
and Alteration '

Based on the preceding field and petrographic observations, it is

possible to suggest a scenario of geologic events that occurred in the



194

Toliated Rana Quartz Monzonite

‘ : _ 159
Quartz vein
/ g
l Dominant

g < epidote alteration
‘ joint surface

Drag om vein
showing that the
sense of displacement
is left-lateral

F4 shear zdne

Figure 77. D1agram of a quar‘tz vein offset along an F4 shear zone.
0.8 mi south of Cerro de los Arboles. :
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Dixon-Penasco area. After deposition of the Ortega Group, the Vadito
Group was deposited ending with a period of andesitic to basaltic
volcanism that probably was accompanied by shallow burial of the under-
lying sedimentary rocks. There followed a period of large-scale
folding (Fz) and then widespread intrusion and/or extrusion of magma
now partially represented by the Cerro Alto Metadacite. The Puntiagudo
Granite Porphyry subsequently was emplaced, and in turn it was intruded
by the Rana Quartz Monzonite. Metamorphism of the country rocks
probably increased after intrusion of the Rana Quartz Monzonite? and

at some point thereafter deformation episode-F2 produced the dominant
foliation in the previously intruded granitic rocks and in much of the
country-rock terrane. Metamorphism continued to increase in intensity
until some point in time prior to the F3 deformation. Some quartz pods
and veins probably were developed by hydrothermal solutions at this time
(shortly after F3), and it is possible that some pegmatites were formed
as well., The Penasco Quartz Monzonite apparently was intruded after
or during the waning stages of F3, but it is uncertain whether it was
intruded before of after F4. In any case, pegmatites probably were
emplaced in several episodes after F4, but at least in part prior to
the widespread development of epidote alteration. Some of the quartiz
veins probably were formed after the pegmatites in an environment of
waning metamorphism.

These events are summarized in a diagram (fig. 78) similar to that
of figure 24 but which includes the intrusive and alteration eventéll
The age relations shown are only relative, and radiometric geochrono]ogy.
is discussed in a later section. Furthermére, there are uncertainties

in some of the age relations such as that between the Rana Quartz
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V. SPECIAL STUDIES OF THE GRANITIC ROCKS

Introductory Statement

The specific questions posed in the introduction clearly could not
all be answered by field and petrographic analyses, particularly in view
of the unexpected complexity of the field area. As a result, several
special studies of the granitic rocks were undertaken: (1) a petro-
chemical investigation of the granites, (2) determination of.composition
of feldspars with the electron microprobe, (3) determination of the
structural state of feldspars, (4) a study of specific Tate-stage and
metamorphic reactions in the granites, (5) a study of barium zoning in
K-feldspar megacrysts from the granitic rocks,‘incldding determination
of the distribution coefficient for barium between K-feldspar and a
granitic melt, and (6) a review and reinterpretation of the radiometric

geochronology of the area.

Petrochemistry

Major Element Data

Chemical analyses of 68 samples of the granitic rocks, including .
" felsites and aplites from the granitic terrane, are reported in Appéndix
III. The analyses are for major elements plus barium, rubidium, stron-
tium, and zirconium. The purposes were mainly (1) to generally charac-
terize the granitic rocks, (2) to determine the extent of differen-

tiation within each granitic unit, (3) to determine trace-element

198
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distribution in these rocks, specifically to see if trace-element
behavior could be attributed to differentiation, to late-stage effects,
or to metamorphism, (4) to distinguish possible origins for the border-
zone rocks of the Rana Quartz Monzonite and the Puntiagudo Granite
Porphyry, (5) to determine if the isolated southeasternmost outcrops of
Punttagudo Granite Porphyry are in fact chemically similar to the main
body of Puntiagudo Granite Porphyry, and (6) to characterize the felsite
dikes chemically in an attempt to ascertain whether_they are more
closely associated with the Cerrc Alto Metadacite, the Puntiagudo
Granite Porphyry, or the Rana Quartz Monzonite.

Figures 79 to 98 ﬁepict the ﬁajor~e1ement chemistry of the granitic
rocks on five commonly used triangular diagrams. Considering these
for each of the major units, it becomes clear that all show differen-
tiation to varying degrees. The Cerro Alto Metadacite, for exampie,_
shows a wide range of compositions compared to the fairly tigﬁt clustering
for the Puntiagudo Granite Porphyry and. Rana Quartz Monzonite. In
general, the Cerro Alto Metadacite has a compositional range that
overlaps those of the other units. It seems reasonable that frac-
tionation between a silicate liquid and plagiociase and quartz could
have produced the observed distribution, i.e. it does nof seem necessary
to call on alteration subsequent to initial crystallization. In

~ contrast, the felsites are characterized by wide scatter in their

. major-element chemistry and by a lack of specific trends. Only the

.~ border-zone rocks of the Rana Quartz Monzonite show a similar tendency

for scattering, and even they are not as variable as the felsites.
Yet the general composition of the felsites, particularly as plotted

in figure 79, suggests that at least some of them are genetically
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Symbols Used

Figures 79 to 105

-+~berro Alto Metadacite

B Puntiagudo Granite Porphyry (main body)

& Puntiagudo Granite Porphyry (altered)
Puntiagudo Granite Porphyry (border zone)
Puntiagudb Granite Porphyry (marginal aplite)
Felsite

Rana Quartz Moﬁzonite (unfoliated)

Rana Quartz Monzonite (foliated)

Rana Quartz Monzonite (border zone)

® 0 © ¢ O N O

Rana Quartz Monzonite (altered)
© Rana Quartz Monzonite (aplite)

A Pefiasco Quartz Monzonite

A\ Pefiasco Quartz Monzonite (aplite)

<> Pegmatite
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Figure 79. NaZO—KZO—CaD triangular diagram for felsite, Cerro Alto
Metadacite, and pegmatites.

CaO
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e
as rFe, 0,

Na, O
+
K,O

Figure 80. (Na20+}(20)-Fe as F8203-M90 triangular diagram for felsite,
Cerro Alto Metadacite, and pegmatites. '
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ALK CFM

Figure 81. ALK~A1-CFM triangular diagram for felsite, Cerro Alto Meta-
dacite, and pegmatites.
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Ab

Figure 82. Ab-Or-Q triangular diagram for felsite, Cerro Alto Metadacite,
and pegmatites.
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Or

Figure 83. Ab-An-Or triangular diagram for felsite, Cerro Alto Metadacite,
and pegmatites. '
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Na,O | CaO

Figure 84. Na,0-K,0-Ca0 triangular diagram for Puntiagudo Granite Porphyry.
2772 ‘
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x Fe

Na+2O Cao
K, O

Figure 85. (Na20+K20)-Fe as Fe203—MgO triangular diagram‘ for Puntiagudo
Granite Porphyry. '
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ALK ' CFM

Figure 86. = ALK-A1-CFM triangular diagram for Puntiagudo Granite Porphyry.
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Figure 87. Ab-Or-Q triangular diagram for Puntiagudo Granite Porphyry.
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Figure 88. Ab-An-Or triangular diagram for Puntiagudo Granite Porphyry.
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Na,O Ca O

Figure 89. NaZO-KZO-CaO triangular diagram for Rana Quartz Monzonite.
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L Fe
as Fe, 0,

MgO

Figure 90. (Na20+K20)-Fe as Fe203~Mg0 triangular diagram for Rana Quartz:
Monzonite.
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ALK CFM

Figure 91. ALK-A1-CFM triangular diagram for Rana Quartz Monzonite.
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Figure 92.

Ab-Or-Q triangular diagram for Rana Quartz Monzonite.

Or
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Figure 93. Ab-An-Or triangular diagram for Rana Quartz Monzonite.



‘2]6.

Na, O Cao

Figure 94, NaZO-KZO-CaO triangular diagram for Pefiasco Quartz Monzonite.
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Figure 95. (Na20+K20)-Fe as Fe203~M90 triangular diagram for Pefiasco
" Quartz Monzonite.
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ALK ’ CFM

Figure 96. ALK-A1-CFM triangular diagram for Pefiasco Quartz Monzonite.
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Ab

Figure 97. Ab-Or-Q triangular diagram for Pefiasco Quartz_Monzonite.
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Figure 98.

Ab-An-0r triangular diagram for Pefiasco Quartz Monzonite.

Or
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related. Others may be more closely akin to the Puntiagudo Granite
Porphyry or even the Cerro Alto Metadacite. In short, the major elements
do not demand that the felsites be genetically related to the Rana

Quartz Monzonite, but a combination of differentiatjon from early Rana
Quartz Monzonite magmas and later metamerphic alteration might well
account for the data on bulk composition.

The Puntiagudo Granite Porphyry shows much more systematic behavior
(figs. 84 to 88), with the samples (with few exceptions) defining elongate
trends or clusters on the triangular diagrams. These trends partly
overlap with those of the Rana Quartz Monzonite but are generally
distinct from those of the PeRasco Quartz Monzonite. Of particular
interest-is the similarity of the two samples from the isolated southern
outcrops of Puntiagudo Granite Porphyry to those of the main mass.

On the A1K-A1-CFM and (Na20+K20)~Fe20 ~Mg0 plots (figs. 85 and 86)

3
they tend to be extremes of a trend, but this is consistent with their
being one fraction of an original melt system at depth. The data on
bulk chemistry also show that one sample of Puntiagudo Granite Porphyry,
severely altered to a muscovite-quartz-K-feldspar assemblage, has been
slightly shifted away from the main grouping toward higher Al,04

and higher normative anorthite, quartz, and albite. Other samples

that do not plot with the main grouping are either apltitic rocks or
border facies, and these show either an enrichment of K,0 and Si0,,

or an enrichment of Nazo and 3102. Either behavior can be explained

by the fractionation of plagioclase §$'K-fe]dspar. For example, some
of the border-zone facies are enriched in Nay0 and-Si0,, which could

be due either to early accretion of plagioclase and quartz along the

margins of the intrusion, or to accumulation of those minerals in the
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part of the magma chamber that was intruded first. Residual Tiquids
from such a melt would Tikely be more KZO enriched, and such is the
case for sample PL73~234 (aplite) which can be ascribed to residual
Tiquids from a more plagioclase-rich sample. Figure 85 shows the
definite fract%onation with respect to Fe relative to Ca and NaZO

+ Ky0. This can be attributed in part to fractionation of biotite,

but in order to explain the general lack of iron in the border facies
of the rocks one must appeal to early crystal accretion along the margins,
which may be unlikely in view of its fine grain size, or to a low iron
composition of the original melt possibly caused by previous fractiona-
tion or lTow degrees of initial partial melting at depth.

The major-element data for Rana Quartz Monzonite, with the excep~
tion of its border zone and its aplites, cluster tightly around mean
values and they show the feast differentiation of all the granitic
units. Still some slight trends are noticeables; e.g. a slight decrease
in normative anorthite and a slight increase in quartz relative to
mean values is ndticeable in some analyses. Two of the three samples
of epidote-altered Rana Quartz Monzonite appear ﬁnaffected in bulk
chemistry, whereas the third may have been shifted slightly toward
greater normative albite than the average Rana Quartz Monzonite. The
border-zone samples, though, show considerable scatter without any
single trend except on the (Nq20+K20)?Fe203-Mgo diagram where they
clearly depleted in iron relative to alkalies. The alkali-Al CFM
diagram suggests that there ma} be two trends, one toward alkali enrich-
ment and the other toward aluminum enrichment. When examined in detail
the samples with aluminum enrichment prove to be the most muscovitized

and deformed of the analyzed samples. These same samples show slight
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to great increases in normative quartz over all other Rana samples.
They are not the most iron-poor relative to alkalies, a fact which is
partly explained by their increased aluminum. These data can be explained
if the border zone is assumed to have formed from an initial melt that
was generally leucocratic but ranged in iron content toward the composi-
tion of the bﬁ1k of the Rana Quartz Monzonite. After emplacement and
local fractionation this initial melt probably crystallized by rapid
cooling and/or pressure relief, and it then was superseded gradually
by the main mass of Rana Quartz Monzonite. As the main mass was intruded,
it also a1teﬁed portions of the border zone along shear zones and other
permeable places, removing some of the a1ka11es and pbséibly some of
the mafic constituents. An alternative hypothesis would be that the
border zone is a quenched version of the Rana Quartz Monzonite and that
alteration alone produced alkali enrichment in some areas and a compli-
mentary aluminum enrichment in others, with mobile mafic constituents
being partiaTIyyremOVed. This is attractive except for the difficulty
in disposing of the mafic constituents. Stil11 anather possibility is
that the border zone was more leucocratic initially and the alkali-
aluminum compositional changes were caused by alteration. The major-
element data alone are apparently insufficient to distinguish the above
possibilities. |

The major-glement chemistry of the Rana Quartz Monzonite aplites
showé a marked tr?nd toward increased K,0 and decreased Ca0, accompanied
by a slight decréése in normative quartz relative to Ab + Or. The
AFM diagram, thougﬁ, shows the aplites as being definitely poorer in
FeZOS relative to alkalies than the main Rana rocks. This suggests

that the aplites represent distinct late-stage fractionation as opposed
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to continuous formation during crystallization of the main mass. The
general trends observed are consistent with a dominant early crystalliza-
tion of p1a§ioc1ase, quartz, and biotite.

The Pehasco Quartz Monzonite rocks are compositionally distinct
from the other granitic rocks in the area, as is clear from figures 94
to 98. Although the humber of analyzed samples of this unit is small,
the data suggest trends toward increasing alkalies (initially sodium
then potassium) and decreasing iron, magnesium, and calcium accompanied
by s1ight decreases in normative quartz. These trénds would be con-
sistent with early fractionation of anorthite-rich plagioclase and
biotite, and possibly hornblende. The increased potassium in the aplite
samples would suggest that they could have formed from residual liquids
formed from rbcks crystallizing along these trends. These data do not,
however, give any particular suggestion as to the possible importance

of contamination relative to fractionation in these rocks.
Trace Elements

The trace~element data for the samples discussed above are plotted
in figures 99 to 105. These plots show that each of the gragitic rock
types has a distinct or nearly distinct trace-element chemistry, which
is consistent with their representing separate episodes of magmatism.
The Rana Quartz Monzonite and the Puntiagudo Granite Porphyry are most
similar in their trace-element concentrations, as shown by the slight
overlap in their plotted ranges (figs. 99 to 105). This may allow
a genetic refationship between the two rock units, but strong textural

differences and some distinctions in details of trace-element fractiona-

tion suggest otherwise. For example, a plot of Rb/Sr versus differentia-
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Figure 104. A plot of Rb/Sr against D.I.

the granitic rocks.
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tion index {D.I.) {fig. 104) shows that Puntiagudo Granite Porphyry
samples tend to have higher Rb/Sr and higher D.I. than the Rana Quartz
Monzonite, but that their aplites do not attain as high a Rb/Sr ratio
as do those of the Rana Quartz Monzonite.

. The felsites and the Cerro Alto Metadacite samples show the kind
of wide scatter that typifies their major-element chemistry, yet there
is %ome indication that, given more data, the Cerro Alto Metadacite
could be distinguished from the other units on the basis of its trace-
element chemistry. The scatter for the felsites on figure 104 is
egtreme, and this has been used by Ragland and Butler (1972) as an
indication of alteration or a ﬁonmagmatic bﬁigin for the granitic rocks.
This appears to be valid for the felsite dikes, as it is consistent
with their field occurrence and petrography. It is interesting to nate,
however, that the trace elements of the altered samples of the Puntiagudo
Granite Porphyry and the Rana Quartz Monzonite are not strongly affecfed
by tﬁe-a]ﬁeration. This indicates that the felsites may have experienced
a much different and perhaps much more.severe alteration than the epidote-
altered samples. Another possible explanation is that there are too
few samples of the felsites to reveal the expected fractionation trend
or that the type of fractionation was different from that expectéd by
Ragland and Butler (1972).

. Fullager and Shiver's interpretation of their data as plotted in
a diaépam similar to figure 104 is clearly in error because the Penasco
Quarfé Monzonite, according to their idea, should have differentiated
to give rise to the other plutonic units. Instead it is actually the
youngest, albeit the moét mafic, granitic unit in tﬁe area. Examined

in detail, the Pefiasco Quartz Monzonite shows an interesting trend in
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which Rb/Sr decreases slightly with increasing differentiation and then
increases dramatically with the most differentiated granitic sample

and the two aplite samples. It is significant that the aplite that is
least differentiated is associated with the Tess differentiated rocks
of the main mass and has the lower Rb/Sr of the two aplites. The most
differentiated aﬁ]ite is associated with the most differentiated (and
highest Rb/Sr) of the Peflasco Quartz Monzonite samples and has the

. higher Rb/Sr of the two aplites. This supports the idea that the apTites
originated as accumulated rest-1iquids, especially since progressive
enrichment in Rb relative to Sr is expected if plagioclase is the
dominant early phase as is the case for the bulk of the Penasco Quartz
Monzonite. Similar arguments éan be marshalled from plots such as

Ba versus'Sr and Rb versus Ba. In total these data indicate that the
aplites from all of the granitic units were formed by>very Tate-stage
magmatic differentiation of their host granites. Their trace-element
distributions, though, were controlled by the total cnysta1lizatjon
sequence of host granites and trace-element contents of their enclosed
aplites.

The origin of the border zones of the Rana Quartz Ménzonite and
Puntiagudo Granite Porphyry is not ciearly spelled out by the trace-
element data. Figure 104 do=s, however, suggest a somewhat systematic
trend for the Rana border zone, and the trace elements in the Puntiagudo
border samples can be explained by strong fractionation of alkali feldspar
(e.g. sample PL73~235). 0ddly enbugh, the most altered parts of the
Rana border zone are not the ones which show the greatest shift in D.I.
versus Rb/Sr. This further suﬁports the notion of crystal-Tiquid

fractionation, but it does not distinguish a mode of origin involving
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differentiation from one involving an early melt of different injtial
composition.

In summary, it can be stated that the trace- and major-element
data are consistent with field observations and that they shed considerable
light on some of the problems mentioned earlier. First, most of the |
granitic rocks have chemical compositions that are fairly typical for
intermediate granites. They are differentiated to various degrees
and along at least partially distinct paths, the bulk of the Rana Quartz
Monzonite showing the least differentiation and the Penasco Quartz
Monzonite, the Cerro Alto Metadacite, and the Puntiagudo Granite
. Porphyry showing considerably more differentiation. Except in the fel-
sites, most of the trace-element data can be attributed to crystal-liquid
differentiation. While such an interpretation is not necessarily
unique, the chemical data, especially when examined in the light of
field relations, do not bespeak any other interpretation. This fact,
in addition to the large body of supportive field and petrographic
evidence, means that a granitization model has a very low probability
of being correct for these rocks. The origin of the border-zone rocks
of the Puntiagudo Granite Porphyry and the Rana Quartz Monzonite is
sti1l uncertain, even with the chemical data, but a fundamentally
magmatic origin is indicated with superimposed alteration particularly
in the case of the Rana Quartz Monzonite. The most favored interpretation
of these data is that the initial melts of both intrusive episodes
were more leucocratic than the later ones, and that they were quenched
to form the fine-grained porphyritic texture that typifies these rocks.
Some differentiation may have occurred in situ by crystal fractionation

prior to quenching. Superimposed alteration may have produced additional
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chemical variation, particularly by redistribution of alkalies via a
vapor phase, and the alteration certainly was responsible for much of
the widespread development of muscovite in the border-zone rocks.

The southern isolated outcrops of the Puntiagudo Granite Porphyry are
chemically compatible with the main mass in that they may well represent
part of a differentiation series. They also are similar to the Rana
Quartz Monzonite, so that their classification as Puntiagudo Granite
Porphyry must still rest on petrographic grounds. The felsites remain
enigmatic as well, but the chemical data do suggest severe alteration
and a wide range of compositions that probably are not well explained
by magmatic differentiation alone. Field relations show that some of
the felsite dikes must be part of the Rana Quartz Monzonite, and the
chemical data are not entirely inconsistent with this.‘ By the same
token they are not inconsistent with the earlier conclusion that the
felsites may be of more than one genetic type. 1In short, a petrologic
indicator that is "alteration-resistant” is needed to determine the

parentage of the felsite dikes.

Composition of Feldspars from the Granitic Rocks

Feldspars  from selected samples of the Puntiagude Granite Porphyry,
the Rana Quartz Monzoﬁite, and the Peﬁéﬁco Quartz Monzonite were analyzed
for Ca, Na, K, Ba, Al, and Si by the electron microprobe. The purpose
of these analyses was to characterize the overall compositions of the
feldspars and to determine the nature and extent of zoning of the
plagioclases and zoning of the K-feldspar megacrysts with respect to
barium. The barium zoning is reported in a later section. Further,

specific efforts were directed to analyzing altered parts of plagioclase
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grains and albitic rims of plagioclase grains from samples of Rana
Quartz Monzonite which showed various amounts of deformation. The

idea in analyzing altered feldspars was to establish the composition

of plagioclase coexisting with the alteration products muscovite and
epidote, and thus to help in establishing the nature of the alteration
process. In examining albitic rims as a function of deformation in

the Rana Quartz Monzonite, it was hoped that systematic changes in the
_An content of the rims might be found which ¢ould be interpreted as
indicating the presence of a thermal gradient accompanying the progres-
sively greater deformation. If no systematic changes were found the
possibility of a thermal gradient would still exist, as re-equilibration
of the feldspars may have occurred or the rims themselves may have formed
at a later time.

The probe data are reported in tabulated form in Appendix IV,

and are plotted on triangular diagrams (Ab~Or-An and Ab-Or-Cn) in
figures 106 and 107. Plagioclase from the Puntiagudo Granite Porphyry
shows only very slight zoning (An5 to An1) in intact crystals, and probe
traverses across polygonized grain aggregates show no detectable zoning.
Plagioclases from the Rana Quartz Monzonite, on the other hand, are
zoned as is shown by the probe traverse diagrammed in figure 108.
Extinction patterns in the Rana plagioclases show that the zoning pattern
here is fairly typical of those from the undeformed to moderately |
deformed Rana rocks. These plagioclases have a range in An content

from about Ansz to Anqo, with distinct but discontinuous rims of Ang

to AnT. The most deformed Rana rocks have zoning patterns, as shown

in figure 109, which have a smaller range (AnSO to An23) and which only

rarely show any reverse zoning. Plagioclases from the Perasco Quartz
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Figure 106. Microprobe analyses of feldspars plotted on {a) Ab-An-Or
and (b) Ab-Or-Cn diagrams. Squares are Puntiagudo Granite Porphyry,
circles are Rana Quartz Monzonite and triangles are Peflasco Quartz
Monzonite.
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Figure 106.
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Figure 107. Results of a microprobe traverse of a plagioclase feldspar
from the Puntiagudo Granite Porphyry.
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Figure 108. Results of a microprobe traverse of a plagioclase feldspar
from the Rana Quartz Monzonite.
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Figure 109. Photomicrograph showing Timited plagioclase zoning in
highly deformed Rana Quartz Monzonite. Sample PL72-75.
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Monzonite are zoned in a fashion similar to that of the Rana plagioclase
(fig. 110). These plagioclases commonly contain slightly more An

(An34 to An15) and some show greater complexity in their zoning. The
albitic rims are Ang to An,.

In general, the plagioclase zoning in these rocks is typical of
granites. The sole exception is the Puntiagudo Granite Porphyry,
in which the lack of plagioclase zoning is consistent with its having
‘~undergone the severest deformation and metamorphism as the oldest of
. the three granitic units here considere&. There is a strong possibility,
" however, that the zoning in the Rana and Penasco plagioclases is not
in its original state. This is certaiﬁ1y true for the more deformed
Rana rocks whose plagioclase zoning appears more like that found in
metamorphic rocks than that of a typical granite. In the unfoliated
Rana facies the plagioclase zoning may have been sharper, perhaps
oscillatory, but 1t is now subdued because of diffusion that has oécurred
since fnitia] crystallization. Thus the plagioclase zoning may still
reflect the general original zoning trends, even though some of the details
méy have been ]ost:

The megacrysts from the Peflasco Quartz Monzonite and the Puntiagudo
Granite Porphyry are zoned with respect to barium, but the anhedral
microcline grains of the Rana Quartz Monzonite are not. The barium
zoning is discussed in detail farther on. Figure 106 is included
hefe, however, as part of a general description of the microcline
coﬁﬁositions. The bulk of the samples is about Orgs g and has as
much as 2.5 mol percent celsian. Analyses showing less than Orgs
probably result from overlap problems with the electron beam falling

partly on a Tamella or inclusion of plagioclase.
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Similar overlap problems occurred in attempting analyses of the
altered cores of plagioclases. Apparently the presence of tiny grains
of muscovite and epidote Teads to analyses such as those shown in
figure 106, which are impossible compositions for a single feldspar.

As a result further work will be needed in order to determine the
composition of plagioclase feldspar coexisting with alteration products.
The compositions of albite rims from the Rana samples are shown

in figure 111. There appears to be no systematic re]ationsh%p between
degree of deformation and rim composition, suggesting that no thermal
gradients affected the albite rims or that their composition was deter-
. “mined by other factors such as re-equilibration or fluid composition.
Bulk composition apparently is not a factor as albite rims on plagioclase
from one of the more mafic samples of the Pehasco Quartz Monzonite have
as Tow an An content as those in any of the Rana rocks. Instead, the
rim compositions may be véry sensitive to local fluid composition
determined in part by the details of plagioclase alteration. One might
expect, for example, that rims with the highest An content would occur
in rocks that show the greatest alteration and thus perhaps the greatest
reiease of calcium into interstitial fluids. This is an area where
further research, pafticu]arly detailed probe work on compositions of

alteration products and albite rims, would be especially fruitful.

Structural State of Feldspars

An attempt was made to look for systematic differences in the
structural state of feldspars from the granitic rocks in the hope of
discovering evidence for thermal gradients and/or different cooling

histories for different parts of the plutonic bodies. The technique
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Figure 111. Plot of An content of albitic rims vs. distance in the Rana
Quartz Monzonite. The traverse is plotted so that deformation in
Rana Quartz Monzonite increases from left to right.
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used was that of Wright (1968), and the results are given in Appendix

V. They are plotted in figure 112. The data are Targely inconclusive,
i.e. there appears to be no systematic trend in structural state,

either from one body to the next or from one area of a given body to
another even where adjacent to a younger pluton. Instead the data
points cluster around maximum microcline, suggesting that the K-feldspar
in the area is maximum microcline or nearly so, with some scatter
attributable to random error in the data (Appendix V). The few albites
that were X-rayed abpear to be Tow albijte, with Targe random errors
present. These data are consistent with a pervasive low-temperature
thermal event as one of the last major Precambrian events expressed

in these rocks. Because of this thermal overprinting effect, further

' conventional studies of the structural state of feldspars from this area
probably will not produce much information on original history of the
rocks. Detailed studies of single crystals, however, may yield informa-
tion relative to deformation or perhaps growth conditions of hydrother-
mally altered feldspars, but in general the structural-state view of
thermal history seems to have been obscured by the most recent thermal
event. This conclusion is not entirely unexpected for such an area,

and it is consistent with field and petrographic relations aiready

discussed.

Late-Stage and Metamorphic Reactions in the Granitic Rocks .

General Statement

There is textural evidence for at Teast three major types of late-

stage and/or metamorphic reactions in the granitic rocks: (1) reactions
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involving mafic phases and epidote or sphene, (2) reactions of the type
K-feldspar + aluminosilicate + water ¥ muscovite + quartz, and (3) reac-
tions producing myrmekite. In a given rock these reactions are not ‘
necessarily independent of one another but they are here discussed
separately. This particular special study by no means provides a final
answer as to the origin of the features here considered, but it does

set forth their occurrence in terms of possible reactions. This may
serve as basic groundwork for future experimental or chemographic analysis

as possible ultimate solutions to the problems.
Reactions Involving Mafic Phases

Petrographic data from the four major granitic units, especially
the Rana Quartz Monzonite, suggest that biotite and associated minerals
such as epidote, muscovite, hematite-magnetite, and sphene have pértici-
pated in complex interactions among themselves and with the major minerals,
particularly plagioclase. The pertinent petrographic relationships are:
(1) occurrence of rims of sphene around maénetite grains that are
partially oxidized to hematite (fig. 113), (2) occurrence of epidote
as rims on a11anife, and occurrence of epidote partly replacing biotite,
and (3) muscovite crosscufting and apparently replacing biotite. In
addition is the ubiquitous partial replacement of plagioclase by mus-
covite and epidote-clinozoisite, especially in the more calcic cores
of plagioclase grains.

A possible reaction that might account for the sphene rims would

invoive the breakdown of calcic plagioclase to provide Ca ions:



251

(b) . 0.1 mm

Figure 113. Sphene rims (medium gray) on a maghetite grain (1ight
Rana Quartz Monzonite. (a) Sample PL71-14; (b) sample PL72-229.
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FeTi0, + Fey03 + CaAloSi0p ¥ CaTiSiOg
ilmenite hematite : anorthite sphene

(1)
.+ F8304 + A] 25105.

magnetite aluminum silicate
Magnetite, however, is the dominant host phase for the hematite,
so what is required is a reaction that produces hematite and sphene

from titaniferous magnetite. As an example:

2 [xFeTi0, + yFeg0,1 + 2 xCaS1,8i,09 + 15 x0p 3 2 xCaTi0S10g
titaniferous magnetite anorthite sphene

+ xFe203 + 2 yFe304 + 2 xA125105
hematite magnetite aluminum sjlicate (11}

where x + ¥y = 1 and y >> x. This indicates that a somewhat oxidizing
environment would be required. In fact, if some approach to equilibrium
were attained, the oxygen fugacity of the system presumably on a scale
of a large portion of the pluton mass but at minimum on a hand-specimen
scale at a given pressure and temperature is defined by the equiiibrium:

i.e. the hematite-magnetite buffer.

The occurrence of hematite in and around magne%ite in at least
two different morphologies (fig. 114) is here interpreted to mean that
at two different times, but perhaps under different physical conditions,
the system was on the hematite-magnetite buffer. Although the timing
is not clear, this matches in a general way with the polymetamorphic
history as interpreted from field and petrographic evidence.

Reaction II is obviously idealized as it requires the presence
of anorthite and aluminum silicate, neither of which occurs as a discrete

phase in any of the granitic rocks. They do occur as components in
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(b) 0.1 mm

Figure 114. Textures of hematite-magnetite intergrowths. (a) Rana
Quartz Monzonite, PL71-1de; {b) foliated Rana Quartz Monzonite,
PL72-73; (c) Pefiasco Quartz Monzonite, PL72-92; (d) Penasco Quartz
Monzonite, PL71-5. '



254

(d)

Figure 114.
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other phases, however, and in this context they will be considered
later as part of another reaction.

.The "replacement” of biotite by muscovite could be effected by a
reaction such as:

A123105 + 1<Fe3ﬂ\131'SOw(OH)2 + %0
aluminum silicate bijotite-annite

2
¥ KAT;S14014(0H), + Fej0, + Si0,
muscovite magnetite quartz
This reaction shows the possibility that biotite (annite), when
provided with a peraluminous source in an oxidizing environment, reacts
to form muscovite. The other products could easily go unnoticeq by
removal from the primary site of the reaction and precipitation on
existing phases. The magnesium component af natural biotite also could
participate in the reaction in solid solution with other phases or
by production of phlogopite, although none has been observed in these
rocks. One possibie reason is that the reaction may simply increase
the magneéium content of residual biotite. This has not been checked
by microprobe analyses, but it may be a fruitful area for future research.
Epidote rims on allanite may be pfimary magmatic features or they
may be the result of postmagmatic reaction.between allanite and other
minerals. If they are magmatic features, the reaction would be silicate
liquid + epidote + other minerals, or silicate 1iquid + allanite
-+ epidote + other minerals. The a]]ani;e does not usually appear to
be resorbed; the first reaction is the more likely. On the other hand,

if the reaction is postmagmatic it may involve the breakdown of biotite:
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2 CaA]ZSi208 + KFe3A1S1'30m(OH)2 + L HZO + L 02 W)
anorthite biotite-annite water

< - . .
muscovite epidote hematite quartz

Again the participafion of anorthite component {or at least Ca++)

is required in this reaction. The altered character of plagioclase

cores suggests that calcium may have been available from plagiocliase
breakdown, thus driving reactions II and V and providing a peraluminous
source for reaction IV and for the muscovite—K-fé1dspar reaction discussed
below. Thus the reactions can be related in a consistent manner which
includes, the production of epidote by late-stage reactions. This does

not prove, however, that the epidote is not magmatic, and the wide
stability range of epidote (Holdaway, 1972) preciudes any firm distinc-
tion at the present. Future work might be focused on the details of
compositional variétion of epidotes in a wide variety.of granitic rocks.
For example, if epidote were consistently to reflect the iron content

of the host granite, one might argue a magmatic origin, but if iron
contents were widely scattered and independent of iron content of the

host it might suggest a postmagmatic origin in which the epidotes were

not in complete chemical communication with their surroundings. Similarly,
more than one generation of epidote, as might be evidenced by iron
content, could suggest the effect of a metamorphic event as opposed

to a late-stage postmagmatic origin.
The Muscovite-K-Feldspar Reaction

The second type of reaction participates in the overall equilibrium
in the rocks by taking up the A123105 from the breakdown of the more

anorthite~rich plagioclase.
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K—fe1dspér + aluminum silicate + water = muscovite + quartz (VI)
In fact, this may be the primary reaction involved, with the others
responding to resultant changes in fluid composition. The aluminum
silicate components may well be the least mobile, and as a consequence
the aluminum-rich products of the reaction are localized in the calcic
plagioclase. The occurrence of quartz biebs in K-feldspar may also
result from this reaction in that potassium and aluminum ions migrate
to the reaction site in the plagioclase leaving excess 5102 in the
residual K-feldspar. This feature is most prominent in severely altered
rocks, and in most of the granitic rocks the partial breakdown of
K-feldspar is not obvious.

This reaction is also pertinent to the development of altered
parts of the border zone of the Rana Quartz Monzonite and rare altered
shear zones of the Puntiagudo Granite Porphyry. The final product of
this type of alteration is a quqrtz-muscovfte schist with quartz grain
structure Targely inherited from the original rock. Gresens (1971)
and Gresens and Stensrud (1974a) report this type of alteration in meta-
rhyotlites from northern New Mexico and attribute it to reaction VI
described as an hydrolysis reaction as experimentally determined by
Hemley and Jones (1964) and Shade (1968):
' quartz + muscovite + K" % K-feldspar + H'.

This reaction is responsible for the so-called hydrogen metasomatism
of Hém]ey and Jones (1964) and Gresens (1971) and indicates that acid
leaching of granitic compositions would result in removal of soluble
components leaving the quartz-muscovite residue. Such rocks then would
Tose Na, Ca, Fe, and Mg. Depending on the K+/H+ ratio, they also could

Tose K if the solutions were so acid that muscovite is not stable.
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fhis was not the case in the border zone of the Rana Quartz Monzonite,

as it is only in certain localized areas which apparently are shear zones
that the alteration is most severe, and in these areas aluminum silicates
are not observed. Thus the metasomatism took place under the conditions
shown in figure 115 and was superimposed on an already inhomogeneous
border zone {see previous section on petrochemistry). This alteration
probably occurred at the time of intrusion of the largely undifferen-
tiated maiﬁ mass of the Rana Quartz Monzonite, as a rgsu1t of circulation
of fluids given off by the crystallizing granitic body. Considering

that there is no evidence that the Rana Quartz Monzonite was particularly
"'wet" as a magma, the solutions may well have had to collect in favorable
areas such’as the upper marginal surfaces of the main body before they
could be effective in altering the rocks. Alternatively, the main Rana
mass may have acted primarily as a heat engine, setting up circulation

of waters derived mainly from the country rock. In either case, the
alteration of the border-zone vocks has been superimposed, i.e. it

does not appear to be inherent in the crystailization of the border

zone itself. It is also incorrect to attribute it to a metamorphic

event per se. Instead it might be called the exodeuteric alteration

of the Rana Quartz Monzonite. Despite the fact that a similar reaction
probably was responsible for both the alteration of the border zone and
the internal, less obvious alteration of the Rana Quartz Monzonite
plagioclase, it appears that the two features may have formed at different
times. The Tack of preferred orientation of muscovite associated with
the alteration of plagioclase may well mean that the alteration took
place during one or more low-grade thermal events after emplacement of

the Rana Quartz Monzonite.
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Reactions Producing Myrmekite

Myrmekite has attracted the attention of numerous investigators
for nearly a century. The occurrences of myrmekite in the Dixon-Pefiasco
area are typical of those described in the literature in that it most
commonly forms wartiike intrusions into K-feldspar at a point where
K-feldspar and plagioclase touch (fig. 116). Myrmekite is most common
in the more deformed rocks of the Rana Quartz Monzonite, where it tends
to be finer grained than elsewhere, and is least common in the Puntiagudo
Granite Porphyry. Exceptions to the wart shape occur in all the
granitic units, and some myrmekitic intergrowths occupy an entire side
of a K-feldspar grain. 1In one occurrence in the Rana Quartz Monzonite,
myrmekite appeared to truncate perthite lamellae in the adjacent micro-
cline. (See Appendix I for further description of myrmekite as it occurs
in various samples.)

The ideas for explaining these phenomena have been reviewed in
some detail recently by Smith (1974) and Phillips (1974), and no attempt
will be made to repeat that review here. Though details of theories
vary from one author to another and a number of improbable explanations
have been proposed, the basic controversy is still the same as it was
in the first decade of this century: Is myrmekite formed by a process
of replacement or by a process of exsolution? The replacement hypo-
thesis was first advanced by Becke (1908) according to the reactions:

KATSi405 + Na ¥ NaATSi,0p + K
. = - -
2KA1S1308 + Ca ~ CaA1251208 + 4 S102-+ 2 K.
Schwantke {1909}, on the other hand, suggested the exsolution model

whereby CaA]zsiGO]G was supposed to be contained in solid solution
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Figure 116. (a) Typical myrmekite texture. PeRasco Quartz Monzonite
sample PL72-96b. (b) Results of a microprobe traverse for Ba from
A to A,
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and gave rise to plagioclase and quartz at lower temperatures. This
has been expressed by Phillips and others (1972) in the form:

XKATSi,0 + yNaAiSiz0g + zCald (A1S1403)
alkali feldspar

T XKA1Si,40g + yNaAlSiglg + 2 CaAl,Si0q + Si0,
orthoclase or microcline ptagioclase quartz
myrmekite
O = vacancy X >y > z

As Smith (1974) and others before him have pointed out, both of these
mechanisms produce quartz in the same ratio to An content of the
plagioclase, so that determining the mole percent of quarti in myrmekite
will not provide a distinction between the two mechanisms. Similarly,
the textural features common in myrmekites could well have formed by
either mechanism. The behavior of barium in relation to myrmekite
formation had not been investigated, however, and this seemed to have
possibilities because the barium distribution might well be different
for a replacement versus an exsolutign origin. For example, if an
exsolution mechanism were responsible it might be expected that barium ‘
would be concentrated in the microcline adjacent to the myrmekite,
either as solid solution or as discrete barium-rich phases {see section
on barium zoning in K-feldspar megacrysts)}. Conversely, if a replace-
ment mode involving a fluid phase were operative, the solutijon-redeposition
processes would mean that excess barium could be removed in solution
and the myrmekite would merely impinge on the pre-existing barium content
of the K-feldspar.

In order to test this, the barium distribution adjacent to myrmekite

was examined by traverses for barium with the electron microprobe
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and by X-ray scanning images for barium. The results are shown in
figure 117 and 118.

These figures show no strong barium gradients approaching the
myrmekite and no high bdrium phases directly along the contact between
the myrmekite and the K-fe]dsparl" This supports the replacement
hypothesis or at least indicates that actual growth of the myrmekite
takes place by a solution-redeposition process, such that if exsolution
in the K-feldspar is involved it communicates with the myrmekite itself
via a fluid phase capable of removing barium. The replacement origin
is consistent with the breakdown of plagioclase, which as previously
discussed can release calcium and sodium to interstitial fluids (Barker,
1970). A1l myrmekites do not necessarily have the same origin (Smith,
1974), but the evidence presented here favors the replacement mode.
Additional data on barium distribution from a variety of myrmekite

occurrences eventually may resolve the problem.

Genetic Implications of Barium.Zoning in Microcline Megacrysts

Introduction

The origin of potassium feldspar megacrysts in granitic rocks has
been a-long-standing problem in petrology. Interpretations of their
origin fall largely into two groups: (1) the megacrysts are porphyro-
hlasts, having grown after the bulk of the rock solidified (Dickson,

1958; Emmefmann, 1968, 1969; Mehnert, 1968), or (2) the megacrysts are
phenocrysts crystallized directly from a melt as a primary phase (Kerrick,
1969; Nemec, 1975). Unfortunately, most of the petrographic criteria

that have been employed to distinguish these ftwo possibilities are
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Figure 117. Photomicrograph of myrmekite (Pefasco Quartz Monzonite,
PL72-961) with accompanying microprobe traverses for barium.
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inconclusive. For example, it has been argued that the presence of mega-
crysts in the country rock adjacent to a granitic intrusive body is
~evidence that the megacrysts in the granite itself did not grow from
a melt. Such observationé, however, are only permissive as they do not
demand that the megacrysts in the granite be porphyroblasts. Indeed,
an alternative explanation might be that the megacrysts in the country
rock grew from a vapor phase that coexisted with a crystallizing magma.
On the other hand, the subparaliel orientation of tabular megacrysts
has been cited as evidence of a magmatic origin, the alignment supposedly
being due to flow in the magma. Alternative explanations are possible
here also. For example, the alignment could be ascribed to subsolidus
growth of the megacrysts while the granite was being deformed. Other
field and petrographic criteria have similar uncertainties.

The stability range of K-feldspar is not particularly informative
eiiher, as K-feldspar is found in a variety of geologic environments
and phase-equilibria studies only confirm this apparent large range of
stability conditions. For example, Whitney (1972) has shown that for
a typical synthetic granite composition, under conditions of high water
content (6 weight percent H,0 or greater) and high pressure (8 kbar),
an Or-rich alkali feldspar can be expected as the primary liquidus
phase. At lower pressures and lower water contents, however, plagioclase
is the primary Tliquidus phase and K-feldspar is the solidus phase.
In more potassium-rich granitic compositions K-feldspar may be a liquidus
phase under most reasonable conditions of temperature, pressure, and
water content. K-feldspar also is stable under hydrothermal conditions,
as evidenced by its occurrence in druses, pegmatite pockets, and hydro-

thermal vein deposits.
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Since neither field, petrographic, nor experimental data seem to
give a definitive answer for the origin of the megacrysts, some inves-
tigators have examined the chemistry of such megacrysts with particular
emphasis on the distribution of barium. Dickson (1958} studied mega-
crysts from tﬁe Papoose Flat pluton in the Inyo Mountains of California
by staining for barium. He observed numerous sharp, concentric zones
of unequal thickness, each commoniy characterized by a gradual depletion
in barium concentration followed by a sharp increase which marked the
start of the next zone. Dickson obtained no quantitative data, however,
so the overall changes in barium content across the megacrysts are not
known. His interpretation of the data, which included observation of
the megacrysts in the country rocks adjacent to the pluton, was that
the megacrysts were subsolidus, representing a fairly high temperature
(700°C) and Tate-stage autometasomatism of the pluton. He accounts
for the barium zoning by changes in the barium content of the fluid
from which the megacrysts supposediy grew.

Kerrick (1969) examined megacrysts from a guartz monzonite in the
central Sierra Nevada, California, by making microprobe analyses for
barium at 400 um intervals on a line through the center of several of
the megacrysts. There was considerable variation in bariﬁm along the
traverses, but with a slight tendency for barium to be highest at their
centers. The most interesting obsérvation, however, was that the ground-
mass K-feldspars had consistently less barium than did the megacrysts.
Kerrick interpreted this to indicate that the megacrysts must have grown
prior to the groundmass K-feldspars. His reasoning was that the early
formed megacrysts would have depleted the remaining melt in barium, thus

Teading to lower barium groundmass feldspar.
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In contrast, Emmermann (1968, 1969) studied the megacrysts of
the Aplintal Granite in the southern Black Forest, Germany, by examining
their bulk chemistry. He discovered that the megacrysts had‘higher
barium than the groundmass K-feldspars but interpreted this to mean
that k?) there were two separate generations of feldspars and (2) the
megacrysts formed as porphyroblasts from an interstitial fluid phase
that gave rise to the high barium content. Emmermann reports that a
microprobe traverse for barium showed no zoning for these megacrysts.

A different approach was taken by Nemec (1975), who obtained barium
analyses for megacrysts from the southeastern part of the Bohemian
Massif and was able to document "normal zoning" of barium by finding
a strong correlation between bulk barium concentration and size of the
megacrysts. He interpreted this relationship as indicating a magmatic
origin for the megacrysts. .

Some of the most recent data on barium zoning in megacrysts has
been provided by Kuryvial (1976), who used a technique similar to that
of Kerr%ck (1969) for analyzing barium in megacrysts from the central
Wasatch Range, Utah (Little Cottonwood stock). His results were similar
to Kerrick's, in that there was considerable scatter in the data from
oné point to/another (500 um steps) and a general tendency for normal
zoning, i.e. a decrease in barium toward the edges of the megacrysts.
Furthermore, the groundmass K-feldspar is substantially poorer in barium
in this case as well (0.3 to 1.3 weight percent). Kuryvial appears
to have assumed from the outset that the megacrysts were, in fact,
early formed phenocrysts and implies that his data confirm his assump-

tions.
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In this study, megacrysts from the Puntiagudo Granite Porphyry
and the Penasco Quartz Monzonite were analyzed for barium by continuous
microprobe traverses from center to edge. This was done as part of
this thesis because it became important to distinguish between an
igneous or metasomatic origin for these megacrysts in order to evaluate
relative impbrtance of these processes in the Dixon-Pefiasco area. In
addition, the;study of the barium zoning became an end in itself when
it became clear that there was a paucity of data on the subject and that
" the availabTe data had not been interpreted with much sophistication.
"That is, an} two investigators seem to be able to interpret similar
data in very different ways. This may bé partly from not clearly
stating assumptions and partly because of not considering dafa in the
Tight of constraints imposed by experimental data or crystal growth
theory. Thus the purposes of this study were to provide additional
information on barium distribution in a particular megacryst occurrence,
to provide somé preliminary data on the experimental determination of
the distribution of barium in synthetic granites, and finally to
interpret baoth kinds of data in the light of crystal growth theory.
The immediate goal is to decide whether the megacrysts in the Dixon-
Pefiasco area are magmatic or metasomatic, but similar consideration
of megacrysts in oécurvences around the world ultimately should allow
us to decide, in a general way, the origin of K-feldspar megacrysts in

granitic rocks.;:-
. Puntiagudo Granite Porphyry

- The Puntiagudo Granite Porphyry, actually a quartz monzonite,

contains moderate-sized, subequant, Carlsbad- and M-twinned megacrysts
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of microc1ine. In addition to the megacrysts of microcline, less obvious
oblate and polygonized quartz grain aggregates appear to be relict
phenocrysts of quartz. Furthermore, elongate clots of thoroughly
polygonized plagioclase are distinguished from the matrix only by a
slightly larger grain size and, in some instances, by a greater amount
of secondary muscovite. These clots ére probably relict plagioclase
phenocrysts that have besen destroyed by a combination of chemical
breakdown and mechanical granulation. Evidence that euhedral grains of
plagioclase once existed in this rock is provided by rare grains in the
matrix that have not been so thoroughly granulated and by large intact
grains of plagioclase within some of the microcline medgacrysts. Some
of these textural features of the Puntiagudo Granite Porphyry are illus-
trated in figure 119. '

Figure 120 shows a detailed view of typical microcline megacrysts
from the Puntiagudo Granite Porphyry. The slightly asymmetrical shape
of the two halves of the Carlsbad twin and the irregularity of the twin
plane are common features of the megacrysts. The presence of the Carls-
bad twinning and the very existence of the M-twinning (Ribbe, 1975)
indicate that the K-feldspar originally crystallized with monoclinic
symmetry. While this does not distinguish between a magmatic or post-
migmatic origin for the megacrysts, it does seem to preclude direct
growth at temperatures below the monoclinic-triclinic inversion.

The Targe plagioclase inclusion in the megacryst in figure 120 is
fairly typical. Rarely are such individuals completely included, and
some are simply adjacent to a megacryst. Smaller inclusions, however,
are very common, and they show a slight suggestion of a concentric

arrangement around the centers of the megacrysits. Veinlets of albite



273

Figure 119. Stained slab, Puntiagudo Granite Porphyry.

) 5 mm

Figure 120. Close-up of Puntiagudo Granite Porphyry megacryst.
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are not uncommon. The megacrysts appear resistant to deformation, but

in some severely deformed rocks they are granulated around their margins.
Overall, the petrographic evidence that the microcline megacrysts

in the Puntiagudo Granite Porphyry are phenocrysts seems rather com-

pelling. VYet such textural evidence, as any skeptic would point out,

does not provide substantial proof that the megacrysts did not grow

in a postmagmatic environment. In the case of the Penasco Quartz

Monzonite, the textural evidence is even less clearcut, and the

need for additional criteria becomes obvious.
Penasco Quartz Monzonite

In contrast to the Puntiagudo Granite Porphyry, the Penasco Quartz
Monzonite is largely concordant with the country rock and shows minor
migmatization along its contacts. It is a sphene-bearing biotite quartz
monzonite to granodiorite that shows fairly strong compositional varia-
tions, but which lacks-a distinctive border zone or a strong orientation
of platy minerals. The concentration of megacrysts varies markedly
in the body from 0 to about 30 percent. No sharp, internal contacts
have been observed, but the greatest concentrations of megacrysts seem
to bear no obvious relationship to the margiﬁs of the body.

Where the Penasco Quartz Monzonite does contain megacrysts they
are fairly large (<9 cm), tabular crystals set in a medium-grained
matrix of plagioclase, quartz, microcline, biotite, and sphene, with
numerous accessory minerals such as epidote, muscovite, zircon, and
allanite. The plagioclase grains are euhedral to subhedral and typically
show undulatory normal zoning. The quartz grains, on the other hand,

are distinctly anhedral and show undulatory extinction., Biotite is
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commonly associated with quartz and occurs as clots or groups of grains-
that include the assemblage of mafic accessory minerals.

The megacrysts themselves (fig. 122) generally show a simple Carls-
bad interpenetration twin plane and consist primarily of microperthitic
M-twinned microcline with plagiociase inclusions, and rare albite veinlets.
The inclusions are about 0.5 mm in length, roughly tabular in shape,
and show a definite pattern of concentric arrangement which appears to
indicate ghost crystal faces (fig. 123). That is, they mark the position
of crystal growth faces at succeséive stages in the development of mega-
crysts. The concentricity of these crystal growth faces allows the
determination of the exact center, presumably also the nucleation
point, of the megacryst. The inclusions are generally zoned, with a
more anorthite-rich core that is itself normally zoned, and this core
is rimmed by a discrete zone of albite-oligoclase composition. The
more An-rich portion is commonly altered to very fine-grained epidote

and muscovite.

Barium Distribution-~Description of Features

Methods and Techniques of Analysis
. The variation of barium evidenced in Kerrick's {1969) spot micro-
probe analyses suggests the need for a different technique in analyzing
megacrysts. This, plus generally high amounts of barium in megacrysts,
indicated the possible value of continuous microprobe traverses. The
initial resulits proved extremely interesting and provided very nearly
quantitative results in a relatively short time.

The analytical conditions were 10 um beam diameter, 20 kV acceler-

ating potential, 0.5 pA sample current on an ARL EMX microprobe. The
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Figure 122.
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PL72-96¢

0
i

Figure 123. Line drawings of (above) Pefasco Quartz Monzonite megacryst,
and (below) Puntiagudo Granite Porphyry megacryst.
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sample was translated at a rate of 100 wm/min. Most of the traverses
were designed to paraliel the shortest dimension of the crystal, parallel
to the b crystallographic axis in the original monoclinic symmetry,
but traverses in other directions were also made in order to demonstrate
that the barium zoning was concentric and that there was no significant
sector zoning. About 50 traverses were made on megacrysts from both
the Pehasco Quartz Monzonite and the Puntiagudo Granite Porphyry. In
addition, numerous individual points were analyzed quantitatively
under similar analytical conditions, except that the beam diameter was
reduced to about 2 um and sample current to 0.1 to 0.03 uA depending '
on susceptibility of the sample to damage by the electron beam. Finally,
X-ray scanning photographs and secondary electron photographs were taken
in order to verify the distribution pattern of certain barium feldspar
" phases. Limited use also was made 6f cathodeiumiﬁescence properties of
feldspars as observed in a luminoscope (TM) (Smith and Stenstrom, 1965),
in order to obtain certain textural_ and chemical information not available
from the microprobe analyses.

In general, the traverse technique proved to be invaluable.
In fact it was impractical to attempt quantitative analyses of the mega-
crysts without first doing a continuocus traverse, due to heterogeneity
on a 5 to 10 um scale.

In addition to barium, sodium and either potassium or calcium also
were monitored so that barium levels could be correlated with position
in the megacrysts and with major phases present. The traverses thus
produced two kinds of information: (1) the number and kinds of phases
present within the megacrysts, and (2} the general variation of barium

as a function of position relative to the center of the megacrysts.
, ,



279

The traverses show that there are four phases present in all of
the megacrysts. They are maximum microcline (Or96), plagiocliase solid
solution (Any to Angy), "albite" (Ang to An,), and a barium-rich phase
(0r310n13Ab6). Cathodeluminescence suggests that the "albite" is
actually two phases, one rimming plagiociase inclusions and the other
occurring as perthite lamellae. Microcline is the dominant phase, -
acting as host to all of the others. 1% has a barium concentration that
ranges from about 3000 to 8000 ppm. Other cations, however, are rather
constant. The Or content is about 96 mol percent, Ab is approximately
3 mol percent, and Ca is less than or equal to 50 ppm. Tab]g 3 gives
representative analyses of megacryst microcline from both the Puntiagudo
Granite Porphyry and the Penasco Quartz Monzonite.

The plagioclase inclusions Eonsist of two parts, cores or central
zones that show a continuous but spatially erratic variation in An
content from Any, to An,, and rims that show a more restricted An content
of Any to An,. Barium content of these phases is much lower than in
the microcline, less than the detection 1imit of about 50 ppm. Table 4
gives typical compositions of the plagioclase inclusions.

Perthitic lamellae in the microcline are albitic in composition
(Anz), but their exact An content is uncertain because of difficulty
in analyzing such narrow features. Cathodeluminescence, however,
indicates that they have a composition distinct from that of the albite
rims on the plagioclase inc]uéions. This is probably due in part to
a lower An content (Smith and Stenstrom, 1965). Barium concentration
is again low, probably less than 50 ppm.

Finally, barium-rich phases occur as tiny discrete grains commonly

associated with the plagioclase inclusions. 'They contain up to 6 weight



Table 3
Electron Microprobe Analyses of Microcline Megacrysts

from the Puntiagudo Granite Porphyry and
the Peflasco Quartz Monzonite
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68 Kspl
Oxide Wt., %
NaZO 0.44
K20 15.95
Cal 0.00
Bal 0.67
A1203 18.52
8102 63.62
Total 99.20 -
Ba 6030 ppm
Mol %
Ab 3.94
Or 94.83
An 0.00
Cn 1.23

68 Ksp2
Oxide Wt. %
Na20 0.37
K20 15.91
Ca0 0.00
Bad 1.09
A1203' 18.57
5102 63.65
Total 99.59
Ba 9720 ppm

Mol %
Ab 3.33
Or 94.69
An 0.00
Cn 1.98

Puntiagudo Granite Porphyry

68 Ksp3
Oxide Wt. %
Na,0 0.23
Ko0 16.43
Ca0 0.00
Ba0 0.25
Al,0, 18.34
si0, 64.25
Total 99.51
Ba 2230 ppm

i Mol %
Ab 2.1
Or 97.44
An 0.00
Cn 0.45

68 Kspd
Oxide - Wt. %
Na,0 0.28
K,0 16.43
Ca0 0.00
Ba0 0.18
A1,0, 18.09
510, 64.17
Total 99.15
Ba 1640 ppm

Mol %

- Ab 2.50
Or 97.17

An 0.00

Cn 0.33
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92 Kspl
Oxide Wt. %
Nazo 0.61
K20 15.43
Cal 0.00
Ba0 1.16
A1203 18.59
$102 64.18
Total 99.98
Ba 10430 ppm

Mol ¢
Ab 5.53
Or ©.92.32
An . 0.01
Cn 2.14

Pefiasco Quartz Monzonite

92 Ksp2
Oxide - Wt. %
Nazo 0.54
KZO 15.67
Cald 0.01
Ba0 0.90
A1203 18.59
3102 64.29
Total: 99,99
Ba 8080 ppm

Mol ¢
Ab 4.86
Or 93.45
An 0.03
Cn 1.65

960 Kspl1~07
Oxide Wt., %
Na20 0.54
K20 15.97
Ca0 0.00
Bag 0.44
A1203 18.15
SiO2 65.38
Total 100.48
Ba 3960 ppm

Mol %
Ab 4.86
or 94,34
An 0.00
Cn 0.80

960 Ksp1-08
Oxide Wt. %
Na 50 0.49
K50 16.11
Cal 0.00
Ba0 0.51
A1,0, 19.19
510, 65.62
Total 101.92
Ba 4530 ppm

Mol %
Ab 4.40
Or 94.69
An 0.00
Cn 0.91
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960 Kspl1-09
Oxide WE. 4%
Na20 0.84
K20 15.30
Ca0 .00
Ba0 0.45
A1203 18.15
8102 65.35
Total 100.10
Ba 4030 ppm

Mol %
Ab 7.68
Or a1.49
An 0.00
Cn 0.83

960 Kspi-10
Oxide Wt. %
Na20 0.54
K20 15.87
Cal 0.00
Ba0 0.60
A1203 18.90
5102 64.76
Total 100.68
Ba 5350 ppm

Mol %
Ab 4,87
Or 94,04
An 0.00
Cn 1.09

960 Ksp2-05
Oxide Wt. 4%
Nazo 0.57
K20 15.89
CaQ 0.00
BaD 0.40
A1203 18.82
5102 64.76
Total 100.44
Ba 3540 ppm

Mol %
Ab 5.15
Or 84.13
An 0.00
Cn 0.72

960 Ksp2-06

Oxide Wt. %
Na20 0.64
K20 15.85
Ca0 0.00
Ba0 0.35
A1203 19.39
S102 65.20
Total 101.42
Ba 3130 ppm
Mol %
Ab 5.72
Or 93.64
An 0.00
Cn = 0.63
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960 Ksp2-08
Oxide Wt, %
Na,0 _BT;E
K50 14,93
Ca0 0.01
Ba0 0.46
Al,04 19.19
510, 64.45
Total 99.78
Ba 4110 ppm

Mol %
Ab 6.94
Or 92.15
An 0.04
Cn 0.87

960 Ksp2-10
Oxide W, %
Na50 1.93
KZO 13.41
Ca0 0.01
Ba0 0.46
A1203 19.10
3102 65.46
Total 100.36
Ba 4110 ppm

Mol %
Ab 17.79
Or 81.31
An 0.04
Cn 0.85

960 Ksp3-02

Oxide We. %

" Nay0 0.30
K,0 16.37
Cal 0.00
Ba0 0.55
A1,0, 18.83
§i0, 65.02
Total 101.07 .
Ba 4910 ppm

Mol %
Ab 2.67
Or 96.34
An 0.00
Cn 0.99

¥8¢




Table 4

Electron Microprobe Analyses of Plagioclase Inclusions
in Microcline Megacrysts from the Puntiagudo Granite
Porphyry and the Pefasco Quartz Monzonite and
Ba~rich K-feldspar Inclusions in Megacrysts
from the Pefrasco Quartz Monzonite
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Plagioclase Inclusion, Puntiagudo Granite Porphyhy

68 P1gl
Oxide We. %
Na,0 11.83
K,0 0.03
Cal 0.17
Ba0 0.00
A1,0, 19.41
510, 68.54
Total 99.98
Ba. 30 ppm

Mol %
Ab 99.01
Or 0.19
An 0.79
Cn 0.01

68 P1g2
Oxide Wt. %
Na,0 11.43
K,0 0.12
Cal 0.81
Ba0 0.01
Al1,0, 20.48
510, 67.65
Total 100.50
Ba 80 ppm

Mol %
Ab 95.62
Or 0.63
An 3.73
Cn 0.02

68 P1g2.1
Oxide Wt., %
Na20 11.45
K20 0.12
Cal 0.81
Bal 0.01
A]203 | 19.53
S'iO2 68.42
Total 100.33
Ba 80 ppm

Mol %
Ab 95.62
Or 0.63
An 3.73
Cn 0.02
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968 Plgl
Oxide Wt. %
Na20 9.47
K20 0.13
Cal 3.49
Bal 0.01
A1203 22.83
SiO2 64.95
Total 100.87
Ba 80 ppm

Mol %
Ab 82.47
Or 0.73
An 16.78
Cn 0.02

. Plagioclase Inclusions, Pefiasco Quartz Monzonite

96B P1g2
Oxide Wt. %
Nazo B8.68
K20 0.27
Cal 4.7
Ba0 0.04
A]203 23.23
5102 64.00
Total 100.93
Ba 370 ppm
Mol %
Ab 75.65
Or 1.56
An 22.71
Cn 0.07

96C P14l
Oxide Wt. %
Na,0 10.13
K20 0.12
Cad 1.29
Ba0 0.01
A1203 21.45
5102 67.93
Total 100.92
Ba 70 ppm
Mol %
Ab 92.73
Or 0.75
An 6.50
Cn 0.01

96C P1g2
Oxide Wt. %
Na20 11.156
KZO- 0.12
CaDd 0.46
Ba0 0.02
A1203 20.03
8102 68.59
Total 100.37
Ba 160 ppm
Mol %
Ab 97.07
Or 0.68
An 2.22
Cn 0.03
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96C P1g3
Oxide Wt. %
ﬂazo 11.17
K20 e.1
Ca0d 0.91
Bal 0.00
A1203 20.30
8102 67.67
Total 100.17
Ba . o 30 ppm
Mol %
Ab 95.10
133 0.61%
An 4.28
Cn - 0.01

961 P1gl
Oxide Wt., %
Na,0 10.14
K20 0.16
Ca0 2.50
Bal 0.04
A1203 22.19
5102 63.95
Total 98.98
Ba 330 ppm

Mot %
Ab 87.16
Or 0.89
An 11.88
Cn 0.06

961 Pig2
Oxide Wt. %
Nazo 10.22
K20 0.17
Cal 2.54
Bal 0.03
A1203 22.05
S1'O2 .64i35
Total 99.36
Ba 290 ppm

Mol %
Ab. 87.05
Or 0.92
An 171.96
Cn 0.06

961 Pl1g3

Oxide Wt. 2
Na20 11.33
KZO .16
Cal .52
Ba0 0.01
A]203 22.04

| 31'02 65.28
- Total 99.35
Ba 130 ppm
Mol %

Ab | 96.63
Or 0.88
An 2.47
Cn 0.03

88¢



Ba-rich K-feldspar Inclusions, Pefiasco Quartz Monzonite

960 Bal
Oxide Wt. %
Na20 0.47
K20 14.36
Cal 0.01
Ba0 4,45
A1203 ' 19.98
5102 61.76
Total 101.03
Ba 39820 ppm

Mol %
Ab 4,39
Or 87.27
An 0.05
Cn 8.30

961 Bal
Oxide Wt. 2
NaZO 0.63
KZO 12.45
Ca0 0.02
Ba0 6.41
A1203 20.87
8102 61.55
Total 101.94
Ba 57440 ppm

~ Mol %
Ab 6.26
Or 80.85
An g.11
Cn 12.79

961 Baz
Oxide Wt, %
Na20 0.63
K20 12.40
CaQ 0.01
Ba0 4.76
A1203 19.18
SiO2 60.68
Total 97.68
Ba 42620 ppm

Mol 4%
Ab 6.48
Or 83.61
An 0.05
Cn 9.86

68¢
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pércent Ba0 {13 moi perbent celsian) and are a K-rich feldspar. Typical
microprobe analyses are given in table 4. The maximum values of

barium concentration given may not represent the actual composition of
all the grains owing to their very small size relative to the microprobe
beam size. Barium-rich phases are present in megacrysts from both rock
units but are more common in the Peflasco Quartz Monzonite megacrysts,
perhaps because small plagioclase inclusions are more common in those
megacrysts.

Figure 124 and 125 summarize the composition of the phases just
discussed. Figure 124 is a series of scanning photos showing secondary
electron image, Ba, Ca, Na, and K scanning image§ of a plagioclase
inclusion and surrounding microcliine. Note in particular the distri-
bution of Ca within the inclusion and the distributioﬁ of the high-Ba
phases. Figure 125 shows the analyses from tables 3 and 4 plotted on
Ab-Or-An and Ab-Or-Cn triangular diagrams. The distinctive compositions
of the four main phases is readily apparent, and the significance and
probable origin of the p]aéioclases and the Ba-rich phase are discussed

farther on.

General Barium Zoning

Table 3 and figure 125 show that the microcline itself has a variable
barium composition, and it is this variation in barium with position
in the megacrysts that is particularly well demonstrated by the con-
tinuous traverses. A portion of the results of a typical traverse is
shown in figure 126. Note that the traverse intersected some grains of
high-Ba feldspar.and numerous plagioclase inclusions and albite lamellae

with Tow barjum concentrations. If these phases are ignored and only
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Figure 124, Electron microprobe scanning photographs of a plagioclase
inclusion in a megacryst from the Pefiasco Quartz Monzonite (PL72-96).
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Figure 125. Plots of microprobe analyses of feldspars from the mega-
crysts on Ab-Or-An (a) and Ab-Or-Cn (b) triangular diagrams.
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the general level of barium concentration in the microcline is considered,
it is possible to plot the barium zoning across a megacryst. One such
plot is shown in figure 127. A series of such plots from megacrysts

of varying size from a single hand specimen from the Pefasco Quartz
Monzonite is shown in figure 128. In this series of plots each zoning
profile can be correlated with the others if one assumes that the smaller
@egacrysts began growing at an appropriately later time than the larger
ones. For example, note that each of the megacrysts, starting at the
outer margins, shows a decrease in barium toward the center. If a
: megacryst is large enough, it then shows an increase in barium toward
the center which is then foilowed by a décrease, until in the largest
megacryst, the lowest barium content is actually at its center. The
smaller megacrysts do not show this complete zoning pattern because

they apparently did not nucleate until the cores of the larger megacrysts
had already grown. Thus it is possible to correlate positions in the
ﬁegachysts that were simultaneously exposed to the medium from which

they grew. Such a correlation is represented by the position letters

in figures 128 and 129.

Problems in correlations arise from two sources. One is that it

was not always possible to insure that the megacrysts were cut precisely
throuéh their centers. The other is that the correlation is based on
general gradients in the crystals rather than on exact barium concen-
tfations. Traverse 5 in figure 128, for example, probably did not pass
tﬁfqugh the center of the megacrysts and as a tesu]t much of the center
parf of the traverse was actually in a single zone or along a growing
face instead of perpendicular to it. That the correlation must depend

on general gradients and not on precise barium concentration is seen
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from the lack of exact correlation of marginal barium concentration com-
pared with the consistent correlation of the gradients near the megacryst
margins. Possible reasons for this and for local deviations in gradients

are discussed fTarther on.

Figure 129 is a similar series of traverses for megacrysts from a
single hand specimen of Puntiagudo Granite Porphyry. The general notion
of correlation of barium still holds for this sample. There is, however,
a marked asymmetry in the distribution which is itself fairly consistent
from megacryst to megacryst. If the megacrysis are large enough, one-
half will typically show a sharp peak in barium while the other half
will show a broad maximum. If both this asymmetry and the size of the
megacrysts are taken into account, then it s possible to make a mega-
cryst~to-megacryst correlation in a fashion similar to that for the
Periasco Quartz Monzonite. There are several differences, however-. First,
there is no increase in barium toward the margins. Instead there is a
steady decrease in barium during the later stages of growth. Also, the

grain-size distribution in the Puntiagudo Granite Porphyry is such that

there is not a continuous gradation from megacrysts to groundmass grains
and the very small matrix microclines consistently have uniform bartum.
concentrations identical with those in the margins of nearby megacrysts.
Overall, there are some gross similarities between megacrysts from
the two rock units. The average level of barium concentration, although
‘not constant, is roughly the same. More important, in both cases the
concentration gradients go through reversals, starting out positive
and then becoming negative. In the case of the Pefiasco Quartz Monzonite
samples, they return to positive in the final stages of growth. It is
these reversals in barium concentration gradients that occur consistently

in megacrysts from rocks representing rather different magmatic and
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. postmagmatic environments; and that provide information pertinent to
the origin of the megacrysts. The interpretation of these zoning patterns
depends on application of crystal growth theory and the knowledge of
certain parameters involved in that theory, most notably the distribu-
tion coefficient for barium between alkali feldspar and any supposed
growth medium. This growth medium presumably is either a water-rich,
Tow-viscosity fluid phase or a high-viscosity silicate melt, depending
on whether the megacrysts are in fact porphyroblasts or phenocrysts.
Estimates of the values of the distribution coefficient for each case
are considered next.
Data on Barium Distribution Between K-Feldspar and
Silicate Melt or a Water-Rich Fluid Phasg

There are two approaches to the determination of distribution
coefficients for natural systems. The first and most primitive is to
use volcanic rocks, to measure phenocryst and groundmass concentrations
of a given trace element, and to calculate the distribution coefficient
directly. As many investigators have noted, this method has inherent
probtems and yields only order-of-magnitude approximations. For oxample,
assumptions must be made about eqqi]ibrium coexistence of groundmass
and phenocrysts, énd any zoning present in the phenocrysts generally
produces significant error in the results. Further, the distribution
coefficient usually is strongly dependent on temperature, which normaliy
is not known for a given volcanic rock. The second approach is to
determine distribution coefficients via high-temperature experiments
with synthetic rock -compositions. This technique 1s not entirely

without problems but it generally provides more useful information.
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In this study published data of both types are assessed and the results
of some previously unpublished, preliminary experiments in synthetic
granitic systems are also reported.

Data on compositidns of natural K-feldspar suggest that the
interphase distribution coefficient for barium (Kga) is generally
greater than 1. This is evidenced by alkali feldspar consistently
containing more barium, when it is available in the system, than
coexisting minerals (Handbook of Chemistry; Wedepohl, 1969). This seems
to be true in igneous rocks regardless of position in paragenetic
sequence. In moderately basic rocks, where K-feldspar commonly is a
residual phase, barium in K-feldspar is relatively high' (e.g. Trzcienski
and Kulick, 1972) and the same is true for pegmatites if sufficient
barium is available, even though K-feldspar commonly is a primary
phase (e.g. Afonina and Shmakin, 1970; Shmakin, 1971). However, the
depletion of residual liquids in barjum by crystallizing K-feldspar
commonly means that there is 1ittle barium in pegmatite systems.

This was expressed by McIntire (1963) when he noted that barium tends
to increase with differentiation in basic rocks but decreases in more
felsic ones, this being attributed to the paragenesis of K-feldspar
in the crystallization of such rocks. Similarly, in hydrothermal
systems barium is concentrated in K-feldspar if there s sufficient
barium in the system when K-feldspar is stable. Even though
hydrothermal fluids themselves are rarely available for sampling,

one can infer that they do not contain more barium than K-feldspar
because barium appears not to be concentrated during the late stages

of hydrothermal systems.
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Attempts to measure K%a for plagioclase directly, using groundmass-
phenochy§£ barjum concentrations, have been made by numerous investi-
gators including Berlin and Henderson (1969), Ewart and Taylor (1969),
Philpotts and Schnetzler (1970), and Nagasawa and others (1971). Berlin
and Henderson'(1969) and Philpotts and Schnetzler (1970), however, have
pubilished the only data available for Kga K-feldspar, which range from
1.17 to 8.95. This tends to confirm the deduction made above from
the generally high barium concentrations in K-feldspar. One attempt
(Bethke and others, 1976) has been made to calculate the relative
concentration of barium in an aqueous phase of a hydrothermal system,
thereby making it possible to estimate the distribution coefficient
if barium concentration in K-feldspar is known. Again, the results
suggest a Kga greater than 1.

Experimeptal work on barium distribution has been of three ty;es:
(1) determination of K%a between K-feldspar and water-rich fluid
(Iiyama, 1968, 1972, 1973), (2) phase equilibria studies in the systems
Or-Cn-Q:HZO and Ab—Cn-H20 (Gay and Roy, 1968; Rudert, 1972; Mall and
Rudert, 1974), and (3) direct measurement of Kga between K-feldspar
(as well as other crystalline phases) and silicate liquid (Drake
and Weill, 1975; Long, this study).

Iiyama's work has been done mainly at 600°C, 2 kbar, although
recently he has begun to examine temperaturé dependence of bariuﬁ dis-
tribution. His results show a strong partitioning of barium into sanidine
(Kga = 25 at 600°C, 2 kbar). Behavior according to Henry's law obtains
until concentration of barium in the sanidine exceeds 4920 ppm. Iiyama

also has investigated the distribution of barium between a fluid phase

and albite, a fluid phase and anorthite {Iiyama, 1972), and between
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a fluid phase and two coexisting feldspars. The results of these studies
indicate that barium should be more or less equally distributed between

a plagioctase of intermediate to albitic composition and an orthoclase~
rich alkali feldspar that coexist with a vapor phase.

The first phase equilibria study involving barium in feldspar
systems was done by Gay and Roy (1968). They suggested that there is
complete crystalline solution between celsian and orthoclase, and that
some sort of exsolution takes place in the subsolidus region {Roy,
1967). This work was later extended by Mall and Rudert (1974), who
studied the system Or-Cn-Q-H,0 at 1 kbar and concentrated on the Or-Cn
join. They report an ascending-type solid solution, with barium concen-
trated in the solid feldspar phase. An investigation of Ab-Cn—H20
at 1 kbar (Rudert, 1972) shows a similar situation with barium concen-
trated in the albite as opposed to the coexisting 1iquid. Rudert's
data also show possible Ab-Cn exsolution taking place starting from

925°

to 850°C depending on bulk composition. In ternary and gquaternary
systems involving Cn, plagioclase may contain only small amounts of Ba,
owing to exsolution-type processes or to the effect of bulk Eomposition
on Kga plagioclase. This indicates that these studies, though needed
as a base of information, involve such restricted compositions that they
may not apply directly to natural rock systems. The phase equilibria
studies‘do indicate, however, the general tendengy for alkali feldspars
to concentrate barium from a coexisting silicate liquid.

Direct experimental measurement of the distribution coefficient
in synthetic and natural silicate systems doped with barium and a variety

of other trace elements has been made by Drake and Weill (1975).

Some preliminary experiments of this type, involving Or-rich alkali
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feldspar in a synthetic system with granite composition, have been done
in the present study. Here the data of Drake and Weill are pertinent
insofar as their distribution coefficients for barium (KE?P1)) can be
extrapolated to temperatures appropriate to granitic systems. They
found that K%?PT) for andesites and basalts is strongly dependent
on temperature and is less than 1 above 1060°¢. Unfortunately, they
did not demonstrate that it 1s not also partially dependent on bulk
composition, a possibility that stems from the wide range of bulk com-
positions which they uséd in order to crystallize plagiociase in the
1150° to 1400°C temperature range. The problem of the effects of bulk
composition complicates the application of their data to granitic
systems, but data from phenocryst-lava pairs for rhyolite strongly
suggest that K%?P]) remains less than 1 down to temperatures appropriate
for the ersta1lization of more felsic rocks (Philpotts and Schnetzler,
1970; Ewart and Taylor, 1969; Berlin and Henderson, 1969). This is
important because plagioclase with a Kga different from unity, when
crystallizing simultaneously from a melt with alkali feldspar mega-
crysts, will affect barium concentration in the residual siiicate Tiquid.

Preliminary Experimental Data on Barium Distribution Between

Silicate Liquid and Or-Rich Alkali Feldspar

In order to gain information on barium distribution that would
be directly applicable to the megacryst problem, three high temperature
and pressure crystal growth experiments were performed. These experi-
ments were designed to provide a general notion of the magnitude of
K%?Kf) and preliminary data on the effects of temperature and bulk

composition on Kg?Kf)‘ The effect of crystal growth rates and growth
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morphology on zoning in synthetic crystals was also of interest. The
results show that the distribution coefficient invariably is much
greater than 1, ranging from about 6 to as much as about 14 for petro-
logically relevant bulk compositiqns. Further, the distribution
coefficient appears to be strongly dependent on temperature and also
is sensitive to significant changes in bulk composition, particularly
the addition or subtraction of major components in the systems involved.
Crystallization, at progressively decreasing temperatures, of a singie
alkali feldspar phase from a granitic melt doped with barium results
in progfessive depietion of barium in the melt so that, despite an
increase in value of the distribution coefficient, the crystals are
normally zoned with respect to barium.

The procedures and techniques used in these experiments are those
developed recently in the Jahns-Tuttle Laboratory for Experimenﬁal
Petrology at Stanford. Most of the techniques used are reported in-
Fenn (1973) and Swanson (1974). The basic approach was to homogenize
a synthetic rock—compositio; gel with added barium and HZO at a tempera-
ture and pressure above its liquidus, and then to drop the temperature
either in a single step or in multiple steps for a sufficient length of
time for nucleation to occur (2 to 4 days per step). The quenched
products, comprising crystals and glass, were then examined under the
petrographic microscope and appropriate portions were selected for
polishing and microprobe analysis. The conditions and general results
of the runs are shown in table 5. The anhydrous bulk compositions,
prior to addition of barium, are shown in figure 130.

The first run, designed to test the feasibility of the method,

involved two compositions, AbSOOrSO + 2.14 weight percent Ba (as Bacos)
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Figure 130a. Anhydrous bulk composition of starting materials for
experimental runs plotted on an Ab-Or-Q triangular diagram.
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Figure 130b. Anhydrous bulk composition of starting materials for
experimental runs plotted on Ab-Or-An triangular diagram.
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Conditions and General Results of Experimental Runs
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Charge no.

1

Run #1

Pressure Temperature Duration
Homogenization conditions 2.5 kbar 1000°C | 115 hrs’
Crystallization conditions 2.5 900 48
Bulk composition Phases present Textures observed
Ab300r40Q30 + Baf + H,0 ' ‘ Af + L + V Rosettes of 25-50 um
Undigested gel? elongate hollow crystals
in vapor saturated glass
Anhydrous composition Af+ L+ YV Felted mass of 2-3? um
same as #1, H20 =2.95 wt. % crystals in glass
AbgOrsy + Baf + Hy0 ' Af + L+ YV Equant, hollow 5-10 um
44,797 44.797"6.54 20.77 273.4) saturated glass
Anhydrous composition Af + L+ V 1?7 um crystals in vapor
same as #3, HZO = 3.09 wt. % saturated glass

60€



Homogenization conditions

Crystallization conditions

Charge no. Bulk composition

10 Rl + OP]OG + HZO

(Rbyg g0rsq. 603,97 7
+ 2.89 wt. % H,0)

12 Anhydrous composition
same as #10 (+ 4.92 wt. % H,0)

13 Anhydrous composition
same as #10 (+ 6.55 wt. % H,0)

19 Anhydrous composition
same as #10 (+ 3.98 wt. % H,0)

Run #2

Pressure

8 kbar
8

cc o o o™

Temperature

1150°C

1050
950
850
750
650

Phases present

Af + P1+Q+L

Duration
72 hrs
48
48
48
48
48

Textures observed

Zoned spherulites (four
growth zones) with the
Tast zone consisting of
Af filaments

Zoned spherulites (two
growth zones) coarsening
toward margin

Rosettes of filamental
Af and plagioclase with
intergrown quartz

Zoned spherulites (two to
three zones), last zone
consists of intergrown
Af + Q

OLE



Charge no.

20

21

22

23

Run #2 (cont'd.)

Bulk composition

R1 + Orygg * Cn + Hy0
(Abyg 710739 4054 AN 5
+2.95 wt. % H,0)

Anhydrous composition
same as #20 (+ 3.94 wt. % H20)

Anhydrous composition
same as #20 (+ 4.98 wt. % H20)

Cn3 o

Anhydrous composition
same as #20 (+ 5.99 wt. % H20)

Phases present

Af +P1 +Q + 1L

AT + P1 + Q
+ L+ ¥

Af + P1 +Q? + V

Af + P1 + Q2 + V

Textures observed

Large zoned spherulites

Large zoned spherulites

Rosettes of skeletal Af
and P1; some large Af
mantled by Pl

Rosettes and isolated
crystals of P1 and Af

Le



Homogenjzation conditions

Crystallization conditions

Charge no. Bulk composition

14 R1 + 0P100 + H20

(Abyg gs Orag 693,97 7
+7.04 wt. % H.0)

16 Anhydrous composition
same as #14 (+ 8.88 wt. % H20)

Cn

24 Abyg 70739, 4%4 6ANg. 503 0

+ 7.01 wt., % HZO

Run #3

Pressure

8 khar
8

(o= R =< o« B o « BN o +]

Temperature

1000°C
825
800
775
750
725
700

Phases present

Af + L+ V

Af + L+ V

Af+Q+L+V

Duration
96 hrs
%96
96
96
96
9%

96

Textures observed

Zoned elongate crystals in
sheaflike aggregates

Zoned, hollow elongate
crystals some in aggregates,
others as single crystals

Zoned hollow elongate
crystals (up to 4 mm in
length); single quartz
crystal occurs as an
hexagonal plate (0.02 mm)

zle



Charge no.

25

27

Run #3 (cont'd.)

Bulk composition

-

Anhydrous composition
same as #24 (- 8.02 wt. % HZO)

Anhydrous composition
same as #24 (- 9.90 wt. % H20)

Phases present

AF + L+ V

Af + L + V

Textures observed

Zoned hollow elongate
crystals (up to 3 mm
in length)

Single zoned crystal of
Af (=1 mm)

ElE
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and Abga0r,qQaq + 3.05 weight percent Ba (as BaC0,z), both with 3.5 weight
percent HZO' The run was homogenized at 1150°C, 2.5 kbar for 4 days,
then the temperature was dropped at constant pressure to 900°¢ for

2 days, after which the run'was quenched to room temperature. The
results of the run are shown graphically by electron microprobe X-ray
scanning photos in figure 131. For both compositions barium is strongly
concentrated in the crystals, but quantitative microprobe analyses
{table 4) show that there is a strong difference in K%a for the two
compositions (table 5). The excess quartz in the Ab300r40Q30 com-
position apparently favors barium in the melt more than does the alkali
feldspar composition. In these simple systems barium has a Ky much
greater than 1 (7.3 to 95), and the addition of silica to the Ab-Or
join has a,pronounced effect on the distribution coefficient. The
crystals resulting from this experiment, however, were not as large

as is desirable, because of a large number of nucleation sites caused

by incomplete homogenization of barium carbonate. Thus it was clear
that for subsequent experiments it would be necessary to make a Ba-
feldspar gel for addition, in the desired amounts, to a rock-composition
gel. It also was clear that the rock compositian should be an Ab-Or-
Q-An granite and should yield, under appropriate conditions of pressure
and temperature, alkali feldspar as a primary crystallizing phase.
Whitney (1972, 1975) studied the phase-equilibria of selected quaternary
granitic compositions as a function of temperature and water content,
and his R~1, a synthetic analogue of Nockold's hornblende biotite
granite, yields alkali feldspar as a primary phase at 8 kbar and

water contents greater than 6 weight percent. It was decided to use

his R-1 sample and to add 10 weight percent Orygq in order to extend
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Figure 131. X~-ray scanning photos of synthetic alkali feldspars from
run #1. {(a) Ab 5503407495 (b) Ab500r‘50.
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the phase field of alkali feldspar (fig. 132). The resulting buik
composition is given in table 5. To this was added 3 weight percent

of Ba-feldspar gel, equivalent to 1.09 weight percent of barium. The
material then was crystallized in two separate staged-growth runs as
shown in figure 132. The charges with lower water content (3 to 6
weight percent) were homogenized at 1150%C, 8 kbar and were crystallized
in 100°C steps from 1050° to 650°C. The charges with higher water
content were homogenized at 1000°C, 8 kbar and were crystailized in 25%¢C
steps from 825% to 700°C. In each of the above runs, capsules with and

without barium were included in order to check the effects of barium

" addition on general textures and phase compositions.

Typical textures of the charges with Tow water content are shown
in figure 133. Generally, two to four nucleation sites resulted in
2 to 3 mm spheru]itic; filamental rosettes of p]agipc]ase, alkali feld-
spar, and glass that are mineralogically and chemically zoned. The
last crystallization step resulted in growth of hopper-shaped fringes
of alkali feldspar on the spherulites. These crystals were of sufficient

Ba

size for direct measurement of KD( ) (table 6, fig. 134). The

Ksp
charges with higher water content, however, produced large single crystals
of alkali feldspar, some of which are shown in.figure 135. Their longest
dimension is roughly parallel to the a crystaliographic axis, their
intermediate dimension about parallel to b, and their shortest dimension
about parallel to c¢c. When sectioned perpendicular to their Tong dimen-
sion the crystals are conspicuously sector zoned (fig. 136a). They
commonly are hollow, with the hollow portion tapered and elongate paraliel

to the long dimension of the crystal. Some crystals have the shape

of a broad "u" {fig. 136b). The birefringence or degree of brightness
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(modified from Whitney, -1972).

symbols are for run #2; open symbols for run #3.

Possible phase assemblage diagram for R-1 + 10 weight percent
The triangles represent homogeniza-
conditions and the circles are crystallization conditions. Solid
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2 mm

Figure 133. Photomicrograph showing textures of charges with Tow
water content (run #2).
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Electron microprobe scanning photographs of zoned, hopper-

shaped crystals of alkali feldspar from run #2.

Figure 134.
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Figure 135. Photomicrograph of elongate alkali feldspar crystals from
run #3. :
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1 mm

Note two-phase vapor bubbles in glass.

Figure 135.
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(a) . 100 um |

(b) e 100 um ,

Figure 136. Sections perpendicular to the long axis of hollow crystal of
zoned alkali feldspar from run #3. :



Table 6

Electron Microprobe Analyses of Products of Experimental
Runs and Measured Kga Values
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CHG1 Kspl.1

Oxide Wt. %

Na20 1.96
K20 7.90
Cal 0.00
Ba0d 13.69
61203 20.99
8102 56.84

Total 101.38

.Ba

Ab
Or
An
Cn

122590 - ppm

Mol %
© +19.75
52.36
0.02
27.87

Ba _
KD - 7.8

CHGT Kspl.12

Oxide Wt. %

Na20 1.90
K20 7.65
Cal 0.00
Ba0 14.26
A1203 22.07
5102 : 55.92
Total 101.80
Ba 127700 ppm
Mol %
Ab 19.37
Or 51.26
An 0.00
Cn 29.37
Ba _
KD s 8.2

CHG1 Gt 1.2
Oxide Wt. %
Na20 1.52
K20 4.71
Cal 0.01
Bad 1.76
A1203 12.38
5102 70.51
Total 90.89
Ba 15740 ppm

- -Mo]-%
Ab 15.10
Or 30.79
Q 54.11

CHGl 61 1.22

Oxide Wt. %
Na20 1.46
K20 4.47
Ca0 0.01
Bal 1.67
A1203 11.31
51'02 69.25
Total 88.17
Ba 14970 ppm
Mol %
Ab 14.81
Or 29.84
Q 55.35

G2e



CHG3 Ksp3.1 CHG3 GT 3.2 CHG22 61 1 " CHG22 Ksp2

Oxide Wt. % Oxide Wt. % " Oxide Wt. % Oxide Wt, %
Na20 2.40 Na20 1.99 Na20 0.71 Na20 2.29
KZO 8.60 K20 5.48 K20 2.75 K20 11.59
Cal 0.00 Cal 0.00 Ca0 1.64 Ca0 0.39
Ba0 9.18 Bal 0.10 Bag 0.14 Bal 1.84
A1203 20.48 A1203 16.51 . A1203 10.79 A1203 16.24
8102 61.80 Si02 57.32 SiO2 64.98 SiO2 63.96
Total 102.47 Total 81.40 Total 81.00 Total 96.31
Ba 82260 ppm Ba 870 ppm Ba 1250 ppm Ba 16460 ppm
Mol % Mol % Mol %
Ab 24.21 Ab 35.43 Ab 21.82
or 57.06 Or  64.21 ' or 72.61
An . 0.00 - An 2.04
Cn 18.73 ‘ ' Cn 3.53

Ba _ g5 K2 = 13.7

8¢t



CHG22 P1g3
Oxide Wt. %
Na20 8.90
K20 0.92
Cad 2.40
Ba0 0.11
A1203 18.92
Sio2 68.25
Total 99.50
Ba 990 ppm

Mol %
!Ab 82.01
Or 5.58
An 12.21
Cn 0.21

Ba{P1/2) < 0,68

G22 Kspd

CH
Oxide Wt. %
NaZO 2.32
K,0 9.57
Cal 0.25
Bal 2.01
A1203 15.25
5102 70.06
Total 99.46
Ba 17980 ppm
Mol %
Ab 25.34
Or 68.74
An 1.49
Cn 4.43
Ba

CHG22 G1 &
Oxide Wt. %
Na20 0.56
K20 2.08
Ca0 1.85
Ba0 0.16
A1203 10.60
5102 62.25
Total 77.50
Ba 1460 ppm

CHG22 Kspé

Oxide Wt., %
Nazo 2.06
K20 g.21
Cal 0.17
Ba0 5.81
A1203 19.87
S102 62.06
Total 99.17
Ba 52040 ppm
Mol %
Ab 21.92
Or 64.58
An 0.99
Cn 12.51

rze



CHG22 Ksp7
Oxide Wt. %
Na20 2.09
K20 10.69
Ca0 0.30
Bald 2.35
A1203 18.48
3102 63.66
Total 97.57
Ba 21040 ppm

Mol %
Ab 21.37
Or 72.056
An 1.72
Cn 4.86

CHG22 G1 8
Oxide Wt. %
Na20 0.62
K20 2.17
Ca0 1.70
Ba0 0.1
A1203 12.02
51'02 66.23
Total 82.85
Ba 990 ppm

CHG22 Ksp9
Oxide Wt. %
Na20 2.05
K20 9.12
Cal 0.24
Ba0 1.51
A1203 19.10
S1‘02 62.54
Total 94.54
Ba 13530 ppm

Mol %
Ab 24.12
Or 70.72
An 1.56
Cn 3.60

CHG22 G1 10
Oxide Wt. %

Na,0 1.26
KZO 3.16
Ca0 1.76
Bag 0.46
A1203 10.51
8102 65.10

Total 82.26

Ba 4130 ppm

8ee



CHG23 Kspl
Oxide Wt. %
NaZO 2.82
K20 10.74
Ca0 ‘ 0.18
Ba0 2.42
A1203 14.29
3102 72.31
Total 102.77
Ba 21660 ppm

Mol %

Ab 26.95

Or 67.42

An 0.97

Cn 4.66
Ba .8

CHG23 GI 2

Oxide Wt. %
Nao0 3.22
K20 3.32
Ca0 2.10
Ba0 0.25
A1203 12.60
5102 64.97
Total 86.45
Ba 2220 ppm

CHG27 GT 1
Oxide Wt. %
Na20 2.93
K20 5.59
Cal 1.16
Ba0 1.12
A1203 14.08
S102 63.60
Total 88.47
Ba 10020 ppm

CHG25 Kspl
Oxide Wt., %
Na20 1.27
K20 11.43
Cad 0.04
Bal 4.90
A1203 12.80
5102 66.91
Total 97.36
Ba 43930 ppm

Mol %
Ab 12.99
Or 76.70
An 0.21
Cn 10. 11
Ba
KD = ]1-4

6¢€



CHGZ5 G1 2
Oxide Wt. %
Na20 1.54
K20 4,28
Cal 1.01
Ba0 0.43
A1203 7.30
3102 62.26
Total 76.82
Ba 3860 ppm

CHG24 GI 1

Oxide Wt. %
Na20 2.22

: K20 3.66
Cad 1.49
BaQ 0.25
A1203 12.90
51'02 66.70
Total 87.21
Ba. 2250 ppm

CHG24 Ksp?2

Oxide Wt. %
Na20 2.20
KZO 12.43
Cal 0.22
Bal 3.42
A1203 18.16
Si02 62.21
Total 08.64
Ba 30610 ppm
Mol %
Ab 19.63
Or 73.11
An 1.08
Cn 6.17

Ba _
KD - 13-6

CHG16 Kspl
Oxide Wt. %
Na20 1.68
K20 11.82
Cal 0.05
Ba0 0.00
A1203 9.41
S1'02 81.46
Total 104.41
Ba 10 ppm

Mol %
Ab 17.69
Or 82.04
An 0.26
Cn 0.00

OEE



CHGl6 GT 2.1

Oxide Wt. %
NaZO 3.02
KZO 3.88
Cad 1.56
Ba0 0.00
A1203 12.68
SiO2 61.35
Total 82.50
Ba 10 ppm

CHG16 G 2.2
Oxide- Wt. %
Na20 3.30
K20 : 3.49
Cal 1.55
Ba0 0.00
A1203 12.70
8102 61.43
Total 82.48
Ba 10 ppm

CHG25 KspZT
Oxide Wt. %
Nazo 1-28
K20 12.32
Cal 0.03
Ba0 4,13
A1203 19.39
8102 62.53
Total 89.67
Ba . 36960 ppm

Mol 4%

Ab 12.49

Or 79.19

An " 0.17

Cn 8.15
Ba _ 115

CHG25 Kspz2

Oxide Wt. %
Nazo 1.25
K20 11.84
Cal 0.05
Ba0 5.55
A1203 19.81
3102 61.42
Total 99.92
Ba 49700 ppm
Mol %
Ab 12.28
Or 76 .47
An 0.25
Cn 11.01
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CHG25 KspZ3

Oxide Wt. %
K20 11.94
Ca0l - 0.03
BaQ 5.35
A1203 19.89
5102 61.39
Total 99.88
Ba 47940 ppm
Mol %
Ab 12.40
Or 76.84
An 0.19
Cn 10.58

CHG25 KspZd

Oxide
Na20
K20
Cal
BaQ
A1203

S102

Total

Ba

Ab
Or
An
Cn

Wt. %

1.26
12.44

0.03

4.82
19.54
62.14
99.82

39560 ppm

Mol %
12.15
79.05
0.18
8.62

CHG25
Oxide
Na,0 -
K0
Ca0
Ba0
A1,0

273

5102

Total

Ba

Ab
Or
An

Cn
Ba

11

KspZ5
Wt. %
1.44
12.51
0.04
3.60
19.40
62.80

99.79

32270 ppm

Mol %

13.83

78.97

0.21

6.99
.3

¢ee



CHG25 KspZb

Oxide WE. %
NaZO 1.42
K20 12.30
Ca0 0.08
Ba0 4,23
A1203 19.56
S102 61.79
Total 99.37
Ba 37920 ppm
Mol %
Ab 13.61
Or 77.76
An 0.41
Cn 8.22

CHG25 KspZ7

Oxide Wt. %
Na20 1.20
K20 .11.16
Cal 0.05
Ba0 7.91
A1203 20.18
3102 62.17
Total 102.66
Ba 70800 ppm
Mol %
Ab 11.77
Or 72.26
An 0.25
Cn 15.72

CHG25 G1 Z8

Oxide Wet. %
Na20 0.68
K20 3.54
Cal 1.04
Ba0 0.35
A1203 12.48
5102 69.97
Total 88.05
Ba 3090 ppm

gee



CHG25 G1 78.1

Oxide Wt. %
Na20 1.10
K20 3.95
Ca0 1.04
Ba0 0.35
_A1203 12.50
SiO2 70.02
Total 88.96
Ba 3100 ppm

CHG25 G1 79
Oxide Wt. %
Na20 2.13
KZO 4,72
Cal 1.15
Ba0 0.36
A1203 12.62
5102 68.37
Total 89.34
Ba 3220 ppm

- CHG25 G1 Z10

Oxide Wt. %
Na20 1.40
K20 4.43
Cal 1.10°
Bal 0.32
A1203 12.39
5102 69.93
Total 89.56
Ba 2860 ppm

7ee



Summary of Kp Values

Nominal
anhydrous
bulk
Charge # Temperature Pressure Wt., % Hzg composjtion‘
4 0 B ) .

. :12 § 900"C 2.5 kbaf ; 3.54 Ab23Q3007 g
3 900 2.5 3.41 Ab500r50
22 650 8 4,98 R-1£10% Or
23 650 8 5.99 R-1£10% Or
24 700 8 7.01 R-1£10% Or
25 700 8 8.02 R-1£10% Or

Ba
Kp_

"7 7.8, 8.2
95

13.7, 12.3
(kBAPY/2) g 6g)

9.8
13.6
11.5, 11.3, 11.8

GEE
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of the crystal (fig. 136) correlates well with barium concentration
(fig. 137). As expected, barium is concentrated in the crystal relative
to the glass, and with progressive crystallization the barium content
steadily decreases in each successive zone of the crystal. Quantitative
analyses, as given in table 6, make it possible directly to calculate

the distribution coefficient for the last zone (KEa = 10.5). By making
| a mass balance calculation, 1t is possible to estimate the distribution
coefficient for the first, second, and third zones (K%a = 6.79, 6.81,
and 9,16 respectively). It thus appears that, as the temperature was
dropped from 775° to 700°C, the distribution coefficient increased from
6.8 to 10.5. This behavior is consistent with trends observed by Drake
and Weill (1975). An Arrhenius plot shows this relationship in figure.
138. 1In spite of this increasing distribution coefficient, the deple~
tion of barium in the melt with crystallization was sufficient to result
in the observed steady decrease in barium with each successive growth
zone.

The morphology and sequence of crystailization also are interesting.

From figures 135 and 136 it is clear that these crystals began to form
as two subparallel filaments, which grew as the two arcuate high-barium
domains flanking the hollow part of the crystal (fig. 136a). These
filaments grew most rapidly in a direction normal to the plane of the
photograph. Subsequent growth stages, more planar in nature, first
thickened the two filaments and then joined them at both ends while
continuing to thicken them. As each zone was added, growth at the ends
of the filaments presumably continued. In some instances, the ends of
the filaments appear to have been joined, sealing off the hollow portion

of the crystal from the surrounding glass.



Approx. wt.. Ba

——Glass in hollow core .

Figure 137. Microprobe traverse for Ba across crystal shown in figure 136a.
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in Kg" {ksp~liq)
' N
T

1.0 l I - I
9.0 9.5 10.0 18.5
10%/T(°K)
Figure 138. An Arrhenius plot for Kga(Kf/Q), composition R-T + 10 weight

percent OrIOO at 8 percent H20 and 8 kbar. Solid triangle represents
Ba
K

p Measured directly whereas the open triangles are Kga values cal-
culated from mass balance.



339

Traverses such as those shown in figure 137 demonstrate that, with
the possible exception of the very innermost two zones, the barium con-
tent within each zone is nearly constant. Furthermore, there are no
detectable gradignts for barium in the glass adjacent to the crystal.
These two observations suggest that the 4-day growth period allowed for
each zone was sufficient for any gradients or diffusion boundary layers
in the glass to be erased by diffusion and for any gradients within the
latest zone to be annealed out. In some of the zones , however, slight
increases in barium in the outer parts of the zone may be an expression
of slowing of growth. In any case, it is possible to conclude that
diffusion of barium in the glass was sufficiently rapid to erase any
steep gradients formed during crystal growth, or to the formation of
significant gradients during the growth process itself. In addition,
evidence for depletion of barium in the 1iquid during each stage of
growth was apparently erased after growth stopped but before the next
temperature step was taken. At the same time, there was no interaction
between aéy outer zone and the next inner zone with which it is in
contact. This phenomenon is not well understood but presumably it
accounts for the persistence of oscillatory zoning in some igneous
plagioclase. '

In summary, the experimental data on barium in magmatic systems
indicate that (1) the distribution coefficient for barium between alkali
feldspar and silicate melt is greater than 1 and tends to increase
with degreasing temperature, {2) the distribution coefficient for
barium between -plagioclase and silicate melt probably is less than 1
for most conditions, but also tends to increase with increasing tempera~

ture, (3) the value of the distribution coefficient for barium, and
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probably for other elements as well, is dependent on bulk composition
as well as on temperature, and {4} the diffusion of barium in silicate
liquid and in alkali feldspar is rapid enough that re-equilibration of
crystal rims is to be expected during any cessation of growth. This
may reéu]t in significant differences between zoning patterns in natural
feldspar crystals and those predicted by simple crystal growth models.

Some Aspects of Crystal Growth and Trace-Element Distribution

Theory as Related to Barium Zoning

The basic ideas of crystal growth phenomena have been developed
largely by workers in the field of materials science (e.g. Pfénn, 1952;
Tiller and others, 1953; Tiller, 1970), and more recently also by
petrologists seeking to apply such ideas to natural rock systems {e.g.
McIntire, 1963; Albarede and Bottinga, 1972; Fenn, 1973). The problem
that concerns us here is a mathematical description of trace-element
distribution during the growth process in a closed system. This approach
so far has not defined precisely what takes place in a natural system,
but it does provide a clear notion of possible physical processes that
might well lead to zoning of the sort observed in the megacrysts.
Figure 139 describes crudely the kind of phenomenon with which we are
dealing. With the exception of the special case where Kp = 1, the solute
is either rejected and concentrated, or accepted and depleted at the
interface of the growing crystal. This process, in addition to solute
depletion or concentration in the remaining 1iquid as a whole, will
result in some type of zoning in a growing crystal. The possible types
of zoning that might be observed have been discussed by Tiller and

others (1953) and by Albarede and Bottinga (1972). The latter investi~
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" Figure 139, Diagram showmg dep]etwn or enrichment of so]ute at an
interface between fluid and a growing crystal.
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Table 7
List of Mathematical Symbols

diffusivity of the ith component in the liquid and solid
phase respectively

velocity of the crystal-liquid interface

-solute concentration of the ith component in the liquid

and solid phase respectively

as subscripts refer, respectively, to the position and
time within the coordinate system

interface distribution coefficient KD = ~%Lgi§l

absolute temperature, degrees Kelvin

Tinear coefficients describing the temperature dependence
of K
D
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gators give a particularily informative discussion regarding possible
growth models and the assumptions and equations that apply to each.

The model is the most complicated and least tractable case they present.
This involves a closed system in which diffusion in the solid phase
1imits solute redistribution (i.e. zoning persists) and the growth

rate of the crystal relative to the diffusivity of the solute in the
Tiquid is such that a diffusion boundary 1%yer may significantly
’_;%fect zoning. The assumptions specified by Albarede and Bottinga for
this model are: (1) the crystal-liquid interface is planar, (2) some
approach to equilibrium is maintained, ai least right at the interface.
(3) Kp = & constant, (4) diffusivity of ﬁhe solute = a constant for a
given phase, (5) the system comprises only two phases, a crystalline
solid and a 1iquid, {6) the density of solid phase and the density of
liquid phase are constant, and (7) the growth rate is constant. They
then point out that the mathematical expression of this case is the
solution to the following differential equétion:

. 2%C,

T
+ v acﬂ'(x’t) = acg'(xst;) . (]')
- 3x ot

(See table VII for a list of symbols.)

The boundary conditions are:

aC
Rgo,t! -
Dy (U + KWCoig,y = O (2)

(mass balance and distribution behavior)

and:
Lalx oty
Dy =0 (3).

(gradients in concentration = 0 at edge of system)



and:
CO = (X,O) (4)

(initial condition)
These boundary conditions mean that there is in fact no analytical
solution, only numerical ones to equation (1). It is possible, however,
to rewrite the mass balance equation inte a form which is particularly
useful in that jt clearly relates the parameters of interest even though
it does not allow numerical solution for a diffusion profile as does.
equation (1). It is:
i el
(- ol D o] g ®
(See Appendix VI for derivation.)
A relatively simple analysis of this equation demopstrates some

pertinent fe]ation§hips; In particular, it can be shown that for most

cases where (C£ - CS) < 0 and as Tong as

i
. oC ax
1 $y—1 1
| b G >l (G - G
3
then szi-wi11 be positive (Appendix VI).

Thus, a crystal grown with Kﬁ'> 1 for the ith component under the
assumptions previously mentioned should be normally zoned with respect
to that component. Numerical solutions to equation (1) (Albarede and
Bottinga, 1972) corroborate this notion in that even when a steady
state is reached and BCZ/BX becomes zero no reversals in zoning are
predicted. Considering that this is not what we observe for barium
zoning in the megacrysts, we need to examine the circumstances under
which reversals in barium concentration gradients, aCi/Bx, might occur

and in that light review the assumptions made to see which ones, if any,
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might be responsible for failure to predict gradient changes. A
graphical representation of equation {5) is shown in figure 140, which
makes it obvious that to obtajn a reversal in aci/ax, it is necessary
to cross the ordinate or to shift from region II to region III, from
region V to region VI or vice versa. The explicit factors that ﬁight
cause such a reversal are obvious from equation (5): (1) a change

in the distribution coefficient (C} - C1); (2) a change in the growth
rate, (%%0; and (3) an unaccounted change in the 1iquid composition
with respect to a particular component (Cl). Each of these possibitities
violates, in some way, the assumptions previously stated. It is there-
fore worthwhile to reconsider the original assumptions.

The first assumption of a planar crystal-liquid interface seems
appropriate for the megacrysts, particularly in view of the orientation
of tabular plagioclase inclusions along ghost crystal faces. The second
assumption of an'approach to equilibrium at the growing interface
probably obtains in natural granitic systems, considering growth rates
Tikely for minerals in these rocks. A constant KD, according to )
assumption three, is demonstrably invalid, and at the very least
some account must be taken of KD as a function of temperature. Agsump-
tion four is that the diffusivities are constant. In general, however,
they will be a Tunction of temperature and bulk composition of the solid
or liquid phase. Still it is clear that the di%fusivity of barium in
feldspar is sufficiently small that zoning persists in the megacrysts,
but changes in it may well exert a significant effect on the zoning,
especially at higher temperature early stages of growth. The diffusivity
of barium in the Tiquid probably is much greater than in K-feldspar.

The experimental evidence suggests that the ratio of Dia to axI/at is
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Figure 140. A general plot of ac}s/ax VS. aCL/aX showing possible
configurations of compositional gradients of the solid-liquid interface.
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such that the diffusion boundary layer does not play an important role
* in zoning of the megacrysts. In general, changes in diffusivity may
influence the exact form of zoning, but most 1ikely cannot produce
reversals in ac;/ax. The fifth assumption, that the systeﬁ is 1imited
to two phases, is inappropriate for the crystallization of most igneous
rocks. The possible effect of crystallization of phases other than the
one in which the zoning occurs, must be considered. This is especially
true if the phases differ markedly in concentration of the trace element,
which obviously is the case for the major phases in granites and many
other igneous rocks. Finally, the sixth assumption that density of the
1iquid equals density of the solid is unrealistic, particularly if any
process of 1igneous differentiation is to take place by crystal settling
or floating. It is possible to take account of density changes within
phases by proper choice_of concentration parameters that allow the
density of a given phase to be defined as
o= g Ci.

_ i=1
The seventh assumption of constant growth velocity probably is not
strictly true, but as long as growth velocities are low relative to
diffusivities, changes in velocity should have no marked effect on
general zoning patterns. Still, changes in growth rate cannot be
complietely ignored, as they may affect the details of a zoning pattern.
Ideally, growth-rate changes should be accounted for in equation (5).
but because general zoning patterns are probably not affected no attempt
will be made to account %or variable growth rate.

The assumption of a constant KD and the assumption of a two-phase

system are particularly troublesome. It is possible to substitute,
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based on the experimental data presented here, a functional relationship
For C-C, in equation (5) that describes the change of C-C, with
temperature:

3%, ac) . acd

e ¢k (1 - 11D+ b1) = o] (a,f’)-n‘ (5D (6)

(See Appendix for derivation.)
This equation accounts for a changing Ky and theoretically allows
for a density change within liquid or solid phases. This equation
does not, however, in any way account for the crystallization of more
than one phase. It may be more useful to consider the experimental
evidence directly, in particular taking note of the fact that despite
a KD change with increasing temperature the crystals still showed distinct
normal zoning.' Depletion of the 1iquid in barium evidently was more
significant, for the particular bulk composition of the system, than
was the shift to Targer values of KB. In general, the zoning pattern
for such two-phase systems will depend strongly on the amount of the
crystalline phase and the exact values for the Kg during the crystalli-
zation interval. Still, the experimental data suggest that when a
single alkali feldspar crystallizes from a granite melt with no accom-
panying solid phase it tends to be normally zoned in barium. The
experimental data of run three do not encompass the possibility of
simultaneous crystallization of phases other than alkali feldspar, but
it is obvious that the crystailization of significant amounts of plagio-

clase (K%a < 1) and/or quartz (K%a

+ () concomitantly with Or-rich
alkali feldspar (e.g. the megacrysts) will produce marked changes in
the Tiquid composition with respect to barium, which in turn will be

reflected by the barium concentration in the alkali feldspar as it
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crystailizes, Clearly, the simple application of even a sophisticated
version of the mass balance equation (i.e. equation 6) generally has

no predictive value in terms of interpreting zoning in the megacrysts
or in igneous minerals. It is necessary to account for the changing
1iquid composition, with respect to any element of interest, as a
variable dependent on the total crystallization behavior of the rock,
not just on the behavior of one phase. Unfortunately, to trace the
1iquid composition during crystallization requires knowledge of the
proportions of crystalline phases and their compositions at each
infinitesimal step of crystallization. Such knowledge is not generally
available for quinary granite systems, nor can it ordinairily be inferred
in detail from interpretdtion of rock textures. As a general case,
however, subsolvus granites crystallize at least three phases simul-
taneously tquartz, plagioclase, and K~-feldspar) during significant
parts of their cooling histories. In theory, by changing the relative
timing of crystallization and the relative proportions of pha§es it
would be possible to produce almost any continuous zoning pattern desired.
Considering that the proportions and timing of phases crystallizing
from a granitic melt are sensitive to such things as pressure, water
content, and bulk composition, it would appear that reversals in barium
concentration gradients in megacrysts can readily be produced by purely
jgneous processes.

Thus it is possible that the megacrysts grew from a melt, and that
during part of their growth period quartz and/or plagioclase crystallized
in sufficient quantity to increase the barium concentration in the:
‘1iquid. This produced the reversed zoning in the megacrysts. At some

point depletion of the ligquid in barium by the megacrysts themselves
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results in a reversal in acEa/ax and a normal zoning pattern. Changing
distribution coefficients and variations in growth rate also are likely

to affect the zoning pattern, but growth-rate changes in particular
are probably not of primary importance.

Inéerpretation of the Barium Zoning in the Light of Constraints

Imposed by Experimental Data and Crystal Growth Theory

Given the nonunique character of zoning patterns that theoretically
can be produced in a crystallizing granite, it would seem that no zoning
pattern actually observed in a rock could provide useful information
about the origin of megacrysts. Two observations should be émphasized
in this regard: (1) despite probable differences in exact conditions
of crystallization, megacrysts from both the Penhasco Quartz Monzonite
and the Puntiagude Granite Porphyry show reversals in their barium .
zoning patterns, and (2) the crystallization of quartz and plagioclase
provided a mechanism which could consistently produce reverse zoning
during part of a megacryst's crystallization. These two points are’
especially pertinent if one suggests a subsolidus origin fqr ?he mega-
crysts. It is not at all clear why distinctly different megacrysts
from very different rocks should display similar zoning patterns if
they were formed from an aqueous fluid phase. This would require a
relatively consistent change of barium concentration in a fluid phase
during megacryst growth, and there is no obvious mechanism for such
behavior. Furthermore, locally in the Puntiagudo Granite Porphyry
there is epidote alteration, and in most of these altered rocks the
megacrysts retain their characteristic zoning pattern. In the most

severely altered rocks, however, the relict megacrysts have a constant,
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relatively high barium contént. This suggesis that under conditions
of severe alteration a fluid phase is capable of homogenizing barium

in the megacrysts, which in turn can be interpreted to mean that if the
megacrysts had actually grown from a fluid phase they might well have
lacked zoning. In short, it can be stated that growth of megacrysts
from a granitic melt provides a mechanism that can readily explain the
barium zoning observed 1in megacrysts from both the Puntiagudo Granite
Porphyry and the Penasco Quartz Monzonite. No such mechanism appears
to be at hand to explain the barium zoning, if megacrysts grew from

a water-rich fluid phase.

It remains necessary to consider the origin of the barium-rich
phases and of the distribution of calcium in the plagioclase inclusions.
These features seem best accounted for as results of subsolidus re-equili-
bration at temperatures below those of the original crystallization of
the megacrysts. With falling temperature, exsolution of Ab from the
Or-rich alkali feldspar formed exsolution Tamellae within the microcline
and epitaxial overgrowths on the plagioclase inclusions. As a result
of the overgrowth a certain volume of microcline, having a much higher
barium content than the albitic plagioclase, is replaced by the albitic
plagioclase. Thus there should be an increase in barium at the moving
interface between the two phases. This fincrease in barium apparently
gave sufficient driving force to nucleate and grow the barium~rich
phases. At the same time, the plagioclase apparently underwent internal
adjustments, probably in response to intersecting the peristerite solvus
or solvi, so that the anorthite component was redistributed in the

interior of the inclusions. It is interesting to note that the cathode-
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lTuminescence suggests a significant difference in composition between
the albitic lamellae and the albitic epitaxial overgrowths. This
indicates that there was a lack of equilibrium between these two phases,
bossib?y reflecting a simple lack of chemical communication between
them. If this is true, then cation exchange for calcium, as well as
for barium, has occurred on1yyon a very local scale.

An alternative explanation for the barium-rich phases would involve
their formation in a diffusion boundary layer during primary growth
of the plagioclase inclusions. Prior to their incorporation in a mega-
cryst and while they were still growing from the melt a barium-rich
diffusion boundary layer would have formed around them. The barium-rich
Or phase could have nucleated in such a Tayer and that would explain
their association with the inclusions. If this explanation were correct
one would expect barium-rich phases to be everywhere associated with
plagioclase in igneous rocks. Such an association is not known to
exist and consequently the subsolidus origin for the barium-rich phases

is favored.
Conclusions

Barium zoning in the microcline megacrysts fromithe Pefiasco Quartz
Monzonite and the Puntiagudo Granite Porphyry suggests that they
crystallized from a granitic melt, in large part simultanecusly with
quartz and/or plagioclase. This stems from an interpretation of theﬂ
possible cause of the zoning based on the behavior of barium relative
to the crystallization of an Or-rich alkali feldspar, plagioclase, and
quartz. Experimental data demonstrate that.(T) the distributioﬁ coeffi-

cient for barium between alkali feldspar and granitic silicate liquid
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is significantly gréater than 1 and is dependent on temperature and
bulk composition; (2) the distribution coefficient for barium between
plagioclase feldspar and granitic silicate 1iquid is less than 1 and
similarly depends on temperature and bulk composition. These two
relationships, together with the obvious rejection of barium by quartz,
mean that a variety of zoning patterns is possible during crysta11iza--
tion of Or-rich alkali feldspar in granitic systems. On the other hand,
this is the most 1ikely mechanism for consistently producing the rever-
sals in barium concentration observed in the megacrysts here studied.
Subsequent to the initial crystallization, subsolidus re-equilibra-
tion resulted in formation of perthitic Tamellae, growth of epitaxial
rims on the plagioclase inclusions, redistribution of calcium within
the inciusions, and formation of tiny grains of barium-rich K-feldspar.
In addition, this study points out that assumptions commonly made
in the interpretation of trace-element distribution in igneous rocks
are in many instances inappropriate. In particular, the assumptions
that Kp is a conétant and that only two phases, solid and liquid, are
invoilved in the crystallization process are almost always erroneous
for igneous rocks.
Before trace-element distributions in granitic rocks can be properly
interpreted, a detailed experimental study is required. Ultimately,
we need to know the functional dependence of distribution coefficients
on temperature, pressure, bulk composition, and growth kinetics for
the more important trace elements, especially barium, rubidium, and
strontium. When such data are available it may be possible to calculate,
for various crystallization sequences, the expected zoning patterns for

various trace elements in both plagioclase and K-feldspar. -In the
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meantime, avai]able'data may make it possible to calculate, for simple
systems (e.g. Ab-Or—Q—HZO), the expected barium distribution patterns
in K~feldspar. In their simplest form such calculations are relatively
straightforward, but they have not been made. The results of such
calculations should emphasize the importance of the liquid composition
in producing the zoning patterns in the megacrysts studied here.

Finally, more data on barium zoning should be collected for a
variety of megacrysts. It does not necessarily follow from this study
that all K-feldspar megacrysts in granites are of strictly igneous
origin, and it would be useful to examine barium zoning in megacrysts
from as many environments as possible, to establish the types of zoning
that predominate, and to “interpret each type in terms of crystaliization
history and mode of origin.

Barium Distribution in the Rana Quartz Monzonite:
Implications for the Formation of Aplite

No megacrysts occur in the Rana Quartz Monzonite; hence it was
not examined as part of the barium zoning study. However, the recogni-
tion of barium zoning in groundmass microcline from the Penfasco Quartz
Monzonite made it logical to check the microcline of the Rana Quartz
Monzonite for any indication of zoning. This was done and no zoning
was found; the barium Tevels Qre essentially constant across the grains.
Around the margins of some larger grains are small domains of somewhat
higher barium content, but these were not concentric nor did they occur
consistently and thus do not appear to r;present primary zoning.

In contrast, the porphyritic microcline grains from the coarse facies

of the two-part aplite dike have distinct barium zoning, as shown in
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figure 141. In the fine-grained facies pf the aplite, the microcline

is generally nonporphyritic, is poorer in barium, and shows no zoning.
Is there a rational explanation for this seemingly irregular and incon-
sistent behavior of barium in microcline? The principal difficulty

is in explaining why there is no barium zoning in the Rana Quartz
Monzonite, whereas there is zoning in similar interstitial grains in

the Penasco Quartz Monzonite. One possible explanation is that the Rana
Quartz Monzonite system was vapor saturated during the end stages of
crystallization, whereas the Penasco Quartz Monzonite was not, particularly
if it had less water initially and much of it was incorporated into

- biotite. The free vapor phase in the Rana Quartz Monzonite, if it

was confined, may have been instrumental in homogenization of barium

in the microcline, or perhaps the availability of water during the late
stages of crystallization allowed the microciine to homogenize and/or
recrystallize as it grew. In any case it is clear that the conditions
under which the K-feldspar grew, or to which it was subjected shortly
after growth, were different in the Rana Quartz Monzonite from those

in the Peflasco Quartz Monzonite or the Puntiagudo Granite Porphyry.

The contention here is that availability and confinement of a free

vapor phase during.the late stages of crystallization constituted

the critical difference. This has interesting implications for the
formation of aplites, because the Targe microcline grains in the coarse
aplite phase are zoned. This would suggest that a free vapor phase

was not present, or at least was not confined so as to effect the
homogenization of barium in the K-feldspar. This is consistent with

the idea that aplites can form as the result of a pressure quench caused

by partial escape of a vapor phase. The coarse aplite facies then
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would represent accumulated rest-Tiquids that probably were vapor
saturated and which began to yield biotite, quartz, plagiociase, and
microcline when pressure was relieved with concomitant partial escape
of the vapor phase. The fine-grained aplite facies apparently represents
a greater degree of fractionation (see section on petrochemistry) in
which the overall barium content of the rest-Tiquid was lowered and it
had less opportunity than the coarse facies to produce large crystals.
It too probably was quenched by rapid, partial loss of volatiles, but
apparently there was sufficient vapor phase remaining to homogenize
microcline formed before and during the quench. Further experimental
work to determine the conditions under which barium-zoned feldspar

can be homogenized would be valuable in attempting to verify the above

hypothesis.

Geochronology

The relative ages of the granitic rocks, as inferred from field
relations, are depicted in figure 78. The age sequence is rather definite
except for. the Puntiagudo Granite Porphyry and the Rana Quértz Monzonite.
It would be even more helpful to know the absolute ages of the granitic
rocks, because without that knowledge it is impossible to make the time
axis of figure 78 quantitative. Recently, attempts have been made
radiometrically to date some of the rocks in the area by both K-Ar
and Rb-Sr methods (Fullager and Shiver, 1973; Gresens, 1975), and the
results are in some instances at variance with the field relationships.
Also available are older age-dates (Rb-Sr and K-Ar) on the Harding
pegmatite (Aldrich and others, 1958}, unpublished U-Pb (iircon) age-dates

on the Peflasco Quartz Monzonite (Leon T. Silver, pers. commun.), and
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age-dates of various types from surrounding Precambrian terranes.
This study itself has not generated any new radiometric dates. The
purpose here is simply to coordinate the age-dates with the field and
.petrographic relationships, bringing together and in some instances
reinterpreting the isotopic data.

The earliest radiometric geochronology was estabiished in the area
by Rb-Sr and K-Ar methods on muscovite and lepidolite from the Harding
pegmatite (Aldrich and others, 1958), but the Rb-Sr ages they obtained
are model Rb-Sr ages and hence are of 1imited value. Furthermore, the
K-Ar ages may not refer to a specific event as they are so susceptible
to thermal resetting. Together -they range from 1350 to 1260 m.y.,
with an average of about 1300 m.y. Recasting the data for these dates
in terms of an estimated Rb-Sr mineral isochron suggests that the
Harding pegmatite may be somewhat older than the 1300 m.y. average,
and possibly as old as about 1375 m.y. Modern determinations of Rb-Sr
mineral and whole-rock ages on various pegmatites of this area would
be extremely useful in 1ight of the fact that the Harding pegmatite
represents only one of the several types that are present. More recently,
Gresens (1975) has reported a K-Ar age of 1335 m.y. for muscovite from
what is presumably a simple pegmatite body. This 5ge is consistent
with the above reinterpretation of the data of Aldrich and others
(1958}, but it is uncertain that it actually refers to the specific
time of formation of the pegmatite. That is, 1335 m.y. must be consjdered
a minimum age for the simple pegmatites.

Fullager and Shiver (1973) have dated the "Embudo Granite" by
Rb-Sr whole-rock methods, and have assigned to i1t an age of 1673 = 41 m.y.

The field relations of the rocks that are involved, however, invite
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reinterpretation of their data to give about a 1400 m.y. age for the
Pefiasco Quartz Monzonite, with the age estimate for the Rana Quartz
Monzonite remaining at about 1673 m.y. (fig. 142). Such ages, though
compatible with geologic and petrologic relationships, must be regarded
as rather imprecise because there are so few geologically well~controlled
points on each isochron. In addition, Fullager and Shiver (1973) |
obtained mineral isochrons for these rocks that gave ages from 1208
+ 63 and 1212 + 23 m.y., and Gresens (1975) reported a K-Ar (biotite)
age, from a sample a few miles southeast of Trampas, of 1235 = 19 m.y.
Uncertainties plague the interpretation of these dates, as it is diffi-
cult to determine whether isotopic systems were completely reset or not.
However, the overlap of the K-Ar and the Rb~Sr ages does suggest that
a thermal event may have cccurred about 1200 to 1ZSd m.y. ago. None
of the above data have been collected with sufficient knowledge of the
field relations nor with much appreciation of the potential complexity
of the magmatic history of the area.

In an attempf to remedy the situation, Dr. Leon T. Silver of the
CaTifornia Institute of Technology has systematically collected and
has been dating (U-Pb, zircon) samples of the Puntiagudo Granite
Porphyry, the Rana Quartz Monzdhﬁte, the Peflasco Quartz Monzonite,
and the Harding pegmatite. Unfortunately, the only age-date that has
been completed in this series is one for the Pefiasco Quartz Monzonite
of 1470 + 20 m.y. (L. T. Silver, pers. commun.)}. This confirms the
general notion of the reinterpretation of Fullager and Shiver's (1973)
Rb-Sr data, but it also points up the probable uncertainty of the
Rb-Sr data. There is definite need for additional Rb-Sr data before the

Rb-Sr age and the U-Pb zircon age can be compared.
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. 1673 + 41 m.y.
800 (from Fullagar & Shiver, 1973)
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Figure 142. Possible reinterpretation of the Rb-Sr data from Fullager
and Shiver (1973). Closed triangles are Pefiasco Quartz Monzonite.
The open triangle is an apparently cogenetic granite without Pefiasco
Quartz Monzonite lithology: it is from an isolated outcrop about 5 mi
southeast of the map area. The closed circles are in part Rana Quartz
Monzonite and in part granites from outside the map area.
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In summary, the age-dates in the area make it possible to revise
figure 78 to figure 145. The absolute ages of the Cerro Alto Metadacite,
the Puntiagudo Granite Porphyry, and the felsites are still unknown,
but at least it is now clear that the terrane has a complex igneous
history over a considerable span of Precambrian time. Furthermore,
these ages are represented elsewhere in northern New Mexico (Long,

1972 Brookins, 1974; Gresens, 1975; Brookins, 1975; Maxon, 1976).

There can be little question that magmatism has been episodic in the
Precambrian terranes of northern New Mexico. Not all of the Precambrian’
jgneous and/or metamorphic events in northern New Mexico are recognized
in the Dixon-Pefiasco area, but when all the ages are known a surprising
number of those events probably will be represented among the rocks

in the relatively small area here studied.



VI. GENETIC INTERPRETATIONS OF THE GRANITIC ROCKS

General Statement

The following section is an attempt to bring toéether the informa-
tion thus far presented and to interpret it in an internally consistent
manner. Many of the interpretations already have been discussed,
but we have not yet answered all the questions initially posed. Here
we will try to answer those questions in the light of the overall obser-
vations. We will start with an interpretation of field and petrographic
data based on Buddington's (1959) classification of granitic plutons,
and then will consider textural and petrochemical data in the Tight of
phase equi1ibria studies of synthetic granitic systems in an attempt
to make pressure-temperature estimates for development of these rocks.
Finally, the sequence of late-stage crystaliization, metamorphism,
and alteration will be summarized and interpreted, and possible general
implications considered.

Estimates of Depth of Intrusion Based on Buddington's (1959)
Classification of Granitic Plutons

Buddington (1959) proposed a three-fold classification of granitic
plutons--epizonal, mesozonal, and catazonal--and inferred a depth-range
of intrusion for each zone as shown in figure 144. He based his classi-
fication on the following criteria: (1) The relationship between
the country rock and the intrusive body. Discordant bodies are typical

of the epizone, and concordant bodies can show ejther relationship.
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Figure 144. Schematic
Buddington (1959).

representation of the pluton emplacement zones of
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(2) Manner of emplacement. Passive block stoping is predominant in
the epizone, and forceful injection is most evident in the catazone.
(3) The nature of intrusive contacts. Sharp contacts characterize the
epizone, whereas migmatization becomes signifiﬁant in the mesozone

and catazone. (4) The presence or absence of a border zone. Border
zones are essentially restricted to plutons of the epizone. (5) The
metamorphic grade of the country rock. Very low-grade metamorphism

or none is found in areas of epizonal intrusion, lower middle grades
appear in the mesozone, and high-grade metamorphism occurs in catazonal
regions.,

Applying the above criteria to the granites of the Dixon-Penasco
area yields the chart shown in figure 145. It becomes immediately
apparent that the estimated depth of intrusion increases with the passing
of time, starting at near-surface ievels with the Cerro Alto Metadacite
and ending with the intrusion of pegmatite at mesozonal or deeper levels.
This time-depth relationship is illustrated in figure 146.

The metadacite is thought to be a near-surface, perhaps subvolcanic
rock, owing ‘to its fine grain size, fabric, and partially intertonguing
relationships with the country rocks. It seems unlikely that such a
fine-grained rock couid have been formed at depths greater than about
2 km. The Puntiagudo Granite Porphyry also is a shallow-level intrusive
body, but its large K-feldspar and quartz phenocrysts, chilled margin,
and associated fine-grained dikes suggest that it was intruded at
somewhat deeper levels than the Cerro Altoc Metadacite. It may or may
not have beén associated with acidic volcanism at the surface. Its
depth of intrusion is estimated at 1 to 4 km. The absolute ages of the

Cerro Alto Metadacite and Puntiagudo Granite Porphyry are not known;
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Figure 146. Plot of age vs. estimated depth of intrusion for the granitic rocks.
The 1400 m.y. age for the Penasco Quartz Monzonite is that determined by
reinterpretation of Fullagar and Shiver's (1973) Rb-Sr data. A more accurate
age for the Pefiasco Quartz Monzonite is 1470 £ 20 m.y. by U-Pb in zircons
(L. T. Silver, 1976, pers. commun.).
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hence their age positions shown in figure 146 are purely schematic.
They actually may belong closer to the Rana Quartz Monzonite or farther
away from it in time.

The estimafed depth of intfusion of the Rana Quartz Monzonite is
3 to 6 km. This is based on the medium to coarse equigranular texture
of the nonfoliated facies, which suggests a deeper environment of
crystallization than that of the Puntiagudo Granite Porphyry. However,
the presence of an extensive border zone suggests that the intrusion
is epizopa], $0 it is here assigned to the lower epizone. Additional
support for this estimate is indicated by the slightly less sharp con-
tacts of this unit, suggesting a depth pf intrusion somewhat greater
than that of the Puntiagudo Granite Porphyry.

The Penrasco Quartz Monzonite, on the other hand, has characteristics
indicating that it was emplaced in the mesozone. In particular, its
minor migmatization along contacts, its generally equigranular texture
typical of moderate- to deep-seated plutonic rocks, and the lower middle
grade of metamorphism of the adjacent country rocks all point to a meso-
zonal environment. Its conformable northerly margin and the evidence
of forceful intrusion suggest the possibility of a catazonal environment,
and its depth of intrusion is thus inferred to have been within thé
fairly wide range of 8 to 13 km.

’ Pegmatites present a problem in estimating depth of intrusion,

as none of Buddington's criteria éan be applied directly. These rocks
are relatively rare in the epizone, and most are exposed in Precambrian
terraﬁes that probably have been eroded to mesozonal levels or deeper.
Those few pegmatites known to have formed at shallow levels are charac-

terized by sanidine and by quartz in bipyramidal crystals, features that
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are absent from the pegmatites in the region here studied. On the
basis of relatively Tow-temperature assemblages of essential minerals,
lack of cavities or "pockets," and degree of metamorphism of the enclosing
rocks, these pegmatites are inferred to have been emplaced at depths
of 9 to 14 km. This broad range seems reasonable as the four or five
types of pegmatites previously discussed may well have developed at
different times and over a wide range of depths.

Field and petrographic evidence from a rather complex Precambrian
terrane of relatively Timited exposure thus prompts the conclusion
that at least five episodes of granitic magmatism are represented here.
They resulted in the emplacement of granitic rocks first at shallow
depths and then at successively greater ones. Isotopic age data,
as interpreted in the 1ight of structural and petrologic relations,
suggest that these episodes must have spanned a period of at least
300 h.y. However, the evidence for increasing depth of intrusion
is questionable on several grounds, as the final characteristics of an
intrusive body\mﬁst be influenced by a large number of variables such
as volatile content, rate of intrusion, volume of magma, temperature
differences between magma and wall rock, wall rock type, and pressure
hon the magma. The interaction of such variables gives rise, in some
highly complex way, to what one observes in the field. Even though
some of them may be related to deptﬁ of intrusion, it is ciear]y a
simplification of a very complex situation to attribute all of the
diverse characteristics of the granitic rocks of this area to the siné]e
variable of depth. Buddington recognized this in stating that his depth
zones are not related entirely to depth but also are "intensity zones"

in which depth plays a major role. It is the contention here that depth
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of intrusion was, in fact, one of the most imporitant variables in the
development of the contrasting types of granitic rocks in,the Dixon-
Penlasco area. This hypothesis is open to testing by geochronologists
through careful dating of the intrusive events, and by geochemists
through estimates of the pressure-temperature paths that both the
metamorphic rocks and the granitic magmas must have experienced.
Regardless of results from such tests, however, the field evidence
demonstrates that characteristics of the intrusive activity changed
progressively with time, and it‘is this progressive change that must
be exp1éined by any theory of the development of the Precamb%ian crust
in the area.

One immediate test that can be made in this area is to compare the
P-T history of the metamorphic rocks (figs. 28 and 29) with the above
interpretation. While the time axis still cannot be completely quanti-
fied, the timing of increasing depth of intrusion relative to deformation
events possibly corresponds to the suggested increase in pressﬁre during
metamqrphism.< At the present time, it is difficult to determine if
the prograde increase in preésure is mono%onic, nor is 1t clear what
may have taken place between intrusive episodes, but the general
agreement between the interpretation of events in the métamorphip rocks
and depth of intrusion of the granites does strengthen the notion of
overall increase in depth of burial with time.

Primary Crystallization and P-T Estimates (An_Interpretatioﬁ:
Based on Textural, Petrochemical, and Phase Equilibria Data)

Some textures of the granitic rocks of the Dixon-Pefiasco area

ideally can be interpreted in terms of a crystallization sequence,
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i.e. an order of appearance of phases during crysta11izat%on. Other
textures may not be so ideal and only the relationship of one phase
relative to others may be known, or it may only be known which phases
coexisted with a silicate Tiquid at the time of intrusion or quenching.
These crystallization sequences along with compositional data must form
the basis for any interpretation of the P-T regimes of crystallization.
Clearly this requires knowledge of the phase equilibria in appropriate
systems at a variety of pressures and temperatures, but only Tlimited
experimental information is available for the quinary granite system
Ab-0r-Q-An-H,0 which is the Teast complicated system that might
adequately represent the natural magmas here considered. The textural
data will be considered first.

The Cerro Alto Metadacite is generally fine grained and apparently
crystallized under conditions of considerable undercooling, which probably
is typical of volicanic or subvoicanic rocks. This is because a relatively
great degree of undercooling is required in order to produce the high
nucleation rates that must have given rise to the fine grain size
(Fenn, 1973; Swanson, 1974). In fact, portions of this rock may have
been glassy initially and since been devitrified, but in any case the
small phenocrysts of quartz and plagioclase indicate that these minerals
probably coexisted with the melt at the time of intrusion or shortly
thereafter. Their small size would suggest that the magma may have
been nearly all liquid at depth and that crystallization did not begin
until the magma was intruded. It is not known if biotite coexisted
with the melt at that time or if it crystaliized later.

The Puntiagudo Granite Porphyry, in contrast to the Cerro Alto

Metadacite, has coarse crystals of microcline and quartz set in a
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fine-grained groundmass, and it also has polygonated masses of plagioclase
which are interpreted as relict phenocrysts. Thus it seems evident
that K-feldspar, quartz, and plagioclase coexisted with a melt at the
time of intrusion. Furthermore, both the barium zoning pétterns and
the textural relationships suggest that either plagioclase and/or
quartz already had begun to crystallize when microctine began to
nucleate. The fiming of quartz crystallization is uncertain from the
textures but there is a slight suggestion that it crystallized fairly
early. For example, in formation of some Puntiagudo border-zone rocks,
quartz and plagioclase or quariz and biotite apparently coexisted with
liquid. Biotite probably also coexisted with the melt at the time of
quenching, but this is difficult to positively ascertain in most Pun-
tiagudo rocks. Only a few samples of the border zone contain glomero-
porphyritic clotiets of biotite.

The order of crystaliization in the Rana Quartz Monzonite is in
some wéys the most difficult to interpret, owing in part to deformation
and in part to conflicting relationships in the border-zone rocks.
Within the unfoliated parts of the Rana body the subequigranular texture
of the rock indicates that there may have been no “guenching" per se
but rather a moderate nucleation rate relative to growth rate at the
early and middlie stages of éhysta11ization. The interstitial distribution
of the microcline, however, does indicate that it was the last major
phase to appear. Biotite, quartz, and plagioclase ail preceded K-feldspar,
but the order of their appearance is not clear from examination of the
unfoliated samples. Quartz and biotite may have been early phases,
or at least the large, blocky character and the zoning of the quartz

suggests a low nucleation rate during its initial crystallization.
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The association of biotite with the quartz is taken to mean that they
crystallized together, the biotite perhaps nucleating on the quartz.

The plagioclase in general is less aggregated and occurs as grains
smaller than those of the quartz, suggesting a slightly higher nuclieation
rate for plagioclase. It is not clear whether this is because plagio-
clase nucleated under s]ightl& different conditions or whether its
nucleation rate is inherentiy different from that of the quartz. The
border zone of the Rana Quartz Monzonite has a distinctly porphyritic
texture, which iTlustrates cdmpositiona1 effects on the crystallization
sequence. - Parts of the bordér zone contain rounded and zoned phenocrysts
of quartz that are in places accompanied by ]ess_abundant’biotite or
plagioclase. The groundmass is normally very fine grained, but it is
suggested.that the quartz phenocrysts continued to crystallize after

- quenching because of the Tate rim of clear quartz on the clouded interiors
of the phenocrysts. Other more potassium-rich parts of the border zone,
however, show phenocrysts of K-fe1dspar and quartz * plagioclase in a
fine- to medium-grained groundmass.

The aplites of the Rana Quartz Monzonite have a typical sugary
allotriomorphic texture which ordinarily cannot be interpreted -in terms
of a crystaliization sequence. Some, however, do contain small- to
medium-sized phenocrysts, and these.show that plagioclase, K-feldspar,
and quartz = biotite coexisted with a 1iquid at the time of quenching.

The Penasco Quartz Monzonité:and Rana Quartz Monzonite present
similar difficulties of texturalrinterpretation. In some of the samples
K-feldspar appears interstitial ana thus probably was the Tast phase
to crysté]Tize, whereas in the megacrystic samples the barium zoning

suggests that K-feldspar was earlier and crystallized concomitantly with
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quartz and/or plagioclase, probably while the magma was still largely
melt. In either case it appears that, during much of the crystallization
of the Pefiasco rocks, plagioclase, K-feldspar, quartz, and probably
biotite crystallized together.

This basic infogmation on the crystallization behavior of the
granitic rock units is summarized in figure 147. The other fundamental
information required is the bulk compositions which have been given
previously, and averages of the data are plotted in figure 148. Also
plotted are bulk compositions used by Whitney (1975) in his experimental
investigation of the quinary granite system Ab-Or-Q-An—HZO. When his
data are coﬁbined with the detailed information for the system Ab-0r-Q-H,0
(Steiner and others, 1975) and Presnall and Bateman's (1973) inter-
pretation of the phase equilibria of the vapor-saturated quinary system,
then it is possible at Teast to consider the variables that might give
rise to the different crystallization sequences.

Summarization of the phase relations in the vapor-saturated system
Ab-Qr-Q-An-H,0 at 5 .kbar (Presnall and Bateman, 1973) is reproduced
in figure 149 showing the trend for the Sierran rocks and the projections
of compositions plotted in figure 148. Presnall and Bateman give fairly
cogent reasons for assuming that the system AbQOr-Q-AanZO adequately
describes the natural rocks even though mafic components are missing.
However, their supposition that vapor-undersaturated conditions need
not be considered explicitly is less than correct, especially when we
are attempting to assign some significance to crystallization sequence.
Notice, for example, that on figure 149 almost all of the rocks considered
here plot in the primary phase field of plagioclase, and yet quartz may

have been the primary phase in some of the Rana border-zone rocks. As
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Figure 147. Summary of crystallization behavior of the principal granitic
rocks. Mineral phases listed are assumed to have coexisted with a
silicate Tiquid.
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Figure 148. Averages of the chemical data for the gran1t1c rocks of
the Dixon-Pefiasco area plotted on (a) Ab-Or-Q and (b) Ab-Or-An
triangular diagrams. :
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Figure 149. Interpretation of the vapor-saturated phase relations in the
quinary system Ab-Or-An-Q-H,0 at 5 kbar according to Presnall and
Bateman (1973). Ruled Surfgce separates the primary phase field of
plagioclase from that of K-feldspar. Stippled surface separates
plagioclase primary phase field from that of quartz. Dashed 1ine is
the Sierran trend. P is the point at which it pierces the stippled
surface. Symbols within the dotted line are plotted on the Ab-An-Or
surface, the others are on the Ab-Q-Or surface. Hexagon = average
Cerro Alto Metadacite:; square = Puntiagudo Granite Porphyry; circle
= average Rana Quartz Monzonite; triangle = average Periasco Quartz
Monzonite.
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Presnall and Bateman (1973) note, the size of the primary phase field

of quartz increases with pressure, a fact confirmed by Whitney (1972,
1975). Whitney also recognized and experimentally confirmed'the impor-
tance of Ho0 content in the undersaturated region. Figure 150 shows

the effect of H20 on his sample R-1 at 8 kbar. Notice that at high

water contents K-feldspar instead of plagioclase is a Tiquidus phase,
thus reversing the order of appearance of the feldspars. This means

that some combination of pressure change and change in HZO content

and/or anhydrous bulk composition could readily account for the variation
in crystallization behavior in these rocks. However, in all the-granitic
rocks_consideréd here the three major minerals -coexisted for much of

the crystallization interval and plagioclase + quartz were commonly the
two earliest phases. Thus only the broadest 1imits can be placed on

the pressure and temperature of crystallization. For example, consider
the Puntiagudo Granite Porphyry. If we used Whitney'é R-1 as a model,
although the Puntiagudo Granite Porphyry is considerably more quartz-rich
than R-1, then the fact that Q + P1 or Q + P1 + Or coexisted with a
1iquid restricts pressure, temperature, and H,0 content to the shaded
regions in figures 150 and 151, If Tocally in the border zone of the
Puntiagudo Granite Porphyry, however, quartz coekisted with a Tiquid

then the phase relations suggest that the quarﬁz must have grown at
considerable depth, i.e. prior to the intrusion of the magma. A similar
argument can be made for the quartz phenocrysts in the Rana Quartz
Monzonite border zone, in which quartz may have been an early phase.
Here, however, there is no evidence for corrosion of the phenocrysts

as predicted by Whitney, but instead there is an overgrowth of clear

quartz on the early, cloudy cores. If the overgrowth is a magmatic
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feature it suggests that quartz may have continued to precipitate after
intrusion. This could be accounted for by loss of H20 via a vapor phase,
thus causing quartz to remain stable even though total pressure had

been dropped.

The Penasco Quartz Monzonite lacks a border zone with phenocrysts
and this makes it more difficult to interpret its crystaliization sequence.
Nonetheless, fairly early Tocal appearance of K-feldspar may indicate
high pressure and a combination of moderately high water content and
retatively high KZO. This is because these factors apparently favor
the ear]& appearance of K-feldspar. However, the data on barium zoning
show that the microclirie was not homogenized with respect to barium,
which can be interpreted to mean that HZO contents were generally Tow.
Assuming this to be correct and considering that the Penasco Quartz
Monzonite was probably largely liquid at the time of intrusion, i.e.
it crystallized mostly in place, it must have been intruded at a greater
depth than either the Puntiagudo Granite Porphyry or the Rana Quartz
Monzonite in order for K-feldspar to have formed early in its crystal-
lization sequence.

In summary, the phase equilibria data and the crystallization
sequences of these rocks do not provide sharply quantitative 1imits
on physical conditions, but they do indicate consistency with the basic
idea that the granites crystallized from melts. Furthermore, the general.
interpretation of the Penasco Quartz Monzonite as the most deep-seated
granitic pluton in the area is not inconsistent with these data.

Another possible constraint on the P-T regime of primary crystalli-
zation is the intersection of the granite minimum melting curQe with

the upper stability Timit of epidote plus quartz. This relationship is
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shown in figure 152. The upper stability limit of epidote plus quartz

used is that of Holdaway (1972), with the hematite-magnetite buffer

as the control on oxygen fugacity. This fugacity value was selected

because hematite and magnetite coexisted in all these granitic rocks

at least at some stage.* The other condition for the epidote stability

curve is that it is for epidotes with 10 mole percent pistacite (Pslo).

The iron content of the epidotes in these rocks is not positively known,

but it is assumed here that it is close to Ps]O as is suggested by

optical properties. This is confirmed semiquantitatively by spectral

scans with the electron probe on epidote from the Pefiasco Quartz Monzonite.
The difficulty in applying the stability of epidote comes in inter-

preting whether or not the epidote grew as a magmatic phase. The epidote

overgrowths on allanite from the Peflasco Quartz Monzonite are here

interpreted as late-magmatic, i.e. they formed above the minimum melting

curve for granite. This means that the Pehasco Quartz Monzonite must

have crystallized at pressures in excess of 5 kbar, corresponding to a

depth of 12 km or more. Epidote rims on similar cigar-shaped allanite

in the Puntiagudo Granite Porphyry are generally lacking, and it is

here suggested that the epidote in that unit formed as a postmagmatic

reaction product. Epidote, some of which is euhedral, does rim tiny

allanite grains in the Cerro Alto Metadacite and the Rana Quartz Monzonite, -

but this probably represents preintrusion crystallization at a depth

greater than 12 km. Thus it is possible to interpret the stability of

*Whitney and others (1976). have used this intersection to infer an
approximate oxygen fugacity for the Stone Mountain Granite. Here the
fugacity is interpreted from the oxide assemblage in the rocks them-
selves whereas the intersection is used to put constraints on P-T
conditions.
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Figure 152. Intersectionlof'stabi?ity curve for epidote (H-M buffer,
Ps]o) (Holdaway, 1972) and minimum melting for granite (Bowen and

Tuttle, 1958; Luth and others, 1964).
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epidote relative to the granite minimum melting curve in a manner that
corroborates the interpretation of depth of intrusion based on Budding-

ton's classification.

Late-Stage Crystallization Versus Metamorphism and Alteration

One of the fundamental goals of this investigation was to develop
criteria for distinguishing petrographic features due to deuteric
alteration from those that could be attributed to later metamorphism
and/or alteration. In retrospect it was partly naive to expect such
a goal would be realized in an area where the general complexity of
the history of magmatism opens many possibilities for later thermal
events'and contact metamorphism of older granites by younger ones.

On the other -hand, the Dixon-Penasco area has provided an unusual oppor-
tunity to examine the interaction of polyphase deformatioﬁ, regional '
metamorphism?and lTate-stage magmatic processés,and despite the complex
history of the area it is possible to draw some general conclusions
regarding these processes.

Before considering possibie criteria, it will be useful to recapi-
tulate the interpretations of specific petrologic features starting
with those related to the initial magmatic crystallization of these
rocks. First, most of the granitic rocks retain bulk- and trace-element
compositions that bespeak a magmatic origin. The principal exceptions
are severely altered parts of the Rana Quartz Monzonite border zone and
many of the felsites. Second, the general mineralogy of most of the
granitic rocks reflects their igneous origin. Possible exceptions
are some of the muscovite, some of the epidote, and some of the albite.

The original igneous textures, however, are Tless well preserved and it
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is less certain what exactly they were. This is particularly true in
the severely deformed rocks of the Rana -Quartz Monzonite and older units.
Still, wherever deformation has been less severe, e.g. the unfoliated
phase of the Rana Quartz Monzonite, it appears that the gross mesoscopic
texture of the rock is primarily due to its igneous history. In Tess
altered parts of the border zone of the Rana Quartz Monzonite the bimodai
texture is an igneous feature, as is the bimodal texture of the Pun-
tiagudo Granite Porphyry. The microcline megacrysts of the Penasco
Quartz Monzonite evidently grew from a melt, as did the other major
mineralé in that unit. Except for minor granulation and muscovite-
epidote alteration, the state of aggregation of that rock is largely

as it was when the last melt was consumed by crystallization.

On a gross scale all of the granitic rocks retain much of their
igneous character. The major megascopic exceptions are the presence
of epidote alteration, the locally severe muscovite-quartz alteration,
and the superimposed foliation. Field evidence demonstrates that neither
the epidote alteration nor the fo]iation is strictly deuteric in nature.
The quartz-muscovite alteration in the border zones of the Puntiagudo
Granite Porphyry and the Rana Quartz Monzonite may have been in part
generated'by the vapors given off during cooling of their respective
main bodies, but even this is in a sense superimposed in that it was
probably not due to effects of vapor generated in situ.

If the granitic textures are considered in detail, however, the
distinctions are much less clear cut. It is relatively easy to dis-
tinguish igneous features such as euhedral to subhedral p]agiocTaﬁe
grains, but 1£ is uncertain how much of the zoning has been affected

by subsolidus diffusion. The basic problem, however, remains in positively
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distinguishing the nondeformational metamorphic features from the
deuteric ones. The features involved, as noted previously, are albitic
rims on plagioclase, perthitic intergrowths, myrmekite, muscovite
replacement of biotite, and muscovite and epijdote replacement of plagio-
clase. These features are not incompatible with the conditions of meta-
morphism in the area, as they persist and even are more pronounced in
the older, more metémorphosed granites. 0On the other hand, it is well
known that similar features are sometimes observed in rocks where no
métamorphic events have occurred subsequent to initial cooling. The
formatibn of perthite, for example, almost certainly does not depend

on a mgtamorphic event but rather on the nature of the cooling path,

the composition of the original feldspar, and perhaps the composition
and amount of interstitial fluid. The cooling path js probably very
imﬁortant, as the time during which a given granite resides in a given
temperature-pressure regime doubtless is crucial to the size and spacing
of perthitic lamellae and at least partly determines the thickness of
albitic rims by controlling the amount of sodium diffusing out of the
K-feldspar. After the temperature falls below a certain level or if

a fluid phase escapes, kinetic barriers tend to prevent further redis-
tribution of elements. If temperature is raised again, if a fluid

phase permeates the rock from another source, or if deformation increases
the surface area of some of the phases, reactions toward ultimately
stable phases can continue or resume. Thus it may be very difficult

to distinguish, from the rock textures, where one process left off and
the other started, as in principle the composition of the two products
may be identical. A metamorphic fabric such as that in the Rana Quartz

Monzonite and older granitic rocks is an indicator of the importance
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of metamorphism and deformation in those rocks, but it remains difficult
to say how much of a given albitic rim was inherited from the state of
the rock previous to deformation and how much might have been created
by the deformation. Zoning of plagioclase in some of the most severely
deformed rocks is reminiscent of that seen in some metamorphic rocks
and probably is due to the metamorphism rather than the initial igneous
history. This suggests that recrystalliization may have been rather
complete in these rocks, perhaps so complete that the late-stage features
are a second generation. For example, the initial albitic rims may
have been resorbed and then reformed as temperatures fell again.
Unfortunately, there is no direct evidence for this, but in a terrane
with a polymetamorphic history it stands as one of several possibilities.
Simitar uncertainty plagues the interpretation of the muscovite-
epidote alterations of plagioclase in these rocks. If, however, the
alteration of plagioclase and the formation of myrmekite are in any way
related, as is suggested by the possible nature of the reactions involved
and if myrmekite formed after the perthite, as is indicated by one
piece of textural evidence then the alteration might be Tater than the
perthite. In addition, the sporadic distribution and preponderance
of the alteration in the older units suggest that it is not related
solely to an internally generated process. This intuitive approach,
however, is of heuristic value only for the Dixon-Pefiasco area in that
there are examples of very extensive alteration (e.g. the Cornwall
granites in England) that is due largely to deuteric processes. Yet
in the Rana and older granitic rocks, which are affected by megascopic
epidote alteration, the microscopic alteration of plagioclase is generally

most severe. Field relations show that the megascopic epidote alteration
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is much younger than the Rana Quartz Monzonite itself, so if the mega-
scopic alteration and microscopic plagioclase alteration have the same
origin, then the plagioclase-epidote alteration reflects a subsequent
metamorphic or alteration event rather than a deuteric alteration
associated with the Rana Quartz Monzonite jtself.

In summary, the gross textures and appearance of the granitic
rocks are largely results of either the initial igneous processes that
formed them or of subsequent deformation, metamorphism, and alteration
affecting them long aftér they initially cooled. Some of the details
of theif textures, in particular perthitic intergrowths and homogenization
of barium in some microcline, probably arose from deuteric alteration
of the cooling bodies. Most suéﬁ features, however, have been altered
and moqifiéd by the subsequent metamorphism and alteration.

The complexity of the Dixon-Pefasco terrane has not lent itself
to the development of general criteria for use in making a distinction
between deuteric and metamorphic features. There may be no theoretical
reason to expect consistent mineralogical differences in products of
the two processes, which creates difficulty in attempting to pin down
any useful generalizations. Nevertheless, some possibilities are worth
considering for indications of worthwhile directions future research
might take. The soundest criteria, of course, are field relations
such as those reported here. These suggested the wide separation in
time of crystallization of the granitic rocks, and of the epidote
alteration. If timing of the alteration is uncertain, then its spatial
distribution can give clues as to its origin. For example the exo-
deuteric alteration of the border zone of the Rana Quartz Monzonite is

restricted in distribution to the border zone, an indication of its
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intimate relationship to the main Rana body. The epidote alteration,

on the other hand, occurs sporadically in irregular domains that bear

no consistent spatial relationship to a supposedly related igneous

body. It is therefore suggested that, in general, a lack of correlation
between spatial distribution of alteration and some feature or features
related to primary crystallization and differentiation in the host body
may be taken to indicate that the alteration is due to events subsequent
to tate-stage crystallization.

Textural criteria seem less trustworthy, but it appears that when-
ever a ﬁenetrative deformation is present in granitic rocks, some effects
of metamorphic alteration and modification of deuteric features must
be suspected. One of the most useful indicators on a microscopic scale
may be the distribution of barjum in K-feldspar. It cannot be applied
uacritically, however, as evidence from these rocks suggests that both
deuteric and metamorphic processes can destroy barium zoning under
certain circumstances. Furthermore, homogenization conceivably could
0c§ur under magmatic conditions as well, so caution must be exercised
in the interpretation of barium zoning or the lack thereof. It is
suggested here that a significant amount of a confined vapor phase
probably will generally result in homogenization of interstitial barium
zoned K-feldspar. 1In the rocks examined here, such homogenization
apparently took place during late-stage growth, by recrystallization
or diffusion which was catalyzed by a ubiquitous exsolved vapor phase.
In contrast, the microcline megacrysts that were homogenized are restricted
to very localized domains of severe alteration in shear zones.

© This study far from exhausts the possibilities for research on

the basic question deuteric versus metamorphic alteration. The use of
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cathodeluminescence for examining albite lamellae and albite rims, for
example, should provide additional information on the exsolution process
and the degree of interaction between the internal parts of a K-feldspar
crystal and its surroundings. The limited data presented in the section
on barium zoning suggest that Tittle interaction may have occurred;~

at least with respect to some activator element(s) that are responsible
for the color difference between b Tamellae and b rims. This kind

of study should be extended. MNo gquantitative data have been presented
here on composition of epidote and muscovite as related to paragenesis,
and this also is an area that deserves more attention. Additional
experimental-work is needed to determine controls of the compositions

of these minerals, and to estimate P-T conditions of the formation of
these minerals. Eventually, as consistent patterns of P-T regimes begin
to emerge, we may be able to distinguish the products of late-stage

deuteric alteration from those of a later metamorphic event.



VII. SUMMARY AND CONCLUSIONS

The Dixon-Peﬁaséo area was the locus of episodic magmatic activity
for at least 300 m.y. during Precambrian time. This magmatic activity
was preceded by deposition of a tﬁick sequence of sedimentary rocks
ranging from quartz sandstones to pelitic shales. The deposition of
sediments was succeeded by initial magmatic activity that resulted in
'basaltic to andesitic flows and in development of volcanic conglomerates
and volcaniclastic sediments. Simultaneously, mafic dikes were injected
into the uppermost layers of the underlying strata.

After the basaltic magmatism ceased, some unknown amount of time
elapsed before magmatism was again initiated, this resulting in emplace-
ment of the Cerro Alto Metadacite at shallow levels and perhaps partly
as flows on the surface. Subsequent episodes of magmatism resulted in
emplacement of the Puntiagudo Granite Porphyry, the Rana Quartz Monzonite,
and the Penasco Quartz Monzonite at successively deeper levels in the
crust. The final magmatic episodes gave rise to the multitude of
pegmatites in the aréa. It is significant that.these pegmatites apparently
are not genetically related to any of the granitic rocks now exposed
in the area.

After intrusion of the Rana Quartz Monzonite there were one or
more major regional metamorphic events and at least three asynchronous
deformation events. These events raised the country rocks to a middle
amphibolite grade of metamorphism and imparted a regional foliation to

the terrane, including the older granitic rocks. One or more of the'
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1éter metamorphic events gave rise to alteration, especially in, but
not strictly limited to, the older granitic rocks. The timing of these
avents is best summarized in figure 143,

The conclusions of this work regarding the origin and development
of late-stage features in these rocks are as follows: (1) The bulk of
the gross texturatl featdres of these rocks formed while a silicate melt
was still present. (2) The features, both microscopic and megascopic,
that are not ascribable to igneous processes were formed mainly during
subsequent metamorphic and alteration events. The most notable excep-
tions are the lack of barium zoning in interstitial K-feldspar in the
Rana Quartz Monzonite and the formation of perthitic intergrowths.,
both of which are probably the result of deuteric processes. Even so,
most of the strictly deuteric features have been largely modified
by later events.

Some of these conclusions might be extrapolated to other granitic
terranes, but it would seem wise to judge each occurrence according to
its own evidence before attempting to draw broad conclusions about the
general importance of metamorphic processes versus deuteric ones in

granitic rocks.



EPTLOGUE '

The broader interpretation of the rocks here studied may be as
interesting and eventually as valuable as the results of the study of
the details of these rocks. That is to say, speculation is irresistible.
The possibly profound significance of the persistence of magmatism in
the Dixon-Penasco area over such a large span of geologic time and its
occurrence first as extrusions followed by intrusions at deeper and
deeper levels cannot be ignored. It is as if the-Precambrian crust
here foundered, perhaps under the ﬁeight of accumulating but now largely
eroded volcanic debris. If the nature and character of the metamorphosed
sedimentary rocks are considered as well, interpretation of the area
as a petrotectonic assemblage suggests a convergent plate boundary,
perhaps the margin of a protocontinent. This immediately raises several
qguestions: Why did episodic magmatism occur in one place fpr so long
a time? What was the general spatial configuration of similar rocks
in the North America shield, and was it consistent with a plate tectonic
model? Clearly the "postage-stamp size" of this study area does not
permit verification of the idea on a continental scale, and what is
needed is a series of many such detailed studies. This in-depth com-
prehension of Precambrian terranes must be one of the most fruitful

areas of geologic research over the next few decades.
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APPENDIX I

Petrographic Descriptions of Selected Samples of Granitic
Rocks from the Dixon-Penasco Area

The following brief petrographic descriptions provide a framework
for conceptualizing dif?erences and similarities among the granitic
rocks in the Dixon-PeRasco area. Here described are representative
samples that reflect the major variations within each of the granitic
roék units. Not atl s;mp1es for which chemical or modal data are
available are described here, but all rock types which have been so
analyzed are covered in this appendix. Color deéignations are from

thé Geological Society of America rock-color chart.

A. Cerro ATto Metadacite
-General Comments

) The Cerro Alto Metadacite has not been recognized previously as a
distinct 1ithologic unit. Its dark-gray color and fine grain size make
it difficult to distinguish from some of the metasedimentary and meta-
volcanic rocks that it intrudes. Its contacts with these rocks are
sharp, but its occurrence as silis, and possibly as flows, further
complicates ifs positive igentification. However, its grain structure
is compact relative to thétfof the metasediments, and it contains small
phenocrysts of quartz and/of plagioclase. Thus it can be identified

hy careful observation in the field.
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PL71-53 Metadacite; T. 23 N., R. 11 E., NWk sec. 33

Occurs as an intrusive, stocklike body of relatively uniform
1ithology. It is a light-olive-gray (5 Y 6/1) to greenish-gray
(5 GY 6/1), fine- to medium-grained semiporphyritic rock composed of
quartz, plagioclase, microcline, biotite, magnetite, muscovite, and
accessory minerals epidote and sphene. Relict oblate phenocrysts of
quartz up to 4 mm Tong are set in a groundmass (0.15 mm average grain
size) of quartz, plagioclase, microcline, biotite, and magnetite.
The quartz phenocrysts consist of 1 mm subgrains. Less obvious are 3 mm
ralict plagiociase phenocrysts. consisting of 0.5 mm subgrains. The
groundmass in particular has a very granular aspect in thin section,
and 120° triple junctions are common. Muscovite occurs as 0.6 mm~
poikilitic plates seemingly superimposed on the groundmass, and the biotite
occurs as irregular flakes that appeér to be interétitial in the

groundmass fabric.

PL71-57 Metadacite; T. 23 N., R. 11 E., NE% sec. 34

This rock occurs as s$ill-1ike bodies in amphibolites and amphibolite
schists of the Vadito Group. Marked textural variations, both from
one rock body to another and within bodies, characterize this 1ithology.
The rock is medium dark gray (N 4) to dark brownish gray (5 YR 3/1},
fine to medium grained, and consists of quartz, p1agioc1ase; microcliine,
biotite, muscovite, magnetite, and accessory minerals epidote and
idocrase(?). The texture is allotriomorphic interlocking granular,
with anhedral relict phenocrysts of quartz and large interconnected

patchy aggregates of muscovite.
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Average grain size is 0.15 mm. The quartz phenocrysts are about
3.5 mm and consist of about six subgrains. The muscovite patches are
1.0 to 0.5 mm, and muscovite also occurs as small anhedral intergranular
flakes. Biotite occurs as thin, shratty plates about 0.5 mm long.
Microcline can be concentrated in 2 mm or larger patches of smaller
subgrains, suggesting the pdssibi]ity of K~feldspar phenocrysts having
been present. Some of the muscovite shows a symplectic intergrowth
with quartz and/or feldspar. The orientation of the oblate phenocrysts

and the biotite flakes produces a distinct foliation in the rock.

PL72-130 Metadacite; T. 23 N., R. 11 E., NE4NE% sec. 32

This sample is most typical of the metadacite lithology as a whoile.
It represents a si11 that is satellitic to the main stocklike body
of metadacite. The color is a typical medjum dark gray (N 4), and
weathered surfaces are brownish gray {5 YR 4/1).

The rock consists of quartz, plagioclase, microcline, biotite,
muscovite, and epidote, with magnetite and sphene as accessory minerals.
The texture is allotriomorphic granular to porphyritic. Subgrained,
oblate quartz phenocrysts (2 to 3 mm with 0.5 to 0.1 mm subyrains)
and granulose clots of microcline and plagioclase are set in a fine-
grained groundmass (0.03 to 0.05 mm) of quartz, plagioclase, microcline,
muscovite, and biotite. The groundmass constitutes roughly 75 percent
of the rock. The quartz phenocrysts are distinct from the groundmass.
but the subgrains of the relict microcline and plagioclase phenocrysts
are similar in size to the grains of the groundmass. Rare plagioclase
grains are nearly intact; these are subhedral and about 1 to 2 mm in

length. Most of the plagioclase shows alteration to muscovite and
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epidote, and associated with the plagioclase are randomly oriented
subpoikilitic flakes of muscovite that show areas of optical continuity
up to 2 mm in diameter. Platelets of muscovite and biotite are scattered
throughout the groundmass, but there are crude aggregations of magnetite,
biotite, epidote, and muscovite which may be the relicts of glomero-
porphyritic clots of mafic minerals in the original magma. Orientation
of the oblate phenocrysts and of biotite grains impart a strong foliation
to the rock. The interlocking nature of the major minerals, however,

means that the rock rarely fractures along the foliation plane.

B. Puntiagudo Granite Porphyry

General Comments

The Puntiagudo Granite Porphyry is a high-level granitic (quartz
monzonite) intrusive body consisting Targely of a single facies that
has undergone differing degrees of deformation. In addition, there
is a narrow and il1-defined border zone of more leucocratic and finer
grained porphyritic rock, and fine-grained, slightly porphyritic dikes
commonly are asscciated with this zone. These three major types of
Puntiagudo Granite Porphyry are included in the following descriptions.
PL71-44 Porphyritic biotite quariz monzonite; T. 23 N., R. 11 E.,
SE4NWYS sec. 32

This rock consists of subequant, nearly euhedral, 1 cm microcline
grains (grayish orange pink, 5 YR 7/2; stained moderate red, 5 R 5/4)
.and oblate 4 to 6 mm quartz grains (Tlight gray, N 7) in a fine-grained
matrix of 0.07 mm quartz, plagioclase, and microcline. The groundmass

is a 1ight olive gray (5 Y 6/1) and makes up about 60 percent of the
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rock. The large quartz grains are composed of 1.0 to 1.5 mm subgrains.
The microcline megacrysts show Carisbad twinning as well as crosshatch
or M-twinning. Some of them are partially granulated, especially near
their margins, and thgy commmonly include or partially include large
grains of plagioclase (5 to 8 mm). Biotite occurs as large clots
(1 to 2 mm) or partly shredded and bent grains (0.5 mm) and as scattered
flakes in the matrix. Muscovite is associated with biotite as fresh,
randomly oriented plates (<1.mm), and it also appears to have replaced
deformed and polygonized grains of plagioclase (5 x 2 mm) in the ground-
mass. fhese polygonized patches are coarser {0.15 mm) than the ground-
mass proper and apparently represent plagioclase phenocrysts. Accessory
minerals are epidote as granules and stubby crystals replacing plagio-
clase, allanite as elongate, zoned 0.1 mm crystals, sphene as granules
associated with biotite, zircon commonly included in biotite, magnetite
as octahedra partly altered to hematite, and chlorite formed from
biotite. The rock has a strong but compact foliation.
PL71-41b Leucocratic porphyritic quartz monzonite (border zone);
T. 23 N., R. 11 E., SE%SW% sec. 30

This sample was collected within 30 cm of the contact with vadito
schist. This rock has a semisugary texture, and is grayish orange pink
in color (5 YR 7/2). It consists of 2 to 4 mm polygonized quartz
grains set in a matrix of quartz (<1 mm) as irreguiar and semi-inter-
Tocking grains, microcline as generally smaller, subequant grains, and
plagioclase as interlobate grains (<0.5 mm) that appear to hold the
matrix together. Rare clots (1 to 2 mm) of biotite and muscovite are
enclosed in the matrix and in corroded and partially replaced relict

phenocrysts of plagioclase (<6 mm). Very rarely 3 to 6 mm phenocrysts
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of microcline are present. Randomly oriented flakes of muscovite

(<0.5 mm) are scattered throughout the matrix. The common accessory
minerals are sphene, magnetite-hematite, and epidote. A slight foliation
is present, but it is not readily noticed. The outstanding feature of

the texture is the odd, interlobate, serrated character of the feldspars.

PL72-127f Porphyritic marginal aplite; T. 23 N., R. 10 E., NW4sNW4 sec. 26
This rock occurs as a small dike cutting rocks similar to PL72-44,
It is generally very fine grained (<0.1 mm) and pale yellowish brown
(10 YR 6/2), with phenocrysts of gquartz (1 to 3 mm), microcline (0.5
to 1 mm), plagioclase (0.5 to 2 mm), and rare clots of biotite. The
quartz phenocrysts consist of 0.5 mm subgrains and are crudely aligned.
The microcline microphenccrysts are tabular and nearly euhedra!, whereas
the plagioclase microphenccrysts are commonly polygonized and invariably
are partially replaced by muscovite, especially in their cores. Their
margins appear to have a lower An content (albite-oligoclase) and show
little or no alteration to muscovite. The matrix consists of inter-
lobate grains of quartz, microcline, and plagioclase, and scattered
through it are irregular flakes of muscovite (<0.3 mm). Some larger
grains of muscovite are associated with the grains of altered plagioclase.

A definite foliation is present in the rock, but the fine grain size

and the scarcity of phenocrysts make it difficult to see.

C. Rana Quartz Monzonite

General Comments

The Rana Quartz Monzonite is divided into three subunits: (1) an

unfoliated facies, {2) a foliated facies, and (3) a Teucocratic border
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zone. Samples from each of these subunits are described here, along
with two samples of felsite dikes and three aplite samples from the
unfoliated facies. The main mass of the Rana Quartz Monzonite is
foliated facies, and the degree of deformation in it tends to increase
from northwest to southeast. The samples described here cover most

of the range of textures seen in this subunit.
1. Unfoliated Facies

The unfoliated facies is in gradational contact with the foliated
facies of the biotite quartz monzonite, but otherwise is fairly uniform.
The only exception to this uniformity is in sporadic occurrences of
pink to reddish-colored fe1dsp§rs. In places this reddening is accom-
panied by epidote veining, but generally its only readily observable
mineralogic manifestation is an increased alteration of plagioclase

to muscovite and epidote in the reddened feldspars.

PL71-14 Biotite quartz monzonite; T. 22 N., R. 10 E., NW% sec, 1

This rock is typically granitic in texture, with subequigranular,
incerlocking grains of medium-light-gray (N 6) to light-gray (N 7)
quartz (<10 mm), tabular to rounded grains of white to very-light-gray
(N 9 to N 8) plagioclase (<6 mm), and mostly interstitial anhedral grains
of very-light-gray to light-gray (N 8 to N 7) microcline (<9 mm).
Scattered throughout the rock are 1 to 7 mm aggregates of black (N 1)
to grayish-black (N 2) biotite and magnetite (+ hematite). There are
minor spots of dusky-red (5 R 3/4) hematite staining of the feldspars.
Under the microscope the quartz-grain aggregates are composed of 1 to 2 mm

quartz grains that show some undulatory extinction. Although they are
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generally anhedral, the Targest single grains are microcline (<7 mm)
occurring as Carlsbad-twinned individuals and showing typical crosshatch
twining. They commonly are perthitic, contain round quartz blebs or
rods and patchy masses of albite, as well as rounded inclusions of
albite. Blebs of intergranular albite between adjacent grains of micro-
cline are very common. The subhedral grains of plagioclase (<4 mm)

are altered, especially in their calcic céres, to muscovite and fine-
grained epidote. They show undulatory normal zoning from Anzz to An15
and in many places, particularly adjaceﬁt to microcline, the plagioclase
has discrete unaltered rims of a]bite—o#igocTase (Ang to Ano). l.arge
plates of green-brown biotite (<2 mm) and biotite with magnetite and'
hematite appear to be interstitial in the fabric of the rock and commonly
lie adjacent to or are included by quartz grains. Sphene, allanite,
zircon, muscovite, apatite, and epidote are associated with the magnetite
and biotite. Muscovite occurs either as fine-grained stubby flakes
{<0.5 mm) in plagioclase or as large (2 mmj fresh flakes transecting or
infiltrating biotite:_ The grains of magnetite + hematite (<3 mm)

are subhedral to anhedral and nearly equant. They are mostfy magnetite,
with hematite along grain margins or cleavage fractures as spindly
branches extending into the magnetite interiors of. the grains. It

also occurs as irregular trails of discrete blebs within the interiors
of the magnetite grains. Spheng commonly rims the magnetite grains and
also forms tiny granules throughout the roé@,' Epidote occurs as indivi-
dual grains associated with biotite, as thiﬁk:rims (<0.4 mm) around

tiny allanite grains, or as small granules (0.0S.mm) in altered plagio-
clase. The a11anife, rimmed by epidote or otherwise associated with

it, occurs as zoned, equant to siightly elongate crystals (59.3 mm) .
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Apatite is usually found with biotite, either as inclusions or sand-
wiched between it and another mineral. The crystals of apatite are
s§usage~shaped single grains (<0.5 mm). Zircon grains have a similar
habit, but they tend to be more elongate and more idiomorphic, charac-
teristically containing one or more tubelike inclusions. A minor amount
of chlorite occurs as an alteration product of biotite. Myrmekite
commonly forms a cauliflower or wartlike projection into microciine
where a plagiociase grain is in contact with the microcline grain.

In one place myrmekite appeared to transect an albite Tamella in
microcling.

In thin section the rock appears as a framework of fresh gquartz
and microcline that is partly éo1iapsed around the altered plagioclase
grain§. There is only the slightest hint of foliation. The mutually
perpendicular sets of closely spaced fractures seen in sawn siabs
and the slight granulation seen in thin section indicate that the rock

has undergone some deformation.
2. Foliated Phase

Three samples representing degrees of foliation are described here.
PL73-193 is the least foliated and PL72-74 is the most strongly foliated,
the foliation increasing from roughly northwest to southeast within
the study area. The foliation is best developed near the contact with
Penasco Quartz Monzonite about 1.25 mi north-northwest of Trampas.
PL72-193 Foliated biotite quartz monzonite; T. 22 N., R. 11 E.,

NWiNWY sec. 6
This rock is similar in many ways to PL71-1 except for its much

greater degree of foliation and granulation. This is evidenced by
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a crude by distinctly planar alignment of biotite clots, and by the
granulation of feldspars, especially plagioclase. Some orientation

of oblate quartz-grain aggregates yields a slight lineation as well as

a flattening. Thus the rock fabric is an inequigranular network of
translucent 1i§ht-gray (N 6) quartz aggregates (<12 mm), granulose

masses of white (N 9) to very-light-gray (N 8) plagioclase (<5 to 9 mm),
and anhedral, broken-appearing grains of pale-red (5 R 6/2) to moderate-
red (5 R 4/6) microcline (<7 mm). The black (N 1) clots of biotite

and magnetite (+ hematite) show a slight tendency to be grouped in

3 to 4 cm patches. The subparallel orientation of the clots is apparent,
as is the orientation of individual biotite grains within each clot.
Microscopically, the quartz aggregates consist of 0.3 to 0.5 mm grains
with strong undulatory extinction giving each grain a shattered appearance
as the stage is rotated. The microcline occurs as fairly large (>5 mm)
grains and as 0.4 mm grains generally in aggregates associated with the
larger grains. Most of the larger grains do show some granulation

around grain margins but rarely the granular polygonized portions are
entirely surrounded by intact microciine. Flame and film microperthite
are common, as are patchy areas of albite, rounded inclusions of albite,
and blebs of quartz. Crosshatch twinning is ubiquitous in the micro-
cline, but only a few of the larger grains show Carlsbad twinning.

Nearly all of the plagioclase has the form of altered aggregates of

0.5 to 0.1 mm grains with composition An11 to An4. No primary zoning

is apparent in thin section, and all of the grains are dusted with
epidote and muscovite. The only unaltered plagioclase occurs as perthite,
and as rims on the altered grains adjacent to microcline. Biotite,

muscovite, magnetite + hematite, and the accessory minerals sphene,
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allanite, epidote, zircon, and apatite occur as‘in PL71-14 except that
the mafic clots appear to be less intact. The biotite has an especially
shredded appearance. Sphene is less commonly associated with the
magnetite grains. The p]agioc}ase of myrmekite is typically altered,
and its wartlike projections into microciine stem from adjacent plagio-
clase grains.
PL73-227 Foliated biotite quartz monzonite; 0.5 mi northwest of Vallecitos
on Rio de Tas Trampas

This‘rock is thoroughly deformed but it has no distinct foliation
plane. Instead it is actually lineated, with the constituent minerals
strung out primarily in one dimension. It is mineralogically similar
to PL71-14, consisting of semitransparent grains (<5 mm) of light-gray
(N 6) quartz, granulated aggregates of white (N 9) to very-light-gray
(N 8) plagioclase (<10 mm), and fractured grains ( 4 mm) of pinkish-gray
(5 YR 8/1) microcline. Clots of black (N 1) biotite (1 to 3 mm) appear
to be intertwined throughout the fabric of the rock on surfaces perpen-
dicular to the direction of lineation, but they resemble streaks or pods
of pepper on surfaces subparallel to the 1ineation. In thin section
the rock has a hypidiomorphic granular texture that is interrupted
only by stubby laths of green-brown biotite and crisp, crosscutting
flakes of muscovite. The texture is moderately inequigranular with
the microcline and quartz having slightly larger grain size than the
more polygonized plagioclase. The quartz grains show moderate undulatory
extinction and consist of three or four subgrains (0.5 to 2.0 mm).
Microcline occurs as 0.3 to 3.0 mm grains exhibiting crosshatch twinning
and rarely Carlsbad twinning. They are typically perthitic and contain

rounded inclusions of plagioclase. The plagioclase occurs as disoriented
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groups of anhedral grains (<1.5 mm) that show polysynthetic twinning
and a sporadic alteration to epidote and muscovite. Some of the grains
are zoned in continuous normal fashion from An,g to An,,. The biotite
flakes (1 mm) are arranged in discontinuous trafns and are associated
with minerals such as muscovite, epidote, magnetite (+ hematite),
allanite, zircon, and apatite. The muscovite grains generally crosscut
biotite or appear to have replaced that mineral. In some places the
muscovite shows sympletic intergrowths (<2 mm) with quartz. The opaque
grains are mostly magnetite with hematite associated in a manner iden-
tical to that of PL71-14. The epidote that is part of the biotite
trains is generally found rimming small (<0.3 mm) allanite grains.
Commonly both the allanite grain and its epidote rim are included
between two biotite grains. Both apatite and zircon are commonly
included in biotite or muscovite, and occur as stubby rounded prisms
<0.5 mm in maximum dimension, with the zircon tending to be more elongate
and idiomorphic. In one instance a zircon grain appeared to be zoned.
PL72-74 Gneissic biotite quartz monzonite; about 1.3 mi north-northwest
of Trampas, New Mexico

This rock has a well-foliated gneissic texture expressed by an
alternation of crude, undulatory biotite layers with irregular lenses
and layers of granulose quartz and feldspar. In addition to its concen-
tration in pods and Tayers, the biotite is scattered throughout the
rock. The biotite flakes are black (N 1) and about 1 mm in size.
TransTucent granules (<1 mm) of medium~gray (N 5) quartz are found in
pods up to 6 hm thick and no longer than about 1.5 cm. Plagioclase
(very light gray, N 8) and microcline (pinkish gray, 5 YR 8/1) occur

in pods and layers that are more flattened and elongate than the quartz
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pods. The foliation is crude because of the discontinuous nature of
the pods and the general admixture of the minerals between the more
monominerallic pods. In thin section the rock has a foljated and seriate
allotriomorphic granular texture. Migroc1ine has the largest grain

size followed closely in size by quartz. Plagioclase is distinctly
smaller and more granulose. The microcline occurs as anhedral grains
(<5 mm) showing crosshatch twinning and rarely a crude Carlsbad twinning.
Some of the crosshatch twinning is deformed, and the larger grains tend
to have their c-axis lying close to the trace of the foliation plane.
The quartz occurs as allotriomorphic odd-shaped grains that are crackied
and commonly have their longest apparent dimension (1 mm maximum)
parallel to the foliation plane. Undulatory extinction is present but
it is not particularly strong. The plagioclase grains (<0.5 mm) are
anhedral, commonly altered, and showing uniform continuous normal zoning
from Anzo to A”ZS' Some of the grains show polysynthetic twinning.
Biotite occurs as pods and trains of anastomatizing strongly oriented
flakes most of which have the appearance of being well recrystal]iied
(fresh Tooking) while others appear shredded, An assortment of minerals
is associated with biotite: muscovite as crisp, clear flakes replacing
biotite; magnetite-hematite grains as irregular octahedra; sphene as
anhedral 0.5 mm granules associated with the magnetite; epidote as

thick rims to tiny allanite graihs; apatite as clear anhedral stubby
grains; and zircon as euhedral to anhedral prisms with tube-shaped
fluid(?) inclusions. Muscovite and epidote also occur as fine-grained

alteration products of plagioclase. -
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3. Border Zone

The border zone of the Rana Quartz Monzonite consists of leuco-
cratic, porphyritic rocks which grade into the foliated phase. It
is thus difficult in describing a small number of samples, to cover
the large degree of variability that occurs from one outcrop to another.
The samples described here, however, will give the reader some idea
of the main differences among the border zone rocks.
PL72-206 Leucocratic foliated porphyritic quartz monzonite; T. 23 N.,
R. 11 E., SE% sec. 33

This rock has an overall gr?yishuorange—pink color {5 YR 7/2)
that is punctuated by medium translucent gray (N 5) quartz phenocrysts.
The rock also contains phenocrysts of microcline but these are barely
distinguished from the groundmass in that they have very nearly the
same Eolor. Flakes and groups of flakes of muscovite are visible as
are rare biotite flakes. In thin section the rock consists of 2 to 5 mm
subhedra of crosshatched microcline, irregular-shaped quartz grains
(1 to 3 mm) set in finer grained plagioclase, quartz, muscovite, and
microctiine (<1 mm). Accessory minerals are magnetité: hematite, and
garnet.. The quartz shows undulatory extinction. The microcline is
partly Carisbad twinned whereas the plagioclase shows polysynthetic
albite twinning and is.in some places partially replaced by microcline
as shows continuous normal zoning. It also shows a moderate degree of
alteration by very fine-grained muscovite, and possibly epidote and/or
kaclinite. Muscovite mainly occurs as remarkably clear plates that form
strings and patches in the groundmass. They show a moderate degree of
alignment that reflects the foliation that is only weakly expressed in

hand specimen.
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PL73-267 Foliated, porphyritic muscovite quartz monzonite; T. 23 N.,
R. 11 E., NW% sec. 32

A foliated leucocratic rock with oblate rounded quartz grains
{2 to 10 wm) and flattened muscovite masses (<4 mm) in a fine-grained
matrix of feldspar, muscovite, and quartz (average grain size 0.2 mm
or less). The muscovite is brownish gray to 1ightlolive gray (5 YR 4/1
to 5 Y 6/1) and the oblate quartz grains are Tight ‘bluish gray (587/1)
with narrow rims of transparent granular quartz. The matrix is pinkish
to yellowish gray (5 YR 8/1 to 5 Y 8/1). In thin section the oblate
quartz grains are seen to consist of numerous squrains (<1.5 mm)
which are themselves oblate and which commonly show very serrated con-
tacts with each other. High magnification reveals that the bluish pértion
of the grains contains minute-rutile needles which are absent in the
granular, clear grains rimming the bluish portion. Muscovite flakes
(<0.5 mm) show a strong preferential orientation and occur in discon-
tinuous patches and stringers that make up the main fabric of the rock.
Irregular grains (jﬂ mm} of plagioclase in the matrix show preferential
alteration by the muscovite and some of them have albitic rims. Micro-
cline occurs as very small grains (<0.25 mm) in the matrix. Accessory
minerals are epidote, allanite, schorl, and magnetite (+ hematite?),
and biotite. Epidote forms thick overgrowths on very tiny %eddish
allanite gréins, schorl occurs as small prisms in the plane of foljation,
and magnetite as ocidized octahedra. Biotite is ekftémeTy rare and
has very weak plecchroism. The rock has an especiaT{j strong and well-

defined foliation.
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PL72-131 Foliated quartz muscovite porphyry; T. 23 N., R. 11 E.,
NELNEY sec. 32 '

This rock consists largely (90 to 95 percent) of a fine-grained
(<0.5 mm) grayish-orange-pink (10 R 8/2) matrix of quartz, muscovite,
plagioctase, and microcline. This matrix contains typical ovoid
light-gray (N 7) quartz phenocrysts (<8 mm) as well as clots of greenish-
gray (5 GY 6/1) muscovite (<3 mm), rare oxidized octahedra of magnetite
(1 mm),.and occasional grains of schorl (1 mm, black N 1), In thin
section the matrix has an interlocking allotriomorphic granutar texture
with the quartz grains appearing much 1ike pieces of a jigsaw puzzle.
The microcline in the groundmass appears not to be microperthitic
andhoccurs as 0.25 mm anhedral grains. Plagioclase occurs in the matrix
as altered anhedral grains (<0.3 mm) and as Tlarger (0.8 mm) grains or
grain aggregates showing alteration by muscovite and epidote. Muscovite
occurs as 1 mm flakes scattered throughout the matrix, as minute flakes
altering plagioclase and as aggregates or pods of muscovite grains.

No prefarential alignment of the pods or individual flakes is obvious

in thin section, but such an alignment occurs locally in hand specimen

and in outcrop. The quartz phenocrysts are composed of subgrains

(<1.5 mm) which show undulatory extinction and which have a tendency

to have serrated edges where they are in contact with a neighboring quartz
grain. The accessory minerals are allanite, epidbte, zircon, and

hematite (after magnetite}. Allanite grains are dark brown, <0.1 mm

and usually rimmed with epidote. The occurrence is similar to other

Rana rocks except that the allanite grains are less well formed and
somewhat darker colored. Epidote grains typically rim allanite but

also are associated with plagiociase as an alteration product and form
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single grains or aggregates of grains in association with muscovite.
Zircon occurs as single, euhedral prismatic grains about 0.15 mm in
maximum dimension and typically contains tubelike inclusions. The
heamtite is at least in part a weathering product of magnetite.
PL73-241 Muscovite-biotite quartz porphyry; T. 23 N., R. 11 E.,
SWHNEY sec. 32

Light- to medium-gray (N 7, N 6) oblate fractured quartz grains are
set in a matrix of microcline, piagiociase, and quartz with clots of
muscovite + biotite. The matrix is very light-gray (N 8) to pinkish
gray (5 YR 8/1) and shows considerable differences in concentration of
microcline "and quartz. In thin section the rock is seen to have a very
fuzzy texture. The groundmass is partly replaced with both fine-grained
muscovite and semicontinuous poikilitic plates of muscovite (<2 mm).
The relict quartz phenocrysts (<8 mm) consist of subgrains (<0.5 mm)
which show undulatory extinction but which have fairly regular (i.e. not
serrated) margins with neighboring grains. Some of the phenocrysts
show clear-or {ron-stained granules of gquartz as margins fo light-gray
cores. Rarely, plagioclase occurs as 5 mm altered phenocrysts. Aside
from its much greater degree of alteration by muscovite, the matrix
is similar to that of PL72-131. Epidote also is much more abundant
and typically occurs as tiny granules in patches issociated with biotite.
The biotite occurs as ragged 0.5 mm brown flakes which are commonly
grouped in stringers or pods. Accessory minerals are allanite, zircon,
and magnetite (+ hematite?). Allanite and zircon are especially rare

but occur as in PL72-131.
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D. Aplites

General Comments

Aplites in the Rana Quartz Monzonite are reasonably common and
occur as irregular dikes ranging in thickness from about 3 cm to nearly
50 cm. They are usuai?y either white or pink in color and sometimes
contain small amounts of biotite and are somewhat porphyritié. The
aplite dikes are olher than pegmatites in the Rana Quartz Monzonite,

a fact that is demonstrated by consistent crosscutting relationships.
The following sample descriptions give the range of textures and
mineraloqy seen in the Rana apiftes. Aplites associated with the Rana
Quartz Monzonite seem to occur only within Rana Quartz Monzonite itself

and not in any surrounding rocks.

PL73-233 Pink aplite; T. 22 N., R. 10 E., SW4NE}% sec. 1

This rock has a typical aplite texture, i.e. fine grained, sugary,
and a pale-red color (5 R 6/2) that is offset by local cone-shaped
splays of dendritic schorl (grayish b1a9k, N 2). These schorl masses
typically measure 20 x 40 mm and are composed of 1 mm and smaller sized
schorl grains that are interspersed with quartz grains of a similar
size. In thin section the grain size of the nontourmaline-bearing portion
of the rock averages about 0.5 to 0.6 mm and has fairly regular sub-
equigranular texture with microcline tending to be sTightly larger in
grain size than the other minerals and quartz showing undulatory extinc-
tion and tending to be inequigranular and irregularly shaped. The
microcline shows crosshatch twinning but is not strongly microperthitic.

Plagioclase is primarily intergranular and is altered by dusty appearing
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muscovite and possibly epidote and kaolinite(?). Muscovite occurs
throughout the rock as anhedral flakes generally smaller in size than
the other minerals and, 1ike the plagioclase, appears to occupy inter-
stitial areas in the fabric of the rock. Where schorl occurs it is
optically continuous over regions of about 10 x 5 mm or more and forms
granular anhedral fractured grains. Microcline and plagioclase occur
interstitially to the schorl but quartz is more abundant than in the
surrounding untourmaiinized aplite. Accessory minerals are very rare
magnetite and euhedral to subhedral epidote.
§L73-232crs Subporphyritic biotite aplite; T. 22 N., R. 10 E., SWiSW4
ec. ‘

PL73-232¢rs and PL73-232fn are rock types from the same dike.

They occur in a subparallel configuration each occupying about half of
the d{ke thickness at the point the sample was taken but the fine-grained
type generally is most abundant.

Pale-yellowish-brown (10 YR 6/4) to 1ight-brownish-gray (5 YR 6/1)
perthic equant microcline phenocrysts (3 to 10 mm) and sparse medium-gray
rounded quartz phenocrysts (3 to 5 mm) are set in a sheared, medium-
grained (1.5 to 0.2 mm), aplitic textured groundmass that also contains
scattered and somewhat aligned clots of biotite (3 to 6 mm), muscovite,
and magnetite.. Plagioclase (white, N 9) occurs in the groundmass and
as irregular aggregates of granules (3 to 6_mm) distinct from the
groundmass. There are also rare intact phenocrysts of plagioclase
(<2 mm). In thin section the microciine phenocrysts show crdsshatch
twinning and have irregular Carlsbad twins as well. They contain
numerous inclusions of plagioclase which commoniy have fairly thick

rims of generally lower An content which are themselves zoned from
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An2 to An1. The cores of most of the inclusions (An]s) show muscovi te-
epidote alteration. Perthite stringers are common in the large micro-
¢lines and in some places altered plagioclase phenocrysts are partially
included. Quariz shows undulatory extinction and the larger quartz
phenocrysts are typically composed of three or four suBgrains. Quartz
grains are rounded to lobate and their grain size ranges continuously
from 4 nm to less than 0.1 mm. Some of the quartz is slightly smokey
and 1t definitely lacks abundant rutile needles seen in quartz from the
Rana Quartz Monzonite itself. Plagioclase occurs mainly as polygonized
crystal aggregates (0.5 mm) of roughly rectangular outlines that are
-typically altered by muscovite and epidote. The size, shape, and

Tack of quartz or microcline between the grains suggests that they

are relict phenocrysts. Plagioclase also occurs as altered irregular,
intergranular grains in the groundmass, and these grains commonly show
clear albitic rims against microcline. Muscovite occurs as 1 mm scattered
anhedral flakes and as a fine-grained alteration product of plagioclase,
which generally is more abundant in the more An-rich cores. Biotité
occurs as shratty green-brown flakes that are found in clots with
associated muscovite. Accessory minerals are oxidized magnetite octahedra
and epidote, and a very minor amount of zircon, allanite, and schorl.
Much of the epidote is an alteration product of plagioclase but it

also occurs associated with biotite clots.

PL73-232fn
The finer grained portion of this two-part dike is 1ight yellowish
gray in overall color (5 Y 8/2) and has a more uniformly fine grain size

(0.8 mm) than PL73-232c¢rs. Phenocrysts are present but they are much
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less abundant and fairly small (<3 mm) relative to the coarse portion

of the dike. The quartz phenocrysts are composed of several disoriented
and irregular subgrains, while the plagioclase phenocrysts are either
intact (but altered by epidote and muscovite) or severely polygonized.
The smalier plagioclase phenocrysts appear to have more commonly escaped
deformation. The microcline phenocrysts occur as in the coarse sample
except for smaller size. Biotite occurs as large flakes (3 mm) %hat

are associated with the quartz phenocrysts--usually in contact with or
partially included in them. The biotite contains numerous inclusions

of apatite, magnetite, and has somé allanite and epidote assocéated

with it. The groundmass js virtually the same as the coarser portion

of the dike except of course for the finer grain size. In terms of
texture and occurrence of the minerals, the finer grained facies is a
scaled-down version of the coarser grained facies. The proportions of
minerals, however, are different as can be seen by comparing modes

(Appendix II).

E. Felsite Dikes

General Comments

The felsite dikes are apparently discrete tabular bodies that are
most common in the amphibolite country rocks but they also occur in
the schists of the Vadito Group. xThey consist of leucocratic, fine~
grained rocks making it difficult to ascertain their re]ationshipniﬁ
the Rana Quartz Monzonite, but they are either older or the same égé K
as that unit. It is also possible that they may be of more than one

age, but for the most part they probably represent the initial phase
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of Rana magmatism. They are difficult to characterize in that in
detail they show large contrasts in texture. It is thus impossible
even in describing several samples to fully cover the Tlithologic

differences observed in the field.

PL72-140 Felsite; T. 23 N., R. 11 E., NE4NE% sec. 32

This sample is from a dike which appears to be a direct extension
of the Rana border zone. It is a 1ight-pinkish-gray (5 YR 9/1), fine-
grained rock which typically shows veinlets of gquartz (5.0 to 0.5 mm)
crosscutting each other. Tiny schorl crystals occur in stringers and
in hand specimen quartz phenocrysts are barely visible. In thin section
phenocrysts are sheared and altered making their positive identification
difficult. Texturally the rock is fine grained (<0.25 mm} and consists
of anhedral partially flattened grains of quartz and plagioclase.
The quartz grains commonly have polygonal outlines whereas the plagio-
clase seems to occupy the interstices of the rock. Both quartz and
plagioctase are slightly concentrated in certain parts of the rock,
creating a siightly banded texture. The parts where plagioclase is
most concentrated possiviy are relict phenocrysts in that they have
subrectangular outlines. The granuﬁar texture of the rock is offset
by the presence of scattered semipoikilitic muscovite grains (<2 mm).
Muscovite also accurs as smaller interstitial grains and as tiny flakes
altering plagioclase and makes up 5 to 15 percent of the rock. Epidote
and biotite are common, the epidote occuring as tiny granules generally
in plagioclase and rarely as 2 mm anhedral grains. Biotite is a
reddish-brown color and forms 0.1 mm sized irreqgular flakes. There are

minor amounts of sphene and magnetite {(+ hematite?).

[



427

PL73-216 Biotite felsite; T. 23 N., R. 11 E. NE4 séc. 28

" This sample is a foliated yellowish-gray (5 Y 3/1) rock that
contains thin, discontinuous stringers of biotite (0.5 mm x 1 cm),
and rounded, iron-stained quartz phenocrysts (<2 mm), as well as similar
sized aggregates of fine-grained plagioclase that are relict phenocrysts.
In thin section the quartz grains are seen to consist of 0.3 mm polygo-
nized subgrains. They are generally oblate and are aligned subparallel
to stringers of biotite and muscovite which are responsible for the
marked foliation in the rock. The groundmass of the rock is finer
grained quartz and plagioclase (<0.05 mm) which have a very granular
and poiygonized appearance. The biotite stringers are typically composed
of 0.3 mm flakes of brown biotite which have a strong orientation
parallel to the plane of foliation but a number of the biotite grains
violate this preferred orientation. Muscovite occurs in stringers
similar to the biotite but it also occurs in association with biotite
as larger flakes and as scattered anhedral grains commonly associated
with plagioclase. Plagioclase is found in the groundmass as anhedral
interstitial grains and as rare, altered subhedral phenocrysts (<1 mm)
showing polysynthetic albite twinning:and moderate continuous normal
.zoning. Accessory minerals, all associated with biotite, are magnetite

(+ hematite), sphene, epidote, and zircan.

PL72-157 Porphyritic felsite; T. 23 N., R. 11 E., NE%SEY4 sec. 31
This rock 1is grayish pink (5 R 8/2) and very fine grained except
for 4 mm phenocrysts of quartz and plagioclase. It contains very fine

veinlets of quartz and/or muscovite that cross through the rock at odd

angies and tiny, flat, dark-yellowish-brown {10 YR 6/2) to olive-gray
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(5 Y 3/2) flecks scattered throughout the groundmass. In thin section
the porphyritic nature of the rock is even more pronounced. The large
quartz grains are seen to consist of 0.2 to 2 mm sized irregular shaped
subgrains which show strong undulatory extinction and serrated boundaries
with neighboring subgrains. The quartz phenocrysts tend to be of two
sizes (2 to 4 mm or 0.5 mm) and the groundmass grains are about 0.05 mm
or smaller. Plagioclase on the other hand, occurs as phenocrysts which
tend to have a more seriate grain size distribution from about 4 mm
down to about 0.5 mm. They are nearly euhedral and have irregular
polysynthetic albite twinning and show normal continuous zoning.
Relatively rare subhedral to anhedra{ phenocrysts of microcline are
generally less than 0.5 mm and exhibit very fine crosshatch twinning.
Muscovite occurs both as 2 mm flakes that are thinly scattered through
the rock, and as the main constituent of the crosscutting veinlets.
Chlorite, apparently after biotite, is commonly associated with the
larger muscovite flakes. Rare biotite (brownish colored), magnetite‘
(+ hematite), epidote, and zircon are associated with muscovite and
chlorite as part of relict glomeroporphyritic clots. Allanite occurs
with some of the epidote, and in one instance, as a core to an epidote
crystal. The zircons fypica11y show tubelike fluid(?) inclusions.

The groundmass of the rock is an intimate mixture of polygonal grains

of quartz, plagioclase, and minor microcline.

F. Peflasco Quartz Monzonite

General Comments

The Penasco Quartz Monzonite is the youngest major granitic rock

unit in the Dixon-Peflasco area. Unlike the Puntiagudo Granite Porphyry
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and the Rana Quartz Monzonite it lacks a distinctive border zone, but
it does show differences in modal mineralogy that can be attributed
to some form of differentiation. However, these differences are con-
tinuous for the most part and the exposures of the unit are not always
good, hence it was impractical to map separate subunits. The most dis-
tinctive subtype is a medium- to coarse-grained biotite quartz monzonite
which contains microcline megacrysts, and it generally has a gradational
relationship with surrounding quartz monzonite and occurs in sporadic,
rather small localized areas. This mode of occurrence created further
difficulties in mapping internal contacts in the unit. In general,
though, the less mafic rocks with more megacrysts tend to occur in the
most southerly and easterly outcrops of the unit while the more mafic
rocks with Tess megacrysts are found along the northwesterly margin
of the body where it is 1in contacf with amphibofite. Four examples of
the unit itself and one example of an aplite from the unit are described
here.
PL72-92 Biotite granodiorite; about 1.25 mi north- northwest of Trampas
on the upper reaches of Cafiada del Aqua

This sample was collected adjacent to a Targe inclusion of Rana
Quartz Monzonite. It has an overall equigranular granitic texture with
a slight hint of foliation of the 1 to 2 mm sized biotite grains.
Rounded to tabular 1ight-gray (N 7) plagioclase grains (<0.5 mm)
are irregularly distributed in a very slightly finer grained matrix
of medium-gray (N 5) quartz, microcline, light-gray (N 7) and black (N 1)
biotite, as well as finer plagioclase grains. The microcline crystals
are generally blocky, although not euhedral, and are less than 4 mm in

size. The quartz occurs as irregular shaped aggregates of grains,
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slightly elongate and up to 6 mm long. The biotite occurs both as
subequant aggregates of grains and as apparently interstitial flakes.
Wedges of accessory sphene (0.5 mm) are visible in hand specimen.

In thin section, the subhedral blocky plagiociases show fine polysyn-
thetic albite twinning and continuous normal zoning from An26 to A“IQ'
The crosshatch twinned microcliine grains are &istinct1y anhedral as

are the quartz grain aggregates. Albite (=An2;3) rims and myrmekite
are common where microcline and plagioclase are in contact, but this
sampie Tacks' the pervasive alteration of theipTagioc]ase that is typical
of the Puntiagudo Granite. Porphyry and the Réna Quartz Monzonite.
Rarely, twin lamellae in the plagioclases are bent. The microcline
typically contains altered inclusions of plagioclase with clear, unaltered
rims. The biotite occurs. as aggregates of tapered flakes that are pleo-
chroic in shades of green to Tight yellow green and have associated
sphene, magnetite (+ hematite), allanite, epidote, zircon, and apatite.
The magnetite occurs as generally subrounded to-angular, subequant
grains that commoniy ére in groups associated with biotite. Hematite

" occurs as branching, dend%ite]ike forms which appear to be invading

the magnetite crystal from the outside margins. The hematite is much
less common in the interior of the crystals than along the margins,

and the exterior portions of the magnetite crysta]s‘are in many places
completely replaced by hematite. The sbhene occurs as wedges which

are typically altered to anatase. Epidote is us@a11y found as irregularly
shaped, 0.5 mm crystals that commonly include aiﬁéhite, or apatite,

or both, and are very closely associated with biofité; Allanite occurs
as cores or inclusions in epidoté and as individual elongate crystals

up to 1T mm Tong. These individual allanite grains generally have some
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epidote associated with them though not consistenty as epitaxial over-~
“growths. Apatite forms elongate but rounded prisms (0.3 mm) which
are commonly included in biotite. Zircon is typically found as 0.1 wm

stubby prisms associated with sphene and/or biotite.

PL.72-231 Biotite quartz monzonite; T. 23 N., R. 11 E., S% sec. 27

This s a medium- to coarse-grained granitic textured rock with
a slight Toiiation and a granular character, and a marked contrast
in grain size even within a single hand specimen. Large (<9 mm),
subhedral tabular, but fractured grains of microc]iﬁe, Tight brownish
gray (5 YR 6/1) are scattered among clots of black (N 1) biotite, large
(12 mm) fractured anhedral grains of plagioclase medium 1ight gray
(N 6), clots of granulated plagioclase, light gray (N 7), and 2 to 6 mm
sized grajns of medium-dark-gray (N 4) transparent quartz. Millimeter
sized wedges of sphene partially altered to anatase are clearly visible
in hand specimen (grayish red, 5 R 4/2, to very dusky red, 10 R 2/2).
In thin section the guartz occurs as aggregates of subgrain§ (<1 wm)
that show strong undulatory extinction. The microcline is crosshatch
twinned and shows considerable granulation especially around the margins
of the subhedral grains. Warts of myrmekife project into the edges of
some of the grains and there is commonly a relict Carlsbad twin plane
in some of the larger grains. P]ag%oc1ase shows fine polysynthetic
albite twinning and slightly undulatory normal continuous zoning.
Much of the plagioclase, however, consists of irregular anhedral grains
that appear to be the product of granulation. In such areas, microciine
is granulated as well and commonly one mineral appears to be replacing

the other. There is a minor amount of replacement of plagioclase by



432

very fine muscovite and/or epidotel Biotite occurs as large (<3 mm)
flakes that are commonly bent and in maﬁy places they have a shredded
appearance. The mafic assemblage is generally similar to that of
PL72-92. The biotite has associated with it magnetite + hematite
in 0.5 mm sized granules. Sphene has a typical wedge shape and some
wedges show polysynthetic twinning., Epidote occurs as tabular euhedral
crystals commonly encfosed in biotite and rarely as rims to tiny allanite
crystals. Apatite occurs as typical sausage-shaped rounded prisms.
PL71-5 Porphyritic biotite quartz monzonite; T. 23 N., R. 12 E.,
NE%SWY4 sec. 31

In this sample large tabular megacrysts of microcline are set in
a matrix of plagioclase, quartz, and biotite. Accessory altered sphene
is visible in hand specimen. The microcline megacrysts are grayish
orange pink (10 R 8/2) to light brownish gray {5 YR 6/1), and are up
to 2.5 x 9 cm. They are perthitic and contain inclusions (<1 mm)
of plagioclase, some of which are oriented subparallel to ghost crystal
faces. The megacrysts themselves show a strong subparallel orientation.
The matrix in contrast, shows only a moderate amount of folijation pri-
marily expressed as a very crude orientation of the biotite flakes and
as subparallel fractures in the gquartz grains. Plagioclase occurs as
large (5 to 10 mm) aggregates of anhedral grains (very light gray, N 8)
interspersed with nearly transparent fractured grains of quartz (blocky,
2 to 8 mm) with sporadic brownish stain. Very slightly oriented,
black (N 1) biotite occurs as irregular 3 mm sized grain aggregates
with associated grayish b]agk magnetite octahedra and wedges of sphene
(altered to anatase, yellowish gray 5 Y 8/1) both about 0.5 to 1.0 mm

in size. In thin section the microcline shows typical crosshatch
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twinning, commonly includes rather Targe plagioclase grains (2 to 4 mm),
and commonly shows granulation near the margins of some of the grains,
and in some places in the interior of the larger grains. Irregular
perthic lamellae are common. Plagioclase is usually anhedral to sub-
hedral except where it is included in microcline, and it typically
shows a moderate amount of alteration by muscovite and epidote. The
quartz has strongly undulatory extinction that appears unrelated to
any obvious fractures but the differences in extinction angles are so
great that it appears as though the grains are in the incipient stages
of being broken into subgrains. Biotite is pleochroic in shades of
green, brown, and straw yellow and commonly shows bent cleavage planes.
Associated opaque grains are similar in occufrence to those in the Rana
Quartz Monzonite, the bulk of the grain consisting of magnetite with
oxidation to hematite occurring at grain rims and branching out from
cleavage planes. The less altered sphene wedges show polysynthetic
twinning and zoning. Allanite occurs as large (2 mm)'honey-brown prisms
commonly with narrow rims of epidote. Epidote also occurs as separate
grains associated with biotite, as does apatite which ordinarily occurs
as rounded grains included in biotite. There are also minor aﬁounts
of muscovite (apparently replacing biotite), and rare subhedral prisms
of zircon.
PL72~96 Porphyritic biotite guartz monzonite; approximately 0.25 mi
west of Trampas, just north of Highway 76 at east end of large roadcut
This sample was taken from a 1 to 2 m thick dike of Penasco Quartz
Monzonite in foliated Puntiagudo Granite Porphyry. OF all the Pefasco

Quartz Monzonite, it has the greatest difference in grain size between
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megacrysts and matrix.' The megacrysts are up to and occasionally

in excess of 8 cm in maximum dimension. Typical aspect ratios are
1:0.8:0.3. The concentration of megacrysts is not constant even in a
single qutcrop. They very commonly show subparallel alignment.. In

the case of this sample the alignment is subparallel to the walls of
the dike. These megacrysts are very similar internally to those in
PL71-5, being perthitic and showing well-developed alignment of plagio-
clase inclusions that define ghost crystal faces. Biotite and rarely
hematite also occur as inclusions. The megacrysts are pale red (10 R 6/2)
to grayish orange pink (5 YR 7/2) to 1ight brownish gray (5 YR 6/1),
and are set in a matrix that is a granodiorite consisting of 2 to 5 mm
subhedral plagioclase grains (yellowish gray, 5 Y 8/1), medium-gray

(N 5) 2 to 4 nm subtransparent anhedral quartz, and 2 to 5 mm subhedral
to euhedral microcline grains (same color as megacrysts). The mafic
mineral is grayish-black biotitel(N 2) that occurs as 2 to 10 mm clots
of 1 mm sized grains that show a crude orientation roughly orthogonal
to the orientation of the megacrysts. In thin section the plagioclase
shows polysynthetic twinning on both the albite and pericline(?) laws,
and is zoned from An26 to An18. The zoning is continuous and generally
normal although some undulatory reverse zoning is observed. Some of
the apparent reversed zoning is due to synusis between two plagioclase
cores. Quartz shows undulatory extinction and the microcline has
crosshatch twinning. Alteration of plagioclase, while not ubiquitous,
is fairly common and is in places concentrated in the more calcic cores
of the plagioclase grains. The alteration is for the most part very
fine grained, finer than that found in the plagioclase of the Rana

Quartz Monzonite, making positive identification of the minerals
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difficult. However, epidote and muscovite can be identified in some
of the more coarse-grained alteration areas. The biotite is a green-
brown coior in thin section, shows bent cleavage, and in general has

a shratty appearance--commonly showing ragged edges and in places being
crosscut by muscovite. Associated with the biotite are the typical
assemblage of mafic minerals: magnetite (+ hematite)}, sphene, epidote,
apatite, and zircon. The bulk of the opague grains are magnetite

with the hematite occurring as oblate blebs within the magnetite and

as dendrite]fke incursions into the magnetite from the rim of the grains
and from cracks within the interiors of the agrains. Typically there
will be in a thin section grains which show different stages of what

is apparently an oxidation process; i.e. grains will have contrasting
proportions of hematite and magnetite. Sphene is abundant and occurs
in its usual wedge-shaped form and is commonly altered to anatase.
Epidote occurs as subhedral grains sandwiched between biotite grains
and as narrow rims on elongate ‘reddish allanites. Apatite occurs as
tiny inclusions in biotite and as larger oblate grains between or adja-
cent to biotites. Zircon occurs as rounded prisms commonly showing
large tubular fluid inclusions.

Myrmekite and plagioclase rims on albite are commonly associated
with microcline. The myrmekite is cauliform or wartlike and consistently
projects into microcline whereas the albite rims are typically on
plagioclase grains where they abut against microcline.

* PL72-86 Biotite aplite; approximately 1.5 mi north-northwest of Trampas
~along Cafiada de la Madera
This rock occurs as a narrow dike approximately 2 ff thick in

Periasco Quartz Monzonite. The aplite dike in turn is cut by a typical
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pegmatite dike. It is a medium-grained bjotite-bearing aplite with
some very local coarser portions and narrow (2 mm) veinlets of more
lTeucocratic material. An overall equigranular texture of quartz,
microcline, and plagioclase is set off by a slight subparallel orien-
tation of biotite (black, N 1), and by the presence of 1.5 mm sized
subhedral magnetite octahedra. The overall color is a pinkish gray

(5 YR 8/1) and the average grain size is about 0.75 to 1.2 mm.
Microcline has the largest grain size (<2.5 mm). The rock appears to
be an intimate mixture of two facies, one being a finer grained biotite-
bearing facies which appears to have been completely invaded by the
more leucocratic microcline-rich phase. This latter facies occurs

as veinlets and irregular masses in the finer grained facies. The
masses are about 5 mm across and make up from 30 percent to less than
10 percent of the rock. In thin section the two facies are difficult
to distinguish because the entire rock, regardless of biotite content,
has an allotriomorphic granular texture. The microcline is perthitic
and is crosshatch twinned. Myrmekite is common and occurs in its usual
form of wartlike projections into the microg]ine. Plagioclase occurs
as nondescript grains, which may or may not show polysynthetic twinning
and which are sTightly altered in some places. The quartz grains

are rounded and show very little undulatory extinction. Biotite, for -
the most part, forms single grains that are about 0.4 x 0.25 mm in
cross sectional size and are pleochroic in shades of brown and straw
yellow. Magnetite grains lack any association with biotite and show
alteration to hematite at grain margins and along cleavage fractures.
Rarely the hematite occurs as blebs within the magnetite grains.

Apatite and muscovite are common accessory minerals as 1is anatase(?),
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which occurs as odd-shaped interstitial blebs that take on the shaﬁe of
surrounding grains, suggesting that the constituents of the mineral{s)
were once a residual immiscible liquid. Associated with the blebs

are small grains of magnetite. The anatase may also be in part an
alteration product of sphene. Sphene also occurs as very narrow rims
on margins of the larger magnetite grains. Muscovite is found as an
alteration product of plagiociase and as flakes crosscutting biotite.
Apatite is associated with biotite and usually occurs as oblate,

rounded grains.



APPENDIX II
Modal Analyses

Most of the following modal analyses were obtained by a modified
point count method whereby stained slabs were counted for major con-
stituents (quartz, microcliine, plagioclase, and biotite} and thén thin
or polished sections were counted in order to correct for accessory
constituents. One thousand points each were usually counted on the
slabs and thin sections. Given the grain size, area of slabs, and the

‘number of points counted the.precision of the analyses is thought to

be within a two sigma analytical error of about 2.8 (Chayes, 1956,

p. 81). That is, 95 percent of the time the stated modal percentage

of a major constituent will be within 2.8 percent of the true value.
Another approach has been used by Van Der Plas and Tobi {1965a), whereby
they assume that if the grid spacing is Targer than the largest grain
fraction then the analytical error is approximated by the binomial
counting error (Chayes, 1965; Van Der Plas and Tobi, 1965b). Applying
their chart of counting error as a function of count length gives the

following result for an average analysis of Rana Quartz Monzonite:

Quartz 34.4% + 3.0% (two sigma)
PlagiocTase 31.2 = 2.9
Microcline 20.8 + 2.5
Biotite 5.6 1.4
Muscovite : 4.7 £1.3
Epidote 0.7 £0.5
Clinozoisite 2.1 +0.8
- Hematite + magnetite 0.4 +0.5
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In some instances thin sections only were counted and the results of
these analyses are less precise than stated above except in the case
of fine-grained rocks such as apiites and felsites. The results in
the following tables are reported to the tenth of a percent regardless
of the actual precision. The advisability of this has been succinctly

argued by Chayes in his 1953 paper, "In Defense of the Second Decimal.”
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AVERAGE MODES

Rana Quartz Rana Quartz Rana Quartz

Monzonite Monzonite Monzonite
(border zone) (foliated phase) (unfoliated
(17) (24} phase) {(4)
% S.D % S.D. % S.D.
Quartz 38.8 11.0 . 32,0 2.6 37.6 2.4
Plagioclase 26.5 7.4 35.8 4.2 34.7 2.5
K-feldspar 19.7 11.4 19.7 3.3 17.8 2.1
Biotite 0.5 0.7 6.9 2.1 7.4 2.1
Muscovite 13.2 5.8 5.7 3.3 4.7 -
Epidote 1.7 1.6 1.6 0.9 0.7 -
Clinozoisite - - - 2.1 -
Tourmaline 0.1 0.2 - - -
Hematite +
magnetite 0.3 0.2 0.7 0.5 0.6 0.3
Rana Quartz
Monzonite
aplites (4) Metadacite (3) Felsites (6)
% S.D. % S.D. % S.D.
Quartz 35.2 4.0 44.5 5.6 56.1 7.6
Plagioclase 26.6 6.8 23.9 12.2 22.8 2.8
K-feldspar 33.8 6.5 14.5 2.6 8.4 5.9
Biotite 0.4 0.4 5.8 4.9 2.9 2.2
Muscovite 1.8 1.5 8.7 9.4 9.0 5.9
Epidote 0.4 0.3 1.6 0.5 0.4 0.4
Clinozoisite - -
Sphene 0.3 0.3 - -
Alianite . - - - -
Tourmaline 1.9 3.8 - - - -
Hematite + 0.1 0.1 07 0.2 0.5 0.4

magnetite
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Puntiagudo Pefiasco Quartz
Granite Porphyry Periasco Quartz Monzonite
: Monzonite (11) aplites (2)
% S.D. % S.D. % S.D.
Quartz 34.7 4.7 25.1 3.4 28.7 3.0
Plagioclase 36.7 6.9 39.6 6.1 27.8 1.6
K-feldspar 20,2 8.6 15.9 6.0 40.9 2.0
Biotite 3.1 2.1 .13.9 2.7 2.3 3.3
Muscovite 4.8 2.4 2.4 1.8 0.1 0.1
Epidote 0.9 0.4 1.5 0.6 - -
Sphene 0.1 g.1 0.6 0.3 -
Allanite 0.0 0.1 0.2 0.1 -
Tourmal ine - -
Hornb]ende 0.1 0.4 - -
Hematite + 0.4 0.2 0.8 0.5 0.3 0.4

magnetite
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Rana Quartz Monzonite {border zone)

PL72- PL73- PL72- PL72- PL72- PL72-

Sample number 138 267 131 206 197 146%*
Quartz (total) 28.7 32.3 34,7 33.4 40.4 61.3
Quartz

(phenocryStS) (9-5) (]0-4) (8.3) = = =
Plagioclase 32.7 33.8 33.7 24.3 23.7 6.0
Microcline 17.8 17.2 19.5 32.6 29.6 - 1.7
Biotite - - - - 0.5 -
Muscovite 14.7 14.1 10.6 9.2 5.6 30.8
Epidote 5.0 2.4 1.0 - 0.1 0.1
Tourmaline 0.7 0.1 - - - -
Allanite 0.2 - - -
Garnet - - - 0.2 - -
Hematite 0.2 0.1 0.6 0.20 0.1@ 0.1

PL72- PL73- PL73- PL73- PL72- PL72-

Sample number 130%%  26gk% 251w 265% 195+ 139+
Quartz (total) 46.5 42.7 54.6 30.2 38.1 35.8
Quartz

{phenocrysts) h B B (6.0) h (6.7)
Plagioclase 34.4 27.4 15.1 . 31.4 20.8 31.7
Microcline 5.3 14.1 17.3 23.0 35:9 32.5
Biotite 1.8 0.2 0.1 1.5 - -
Muscovite 9.1 14.2 12.5 13.6 4.9 8.1
Epidote 2.1 1.0 0.2
Tourmaline - - -

. Allanite - - - f

Garnet - 0.3 -
Hematite 0.8 0.1 0.1 0.3 0.3 -

*Slabs only counted.
**Thin sections only counted.

@0paque mineral is hematite + magnetite.



Rana Quartz Monzonite (border zone traverse)

Sample number

Quartz (total)
Quartz .
(phenocrysts)
Plagioclase
Microcline
Biotite
Muscovite
Epidote
Sphene
Tourmaline
Hematite +
magnetite

Sample number

Quartz (total)
Quartz
(phenocrysts)
Plagioclase
Microcline
Biotite
Muscovite
Epidote
Sphene
Tourmaline
Hematite +
magnetite

PL73-
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(9= R # 8]
w O Oy -t

0.5
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2
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0.3

PL73-
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28.2
36.8
19.7

4.7
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1.9

0.6
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25.
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PL73-
243

(13.3)

18.3



Rana Quartz Monzonite (foliated phase)

PL72- PL72- PL72- PL72~ PL72- PL72- PL72~ PL72- PL72-

Sample number 528 229 9EQ 193 227 154% 168* 174* 167%

Quartz 34.3 31.1 28.1 32.4 31.9 33.9 32.6 34.8 32.5
Plagioclase 25.5 - 27.3 32.6 36.6 39.7 40.7 38.5 36.1 38.8
Microcline 23.9 21.1 25.1 14.7 14.5 15.5 18.1 20.1 23.2
Biotite 5.5 7.3 8.3 9.4 6.4 9.7 9.8 8.4 5.1
Muscovite 10.0 11.6 4.3 4.6 2.4 .- - - -
Epidote 0.3 0.3 1.1 1.7 0.6 - - - -
Clinozoisite 0.3 0.3 - - 0.3 - - - -
Sphene . 0.1 - - - - - - -
Tourmaline - - - 0.2 - - - - -
Hematite +

magneti te 0.8 0.9 0.5 0.4 0.8 0.1 1.0 0.7 0.5

PL72~- PL72- PL72~ PL72~ PL72- PL72- PL72-

Sample number 172% 187* 163% 175% 170% 294 296%

Quartz 35.9 33.6 33.5 29.2 30.3 29.6 34.2
Plagioclase 30.6 37.9 37.3 42.6 38.4 40.5 41.6
Microcline 21.8 20.1 18.0 16.6 20.9 - 21.3 20.3
Biotite 3.9 7.1 6.6 8.8 9.0 7.5 8.0
Muscovite - T - 4,2 2.4 - 0.4 1.1
Hematite + 1.9 1.3 0.3 0.3 1.4 0.4 0.9
magnetite ~

*Slabs only counted.

4%



Rana Quartz Monzonite Rana Quartz Monzonite

{unfoliated phase) . ' (aplites)
PL71- PL72~ PL72- PL72- PL72~ PL73- PL73-

Sample number 14 186* 187* 183+ 188%* 233%* 232¢%*
Quartz 34.4 . . 38.5 37.3 40.0 39.7 36.9 30.3
Plagioclase 31.2 35.0 35.6 37.1 33.8 18.8 30.5
Microcline 20.8 16.1 17.9 16.4 24.9 36.2 34.0
Biotite 5.6 10.1 8.2 5.8 - - 0.8
Muscovite 4.7 - - - 1.5 0.4 3.9
Epidote 0.7 - - - - 0.3 0.6
Clinozoisite 2.1 - - - -
Tourmaline - - - - 7.5 -
Hematite +

magnetite 0.4 0.4 1.0 0.7 0.1 - -

*Slabs only counted.

**Thin sections only counted.

Svv



Sample number

Quartz
Plagioclase
Microcline
Biotite
Muscovite
Epidote
Sphene
Hematite +
magnetite

Sample number

Quartz
Plagioclase
Microcline
Biotite
Muscovite
Epidote
Sphene
Allanite
Hematite +
magnetite

PL72~-
108

63.7
23.6

O~
- .
L =2 R 7S R o]

PL71-
44

. 28.4
36.2
23.6

3.
6.
1.

[JL oot}

-

0.4

*S1ab only counted.

@Magnetite only.

PL73~
260

65.7
18.6

SOOI
PO O OR

PL72~
179

32.3
42.0
17.8

oo O
o w o

0.6

Felsite Dikes

PL72- PL72- PL72- PL72~
216 149 157 106
47.9 51.4 58.2 49 .4
25.4 21.0 26.2 22.2
7.8 8.4 11.8 17.8
4.7 - 0.7 3.8
13.3 18.8 3.0 4.6
0.4 0.2 0.1 1.2
0.6 0.1 - 1.1
Puntiagudo Granite Porphyry
PL72- PL72- PL72~ PL72-
126 100 127me 127F
34.4 31.7 ° 44,7 38.8
28.9 27.8 41.0 48.6
28.2 28.5 5.7 8.5
1.5 3.8 0.3 -
6.1 6.0 7.0 3.5
0.8 1.5 0.9 0.6
0.2 0.6 0.4 -

Cerro Alto Metadacite

PL71~
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a1,
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—
O O wd D

WY O~
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Pefiasco Quartz Monzonite

PL72~ PL72- PL71- PL71- PL73- PL73~ PL72- PL71-~
Sampie number 96 96grdm 5 56 263 264 92 353 %%
Quartz 17.5 23.2 26.8 26.3 25.0 22.1 21.7 27.9
- Plagioclase 32.0 42.4 36.8 36.3 32.9 44.5 48.3 33.1
Microcline 23.0 11.8 24.6 17.8 17.9 11.4 10.3 19.3
Biotite 16.4 16.4 7.8 12.9 13.8 17.4 13.9 13.4
Muscovite 3.5 3.6 1.5 3.1 6:9 1.7 ‘2.4 3.0
Epidote 0.9 0.9 1.2 2.1 2.2 0.5 1.3 1.0
Clinozoisite - - - - - - 0.1 0.5
Sphene 0.6 0.6 ‘0.4 1.1 0.4 0.3 0.5 1.0
Allanite 0.2 0.2 0.1 - 0.3 0.1 0.3 0.2
Hematite +
magnetite 1.0 1.0 0.3 0.5 0.7 2.0 1.1 0.7
Pefiasco Quartz Monzonite (aplites)
PL71- - PL72- PL72- PL72- ’ prL72- PL73-
Sample number  ggpie  gsxs  gykk 3]k g8b*  5ap*
Quartz 26.4 27.9 29.1 25.5 26.5 30.8
Piagioclase 38.0 48.9 41.3 43.6 28.9 26.7
K-feldspar 19.1 4,5 10.9 16.6 39.5 42.3
Biotite 13.1 14.1 12.7 17.3 4.6 -
Muscovite 1.2 2.0 0.8 0.1 - 0.2
Epidote 1.2 0.8 2.2 - - -
Clinozoisite - 0.3 0.3 - -
Sphene 0.1 0.7 0.7 1.0 - -
Allanite 0.3 0.1 0.1 - - -
Hornblende - - 1.4 - - -
Hematite +

v

*STlabs only counted.
**Thin sections only counted.

Ly



APPENDIX III

Whole-Rock Analyses for Major and Minor Elements plus Barium,
Rubidium, Strontium, and Zirconium by Energy
Dispersive X-ray Fluorescence

The whole-rock analyses that follow were done with a Kevex (TM)
0810 excitation subsystem and a Kevex (TM) 5100 X-ray energy spectro-
meter. Special thanks is due the Kevex Corporation, Burlingame,
California, for the use of their equipment and to Drs. R. Woldseth and
T. C. Yao for help with the analyses.

The samples were prebared by trimming and sTabbing appropriate-
sized hand samples with a diamond saw. After thorough washing‘in tap
water the slabs were fractured into pieces with maximum dimension 3 cm
using an hydrautic rock splitter. These chunks were then fed into a
small ceramic-faced jaw crusher. The minimum sample weight at this
stage was generaily 1.5 to 2.0 kg although in some instances lower
weights were allowed especially for very fine-grained samples. For
the very coarse-grained pegmatite samples larger sample weights were
used--up to about 4 kg.

After the preliminary cr-shing, the samples were split to a weight
of 100 g which was then ground in a tungsten carbide shatterbox (TM).
After 5 to 10 min of grinding the sample was removed, split to half its
weight and ground for an additional 20 to 25 min for a total grinding
time of 30 min. Sieving of typical test samples demonstrated that this
grinding procedure produced grain sizes that were 93.6 percent -200 mesh

and 99 percent -400 mesh. Microscopic examination showed that the bulk
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of the grains were uniformly less than 3 um in size with only scattered
quartz grains being 10 to 15 um.

In order to reduce the total sample preparation time, an attempt
was made to perform the analyses on whole-rock, undiluted pressed
powder pellets. This technique has been successfully used by Fabbi
(1971) for barium and strontium and is discussed as a technique for
analyzing major elements by Welday and others (1964). Three types of
problems arise in using this technigue: (1) the "grain size" problem
which results in different counting rates generally for major elements
from different grain-sized samples, (2) preferred orientation of platy
minerals on the surface of the pressed pellets which to X-rays, changes
the apparent composition of such sampies, and (3) matrix corrections
are more severe than in diluted samples due to greater variation in
absorption and enhancement of characteristic radiation from one sample
to the next. One or more of these problems have been discussed by the
following authors: Welday and others (1964), Volborth (1964), Berry
and others (1964), and Claisse and Samson (1962). On problem (1) there
is little agreement in the Titerature as to the appropriate mathematical
treatment but it does appear that for a wide range of wavelengths,
the problem can be overcome by grinding below a 5 um grain size. Since
these samples have largely fulfilled that criterion it is assumed that
the grain size probiem is not a significant source of error. Preferred
orientation may be a problem, especially for the Peflasco Quartz Monzonite
samples which are biotite-rich relative to the others. Still, the fine
grain size has definitely helped to reduce the problem and no specific

attempt was made to correct for it. The third probiem, matrix effect,
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was apparently significant only for Al, Si, Na, and Mg. A1 and Si

were corrected for using empirical techniques similar to those discussed
by Fabbi (1971) combined with the use of a wide range of standard
compositions. Na and Mg were corrected using an absorption correction
of the type

0
@ . q KNyHg
corr init zmi“i

where 12 if the corrected intensity for element a, 18 is the

cory init
uncorrected intensity for element a, k is an empirical constant, W
is the weight fraction, ug is the mass absorption coefficient for element
a by element a in the sample and ¥ is the mass absorption coefficient
of the element a by the ith element in the sample. The results gave
good R-factors (0.95) for least-squares fits of the standard data as
Tong as the composition did not extend into the basaltic or more mafic
range. R-factors for the other elements were excellent over wide
composition ranges {0.99) except for Mn which was less precise due to
difficuities in determining backgrounds. Rb, Sr, and Zr were corrected
empirically using the methods of Fabbi (1971).

The analyses were actually performed in four passes. Na and Mg
were analyzed using an aluminum secondary target, no secondafy filter,
with a chromium tube at 20 kV and 50 mA. Al, Si, K, Ca, T, and Mn
were analyzed using an iron secondary target, no secondary filter,
with a tungsten tube at 20 kV and 25 mA. Ti, Fe, Rb, Sr, and Zr, were
analyzed using a silver tube at 35 kV and 35 mA with a silver secondary
target and a silver filter. Ba was analyzed in a unique manner using

241

a New England nuclear XRF exciter system (TM) in which a 900 MCi Am

radioactive source excited a dysprosium secondary target which in turn
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excited the barium Ko line giving very high sensitivity for Ba. The
theoretical detection limit was about 1 ppm but both precision and
accuracy for barium turned ocut to be less favorable than was anticipated
from the counting statistics. The reasons for this are not clear but
further work with this technique should make it one of the best for
analyzing Ba in a wide variety of rocks.

Overall, the analyses are of high quality with the exception of
Si and Al which apparently need additional matrix and/or peak overlap
corrections. The precision {based on replicate analyses) for each
element is given below beside each value obtained analyzing G-2 against
the other standards used (USGS AGV-1, USGS GSP-1, USGS BCR-1, JGS JB-1,
and JGS JG-1). The accuracy of the analyses can be estimated by noting
the differences between Flanagan's (1973) values and those obtained
by this method. The combination of not measuring H20 content and the
relatively poor analyses for Al and Si gives low totals in some cases,
but the analyses still provide relative trends in Al and Si and
reasonable accuracy for the other elements.

The CIPW norms given for each analysis were calculated using the

standard NORMCOMP Fortran program.
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Estimated

precision at
USGS G-2 Flanagan (1973) This study 2 sigma
$10, u 69.11 67.91 £1.30
Ti0, 0.50 0.35 4005
AT,04 - 15.40 15.30 £0.15
Fe as Fe,05 2.65 2.61 +0.09
Mn0 ' 0.034 0.04 £0.02
MgOA 0.76 0.81 £0.12
Ca0 : 1.94 _ 2.01 '£0.09
Na,0 4.07 4.05 0.10
K,0 4.51 4.45 0,10
Total . 99.25 98.06
Ba 1870 ppm " 1871 ppm +100 ppm
Sr 479 475 20

Rb . 168. 170 20
Zr 300 331 +40
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SAMPLE NUMBER 36

oo

OXIDE
Sinz
TIOZ
AL203
FE20]
FEG
HNO
MGO
CAQ
¥A20
X20
P20S
BAO
SRO
CRr203
F
cL
501
s
co2
Znnz

BL71-36 CND
W? PCT MOLE PC?
65.80 74,67
0.65 0.55
14,97 10.01
4,88 2.08
0.00 0.00
0,06 0.06
1.47 2,49
4.02 4.89
3,11 3,42
2.42 1.75
0,00 0.00
9,08 0,04
0.03 0.02
0,00 0.00
0.060 0,09
0,60 0,00
0.00 0.00
0,00 0.00
0,00 0.00
0,03 0.02
BA  T75Q pPM
SR 289 ppM
REB 86 PPM
za 195 ppy
RE/SR 0.298
RE/BA 0,115
°7.52

HORMATIVE MINERALS
KS
KPp
Lc
Hs
OR
AB
Al
NE

Q
OL

Ho
AC
AP
iL
se
RO
PY

¥T
HEY
CH
HL
FR
TH
PR
NC
cc

RT PCT
0.00
.00
0.900
0.00

14.30

26,32
19.74
0.00

27.62
0.00
0.00
0,00
0.00
3.66
3.66
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.13
0. 30
O.Up
0,00
Q.00
0.00
4.88
Q.00
0.00
Q.00
8.0¢
0.40
0.00
0.00
0.04

97.46

Cerro Alto Metadacite

HOLE PCT

¢.00
0. G0
0.00
0. 00
3.77
7. 36
10.41
0.00
67.41
0.00
04.00
0. 00
0,00
5.35
5,35
0.00
0.60
0.00
¢, 0¢
G, 060
0,00
0,00
0.00
0,12
0,23
0, a5
9.00
0,00
0.00
4,48
4.00
0,00
¢.00
0.080
0,00
0,00
0,00
0.04

SAMPLE NUMBER
PL72-133 CHb

00

OXIDE

5102
TLO2
ALZ03
FE203
FRO
MEO
6o
CAO
HA20
K20
P205
BAO
SRO
CR203
¥

CL
503

5
co2
ZRO2Z

133

WT PCT MOLE PCT

68.62
0.38
14,29
3.54
0.00
0.C4
0.72
2.03
4.39
3.11
0.00
0.13
0.02
0.00
0.00
0.00
0.00
0.C0
8.00
0.02

BA
SR
]
IR

RB/SR
RB/BA

97.29

77.75
0.32
9.54
1.51
0.00
0.04
1.22
2.46
4,82
2.25
0.00
0.06
0,01
0.00
¢.00
0.00
.00
0,00
9.00
0,0%

1151 PPM
193 PPH
99 PPH
182 PP
0.513

- 0.083

NORHATIVE MINERALS

kS
Kp
Lc
LE
oR
LB
AN
HE
Q

CL

¥T PCE

0.00
0.00
0.00
0.00
18.38
37.15
10.10
0.00
25,68
0.00
0.00
6.00
0,00
1.79
1.79
0.00
.00
0.090
0.00
0.00
0.060
0.00
9.00
0.09
0.18
0.26
0.090
.00
0.00
3.54
0. G0
0.00
0.00
0.00
0.09
0.00
0.08
0.03
97.20

0.00
0.00
0.00
0.00
5.39
11.56
5.93
0.00
63%.78
0.00
0.00
0,00
0.00
2.92
2.92
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09
6.15
0,53
0,00
0. 00
0.00
3. 62
0.00
6.08
0.00
0.00
6. 00
0. 00
0.60
0.03

MOLE PCE

ratr



SAMPLE NUEBER

198

oo PL72-198 CMD

0XTIDE HT BCT

5102 T72.70
TIOZ2 0.u2
AL203 14,71
FE203 2.52
FEQ Q.00
MNO 0.C5
NGO 0.56
CAO 1.61
HAZ0 4,00
K26 1.76
p205 0.09
BAO 0.07
1] Q.02
cn203 0,00
4 0.0
cL .00
503 0,06
S 0.06
co2 0.00
Zr02 0.04
BA
SR
!0
IR

RB/SR

RB/BA
98.76

MOLE PCT
80.23
0.35
9.57
1.05
0.60
0.05
0.92
2.26
4,28
1.24
0.00
0.03
0.01
0.0
0.09
0.00
0.3%
0.00
0.C9
0.02

&22 PPH
170 PPM
S3 PPM
273 PPM
“0.312
0.085

KORHATIVE HINERALS
KS
KB
1c
s
OR
AB
AN
NE

Q
oL

nY

HO
AC
AP
IL
Sp
RU
BV

uT
HEM
cH
HL
PR’
TH
PR
:{o
cc

WT PCT
0.00
0.00
.00
0.00
10. 49

33.85
.66
0.00

371.67
0.00
0.00
0.00
0.00
1.39
1. 39
0.00
0.00
4.00
0.00
0.Gd
0.00
0.00
0.00
0.1
0.00
0.36
0.00
2.6%
0.00
2.52
0.00
0.G0
0.00
0.00
0.60
0.00
0.00
0.06
28. 71

MOLE PCIT

0. 00
0.00
0.00
0.00
2432
8.00
4.30
.00
7.1
0.00
0.00
6.00
0.0¢
1.72
1.72
0.00
Q.00
0.90
0.00
0.00
0.00
0. 00
0.00
0.99
0.00
0. 56
0.80
3.27
.00
1. 96
0.00
0.00
.00
0.00
3.00
0.6G0
0.00
0.0u

SASPLE HUMBER 209°

o0

OXIDE

5102
TICZ
AL203
FE203
FrO
HEO
NGO
ChAO
HA 20
K20
P205
BAO
SRO
CR203
F

CL
503
S
co2
ZRO2

PLT2-209 CMD
H? PCT MOLE PCT

69.32 78.22

0.40 .30
14.52 9.66
3.7 1.58
Q.00 0.00
0.05 .05
0.59. 0.99
2.29 2.77
3.54 3.87
3.43 2.47
¢.00 .00
.08 0.04
0.02 0.01
.00 0.00
0.00 0.00
0.00 0.00
0.09 0.00
6.0 .00
0.00 0.00
0.02 0.01

BA 728 PeM”

SR 156 ppu
RE 95 PPM
IR 160 PPN

RE/SR 0.409
RB/BA 0.130

97.97

HORBATIVE MINERALS

kS
KE
LC
NS
OR
AB
AN
HE

Q
oL

HEH
CH
HL
FR
TH
PR
NC
cC

HT PCT
.00
Q.00
0.00
0.00

20,27

29%.93
11.56
0.00

29,72
0.00
0.00
0.00
0.04¢
1.47
1.47
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.0C
0.11
0.00
0.34
0.00
0.75
0.00
3.71
0.00
0.00
0.900
0.00
0.00
0.0C
0.00
0.03

97.91

MOLE PCE

0.00
0.00
0.00
0. G0
5.35
8. 40
6,11
0.00
72.73
0.00
0. 00
0.00
G.00
2. 15
2.15%
0.00
0.00
0400
.00
0.00
0. 00
0. 00
.00
0.10
0.00
0.E3
6,00
1.08
.00
3,42
0.00
0. 00
0.00
0.00
0.00
0. 00
0.00
Oc 02

qGt



SAMPLE NU¥BER 213
PL72-213 CHD

co

OGXIDE
5102
TIO2
AL2032
F2203
FEQ
BRO
NGO
CRLO
NAR2O
K20
P205
BAO
SRO
CR203
F
CL
503
s
co2
ZRO2

¥T PCT MHOLE PCT

70,75
0.39
14,60
3.13
0.00
0.04
0.35
1.92

3.47 -

4.07
0.00
0.09
0.62
0.00
0.00
9.00
0.G0
0.09
0.00

0.62

Ba
SR
RE
IR

RB/SR
RD/BA

38.85

79.09
0.33
9,62
1.32
0.00
0.04
0.58
2.30
3.76
2,90
.00 °
0.04
0.01
0.00
0,00
0.60
6,00
0.00

. 0.00

D o0

BLS PPM
1647 PPH4

.96 pPM

162 PPM
0.575
0.119

HORMATIVE HINERALS
KS
KP
LC
NS
(¢34
AB
AH
NE
Q
CL

BT PCT
0.00
0,00

© 0,00
0.00

24.0%

29.36
9.74
0.00

30.25
0,00
0.0¢
0.00
0.00
0.87
0,87
0.00
0.00
0.00
0.00
0.00

0.60 "

0.00
2,00
0.09
0.00
0.34
0.00
0.92
0.00
3.13
0.00
0.00
0.00
0,400
0.00
6,00
0.00
0.03
98,78

HOLE PC2
0.00
0.00
0,00
0.00
6.35
8.23
5.15
¢.00

74,04
0,00
0.00
0.00
0.00
1. 28
1.28
0.00
0.00
0. 00
0.00

0,00

8.00
0. 00
0.00
0.08
0.00
0.63
0.00
1.32
. 0.00
2.88
0.00
0.00
0.60
0.00
0.00
0.00
0.00
0.02

SAMPLE NWHHRER 261
PLT3-261 CHD

00

DXTDE
5102
TIQ2

* AL203

FE203
FEO
HyO
%GO
CAQ
¥A20
K20
pP205
BAO
SRO
CR203
¥

CL
503

5

€02
ZRO2

WT PCT HMOLE PCT

68.97
0.24

14.25"

5.05
0.09
0.07
0.35
2.9
5.20
0.96
0.00
0.04
0.02
0.00
0.00C
0.00

0,00
0.90

0.900
0,03

B4
SR
RE
IR

RA/SAR
RB/CA

98.09

77.63
0.20
2.u5
2,14
O.oo
.07
0.59
3.51
5.67
0.69
0.090
0.02
0.01
0.00
0,00
9.00
0.00

" p.00

0,00

0.027

321 PPM
164 PP
46 PPM
238 PPM
0.280
0.139

HORMATIVE MINERALS
KS
Kp
IC
NS
OR
AB
AN
NE
Q
oL

FO
PA
Ly
HY
BN
PS
BI
WO
EN
S
WO
Ac
AP
IL
sp
RU
'S

HT
HEH
CH
HL
FR
TH
PR
RC
cc

RT PCT
¢.00
0.00
0.00
0.00
5.67

4400
12.71
0.00

28.62
0.00
0,00
0.00
0.00
T.u0
0.40
J.00
1.01
0.54
0.47
0.00
0.00
0.00
0.00
0.15
0,40
0.00
0.00
0.00
0,00
5.05
0.00
0.00
.00
.00
0.00
0.00
0.00
Q.04

98.06

MOLE PC1

0.00
¢.00
.00
0.60.
1.54
12.72
6.92
0.00
72,21
0,00
Q.00
0.00
0.00
0. 6%
0.461
0.00
.71
0.35
0.35
0.00
0.00
0.00
0.00
0.15
0.31
0. 00
0.00
¢.00
.00
4. 79
0.0
0.00
0,06
G.00
0.00
0.00
0.00
0. 04

g
()]



v Felsite Dikes

SANPLE HUMBER 129 ) SAMPLE NOMBER 140
00 PL72-129 FEL 00 PL72-140 FEL
OXIDE WT BCT KOLE PCT HORMATIVE MINEHALS WT PCT  MOLE pC? OXIDE WT BCT HOLE PCT MORHATIVE MINERALS WP PCET  MOLE PCI
5102 79.37  B5.90 KS 0.00 0,00 sY02 T 18 BT/ KS 0.00 0.00
TYO2 0.37 0.30 kP 0,00 0.00 TIO02 0.28 0,23 KE 0.00 0.00
xL203 10.886 .93 LC 0,09 0.00 AL203  13.96 9,07 LC 0.00 0.00
FE203 3.40 1.33 NS 0.00 0,00 FE203 0.6 0,19 NS ¢.00 0.00
PEQ 0.00 0,00 OR 20,03 3.22 FEQ 0.00 0,00 on .51 2,03
RO 0.03 0.03 AB 8.63 1,47 HYO 0.04 0,04 AB 40.96 10, 37
#sa 0.83 .38 L 2.97 0495 ®Go 0.24 0.39 AN 8495 4,27
CA0 0.56 Q.65 NE 0.00 0.00 CAD 1.75 2,07 NE 0.00 0,00
BAZ0 1.02 1.07 Q 57.92 86,28 HA20 4. 84 5,17 0 36.27 80, 14
K20 3.39 2.34 OL 0.00 0.00 K20 1,44 1.01 : oL 0.00 0.00
P05 0.0 9.00 : FO 0.00 0.00 P205 .00 0,09 ¥0 0.00 6.00
BAO 9.09 0,04 FA 0,00 0.00 BAO 0.12 0.05 FA 9.00 0,00
SRO 0.91 0.1 . LK 0,00 0.00 SRO 0,02 ¢.01 Ly 0.00 0.60
CR203 0.00 0.90 uy 2.07 1. 84 CR203 0.00 .00 HY 0,60 ¢. 79
13 0.00 0,00 ENR 2,07 1.84 F 0.00 0.00 EN 0.60 6,79
cL 0.00 0,00 F5 0.00 0.00 cL 0.00 0,00 ES 0.00 0.00
503 0.00 0.00 DX g.00 0.00 - 503 0.00 0,00 DI 0.0¢C 2.00
5 9.00 ¢.00 w0 0,00 0. 00 5 0.00 0.00 o 0.60 0.00
co2 0.00 0.90 EN 0.00 0.00 co2 0.00 0.00 ER 0.00 0,00
2802 0.04 0.02 FS 0.00 0.00 2RO2 0.0§ 0.02 S 0.00 .00
MO 0.00 0,00 WO - . 0.00 0.00
A 0.00 0.00 AC 0.00 0.00
AP 0.C0 0.00 AP o.gg u.og
A L 0.06 0.04 IL 0. 0.0
?R 722 E;ﬂ sp 0,00 0.00 g4 1679 pou sp 0.00 0. 00
R 59 ppe RU 0,34 0.38 SR z1C ppM RO 0.23 0.39
2R 283 PPN PV 0.00 0.00" R 36 PPH BY 0.00 0.00
CRB/SR 2.152 < 4,43 3.88 In 33 PRM < 1.16 1. 61
R&/BA  0.127 NT 0,90 0.00 RB/SR  0.171 AT .06 0.00
HEM 3,40 1. 91 RB/BA 0.q23 HEN 0.5 0.38
cH 0.00 0,00 ] cH 0,00 0.60
HL 8.00 .00 HL . 0.00 0.00
FR 0.00 0.00 ER 0.00 0.00
TH 6.00 0,00 . A TH . 0.00 0. 00
PR 0,00 0. 00 PR 0,60 0.00
NC 0,00 0,00 NC .00 0.00
cc 0.00 - 0.00 cc 0,00 0,00
z 0.06 0.03 2 0.06 0.04

15Y

99.97 99,91 . 97.37 a7.29



SAMPLE NUMBER 157 ; ) SAMPLE HUMRER 199

00 PLT2~157 PEL 00 PL72+199 FEL
OXIIDE  WT PCT MOLE pCT HORMATIVE MINERALS T pCT MOLE pCT OXIDE 4T PCT MOLE PCT NOEHATIVE HINERALS WT PCT  MOLE pcr

5102 77.01 84,29 KS 0,00 ¢.00 SI02 75.31 82,39 Ks 0,00 6.00

TIO2 0.10 0,08 Ke 0.00 0.00 TIO2 0.27 0.22 Kp 0.00 0.00

AL203 11,50 Tu42 e 0.00 0.00 AL203 13.12 B.46 Lc 0.00 0.00

FE203 0.63 0.26 s 0,00 0. 00 FE203 1,30 0.54 NS 0.00 0.80

FEQ 0,00 0.00 OR 2,07 t.49 FEQ 0,00 0.00 OR 22,58 5.23

LET) 0.05 0,05 AB 52,72 13, 32 HNO Q.04 0.08 AB 28,85 7.09

%60 0.18 0.29 i AN 2,38 1.13 HGo 0.35 0.59 AN - 6.20 2.87

CAD 0.562 0,73 NE 6.00 0.00 €AO .19 1,39 NE 0.00 0.00

¥a2e 6.23 6.61 0 37.9¢ 83,75 RA20 341 3.62 0 37.62 8G.73

K20 0,15 0.24 oL 0.00 0.00 k20 3.82 2.67 cL 0.00 0.00

P205 0.60 0.09 FO 0.00 0.00 P205 0.00 0.00 FO . 0.00 C.00

BiO 0.02 0.0t FA - 0.00 .00 BAO 0.15 0.06 P34 0.00 0.00

RO 9.01 0,01 LN 0.00 0.00 Swo 0,01 0.01 Ly 0. 00 0,400

Ca203 0.00 0.00 BY 0.23 0.30 CR203 0.00 0.06 HY 0.90 1. 15

b4 0,00 0.00 EN 0.23 0.30 ¥ 0.Co 0.00 N 0. 90 1.15

cL 0.00 0.00 FS . "8.00 0.00 CL 0.090 0.00 B 0.00 0,20

sa3 0,09 0.090 BI 0.47 0.29 503 0.00 0,00 DI 0.08 0,00

5 2.00 ' o0.60 WO 0.25 c. 14 5 0.00 0.00 vo 9.00 0.00

co2 0,80 0,00 _ EN 0.22 0.4 €02 0.00 0,00 EH 0.00 0.00

2802 0,52 .01 FS 0.00 0.00 2ZR02 0.04 0.02 FS 0.00 0. 99

WO 0.00 0.00 WO 0.00 0.00

AC 0.9q 0.00 xC 0,00 0.00

AP 0.00 0,00 . Ap 0.00 6.00

BA 151 Peu IL 0,11 0.09 . BA 1354 ppM IL 0.09 0.07

SR 61 ppy Sp 0,11 0.07 SR 121 ppu sp 0.00 0.00

/B & PPy iH 0.00 0,00 RA 108 PPy RU 0.22 0, 36

R 127 ppm By 0.00 0.00 2R - 279 ppm BY 0. 00 0.00

RE/SR 0.09s c c.00 0.00 RB/SR 0.893 c 1.10 1, 39

RB/8a Q.040 nr 0.60 T 0,00 RO/8A 0.080 HT 0.00 0.00

: HEY 6.63 0.52 T HEM 1.30 1,08

CH 0.00 0,00 cH 0.00 0.00

HL 0.00 0.00 HE 0.00 ¢.60

FR 0,00 0.00 FR 0.00 0.00

TH 0.00 0. 00 TH .00 0,00

PR 0.00 0.00 PR 0,00 6,00

NC 0.00 0,00 re . 0.00 0.00

cc 0. 90 0.G0 cc 0,00 0.00

b4 0.03 0.02 Z 0.06 0,04

' 95,72 : 96.70 99,02 ) 98, 92

a5y



SANPLE NUMBER 217

oo

OXIDE
5102
TIioZ
AL203
YE203
FEOQ
HHO
HGo
CAO
RK20
K20
B205
BAC
SR’0
CRr203
P
CL
503
5 t
cn2
ZRO2

PL72-217 FEL

¥T BPCT HOLE PCT

72.90 81,73
.24 0.20
15,62 10.32
2.56 1.08
0.00 0,00
0.92 0.03
0.30 0,50
0.9¢0 1.08
2,23 - 2.42
3.58 2,56
0.00 0.00
0.11 0.05
.01 0.01
0.00 0.00
0.00 0.00
0.90 .00
0.00 0.00
0.00 0.00
0.00 £.00
0.04 0.02

84 1013 pPM

SR -+ &9 PP

RB 19 PPH

IR 215 PPH
RB/SR l.145
RESRA 0.078
98,52

HORMATIVE HINERALS
KS
KE
IC
us
GR
AB
AN
HE
Q
oL

FO
Fa
Iy
HY
EN
FS
DI
]
EN
FS
¥o
AC
AP
1L
5P
A/l
BY

HT

HEHN

cq

HL .
FR

TH

PR

NC

cc

WT PCIT
0.00
0.00
0.00
0.00

21.16
18,87
4.69
0.00

43,73
0.00
0.90
0.00
0.00
0.75
0.75
8.00
0,00
0.00
2.00
0.00
0.00
0,00
0.00
0.06
0.00
0.21
0,00
6.36
0.00
2.56
0.00
0.00
0.00
9.00
0.00
0.00
0.00
0.06

98. 45

MOLE PCT

0,00
0.00
0.60
0.00
4.19

3.96

1.86
0.00
80,17

0.00.

0.00
0.00
0. 00
0.82
0.82
0.00
0.00
.00
0.00
.00
8.00
0.90
0.00
0.05
0.00
0.28
0.00
6,87

0,00

1.77
0.00
0.0l
0.00
0.060
0.00
0.00
0.00
0.0%

SAHPLE NUMBER 254

a0

OXYDE

SI02
TIOZ
AL203
FE203
FEO
HRO
HGO
CAC
NAa20
K2Q
P20S5
BAO
3RO
CRr203
3

CL
503

3
co2
ZR02

PLT3-254 PFEL

ST PCT MNOLE PCT
71.78 83.56
0.23 0.19
12.46 7.89
1.47 ¢.59
G.0n0 ¢.00
.04 0.08
0.27 0.43
1.63 1.88
4,34 4,52
1.26 0.86
0.00 0.00
0.0 6.02
5.02 .01
0.00 0,00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0,00 0.60
0.03 0,02

BA 281 PPM

SR 123 PPM

/A 36 PPM

IR 232 PPM

RA/SR 0.271

Re/7BA 0.094

99,57

YORMATIVE MHINERALS

K$
KP
Lc
NS
OR
AR
AN
NE
0

oL

A

WT PC%

0. 00
0.00
0.00
0.00
T.U5
36.72
8,21
0.00
43.75
.00
0.00¢
0.00

0.00

¢.67
0.67
0.00
0.00
0.00
0.60
0.00
6. C0
0.00
0.00
0.09
0.00
¢.18
0.460
6.95
0.00
1.47
0.00
0.00
0.00
0.00
0.08
0.00
0,06
0.04
99..54

0.00
0.00
0,00
0.00
1.548
8. 06
3.4¢6
G.00
+83.75
0.00
0.00
0.00

0.00,

0.7
0.77
6,00
0,00
0.00
.00

0,00.

0.00
0.00
Q.00
¢.06
0.90
0.27
0,00
1,07
0.00
1,06
0,00
0.00
0.00
0.00
Q.00
0.00
¢.00
0.03

MOLE PCT

657



" SAHPLE NUMNBER

i76

Uy PL72-176 PGDP-BZ

OXIDE WT PCT
5T02 7.1
TIig2 0.19
AL203 13.08
FP203 6,95
FEO .00
NRG 0.03
46O 9,29
CAO 0.73
NA2Z0 3.49
X220 u.51
P205 .00
BAO 0.C5
50 0.0%
CR203 0.08
F .00
CL 0.00
5013 0.00
5 G.00
€02 .00
2802 .02

BA
SR
RB
IR
RB/SR
RE/BA
100.83

MOLE PCT

T 83,31

0.15
. B.28,
Q.38
0.00
0.03
00“6
0.84
32,53
3,02
0,00
0.02
0.01
0.30
0.00
.00
0,00
6.00
.00
0.C1

486 PPM
104 PpM
178 PPH
132 PPM
1.712
0.3686

HOBMATIVE HINERALS
KS
KP
LC
[N
OR
AB
AN
NE
Q
QL

Fo
FA
Ly
144
ER
s
DI
Wwo
EX
s
w0
AC
AP
it
sp
RU
PY

HT
HEN
CH
HL
FR
T
PR
NC
cC

Puntiagudo Granite Porphyry

¥T PCI
0.00
0.00
0.00
0.00
26,06
28.77
3.74
0.090
39.00
0.00
0.00
0.00
0.00
0.72
0.72
0.00
0.00
0.00
0.09
0.00
0.00
0.00
.00
0.06
0.00
0.16
0.00
1.30
0.60
0.95
0.00
0.00
0,00
0.00
0.00
0.00
0.00
.03
100.79

HOLE PCT

0.00
0.00
Q.00
0.00
5.9
6.92
1.70
0.00
81.68
0.00
0.00
0.00
G.00
0.91
0.91
0.00

0.00

0.00
0,00
0.00
0.00
0.00
0.00
0.05
0.00
0.25
0.00
1. 61
. 0.00
0.7%
0.00
0.00
8.00
0. 00
0,00
0.00
0.00
0.02

SANPLE NUHDER 66

00

OXIDE

SI02
TIOZ

A%203

FE203
FEO
HNO
KGO
CAO
¥A20
K20
P205
BAO
SRO
CR203
F

CL
503

5 .
co2
ZRO2

HT PCT

76.52
0.17
11.64
1.22
0.00
0.03
0.25
0.52
3.17
4.07
0.00
06.45
0.01
0.00
.00
.00
0.00
0.00
0.00
0.02

BA
SR
RB
IR

RB/SR
RB/BA

97.67

. BLT1-66 PGP=-DZ

HOLE PCT
84,43
0.14
7,57
0.51
0.00
0.03
041
0.61
3.39
2.86
0.00
0.02
0.01
0.00
0.00
0.00
0.00
0.40
6.00
0.01

443 PPM
55 PPM
137 PPM
131 PPM
2.491
0.309

NOGHMATIVE MIMERALS
K3
KP
Lc
5]
OR
AB
AN
NE
Q
CL

FO
FA
L
HY
EN
FS
DI
L {e]
EX
FS
WO
iC
AP
IL
Sp
RU
PY
C
HT
HEn
CH
HL
FR
TH
PR
NC
cC
Z

e PCT
.00
¢.00
0,00
.00

24,08

26,82
2.70
0,00

40,96
0.00
Q.00
0.00
.00
0.62
0.62
0.00
0.00
G.00
0.00
0.00
.00
0.00
0.00
0.06
0.00
0. 14
.00
1.03
0.09
1.22
0,00
0.00
0.00
0.00
0.C0C
0.00
0.00
06.03

97.63

HOLE PCT

0.00
0.00
0,00
0.00
5,32
6o 30
1.149
0. 00
83.95
0,00
0.00
0. 00
0.00
0.76
0.76
0.900
Q.00
0.00
.00
0.00
G, 00
0,00
0,00
0. 05
0,00
0.21
G.00
1. 25
0.90
0,94
0.00
g, 00
.60
0.00
0.0C
0,00
0.00
Q.02

09f



SANPLZ RUMRER 127F SAMPLE NUMBER 235

00 PLT2~127FN PGP-RUY oo PL73-235 PGP-RHY
OXIBE T PCT HOLE PCT HORHMATIVE HINERALS T PCT- MOLE PCT OXIDE  WT PCT NOLE PCT NORMATIVE HINERALS ®T PCET  HOLE 2CTY
5102 77.43 83.80 KS 0.00 0.00 5102 76,85 82.18 KS 0.00 0.00
TIg2 0.08 0.07 Kp 0.00 0.00 TI02 ¢.32 0.26 Ke D.00 0.086
xAL203 12.93 8,25 LC 0.00 0.00 AL203 12.88 8.12 c 0.00 €.00
PE203 0.45 0.18 Ns 6.00 0.00 FE203 1.70 0.68 NS 0.00 0,00
FEQ 0.00 0.900 oRr’ 21.248 5,04 FEO .0.00 0.00 OR 22.10 5.14
ay0 0.03 0.03 N iB 36.35 9,15 HNO 0.04 0.04 AR 31.05 7. 86
NGO 0.1 0.18 AN 2.10 0.99 KGO 0.40 0.64 AR T 45 3.46
CcAD 0.41 * 0.48 NE 0.00 0. 00 cao 1.37 1.57 NE 0.00 0.00
HAZ20 4,30 4.51 0 37.5¢ 82,40 NA20 1.87 3.80 4] 37,38 BO.46
K20 3,60 2.49 OL 0,00 0. 00 K20 3,78 2.55 oL 0.00 0.00
P205 0. 00 0.09 FO G.00 0,00 P205 ¢.00 0.00 FO 0.00 0.00
BAD ¢.02 0.1 FA 0.00 0.00 BAG 0.18 0.08 FA 0,00 0. 60
sno 0.01 0.01 4] 0.00 0.00 SRO 0.12 0.07 Lu 0.0¢ 0.00
CR203 .00 0,00 HY 0.27 0.36 cr203 0.00 0.00 uy ) 1.00 1. 28
7 0.00 0.00 . EN 0.27 0.36 F 0.00 0,00 EN 1,00 1,28
cL 0.00 0.00 ¥S . 0.00 0.00 cL 0.09 6.00 FS 0.00 0.00
S03 0.00 0.00 P 0.00 0.060 s03 0.00 0.00 ik 0,00 ¢.00
I3 a.00 0.00 %o 0.00 0.00 5 0.00 0.00 RO 0.00 G.00
cn2 0.09 0.00 ) EN 0.00 0.00 co2 0.00 0.00 EE 0.00 0.00
ZR0O2 0.02 0.6t FS ¢.00 0.00 ZRO2 0.02 0.01 FS 0.00 0,00
HO 0,00 0.00 WO 0,00 0,00
AC 0.00 6. 00 aC 0.00 ¢.00
AD 0.00 0.00 . AP 0.00 6.00
BA 150 pph ) IL 0.06 0.06 BA 1575 PpM IL 0.09 0.07
SR 63 PPN sP 6.00 0.00 SR S90 PPy - sp 6,00 G.00
RE 124 PPH RU 0.05 0.08 RB 84 PPM RO 0.27 0.45
IR 135 ppp v 0.00 0.00 I 143 ppy oY 0.00 0.00
REB/SR 1.968 c 1.19 1. 54 RB/SR 0.087 c 0.07 0.08
RS/pa 0.827 nT 0.00 . 0.00 RB/ DA 0.055 MT 0.00 . 0.00
HEH 0,45 0. 37 HEM 1.70 1. 38
CH 0.00 0.00 cH 0.00 C.00
Hi, 0.00 0.00 . HL 0.00 0.00
FR 0.00 0.00 FR 0.00 C.00
TH 0.00 0.00 TH 0.900 0. 00
PR 0.00 0.00 PR 0.00 0.00
KC 0.00 0.00 : Ne 0.00 0. 00
cc 0.00 0.00 ce 0.00 0. 00
z 0,03 0.02 z 0.013 0,02
* 99.39 99,37 - 101,30 101.13

Lob



SAHPLE NUMBER 23&
PL73-234 PGP~RHY

20

OXIDE
§T02
1102
AL203
FE203
FEO
HNO
HGO
CA0
HA20
K20
p205
BAD
5SRO
CR203
¥
cL
503
]
co2
ZRO2

NT BPCT HOLE PCT

80.18
0.09
12.42
0.43
0.00
0.03
0.10

3.39-

1.09
4,84
0.00
0.03
0.0
0.00
0,00
0,00
3.00
0.09
0.00
0.02

B4
SR
R8
R

RB/SR
RB/BA

99.63

86.69
0.07
7.91
0.17
0.00
0.03
.16
0.u45
.14
3.34
0.00
0.01
0.01
0.00
0.20
0.00
0.00
0.00
0.30
0.01

283 PPy
44 PPY
1896 PPR
130 PPM
4.455
0.693

HORBATIVE MINERALS

RS
KP
Le
S
OR
AB
AN
NE
Q
oL
FO
Fi
LN
HY
EN
FS
DI
O
ER
]
HO
AC
AP
iL
sp
RU
PV

MNE
HEN
CH
HL
¥R
TH
PR
RC
cC

T PCT
0.00
0.00
0.00
0.00

28,60
9,22
2,02
0.00

54,29
0.00
0,00
0.00
0.00
0.25
0,258
0.00
0.00
0.00
¢,C0
0.00
0.00
0.00
0.00
0.06
0.0¢
0.06
0.900
.65
0.00
0.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03

99,61

MOLE PCT

¢.00
0,00
0.00
0. 00
4.98
1. 70
0.70
0.00
87.57
0.00
0.00
.00
0.00
0,24
0.24
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0,00
0.04
0,00

0.07"°

0.00
4,42
0.00

0.26

0.00
g.00
0.00
0.00
0.00
0.00
0.00
0.02

SAMPLE NUMBER 68

00

OXIDE

5I02
Tro2
AL203
PE203
FI0
mio
HGO
CAO
NA20
K20
B205
BAO
SRO
CR203
P

CL
503

S

co2
2R02

HT PCT
75.41

0.25-
12,97
1.65
0.00
0.05
0.4
1.06
3. 44
h,t4
0.00
0.09
a.0
6,00
4.00
0.00
6.00
0.00
0.00
0.03

BA
SR
RB
I
RBJSR
RE/BA

99,51

PL71-68LS PGP
HOLE PCT

B2.25
0.21
8,34
0.68
0.00
0.05
0.67
1.24
3.64
2,88
.00
0.08
0.01
G6.00
0.00
0.00
0.00
0.00
0.00
G.02

776 PPM
63 PPN
154 PPK
186 PPM
2. 444
0.198

HORMATIVE NINERALS

KS
Kp
LC
¥S
OR
AB
AN
NE®
Q
CL
FO
FA
A

EH
FS
1) e
wo
EX¥
FS
Ho
AC
AP
IL
5p
RO
PV

HT
HEH
CH
HL
FR
TH
BR
HC
cc

HT PCE
¢.00
0.00
0,00
0,00

24,47

29. 11
5.45
0.00

36.58
0.00
0.00
0.G0
0.00
1.02
1.02
0.00
0.00
0,00
0.06
0.00
0.00
0.00
0.00
0.11
0.00
0.19
0.00
9.83
0,00
1.65
G.00
.00
0.60
0.00
0.00
0.00
0.00
0.04

99,45

MOLE PCY

4.00
0,00
0.00
6,00
5.78
T7.30
2.58
. 0.00
80.11
0.00
0.00
0.00
0,00
1o 34
1.34
0,00
0.00
0.00
0.00
0. 00
0,00
0.00
0.00
0.C9
0. 00
0. 32
0.00
1. 08
0.00
1. 36
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03

29t



SAHPLE NUMBER 1

oo

OXIDE
s$T02
TIC2
AL203
FE203
FEO
KNQ
GO
CAO
HA20
K20
P20S
BLo
SRO
CR203
P
CL
503
s
co2
ZRO2

2L72-122 PGP

¥T PCT MOLE BCT

76.68 8
0.22
12.75
1.21
0.00
0.05
.30
0.9
3.68
4.03
0.00
0.0%
0.01
0.00
0.00
0.00

22

2.93
0.18
8.13
0.49
0.00
0.05
0.48
1.05
3.86
2.78
0.00
0.04
0.01
0.90.
0.00

T 0,00

0.00 "
£.00
0.90
0.02

BA 851 PPu

0.00°
0.00
0.00
0.01

SR T2 PPM

RB 117 PPy

IR 4T pppm
R8/5R 1.625
RB/Ba 0.138
99.95

ROBRMATIVE HINERALS
KS
K |
Lc
LES
OR
AB
AN
NE
Q
CL

4]
Fa
LH
HY
EN

DI
Wo
EN
F3

HO

AC

AP

IL

5P

RU

BV

NT
HEH
CH
HL
PR
TH
PR
NC
cc

¥T BC%
0.00
0,00
£.00
0.00
23.82
31.14
4,70
.00
37.3€
0.00
0.00
G.00
0.00

- 0475
“0.75

0.00
Q.00
0.00
0.00
0,00
0.00
0.00
0.00
0.11
0.00
0.16
000
0.61
0.00
1.21
0.00
.00
0.00
0.00
0.00
0.00
0,00
0.03
99,89

MOLE PCT

0.00
0.00
0.00
6.00
5.59
7.76
2.21
0.00
81,30
0.00
0.00
0.00
0.00
0,97
0.97
Q.00
0.00
0.00
0.00
0,00
0.00
0.00
G.00
0.09
0.00
0.27
0.00

. 0.78

0.0G
0,99
0. 00
0.00
0.00
0.00
0.00
0,00
0.00
8. 02

SANPLE NUMBER 124

a0

OXIDE

5102
TIO2
AL2013
re203
FEO
HHO
HGO
Ca0
NAZ20
K20
P205
BAO
SRO
CR203
P

CL
503

S
coz2
ZRO02

PL72-124 PGP

9T PCT MOLE PCT
T4.01 81,30

.32 0.26
13.68 8.86
1.9 0.79
0.00 §.00
0.05 .05
0.44 0.72
1.20 1.41
3,64 3.68
3.83 2,68
0.00 0,00
0,07 0.03
0.01 - 0,01
0. 00 0.00
0,00 0.00 -
0.00 0.00
0,00 0.00
0.00 0.00
0.00 0.00
0.02 Q.01

DA 613 PPH
SR 11 PPH
RE 129 PPy
ZR 176 PPM
RB/SR 1.675
RE/EA 0.210

99.18

BORMATIVE NINERALS

KS
Kp
Lc
Ns
OR
AB
AN
NE
Q
oL
FO
Fa
. LN
Hy
EY
FS
DX
¥o
EX
FS
Wo
AC
AP
iL
sp
LG
PV
C
HT
HEH
CH
1L
FR
TH
PR
HC
CcC
2

#T PCT
0.00
0.00
0.00
0.00

22.463

30.80
6411
0.00

34, 87
0.00
¢.00
0.00
0,00
1.10
1. 10
0.00
0.00
0.00
0.00
4.00
6.00
0.00
0.00
0.11
9.00
0.26
0.00
1.31
0.00
.3
0.00
0.00
0.00
0.00
0.00
0.90
¢. 00
0.03

99.13

HOLE 2C1

Q.00
0.00
0.00
0.00
5.48
7.92
2.96
0. ¢0
78426
0.00
Q.00
0.00
0.00
1. 47
T.47
g.00
0.00
0.00
.00
0.00
G. 00
0. 00
0.00
0.10
0.00
0.45
0.00
1.73
0.00
1. 61
0.00
0.00
.00
0.00
0.00
Q.00
Uloa
0,02



SANPLE MUHBEBR

00

OXIDE
5102
TIO2
AL202
FEZ03
PEO
¥NO
HGo
CAOD
HAZ0
K20
P205
BAD
SHO
CR203
¥
CL
503
5
coz
Zdo2

126

BL72-126 PGP

8T PCT
73.20
0.26
12.7M
1.43
Q.00
6.03
0.35
0.65"
3,78
3.57
0.00
0.98
0.00
0.¢0
2.00
0.00
0,00
0.00
.90
0.03

8a
SR
Ra
R
RB/SR
RB/EA

96. 10

HOLE PCT
82.55
0.22
B.45
0.61
0.00
0.03
0.61
0.79
4.13
2,57
0.00
0.0u
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02

£93 PPN
1 PPH
134 PPH
194 PPN
134.000
0.193

HORMATIVE MINBRALS
K3
Kp
LC
NS
OR
AB
AN

. NE

. 0
oL

HL
TH

KC
cC

HT BCT
0.00
0.00
0.00
0.00

21. 10

31.99
3,37
0.00

35,54
0,70
0.00
0.00
0,00
0.50
0,90
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.C0
0.06
0.00
0.23
¢.00
1.3%
0.00
1.43
0.00
0.00
0.00
0.00
0.00
0.00

. 0.00

0.04
96.05

HOLE PG%

0.00
0.00
0.400
0.00
5. 1u
B.27
1.64
0.00
80.20
0. 00
0.00
0.00
0.00
1. 21
1.21
0.00
0.00
0.00
.00
0.00
0.00
G.00
0.00
0.06
0. 00
0.38
0.00
1.85
0.00
1. 21
0.00
¢, 00
0.00
0.00
0.00
0.40
0. 00
0,03

SANPLE HUMBER
PL72-127CRS PGP

o0

OXIDE

s102
TIO?
AL203
F2203
FEO
HNO
HGO
cao
NA20
K20
P205
BAD
SRO
CR203
¥

cL
503

s
co2
ZRO2

8.22

12.42

1.30
0.00
0.03
0.28
0.26
5.17
1.62
0.00
0.03
0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.03

2A
SR
aa
IR
RB/SR
R8/0A

97.56

127C

HT PCT HOLE PCT
76,19

83.76
0.18
8.05
0.54
0.00
.03
0. 46
0.31
5.51
T.14
g.00
¢.01
0.01
.00
0.00
0.00
0.00
0.00
0.00
0.02

206 PPH
59 PPM
80 PPM
193 pPpPm

0.808
0.262

KS
Kp
LC
NS
QR
AB
AN
HE
Q
aL
FO
FA
LN
:04
ER
FS
DI

EY

F5
RO
AC
AP
IL
sp
RU
BV

T
HEE
cH
HL
PR
TH
PR
NC
cc

¥0

HORHATIVE MINERALS

.

T BCT
0,00
0.00
0.00
0,00
9.57

43,75
1.37
0.00

38.89
0.00
0.00
0.00
0.00
0.70
0.70
0.00
0.00
0.00
0.00
0.00
2,00
0.00
4.00
0.08
0.00
0.19
0.00
1.66
0.00
1.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
97. 54

NOLE PCT

0.00
0.00
0.00
0.00
2,18
0. 60
C.63
¢.0C

" 82.23

_0.00
0.060
0.00
0.00
0. 88
0.88
0,00
0,00
0.00
0.C0
0. 00
8.00
0. 60
0.00
0.05
6.00
0. 30
0.¢0
2,07
0.00
1,03
0.00
0.00
0.00
0.00
0.00
0,00
0.00

0.03 * &>
Ch

p



SAMPLE NUMBER 178 SAMPLE NUMBER 125

00 PL72-178 PGP 00 PL72-125 PGP-ALT )
ODXIDE NT BCT MOLE BCT HORMATIVE MINERALS WT PCT MOLE PCT OXIPE HT PCT MOLE PCT NORMATIVE MINERALS WT PCT  HOLE PCZ
s102 71.03 80.16 kS 0.00 0.00 $T02 72.74 81,38 KS 0.00 0,00
TI02 0.36 0.1 kP 0.00 0.00 TI02 0.37 0.314 KP 0.00 0.00
AL201 13.12 8.73 Lc 0,00 0.00 AT203 13.83 9,12 ¢ 0.00 0.00
F2203 2.32 0.99 ¥S 0.00 0.00 FE203 2,09 0.88 Hs 0.00 0.00
FrO 0.00 0.00 OR 20.98 ' 5,64 FEQ 0.00 5.00 OR 16.72 3.78
AHO 0.06 0.06 AB 33.28 9. 449 HiO 0,65 0.05 AS 30,04 7. 21
HG0 0.60 1,01 AN 7.68 4.13 . NGO 0.50 0.83 Ay 6.:40 2,90
cLo 1.52 1.84 NE 0.00 0.00 ChO 1.26 1.51 HE 0.00 0.00
NA20 3,93 4,30 Q 30,35 75.62 HA20 3.55 3.85 : Q . 37.73 7%.09
K20 3.55 2.56 oL : 0.00 0.00 K20 2.83 2,02 aL . Q.00 0.00
p205 0.00 0.00 ¥0 0.00 0,00 P05 - 0.00 0,98 PO 0.400 0.00
BAOD 0.08 0.04 FA 0.00 0.00 BAO 0.07 0.03 12 0.00 0. 00
SRO 0.01 0.01 N 0,00 0.00 SRO 0.01 0.01 IN 0.00 0.00
cRr203 0.00 8.00 HY 1.49 2,23 CRr203 0.00 0.00 HY 1.25 1456
¥ 0.00 0.00¢ EN 1. 49 2.23 F 0.00 0.00 EN 1.25 1,56
CL 0,00 0.00 FS 0.00 0. 00 cL 0,00 0.00 FS 0.00 0.00
501 0.00 0.00 pI 0.00 0.00 503 0.00 0.00 DI 0.00 0,00
5 0.00 0.00 ) Ho 0.00 0.00 s 0.00 0.00 WO 6.00 0.00
co2 0.00 0.90 EN 0.00 0.00 coz 0.00 0,00 EX 0.60 0.00
Zgo2 0,03 0.02 ¥s 0.60 0.00 ZRO2 0,03 0.02 FS 0.00 0.00
¥O 0. 00 0,00 WO 0.00 0.00
AC 0,00 0.06 AC 0.00 0. 00
: AP . 0. 00 6.00 . AP 0.00 0.00
BA £83 PPM IL 0.13 ¢.13 BA . -612 PPM IL 0.11 0.09
SR 117 PPN SP 0.03 06.02 SR 94 PPM 5p G.00 0,00
RB 133 PPH R 0,28 0.53 RB 115 PPH . RO 0.31 0. 438
m 209 ppH ¢ PV 0. 00 0.00 IR 207 PPM PV 0.06 0. 00
RB/SR 1.137/} c 0.00 0.00 RB/SR L.266 c 2.58 3. 19
R{/B4 0.195 NT Q.00 0.00 RB/BA 0.154% HT : 0.00 0.00
HEH . 2.32 2. 18 HEN 2.09 1. 65
CH 0,00 0.00 cH 0.00 0.00
HL 0.00 0.00 KL 0.00 0.00
FR 0,00 0.00 . ¥R 0.00 0.00
TH 0.00 G.00 TH 0.00 0.00
PR 0.60 0.00 PR 0.00 0.00
e 0.00 0.00 NC * 0.00 0.00
cc 0.00 0.00 cc 0.00 0.00
z 0.04 0. 04 z 0.04 0.03
96.61 96.56 * 97,33 97,28 :

G9¥



SAHPLE NUHBER 8( SAHPLE NUMBER 97

00 - PL72-80 PGP-S 00 PL72-97 PGP-S
OXIDE 4T BCT  HDLE PCP HORMATIVE MINERALS WT pCTY KOLE PCT OXIDE ®T PCT HNOLE PCT HORMATIVE MINERALS 4T PCT HOLE PC7

5102 T73.15 86.71 Ks 0.00 0.060 5102 69,50 79,29 S 0.G0 0,00
TI02 0,36 0.30 Kp 8.00 0.00 TI02 0.40 0.34 K 0.00 0.00
AL2G3 13.59 8,84 Lc 0,00 0.00 AL203 14.50 9.75 LC 0.00 0,00
Fr203 2.20 6.91 NS 0,00 0,00 FE203 2.65 1.14 HE 0,00 0.00
FE0 0.G0 0.00 og 21.57 5.29 PEQ 0.00 0,00 QR 20.68 5.30
NHO 0.07 0.G7 AB 30.u6 7.93 NNO 0.06 ¢.06 AB 30,12 8,20
XGO 0,54 0.89 A¥ 7.75 3.80 - ngo Q.67 1.14 AN 7.23 3.72
cao 1.52 1.80 NE 0.00 0.00 CAO 1.40 1.71 NE 0.00 0.00
HA20 3.560 3,85 0 34,07 . 77.44 ¥h20 3.56 3,94 Q 31.28 .22
X2a 3.55 2,57 aL 0.00 0.00 K20 3.30 2.55 oL 0.00 0,00
2205 0.08 0.60 Fo 0.00 0.00 - P205 0.0% 0,00 FO 0.08 0.00
naAQ 0.10 0.0n FA 0.00 0,00 BAO 0.14 0.06 Fi 0.00 0. 00
SRO 0.01 0.01 IN 0,00 0.00 5SRO 0.02 0,01 LH 6.06 .00
Cr203 G.00 0.00 HY 1.34 1.83 CR203 0,00 0.00 HY ’ 1.67 2.37
F 0.00 0,00 EN 1. 34 1.83 big 0.00 0.00 EM 1.67 2.37
CL 0.00 0.00 S 0.00 0.00 CL 0,00 0.00 FS 0.00 0. 00
s01 0.00 0.00 DI 0.00 0.00 503 5.00 0.00 DI G.00 0.00
s 5.00 0.60 i) 0.00 0,00 s 0.00 0,00 HO 0.00 0.00
coz 0.00 0,00 EN 0.00 0,00 co2 0.60 0.00 EN Q.00 G.00
Z302 0.03 0.02 FS 0.00 0.00 ZROZ 0.03 0.02 FS 0.00 0.00
Ils) 0.60 0.00 HO 0.00 0.0¢0
AC 0.00 ¢. 00 AC G.00 G.00
AP 0.00 0.00 AP 0.00 0.00
Sx 113 P TL 0.15 0.13 04 1259 PP IL 0.13 0.12
Sp 0,00 0.00 SR 130 PP SP 0.00 0.00

RD 173 PPN r . rg 124 ppM . .
0.28 0.48 RIf 0.33 0.59

IR 207 PPN 50 - IR 235 PPM - *
By 0.00 0.00 PY 0.00 0.00
RO/SR - 1.531 c 0.88 1.18 RO/SR 0,954 c 2.20 3,08

RE/CA  0.185 . ’ . Teo B/BA  0.098 : :
Mt .00 0.00 R Hy 0.00 0.006
HEH , 2,20 1.88 ' HEK 2.65 2.37
CH .00 0.00 CH 0.00 0,00
HL T 0.00 0,00 HL 0.00 0.00
PR 0,00 0.00 FR 0.00 0. 00
™H 0.00 0.00 TH 0,00 0. 00
PR 0,00 G.00 - PR 0.00 0.00
NC 0.00 0.00 ¥C 0.00 0.00
cC 0.00 0.00 cc 4. 00 8.0C
Z 0.04 0.03 2 0.08 0.03

98, 82 98,75 - 96,43 96,33

o9t



Rana Quartz Monzonite

SAHPLE NUSBER 58-A SAMPLE WUMBER S58-B
00  PL71-58R BQH=-DZ 00 DPL71-588 RQM-BZ

OXIDE  WT PCT  HOLE PCT FORMATIVE NINBRALS 4T PC?  NOLE pCT OXIDE WT PCT MOLE PCT,  NORMATIVE MINERALS WD PCT  MOLE 2CIT
s102 74,32 81,32 K5 0.00 0.00 sTO2 75.21  83.12 KS 0.00 0.00
T102 0.24 0.20 kP 0.00 0.00 . 1102 0.28 0.23 P 0.00 0.00
AL203 14,33 9,24 1C 0.00 0.00 AL203  14.14 9.24 LC 0,00 0.00
FE203 1.32 0.54 NS - 0.00 0.00 FE203 1.51 0.63 uS 0.00 0.00
FEO 0,00 0.00 or 26, 42 6.33 FEO 0,00 0.00 OR 15, 19 3.04
8o 0.08 0.94 AB 26.49 6. 71 HND 0.03 0.03 2B 26.91 5.72
8GO 0,32 0.52 AN 7.12 3,41 GO . 10,25 0.641 AN 4,73 1.89
€AD 1.39 1.53 NE 0.00 0.00 cAO 0.89 1.05 ¥E 0,00 0. 00
¥A 20 1.13 3.32 0 . 35,44 78.67 NA20 3.18 3.41 0 YT 82.38
K20 4,47 3.12 oL 0.00 0. 00 ¥20 2.57 1.81 OL 0,00 0.00
2255 0.00 .00 ¥O 0.00 0.00 p205 0.00 0.0 FO 0.00 0,00
EAD 0.11 0.05 FA 0,09 0.00 BAO 0.16 .07 A 0.00 0.00
SRO 6.01 0.01 wm, 0.00 0,00 SRO 0.01 0.01 Ly 0,00 0.00
CR203 9,00 0.00 HY 0.80 1.06 CR203 0,00 0.00 Hy 0.62 0.59
F. 2,09 0.2 BN . B.BO 1.06 F 0.00 0.00 EN 0.62 0.69
cL 0,00 0,00 FS .00 0. 90 cL 0.00 0.00 FS . 0.00 0.00
s03 0.00 0.00 DY 0. 00 G. 00 503 0.00 0.00 DY 9.00 0.00
s 0.00 0.00 Ho 0.00 0.00 ‘s 0.00 0.00 _ wo 0.00 0.00
coz .00 0.00 EN 0.00 0. 00 co2 9.00 0,00 : EX 0.00 0.00
ZR02 0.02 0.01 s 0.90 0.00 7R02 0.04 0.02 FS 0.00 0.00
o 0,00 0.00 @0 0.00 0.00
AC 0.00 G, 00 ' . Ag o.gg g.gg

Ap 3.00 " 0.00 B Ap Q. .

BA 970 PPA L 0.09 0.08 ‘ I 0.06 ¢. 05
SR g9 pedt sp 0.00 0.00 BA 1408 PP 5p 9.00 0.00
RY 149 pha B 0.13 0.33 SR 112 epw Ru .25 G. 34
IR 147 FPM v .00 0,00 RE 91 PPy PV 9,00 0.00
RE/SR - 1.899 c 1.73 2,27 R 272 PR ¢ 4,39 4. 80
R8/EA  0.17¢ uT 0.00 0.00 RB/SR 0.B13 ar 0.00 0.00
HEN s 1.32 .10 . Ra/BA 0.0635 HEM 1.51 1,05

cH 0.00 0.00 cH 0.00 0,00 -
BL 9.00 0.00 . HL 9.00 0.00
FR 0.00 0.00 FB 0,00 0.00
T 0.00 0,00 ey 0.00 0.00
BR 0,00 0,00 PR 0.00 0.00
Ne 0.00 0. 00 Ne 0,00 0,00
cc 0,00 0,00 ce 0.00 0.00
) . z 0,03 0.02 z 0.06 0. 04

99,70 : 99,63 98,27 . 98, 16

.

L9b




SAHPLE NUMBER 138 SAHPLE HUNBER 145

00 PL72-138 RQN-BZ 00 PL72-145 RQN-BZ
OXIDE ST BCT MOLER PCT HORMATIVE MINERALS e pCcT HOLE PCT OXIDE ¥T PCT MNOLE PCT RORMATIVE MINEBALS T PCET. HOLE PCT

St02 73,02 81.82 KS 0,00 0.00 $102 76,94  85.42 «s 0.00 0.00
7102 0.30 0.25 Ke 0.00 0.00 TI02 0.20 0.17 Kp 0.00 0. 00
AL203 14,06 9,23 Le 0.00 0.00 AL203 13,18 8.62 ic 0.00 0,00
Fr203 1.48 0.62 NS 0.00 0,00 PE203 0.73 6.30 ¥s 8.00 0.00
PEO 0.00 0,00 o . 21.28 475 ¥EO 9,00 £.00 oR 15.78 2.79
N0 0. 08 0.04 AB 25.30 6.00 ANo 0. 04 6.04 iB 18.36 3.45
HGo 9.%1 . 0.68 AN 6,03 2.69 1Go 0.28 0,46 AN 3.09 i.10
cLo 1.18 1.42 HE 0.00 0.00 cAD 0.60 0.71 NE 0.00 0.00
¥A20 2.99 3,25 0 38. 63 79.94 NAZ0 2,17 2.34 0 52,33 85, 86
K20 3.60 2.57 oL . T0.00 0. 00 K20 2.67 1.89 oL 0.00 0.00
P30S 0.00 0.00 0 0.00 0.90 pP205 0.00 0.00 0 .00 £.00
BhO 0.58 904 FA 0.00 0.00 BAO 0.05 0.02 Fi 0.00 0.00
SRO 0.01 0.0% N 0.00 0.00 SRO 0.01 0.01 . 0.00 0.00
caz203 0. 00 0.00 HY 1.02 1.26 CR203 0. 00 0.00 HY 0.70 0. 68
¥ 0.0 0.60 N 1.02 1.26 ¢ 0.00 0.00 BN 0.70 0.68
cL 0.00 0.60 ¥S 0.00 0.00 cL 0.00 0.00 FS 0.00 0.00
503 0.00 0.00 DI Q.00 0.00 503 0.C0 Q.00 DI 0.900 0.00
s 0.00 6.00 %o 0.00 .00 s 0.00 .00 ) Wa X 0.00 0.00
co2 0.00 0.00 N 0.00 0.00 co2 0.00 0.00 N 0.00 0.00
ZRO2 0.02 0.01 - FS 0.00 0.00 2202 0.02 0.01 Fs 0.00 0.00
i ¢.00 0.00 " [s] 0.00 0.00
C 0.00 0.00 _ AC 3,00 0. 06
TR 0.00 0.00 AD 0,00 6. 00
Iy 0.0% .07 Iy 0.09 0,00
5P 0.00 0.00 S M sp 0.00 0.00
ba &9s Pom HG 0.25 0. 40 RB 231 pow RY 0.15 0. 19
SR 1io PPH PV 0.00 0.00 PY 0.00 0.00
RB 127 PPM ¢ 3.04 3,70 R 128 rhu b 5.59 5. 40
IR 159 PPM . e 0.00 0.00 Re/SR - 1.596 BT 0.00 6. G0
RB/SR 1.095 HEH 1.48 1. 15 . Re/sad 0.8 HzH 0.73 0. 45
TRE/PA G.182 ctt 0,490 0.00 cH 0.00 0.00
3L .00 0.00 L 0.00 0. 00
Fa 0.00 0,00 _ PR 0.00 0.00
H 8,060 0.00 H 6.00 0.00
2R 0.00 0.00 PR 0,00 0,00
¥ 6.00 0.00 NC 0.00 0. 00
¢ 6.00 0,00 ce 0. 09 0.00
« oz . 0.03 0,02 . z ~ 0.03 6,02

37,19 : 97. 14 96, 89 96. 85 )

8ot



1

SAHPLE HUMBER 197 SAMPLE NUMBER 267

o0 PL72~137 ROH-BZ 00 PL73-267 ROM~BZ
0XIDE  HT BCT MOLE PCT HORMATIVE KIKEBALS WT PCT HOLE BC3 OXIDE W¥T PCT MOLE pCT NORNATIVE MINERALS WT PCT HOLE PCT
5102 78.47 BY4.17 XS 0.00 0.00 sSI102 71.97 81.71 KS 0.00 6.00
T102 0.14 0,11 KP 0.00 .00 TE02 0.32 0.27 Kp 0.00 0.00
AL203 13.18 8.33 e 0.00 0.00 AL203 13.93 9,32 1c 0.00 0.00
FE203 0.63 0.25 s - 0.00 0,00 FE203 1.18 0.50° NS 0.00 0.0
P20 0.00 0.00 oR 29.79 6,36 PEO 0.00 0.00 OR 18.97 5,31
KHO 0.03 0.03 AB 22.85% 5.18 MHO 0.03 6.03 AB 26,32 6. 34
NGO 0.18 0,29 AN e 2. 40 1.02 uGo 0.44 0. 74 aN 6.77 3.07
cro 0.45 0.52 . NE 0,00 0.00 caAo 1.33 1.62 . NE 0.00 0.00
N0 2,70 2.8% Q 42,17 83,42 NA20 3.11 3,42 Q 38,00 79.90
K20 5.00 3.45 oL 0.00 0.00 K20 3,21 2.32 oL 0.00 0,00
B205 0.00 0.00 FO 6.00 0,00 P205 0.00 0,00 FO 0.00 0,60
BAC 0.09 0.04 Fi 0.00 0.00 BRO 0.08 0.04 FA 0.00 0.00
5RO 0.00 0,00 ] 0.00 0,00 sno 0.0t 0.01 LN 0.00 0.00
CR203 0.00 0.00 Hy 0.45 0.53 CR203 0.00 0.00 uy 1.10 1.38
¥ 0,00 0.60 BN 0,45 0.53 F 0.00 0.60 EM 1. 10 1.38
cL 0.00 0.09 FS 0.00 0.00 cL 0.00 0,00 ¥S 0.00 0.00
503 0.09 .90 pI 0.00 ¢.00 503 6.00 0.00 DI 0.00 0.00
s 0.00 8.00 ®O 0.00 0,00 s 0.00 0.00 HO 0,00 0.00
co2 0,09 9,00 . EN 0.00 0.00 co2 0.00 9.00 EN 0.06 ¢.00
ZRO2 0.01 6.01 FS 0.00 0.00 2R02 0.02 0.01 FS 0.00 0.00
WO 0.00 « 0.00 vo 0,00 0.00
AC 0.00 0.00 AC 0.00 0.00
Ap 0.00 0.00 AP . g.gu 8.00
Ba 833 PPN I 0.06 0.05 . iL 0,06 0.05
SR 29 pPM sp : £.00 8. 00 b o N sp 0.00 0. 00
RE 194 PP RO 0.11 0.16 Ao 119 ppM 80 0.29 0. 45
IR 100 PPH PV 0.00 0.00 = 164 PR Py 0.00 0.00
.RBJSR 6.690 c 2.1 2,80 REISR C. 04C c 2.86 3.56
RB/ BA 0.233 BT 0.00 0.00 Ao/ oA o 160 uT 0.00 g.00
HEHM 0.63 0,47 ‘ HEH 1.18 0.93
cH 0.00 0.00 cH 0.00 0.00
nL. 0.60 6.00 HL 0.00 0.00
PR 0.00 0.00 FR 0.00 0,00
TH G.00 0.00 ! TH 0.00 0.00
PR 0.0¢ 0.00 PR 0.00 6,00
re 0.00 0.00 e 0.00 0.00
cc 0,00 0.00 : o 0.90 0,00
P 6.01 0,01 . g 0.03 0.02
100,92 . 100,86 95,63 95,57

697



SAMPLE WUMBER 148 SAMPLE NOUMBER 1458A

00 . PL72-148 RON-F 00 PL72-+ 1484 RQN-F
OXIDE WT PCT MNOLE PCT HORMATIVE MINERALS WT BCT  MOLE PCI OXIDE ¥T PCT 8OLE PCT NORMATIVE MINERALS WT PCT MGLE pPCT
5702 69.86 82.49 XS 0..00 0.00 sI02 69,69 79.76 KS 0.00 0.00
TIO2 0.u1 0.36 KP 0.00 0.00 TIOZ 0.35 8.30 KB 0.00 Q.00
AL203 13.10 8,89 1c | 0.00 0.00 AL203 13,43 9.06 1c 0.00 ¢.00
PE203 1.51 0.65 NS 0.00 6.00 PE203 2,93 1.26 NS 0,00 0.00
¥EO .00 0.%0 OR 19,32 5,85 FEO 0.00 0.00 OR 20.63 5,15
HEQ 0.06 0.06 AB 26.40 T 030 HNO 0.07 0.07 AB 26.82 7.11
HGO 0.53 0.9 AN 11.00 5,52 HGO 0.70 1.19 AN 9,21 4,6t
CAD 2.18 2.69 NE 0.00 0.00 CAO 1.82 2.23 HE 0.60 0.00
NA20 3.12 .48 0 33,64 78.16 ¥A20 3.17 3.52 Q 32.86 76,08
K20 3.27 2,490 oL 0.00 0.00 K20 3.49 2.55 oL ¢.00 C.00
P205 2.00 e.00 FO 6.00 0.00 P205 0.00 0,00 FO 0.00 0.00
BAO 0.07 0.03 FA 0.00 0.00 BAO 0.97 0.03 FA 0.00 0.00
SRO 0.02 0.0% i 0.00 .00 SRO 0,02 0.01 N 0.00 0.00
CR203 0.00 0.00 HyY 1.32 1. 84 cnz03 0.00 0.00 HY 1.74 2,42
P 0,00 0.00 EN t.32 1. 84 i 0,00 0,00 EN 1.74 2,42
cL 0.00 0.00 - ES 0.00 0.00 ClL 0.00 0.00 FS 0.00 0.00
s03 0.0% 0.00 DI 0.00 0.00 sS03 0.00 0.00. DT 0.00 0.00
s 0.00 0,00 Wo 0,00 0.00 s 0.00 0.00 wo 0.00 0. 00
o2 0.00 ¢.00 EN ¢.00 0,00 co2 0. 00 0.00 EN 0.09 0.00
ZR02 0.03 0,02 7S 0.00 0.00 ZRO2 8.02 0.01 ?S 0.00 0.00
%o 0.00 0.00 HG 0.00 0.00
AC o.og g.gg AC 6.00 0.00
AP 0.0 . Ap 0.0¢C 0.00
s S pem Il 0.13 0,12 BA 670 PPH ol o 5s o
08 128 PPy sp 0.00 0.00 SR 137 PPH SP 0,00 £.00
I 213 ppa By 0.34 0. 60 RB 129 PPH RU 0,27 .47
RE/SR 5.B53 By 0.00 0,06 IR 173 PPM PY 0.00 .00
RESSA 0203 c 0.40 0.55 RB/SR 0.542 c 1.06 1. 45
“ - HT 0.00 0.00 RB7BA 0.192 HT 0. 00 0.00
HEH 1,51 1. 32 HEH 2.93 2,55
CH ¢.00 0.00 cK 0. 00 0.00
HL 0.00 0.00 . HL 0.00 0. 00
FR 0.00 0.50 FR 0.60 0,00
TH 0.00 0. 00 4 . 0,00 0,00
PR 0.00 0.00 . PR 0.00 0,00
uC 0.00 G. 00 Ne 0.00 0.00
ce 0.00 0.00 cc 0.00 0.00
z 0.04 0.03 z 0.03 0,02
94.16 94,11 95.76 95,71

CLY



SA%PLE KDYBER 154 SAMPLE NUMBER 168

00 PL72-154 ROK-F oo PL72-16B RQH-F

OXIDE WT PCT MOLE PCT HORMATIVE MINERALS WT PCT  HOLE PCHI OXIDE WT PCT HMOLE PCT NORHATIVE HINERALS  WT PCR®  MOLE PCI
" SI02 71,15 79.61 KS 0.00 0.90 SI02 70.28 78.95 i Ks 0.00 0,00
" OTIO? 0.u43 0.36 KP 0.00 0.00 . TIo2 - 0.44 0.37 Ke 0.00 0.00
AL203 13,30 9.17 LC 0.00 0.00 AL203 14.48 9.59 e . 0.00 0.00
FP203 3.19 1.34 NS 0.00 0.00 FE203 2.78 1.18 us 0.00 ©.00
Fz0 0.00 0.09 oR 19. 21 5,70 FEO 0.00 - 0.00 OR 22,52 5.83
KNO 0.06 0.04 AB 29.36 T7.62 HHO 0.06 0.06 AB 28,85 7.93
;NGO 0.648 . 1.07 AN . 51 4.65 NGO 0.66 1.11 AN 9,43 4,88
iOCAD 1.88 2.25 NE 0.00 0. 00 CAO 1.85 2.23 HE 0.00 0. 00
NA20 3.47 3.76 Q 33,48 75.79 HA20 3.81 3.n 0 30.79 73.84
K20 3.25 2,32 oL 0.00 0. 00 K20 3.81 2.73 oL 0.00 0.00
B20S 0.00 0.00 FO 0.00 0.00 P205 6.00 0,00 FO 0.00 0.00
BAO 0.07 0.03 FA . 0.00 0.00 BAOD 0.1 0.05 Fi 6,00 0. 00
SRO 0.02 0.01 LN 0,420 0.00 SRO 0.02 .01 LN 0.00 0.90
CR203 0,00 c.00 HY 1.59 Z, 1€ CR203 0.00 0.00 HY 1.64 2.36
F 0.06 9,00 EN 159 2. 18 P 0.00 0.00 EN 1. 64 2.36
cL 0,00 .62 PS 0.00 0.00 cL 0.00 0.00 FS 0.00 0.00
503 0.0G ¢.60 D1 0.0¢ 0,00 503 0.00 .00 DY 0.00 0.00
s 0.00 0.00 Wo 0.00 0.00 s 0.00 0.00 Ko ' 0.00 0.00
© Co2 0,00 0.00 EH 0.00 0.00 coz 0.00 0,00 EN 0.06 ¢.00
ZRO2 0.03 0.02 " FS 0.00 0.00 .ZRO2 0.03 - 0.02 . PS 0.00 0. 60
WO 0.00 £.00 wo 0.00 0.0¢
AC 6,00 0. 060 AC 0.00 0.80
ap 0.00 0.00 AD 0.00 0.00
BA 58 PPY IL 0.13 0,12 ©OBA 956 PPM IL 0.13 0.12
SR 159 pPM sp 0.900 0,00. SR 156 PPM sp 0.00 0.00
RB 115 PP RU 0.36 0.62 RB 146 PPM RO 6.37 G. 67

2R 202 pPM PV . 0.00 0.60 IR 226 PPM . BV 0.00 0.00 -
RB/SR 0.742 c - 1.19 © 1. 59 RB/SR 0.936 . c 1.23 1. 82
R8/84 0.179 - nr 0.00 0.00 ap MT 0.0 6.00
] LEH 3.19 . 2.72 /84 0.153 HEH 2,78 2.5
CH 0.00 0,00 CH 0.00 0.00
HL 0.00 0.00 HL 0.00 0. 00
FR 0.00 G.00 FR 0.00 0.00
TH 0.60 0.00 TH 0,00 0. 50
PR 0.00 0.00 PR - .00 0.00
we 0.00 0. 00 NC 0.00 Q.00
cc 0.00 0.00 cc 0.00 0.60
2 0.04 0.03 z 0.04 0, 04

98.09 98.04 - 97.93 ‘ 97.85

iy



SAMPLE NUMBER 174 . SAMPLE NUXBER 175

090 PLT72-174 RQM-F 00 PL72-175 RQN-F
' DXIDE WT PCT MOLE PCT NORMATIVE MINERALS WT PCI MOLE PCT OXIDE WT PCT HOLE PCT NORMATIVE HINERALS 4T PCT HOLE PCZ
5102 70.03 79.01 KS 0.00 4.00 . 57102 69,30 78.60 £S 0.00 0.00
. TIOZ2 0.42 .36 Kp 0.00 0.00 Tio2 0,040 0.34 KP 0.00 0.00
i AL203 14,09 9,37 LC 0.00 0.00 - AL203 th. 42 9.64 LC ¢.00 0.00
PE203 2.93 1.24 NS 0,00 0.00 FE203 2.59 1.11% RS 0.00 0.00
FEQ 0.00 . 0,00 OR 20.39 5,22 PFRO 0.00 0,00 OR 21.58 6.05
; 8¥o 0.06 0.06 AR 28.43 7.73 " WNo 0.06 0.06 AB 31.48 9,19
. MGO 0.62 1.08 AN 11.29 5.79 HGO 0.72 1.22 AN 9.15% 5.C4
CAO 2.24 2.1 HE 0.00 4.00 CAD 1.79 2.18 . NE 0.00 0,00
Ba20 3.35 3.67 [¢] 31.4¢& T6.69 RAZ20 3.72 4,09 Q 28.38 72.32
K20 3,45 2.48 oL 0.00 0.00 K20 3.72 2,69 oL 0.60 0,00
P205 .00 0.%0 FO 0.00 .00 P205 9.00 0.00 FO 0.00 0.00
BAO 0.07 0.03 Fa 0.00 0.00 BAO 0.12 0.05 Fa 0.00 0.00
SRO 0.02 0,01 LN 0.00 .00 5SRO 0.02 0.0t ' LN 0.0C 0,00
Cr203 0.00 0.00 HY 1.54 2. 19 CR203 0.00 .00 HY 1.79 2.73
v 0.00 0.00 EN 1.54 2,19 F 0.00 0.00 4. 1.79 2,73
CL 0.00 G.00 FS 0.00 0,00 CL 0.00 0.00 FS 0.00 .00
s03 0.00 0.00 DI 0.00 0.00 503 ¢.00 0.00 DI 9,00 0.00
s 6.00 0.00 “0 0.00 0.00 s 0.00 0,00 RO 0.00 Q.00
co2 0.C0 0.00 ER ' 6.00 0.00 co2 0,00 Q.00 EN J2.0¢ 0.20 |
zgao2 0.03 0.02 FS 0.00 0.00 ZR0O2 0.93: 0.02 BS 0.00 0.00
WO ! 0.00 0.00 HO 0.00 0.00
AC 0.00 0,00 AC 0.00 0,00
AP 4,00 0.00 .34 0.0g 0.00
BA 611 PPM IL 0.13 0,12 IL 0.1 0.13
SR 134 PPM sp 0,00, 0,00 . ?Q 1‘;22 SE: sp 0.00 0.60
RE 126 PPM RU 0.35 0.63 RO 142 pom BU 0,33 0. 64
IR 196 oM v 0.00 0.00 R 217 pon BY 0.00 £. 00
RB/JSR ° 1.015 c 0.69 0,97 RB/SR 0. 455 € 0.92 1.38
RB/0A 0.223 HT 0.00 9.00 RB/GA 0.134 NT 0.00 4,00
HEM 2.91 2. 62 * HEM 2.59 2. 48
CH 0.00 0,00 CH ¢.00 0.00
PR 0.090 0. 00 FR 0.040 0.00
T™H 0,00 0.00 TH 6.00 0. 00
PR 0,00 0,00 PR 0.00 0.00
NC 0.00 0.00 . Ne 0.90 .60
cc 0,00 0.00 cc 0.00 0. 00
2 0.04 0.03 : Z 0.04 6,08
97.32 97.27 , 96489 96. 81

el



SAHPLE HUMBER

a0

OXIpE

© ST02

TIO2
xL203
FT203
FRO
MNO
kGO
CAO
¥A20
K20
P205
BAO
SRO
CRrR203
TF
CL
503
S
co2
ZRO2

i81

BL72~181 ROK-F

HT BCT
72.43
0.38
13,95
2.68
0.00
0,06
0.59
1.90
3.33
3.52
0.00
0.66
0.02
0.c0
0.00
0.00
0.00
6.00
0.00
0.02

BA
SR
RE
IR
RB/SR
RE/BA

98, 94

HOLE PCT
8¢.10
0,32
9.G9
.12
0.00
0.06
.97
2,25
3,57
2.48
0.00
0.03
0,01
0.30
0.00
0,00
0,00
0.00
0,00
0.01

8§72 PPM
148 PPM
161 PPH
182 PPM
1.088
0.282

.

NORMATIVE MINERALS
[ 33
Ke
ic
NS
OR
AB
AN
HE

! . Q
OL

FO
FA
IR
By
EU
FS
1}
L1
EXN
FS

WI PCT
0.00
0.00
Q.06
0.00

20,80

28,18
.59
0.00

34,58
0.00
Q.00
0.00
0.00
1.47
1.47
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.0¢
.13
0.00
0.31
0.00
1.15
0. 00
2.68
0,00
0.00
0.00
0.00
.00
0.00
0.00
0.03

98,89

HOLE BGT

0.00
0.00
0.00
0.00
4.99
7.18
4,61
0.00
76.86
0.00
0.50
0.08
4,00
1.96
1.96
0,00
0.00
0.00
0.00
¢.00
.00
0.00
0.00
0.11
0.00
0,52
g.00
1. 51
0.00
2. 24
0.09
0.00
6,00
0.00
0. 00
0.00
0.00
0.02

SAHPLE NUMBER
PL72-193 RQH~-F

60

OXIDE

SI02
TIOZ2
AL2G3
PE203
FEOQ
HNO
NGO
CAO
HA20
K2¢
P205
BAO
SRO
CR203
F

CL
503

S

co2
ZRO2

193

HT PCT HOLE pc?
6%9.91 79,05
0.42 0.36
13.99 9.32
2.97 1.26
+0,00 0.00
0.06 0.06
.68 1.15
2.1 2,56
3.30 3,62
3,56 2,57
0.00 0.00
0,07 08.03
0.02 0.1
*0.00 0.00
0.00 0.09
0.00 0.00
0.00 0.90
0.00 0.00
.00 .00
0.03 G6.02
BA 6524 PPH
SR 176 PPn
HB 123 PPM
IR 201 PPH
RB/SR V.756
RB/BA 0.213

97.12

NORKATIVE MINERALS

Ks
KP
LC
L]
OR
iB
AN
NE
Q
oL
FO
Fh
LY
BY
EN
FS
DI
Ho
EX
FS
LLs]
hC
AP
IL
5p
RU
BY

MT
HEH
Ci
HL
FR
TH
BR
NC
cc,

RT PCI
.00
0.00
g.0c
0.00
21.04
27.92
10. 65
0.00
31. 46
0.00
0.0¢
0.00
0.00
1.69
1.69
.00
0.G0
0.00
0.00
0.00
0.00
0.00
6,00
.13
0,00
0,35
0.00
0.81
0.00
2.97
0.00
4300
0.00
4,00
0.00
0.00
0.00
0.04
97,07

0.00,
0.00
0.00

0.00 .

5+ 39
7. 59
5.45
0.00
74.61
0.090
.00
0.00
0.00
2. 4G
2.40
0.00
¢. 00
.00
8.00
0.00
6.00
0,00
0.00
0.12
0.00
0.€3
0.00
1.13
.00
2.65
0.030
0.00
0.00
0,00
.00
0.00
0.00
.03

HOLE PCT:

€LY



SANPLE HUMBER . SAMPLE HUMBER 14
00  TA16 (MONTGOMERY, 1953) RQH-F 80 BL71-14 BOM
OXIDE  &T.2CT MOLE BCT NORMATIVE HINERALS WT PCT  HOLE PCT - OXIDE WT PCT MGLE PCT NORMATIVE MIMERALS WT PC?  MOLE PCT
SI02 73.70 81.16 kS " 0.00 0.00 5I02 71.33 79.57 . kS 0.00 0,00
7102 0.29 0.24 KE 0.00 0.00 TI02 0.u3 0.36 Kp 0.00 0.00
AL203 14.42 9,15 LC 0.00 .00 AL203  13.58 8,93 LG 0.00 0.00
PE203 .73 0.72 XS 0.00 0.00 PE203 2.86 1.20 §S 0.00 0,00
PEO 9,42 0,39 oR 20,80 5,63 FED 0,00 .90 o . 20, 81 5,15
HHD 0.13 0.12 AB 27.25 6. 44 Hi0 0.08 0.06 . RB 28,43 7.57
LG 0.29 c.48 AN . 5,67 2,53 ¥GO 0.62 1.03 . . X 11,35 . 5.70
cA0 1.30 1,53 NE 0.00 0,00 © cpO 2.24 2.68 NE 0.00 .00
w420 3.2 3,44 0 38, 62 79,66 ¥a20 3,36 3.63 e 32. 66 75.94
K20 - 3.52 2.47 oL 0.00 0,00 . K20 3.47 2.47 oL 0.00 0.4Q0
£205 0.14 0.07 Fo 0.00 . ©.00 P205 6.00 0.00 . FO 0.00 0.00
pao 0.07 0.03 . FA 0,00 0,00 BAO 0.10 5.0k F2 0.00 0.00
SRO 0.00 0.00 L 0.00 0,00 SED 0.02 0,01 L 0.00 0.60
. CR203 0.00 0.00 HY 0.72 0.89 CR203 0.00 0.00 HY 1,54 2,15
P .00 0,00 EN 0.72 0.89 ¥ 0,00 0,00 - EN 1.54 2.15
cL 0.00 - 0,00 FS 0.00 6. 00 3 0.00 0.0 FS 0,00 g. 00
503 9.00 0.90 DI 0.00 ¢.00 s03 0.00 0.00 pI 0,00 £, 00
s 9.00 .00 ) 0.00 0,00 5 0.00 0.00 wo 0.00 8,00
co2 0.00 .00 _EM 0. 00 0.00 €02 6. 00 0,00 EN 0.00 0.00
ZRO2Z 6.00 .00 FS 6.00 0,00 ZRO2 0,04 0.02 FS 0.00 0.00
wo 0.00 0.00 o 8.00 £.00
AC 0.00 0. 00 ac 0.00 0,00
AD 0.33 c.12 : AP 0.00 6.00
IL 0.55 0. 45 EA 890 PPH 1L 0.13 0,12
SP 0.00 0.00 SR Las pp sp 0.c0 0.00
RU . 0.00 0.00 R8 132 PP RE, 0.36 0.63
PV 0,06 . 0.00 IR 281 PPM By 0.00 0,00
c 3,23 3,93 RB/SR  0.917 ¢ 0. 14 0. 19
T 0. 94 8,50 AB/8A  0.148 o 0,00 0.00
HEl 1.08 0.84 HgM 2.66 2.50
cH 0.00 0,00 CH 0.00 0,00
HL 0.00 0.00 . HL 0.060 0.00
FR 0.00 .00 FR 0.00 0.00
T 0,00 0.00 ) TH 0.00 0,60
PR 8.00 3,00 PR 0.60 0.00
WC 0.00 0.00 ne 6.00 0.00
ce 0.00 0.00 cc .00 0.00
_ Pa ] 0,00 0.00 ] z 0.06 0.905
99,23 39,19 94, 11 a8. 04

iy



SLMPLE MUMBER 14PX
PLT1-14 BOM-PINK

00

. oxIpE
. 5102

TIO2
AL203
PE203
FEO
HHO
HGOo
CAQ
Ha20
K2Q
p205
BAO
SRO
CR203
7

CL
s03
5
co2
ZRO2

WT BPCT HMOLE PC?

T0.74
0.43
14,348
2.98
a.00
6.06
0,81
1.88
3.50
3.68
0.03
o.N
0.02
.00
0.00
0.00
0.00
.00
0.00
0.03

gaA
SR
*RB
IR

RE/SR
RR/EA

938,58

78.85
.36
9.42
1.25
0.00
0.06
1.3%
2.25
3.78
2.62
0.00
0.05
0.01
0.00
0,00
2.00
0.00
0.00
0.00
0.02

1G04 PPN
154 PPH
152 PPN
237 PPM
0.987
0.151

HORHATIVE HINERALS
K5
KP
LC
RS
OR
AB
AN
RE
Q
QL

WO
AC
AP
IL
sp
RU
By

HT
HEH
CH
HL
FR
TH
PR
KC
[as

WT PCT
0.00
6.00
0.40
0.00

21,78

29,62
2.58
0.00

30,94

0.00
0.00
0.00
0.00
2.02
2.02
0.00
0.00
0.00
0.00
4,00
0.00
‘0,00
0,00
Q.13
0.00
0.36
0.00
1.09
0,00
2,98
0.60
0.00
0.040
0.00
0.00
0.00
0,00
0.04
$8.50

HOLE PCI

0.00
0.900
0.00
0.00
5.58
8.07
4,92
0.00
73.56
6,00
0.00
0.00
0,00
2.87

2.87 .

0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 12
0.00
0,65
0.00
1.53
0.00
2. 67
0. 00
0.00
0.00
0.00
0.00
0.00
0.00
0.03

. SAMPLE WUMBER
TATS (MONTGOMERY, 1953) ROH

00

OXIDE

sI02
TIO2
AL203
¥E203

PEOQ

‘HHO

HGOo
CAC
NA20
K20
pP205
BAO
5RO
cr203
¥

CL
503
s
co2
ZRO2

0.55

14,16

1.48
1.27
0.09
0.37
1.76
3.40
3.04
0.06
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

98.72

KT PCT HOLE PC?
72.06

79,63
0.46
9.22
0.62
1.17
0.08
0.561
2.08
3.68
2.42
0.03
0.03
0.00
0.00
0.00
0.00
0,00
0.00
3.00
Q.00

NOBRMATIVE MINEBRALS

kS
KP
LC
NS
OR
LB
AN
NE
Q
GL
FO
FA
LK
HY

FS
oI
o
EN
FS
o
AC
AP
IL
5P
it
BV

HT
HEN
CH
HL
FR
TH
PR
NC
cc

¥T PCT
0.90
0,00
0.00
0.00
20.33
28,77
8,49
0.00
34,73
0.00
0.00
0.00
0.00
1,29
0.92
0.37
0.00
0.00
0.00
0.00
0.00
0.00
0.14

. 1.04

0.00
0.00
g.00
1.73
2.18
2.00
0.00
.00
0.00
0.00
0.04
0.00
0,00
0.00
98.467

HOLE PCT |

6.00
6.00
.00
0.00
4.90
7. 36
4.09
0.00
77.54%
0.00
0.400
.00
0. 00
1. 61
1.23
0.37
G.00
0.00
0,00
0.006
0.00
.00
0. C6
0.92
0.00
0.00
0.00
2,28
1.24
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0. 00
c.00

SLY



SAMPLE NUMBER 184 SAHPLE NUMBER 186

00 PL72-184 RQOH 00 PLY2~186 RQM

OYXIBE NT PCT HOLE PCT KOAMATIVE MINERALS  WT PCT  MOLE PCT OXIDE  WT BCT HOLE PCT HOBMATIVE MINERALS  WT PCT  HOLE PCZ

. STO2 72.28 79.57 KS 0.00 0.00 5102 71.58 79.24 .. XS 0,00 0.00

T102 6.39 0.32 133 0.00 0.00 . TI02 0.45 9,37 KP 0.00 - 6. 00

4L203 1W.45 9.38 LC 0.00 0.00 AL203 14.26 9.25 ic 0.00 0. 00

PE203 2.68 1.1 NS 0.00 0. 00 FE203 3.19 1.32 NS 0.00 0.00

FEO 0.00 0,00 OR 19. 44 4,71 FEO 0.00 0.00 OR 22,34 5.63

L] 0.¢5 6.25 AB 30,12 7,75 ¥RO 0.06 0.08 AB 30.80 8,24

MGO 0.67 1,10 AN 4, 90 4.81 HGO 0.79 1.30 AN - 8.02 4,05

CAO 1.96 2.31 Ng 0.00 0.00 CAO 1.58 1.86 NE 0.00 0.00

¥a20 © 3.56 3.80 0 33.69 75,68 NA20 3.64 3.88 ¢ 31.68 73.99

K20 3.29 2.3 oL 0.00 0.00 K20 3.78 2.65 oL 0,00 .00

P205 0.00 0.00 FO 0.00 0.00 P205 ¢.00 0.00 FO .00 0.00

BAO 9.07 0.03 FA 0.00 0.00 BAO 6.07 0.03 FA 0.00 0.00

SRO 0.02 0.01 iy 0.00 0.00 SRO 0.02 0.01 LN 0.00 0.060

CR203 0.00 0.00 HY 1.67 2,24 » CR203 0.00 0.00 Hy 1.97 2,75

¥ 0.90 0.0 EN 1.867 2.24 P 0.00 0.00 EN 1.97 2.75

cL 8.00 0.00 PS 0.00 0,00 CL 0.00 0.00 FsS 0.00 0.00

503 9.00 0.00 DI 0.00 0.00 503 0.00 0.00 733 0.00 0.00

5 ¢.C0 0.00 %0 0.00 6,00 s 0.00 g.00 no : ¢.00 4. 00

co2 0.09 ¢.00 EN 0.00 0,00 o2 0,00 0.00 EN 0.00 ¢.00

ZRO2 0.02 0.01 - FS 0.00 0.00 ZRO2 0.03 0.02 FS 0,00 0.00

WO 0.00 0.00 WO 0.00 0.00

-~ AC 0.00 0.00 v ac 0.00 0.20

B4 595 PPY ap 0.00 0.00 AP 0.00 0.00

SR 148 PPH iL 0,11 0. 10 BA 613 PPM IL 0.13 0.12

RE 120 PPH SP 6.08 0,00 SR 137 pPH sp . 0.00 0.00

IR 177 PPh BU . 0.33 0.56 RB 176 PPH RU 0.38 0.67

R8/5R - 0.Bll pv 0.00 0.00 IR 208 ppM 2V 0.00 0.00

RE/BA 0.202 C 1.40 © 1.86 RB/SA 1.285 c 1.23 1. 71

i 0.00 6.00 A8/ A 0.287 nt 0.00 0.00

HEHN 2.68 2,27 Co- HEY 3.19 2.86

cit 0.0¢ 0.00 cH 0.00 0.00

A 0,00 0.00 HL G.00 0. 00

FR 9.00 g.00 . FR 0.00 8.00

TH 0.00 0,00 TH 0.00 0.00

PR 0.00 _ 0.00 PR 0.00 0.00

NC 0.00 0.00 NC 0.00 0.00

cc 0.00 0.00 cc 6.00 0.00

z 0.03 0.02 z 0.04 0.03

99.44 89,39 ' 99.85 . 38. 8¢

Sty



; SANPL T NUMAFR

00 FHRUCO 4B (FULLAGAR AND SHIVIR, 1973} PL71~14 RQM SAKPLE WUMBER 31

—— —— v ety e e it s e+ - P 00 PL71-31 RQH
PXTAF @7 2CT  MOLE RCT MATIVE ¥
STC2 T2 .54 78.09 NOR '!(gE TNERALS H:.ggf f‘m:f[’gcr OXIDE HT PCT HOLE PCT HORMATIVE MINERALS KT PCIT HOLE PCT

-T2 - 043 9,35 K8 - 0.pD o.00 . ~  SI02 72.04  79.32 XS 0,00 0.00 -

41203 15.70 S. 98 Le 0.00 0.00 1102 0.42 0.35 KP .00 0.00

Fea03 2.98 1.21 NE 0.00 0. 00 AL203 14,30 9,39 LC 0,60 0,00

-zeqQ 0,00 9.00- or 23.88 C BalT— PE203 2.83 1,17 us 8,00 - 0.00

) 0.00 0.00 AB 32,56 9.08 FRO 0,00 0.00 " OR 22.10 5.51

460 0.82 1.32 AN 9.52 5.20: HNO 0.05 0.05 2B 28.18 7. U8

-{he 2.00 2,31 NE - 0.00 e Be00 - GO 0.56 0.92 AN 11, 31 5.64

uA2N 3,06 4,03 Q 29,31 71.05 ChO 2.24 2,64 NE 0,00 0.00

K2C 3.99 2,74 nL 0.00 0.00 NA20 3,33 3,55 Q 32,62 75.33

—p205 0.00 0. 00 EC 0.00 0.00 ~— K20 .74 2,63 OL 0,00 Q.00

BAN 000 8,60 EA .00 9.90 P205 0.00 0.00 FO 0.00 0,00

spn 0.00 0.00 LN 0.00 0. 00 BAO 0.08 0.03 FA 0.00 0.00

~CR203 —— 00 o om 0010 o e HY e 200G e 2,04 SRO 0.02 0.01 LY 0.00 8.00

e 0.00 6.00 EN 2,04 2.6 cR203 0.00 0.00 HY 1,39 1.93

ce 0.00 0.00 F$ 0.00 .00 F 9,00 0.00 EN 1. 39 1.93

—£Q3 0,040 . 0.00 DY 0,00 e 0,00 -~ CL 0,00 0.00 F$ 0.00 3,00

3 000 0.00 He 0.00 0,00 503 0.00 0,00 BT B.00 0.00

nnz fn.0n 2.00 €N 0.00 .00 8 0.00 0.00 LY 0.00 0.00

- RO s B 00— - 0 OO —— s - ES cmrmmmens o (3,00 0,00 ; - co2 0.00 0,00 EN 0.00 0.00

: wo 0.00 0.00. ZRO2 0.03 0.02 FS 0.00 0.00

AC 0,00 0.00 %O 0,00 Q.00

= AP -— 0.0D - 0.00 - AC 0,30~ O.QB

RS 153 pen ¥ .00 0.00. Ba 620 PPH I 011 ot

e SR XSS PPM . oy . e D43 0.78 ~ %D 134 by 5P 0.€0 0.00

PV 0.00 0. 00 IR 203 PPH kU .36 0,83

c 1.40 1.99 RB/SR  O.B76 by 0,00 0,00

T 0.00 ~— 0,00 -~ RE/BA  0.195 c. 0.67 0.51

HTH 2,98 2.72 - He 0.00 .00

CH 0.00 0.00. HEN 2.83 2. 46

HL . oopo 0u00 - cH 0.00 0.00

R n_no 0.00. HL 0,00 0.00

T 0.00 0.00 PR 0.00 0.00

— PR 0.00 ..,,...........0.00 — TH 0.00 0.00

NC 0.00 0.00 R 0.00 6.00

cc 0.00 0. 00 re 0.00 0.00

e et memm < n B LSRR i 7 S 0.0 .~ cc 0.00 0.80

! 102.32 102,232 z 0.04 0.03

99.68 99. 62

LY



SANPLE NUMBER 187 ' SA¥PLE NUMBER 255

00 PL72-187 ROM 00 BL73-255 RQH-DBZ

OXIDE WT PCT HOLE PCT RORMATIVE MINERALS  HT PCT  HOLE BCT ~ OXIDE T PCT HOLE PCT RORMATIVE MINBRALS WT PCT MOLE BCY%

$T02 72.66 80.04 KS 0.00 0.00 . ST02 75.26 82,25 KS 0.00 ~ 0.00

TIO2 0.42 0.35 KP 0.00 0.00 TYO2 0.21 0.17 Kp 0.00 0.00

AL203 13.96 9,06 1c 0.00 0.00 AL203 13.65 8.90 e 0.00 0,00

PE203 2.586 1.19 NS 0.00 0.00 FE203 0.59 0.25 NS 0.00 0.00

F20 0.00 0.00 OR 21,39 5.03 FEO 0.09 0.00 o OR 21,22 4,74

MUO 0,06 0.06 AB 26.23 6. 55 HNO 0.02 0.02 AB 29.79 7.07

HGO 0.59 0.97 AN 10436 4,87 © MGD 0.26 0.543 AN 2.77 1424

cro 2.04 2.41 ¥E 0.00 0,00 CAD 0.52 0.62 .. NE 0.00 0.00

HA20 3.10 3.3 ) 35.541 77.10 NA20 3.52 3,77 0 39,45 81.73

K20 3.52 2.354 oL 0.00 0. 00 K20 - 3.59 2.53 ol ¢.00 4. 00

P205 0.00 0.00 FO 0.0¢ 0.00 P205 0.00 0.00 . FO 0.00 0.00

BAG 0.10 0.04 Fa 0.00 0.00 . BRO 0.09 0.04 FA 0.09 0.00

SRO 0.02 0.0 LR 0.00 0.00 SRQ 0.01 0.01 §AY 0,04 0.00

CR203 0.09 0.00 HY 1.47 7 1.97 CR203 o.00 0.00 HY 0.65 0.80

P 09,00 0.90 EN 1,47 1.91 P 0.00 0.00 BN 0.565 0.80

cL 0.00 0.00 FS 0.00 0. 00 cL 0.00 0.00 FS 0.00 0.00

s03 0.00 0.30 DI 0.00 0.00 503 0,00 0.00 34 0.00 0.00

s 0.00 0.90 90 0.00 0.00 5 0.00 0.00 wo 0.00 0.00

. coz 0.00 0,00 EN 6.00 0.00 co2 0,00 0.00 EN 0.00 ¢. 00

. ZROZ 0.03 0.02 PS 0.00 0.400 ZRO2 . 0.02 0.01 FS 0.00 0.00

HO 6.00 0.00 ' wo 0.00 0.00

AC 2.00 0.00 AC 0.00 0.60

AP 0.00 0.00 AP 0.00 0.00

BA £87 PPM IL 0.13 0. 11 8a 181 PPM IL 0.04 0.04

SR 155 PPM sp 0.00 0.00 SR - 85 PPy sp . 0.00 0.00

fa 171 PPN RU 0.35 0.58 RE 118 ppu RU 0.15 .29

IR 224 PPM § PV 6.00 ~ 0.00 IR 149 PPH Py 0.00 G.00

AB/SR - 1.103 c 1.15 1. 47 RE/SR 1.388 c 2,96 3.81

RE/2A 0.193: HT 0.00 g.00 RB/BA 0.151 uT 0.00 0.00

: HES 2.86 2,34 ; HEH 0.59 046

CH 3.00 0.00 CH 0.09 0.00

HL 0.00 0.00 HL 0.00 0.00

FR 0.00 0. 00 - FR . 0.00 0.00

TH 0.00 0,00 TH 0.00 0,00

PR 0.00 0.00 PR 0.00 0.00

vC 6.00 0.00 ¥C 0.00 C.00

cc 0.00 0.00 cc 0.00 €. 00

Z 0.04 0. 03 - z 0.03 0.02

99,45 99,39 97,74 27.68

oLY



1
¥

SAMPLE NUMBER 259
PL73-259 RQH-4X

[+h]

OXTIDE
STO2
TI02
AL203
FE203
PEQ
4HO
HGO
CAQ
NA20
K20
P205
BAO
SRO
CR203
F

cL
503

S
cn2
ZRO2

T PCT
69.61
0."‘5
14.30
3.22
8.00
0.06
.78
1.67
3.26
3,78
0.00
0.08
0.0
0.00
0.00
0.00
0.6G0
0.00
0.00
0.03

BA
SR
Rp
i
RBJSR
RB/ON

97.05

MOLE PCT

79.02
0.38
9.43
1,38
6.00
0.06
1.32
9,03
3,59
2,74
0.50
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.09
0.02

701 PPH
117 PPM
156 PPM
192 PPH
1.232
0a.221

NORMATIVE AINERALS

KS
KE
ic
Ns
OR
aB
AN
HE
0
o5
FO
FA
LN
Y
EN
F§
DI

EN

Fs
1]
AC
AP
IL
SP
RU
BY

KT
HER
[o41]
HL
FR
TH
PR
NC
cc

WT PCT
0.00
0.00
6.00
0.00

22,34

27.59
8,146
0.00

31,35
0.00
0.00
0.00
0.00
1.94
1. 94
.00
0.90
0.00
0.00
0.00
0.00
0.00
0.00
0.13
0.00
¢.38
0. 00
1.55
0.00
3.22
0.00
.00
0.0¢
0.00
0.00
0,00
0.00
0.04

97.00

HOLE PC%

0.00
0,00
0,00
0.00
5,69
7,45
4,31
0,00

73,96
0. 00
0.00
0.00
0.00
2,74
2.74
0.00
0.00
0,00
0.00
0,00
0.00
0,00
0,00
0. 12
0.00
0,68
0.00
2,15
0.00
2. 86
0,00
0.00
0.00
0.00
€. 00
0,00
0. 00
0.03

SANPLE NUMBER 40
BL71=-40 RQHM=-EPA

00

OXIDE

5102
TIO2
AL2G3
FE203
¥EO
KHO
HGo
CARO
NA20
K20
P20S
BLO
SRO
CR203
F

CL
s03

5
co2
2R02

¥T PCT MOLE PCT

T1.17
0.43
14.39
2.96
¢, 00
0.06
0.75
1.83
3.63
3.47
0.C0
0.07
0.02
0.00
0,00
.00
0.00
0.00
0.00
0.03

BA
SR
REB
IR
RD/SH
RB/BA

93, 81

79.07
0.36
9.42
1.24
0.00
0.06
1.26
2,18
3.9
2.46
0.00
0.03
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.02

&14 PPM
137 PPM
125 PPM
z02 PPH
0.912
0.203

NORMATIVE MINEBRALS

KS
KFP
LC
NS
OR
AB
AN
NE
Q
QL
FC
Fa
IN
HY
EN
S
DI

Vo

EN

FS
o
AC
AP
IL
sp
RU
Y

T
HEH
CH
HL
FR
TH
PR
RC
cC

RT 2CT
0.00
0.00
0.0C
0.00

20,51

30.72
9.26
0.00
31,64
0.00
0.00
0.00
0.00
1.87
1.97
0.00
0.00
0,00
0.00
0.00
0.00
0.00
Q.00
0.13
0,00
0.36
6.00
1.27
0.0¢0
2.96
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04

38.75

4.00
.00
0.00
0.00
5.18
G.20
4.68
0.00
74,12
0.00
0.00
0.60
0.00
2. 62
2.62
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.12
0.00
0.64
0.00
1. 75
0.00
2,61
¢.00
0.00
0.00
0.00
0.00
0.00
.00
0.03

BOLE PCT

6L



SAMPLE HUNBER 61 SA¥PLE HUMBER 76

00 PL71-61 RQH-EDPA 00 PL72-76 RQH~-EPA

{ OKIDE WT PCT NOLE PCT KORNATIVE MIY ZRALS WT PCT  MOLE PCT OXIDE  WT PCT HOLE PCT HOBHATIVE MINERALS WT PCT HMOLE PCY
' §T02 70. 31 79,40 KS . 0.00 0.00 sy102 ' 72,32 79,50 KS 0.00 0,00
TI102 0.42 0.36 . Kp 0.00 0. 00 TEO2 0.47 0.39 Kp 0.60 0.00
AL203 14,06 9.36 1c 0.00 0.00 AL203 13,89 8.87 Ic 0.00 G.00
PE203 2. M 1.15 NS 0.00 0.00 FE203 3.04 1.26 s 6,00 4.00
© FEO 0.00 g.60 )] 22,69 5,81 FEO 0.00 0.00 OR 18,91 5.13
» MKO 0.04 0.04 AR 28,60 - 7.78 L1 0.06 0.06 AB 34,01 T 11.24
toHGo 0.76 1.28 AN 7.97 4,00 HGO 0.66 1,08 AN 1.06 3.83
. CAO 1.56 1.89 NE 0.00 0.00 CAD 1.39 1.54 HE 0.00 0. 00
HaZo 3.38 3.70 0 31,37 M,45 Na20 4.61 . 4,91 Q - 29, 21 73,44
K20 3.84 2.77 oL ¢.00 0. 00 K20 3.20 2.24 oL 0.00 0.00
P205 0.00 0.00 FO 0,00 0.00 P205 0.00 0.00 FO 0.00 0.00
BAD 0.08 0.04 FA 0.00 0.00 BAD 0.06 0.03 P2 0.00 0.00
5SRO 0.93 0.02 Ly . 0.00 0.00 SRO 0.02 0.01 N 0.04 0,00
CR203 0.00 0.00 1Y 1.89 2. 69 cR203 0.00 0.00 HY 1.68 2.47
P 0.00 0.00 EN 1.69 2.69 ¥ 0.00 0.00 . EN 1.64 2,47
cL 0.00 0.00 FS 8.00 0.00 cL 0,00 0.00 FS . 0.00 0. 00
s03 0.00 0,00 DI 0.00 0.00 503 0.00 0.00 DI 0.00 0.00
s 0.00 0.00 wo " 0.00 0.00 s 0.00 0.00 HO : 0.00 0,00
€02 0.00 0.00 - EN 0,00 0.00 co2 0.00 0.00 EW 0. 00 0.00
ZRO2 Q.62 0.01% PS 0.09 €. 00 ZRO2 0.03 0.02 FS 0.090 © 0,00
w0 0.060 0.00 wO 0.00 0.00
AC ¢.00 0.00 AC 0.00 o.og
.0 . 0.00 .0
By 7€3 PPN i 0.09 0:08 aa 568 PPM I 0.13 0. 13
SR 213 pee sp 0.00 0.00 : SR 148 PPa sp 0.00 6. 60
RB 1371 pPM RO 0.37 0467 B 121 PPM RU 0.4Q 8.76
IR 174 PPN PV 0. 00 0.00 I 214 PPM PV 0.00 0.00
RE/SR 0.643 . < 1.42 1.99 ROB/SR 0.813 < 0.06 0,08
RB/BA 0.193 HT 0.00 0,00 RB/2A 0.213% MT 0.00 0,00
HEH 2.71 2,42 . . HEH 3.04 2.88
cn 0.00 0.00 CH 0.00 0.00
HL 0.00 0. 00 . RL 0.00 0. 00
FR 0.00 0,00 FR 0.00 0,00
T 0.00 0.00 TH 0.00 0.00
PR 0.00 0.00 PR 0.00 0.06
He 0.00 0,00 ¥e 0.00 0.00
. cc 0.00 c.00 cc 0.00 0,00
. 2 0.03 . 0,02 2 0.04 0.04

97.21 97.1% 99.55 . 99. 50

08/




SANPLE HUMBER 1838 . ' SANPLE HUNMBER 232C

00 PL72-188 RQH-AD 00 PLT3-232CRS RpY¥-AP
QXIDE  WT PCT MOLE BCT NORMATIVE HINERALS  WT BPCY  HMOLE PCT OXIDE WT PCT HOLE PCT NORMATIVE MINERALS WT PCT  MOLE BCT

s102° 78.55 §3.84 Ks 0.00 0,00 5102 76.40 g2.88 KS 0.00 0.00
TIO2 0.04 0.03 K 0.00 0. 00 TIN2 0.14 0.11 Ke 0.00 0.00
AL203 13.35 8.40 Lc 0.00 0.00 AL203 13,40 8.57 LC 9.40 4.00
PE203 ¢.u8 0.19 s 0.00 0.00 PE203 9.81 0.33 NS 0.00 0.90
FEO 0.00 0.00 oR 29.79 6.76 FEO 0.00 0.00 or 25.29 5.87
H¥o 0.03 0.03 AB 27.16 6.54 MNo 0.04 0.0% AB 28.52 7.02
nGo 0.11 0.17 AN 2.50 1.13 HGO 0.23 0.37 : an 5,07 2.35
CAO 0.59 0.57 N& 0.00 0.00 cho 1.01 1.17 NE 0.00 ¢.00
HA20 3.21 3.32 . Q 39.34 82,67 Ha20 3.37 3.54 Q 37.488 81.40
K20 5.04 3.43 oL 0.00 0.00 X20 5,28 2.96 oL 0.00 0.00
P205 0.00 0.n9 Fo 0.00 0.00 P205 0.00 0.00 FO 0.08 6.00
BAQ 0.01 6.00 Fa 0.00, 0.00 BAO 0.03 0.01 FA 0.00 0.00
SRO 0.00 ¢.00 LH 0.00 0.00 SRO 0.00 0,00 LK 0.06 .00
CR203 0.00 0,00 - oy 0.27 0,34 CR203 0.00 0.00 HY 0.57 0. 74
4 0.00 0.00 Ed 0.27 0.34 4 0.00 0.00 EN 0.57 0.74
cL 0.00 0.60 FS 0.00 0.00 CL 0.0¢ 0.00 FS 0.00 0. 00
503 0.0 9.00 DI 0.00 0.00 501 0.00 0.00 DI 0.00 0.00
s 0.00 0.50 WO 0.00 0.00 S 0,00 0.00 . WO 0.00 0.00
62 0.00 0.90 EN 9.00 0.00 coz’ 0.00 0.00 EN 0, 0¢ 0.00
ZRo2 0.0 6.01 ¥S 0.00 0.00 ZRO2 0.01 0.01 FS 9.00 ¢.00
Ho g.00 0.00 wo 0.00 0.00
. AC 0.00 6.00 ac 0,00 0.00
BA 59 ppM AP 0,00 0,00 AP 0.00 0,00
Sk 1 Ppy IL 0.06 0.05 BA 224 POM IL 3.09 0.¢7
RE 283 ppH , sp 0.00 0.00 SR 41 PPH sp 0.00 0.00
IR £6 PPY AW 0.01 0,01 ®E 169 PPH Rey 0.09 0,15
RB/SR  283.6C0 BV 0.00 0.00 10 96 PPH PY 0.00 8.00
RE/BA 4,772 c 1.70 2,10 RE/SR 4.122 < 1.37 1a73
MT 0.00 0.00 - KR8/ DA 04155 uT 0.00 ¢.00
HEN 0.48 0.38 S HEN 0.81 0,65
CH 0.00 0,00 CH 6.0¢C 0.00
HL 0.00 0.00 Bt 0.00 0.00
FR 0.00 0.00 FR 0.00 0.00
Ti 0.00 0.00 TH 0.00 0.00
PR 0.00 0.00 PR D.00 0.00
N 0.00 0.00 NC 0.00 0.00
cc 0.00 0.00 : cc 0.00 0.09
z 0.01 0.01 z 0.01 0.01

101,32 99.72 59..70

18t



SRHPLE NUMBER 232F
PL73~-232FN RQM~AP

a1}

OXIDE
Sro2
TIon2
rL203
FE203
FEO
#No
L
ciO
NAZO
K20
P295
BAO
SRO
CR203
P
cL
303
s
co2
ZRO2

§T PCT
78,48
G.05
12,76
0.47
0.00
0.03
0.10
.86
2.34
6.06
0.90
0.01
0.00
¢.00
.00
.00
0.00
.00
0.00
Q.00

ea -
3R
RB
ZR
RB/SAR
R8/04

101.16

HOLE PCT

83.98
0.04
8,05
0,19
0.00
0.03
0.16
0.99
2,43
4.14
0.00
0.00
g.00
0.00
0.%0
0.00
0.00
0.00
0,00
0.00

120 ppM
35 PpPm
150 ppu
36 PPM
5.429
t.589

NOBMATIVE MIRERALS

KS
KP
LC
kS
OR
AB
AN
NE
0
oL
FQ
FA
Iy
HY
EN
FS
DI
wa
EN
Fs
RO
AC
AP
IL
5p
RU
PY

T
LEd
CcH
HL
PR
TH
PR
NC
cc

WT PCT
0.00
0.00
Q.00
0.00

35. 81
19.80
4.28
0.00

39.67
0.00
.00
0.00
0.00
0.25
0.25
0.00
.00
0.00
0.00
0.00
0,00
d.00
0.00
0.08
0.0C
0.02
0.00
¢.78
Q.00
0.47
0.00
.00
¢. 00
0.00
0.00
0.00
0,00
0.00

101.15

HOLE PCT

0.00
0.00
6,00
0.q00
8.13
4,77
1.95
0.00
83.42
0.00
0.09
0.00
0.00
0.31
0.31
0.00
0.00
0.00
0.00
0.00
0.06
0.00
0.900
0,05
0.00
0.03
0.00
0.97
0.00
0437
0.00
0,900
9. 00
0.00
0.00
0.00
0,00
0.00

SANMPLE NUMBER 233
PL73-233 RnOH-AP

00

DXIDE

5102
Tia2
AL203
FE203
FEO
HHO
HGOo
CAO
RA20
K20
P205
BAO
SRO
CR203
F

CL
503

S
coz
ZRO2

HT PCT MHOLE PCT

76.78
0.04
4,84
0.27
0.00
0.03
0.07
0.73
1.87
7.82
0.00
0.01
0.00
3.00
0,00
0.00
0.00
0,00
0.00
0.0t

BA
SR
RB
R
RBS5SR
RG/8A

102,47

82,22
0.03
9.37
o.M
0.00
0.03
N.11
0.84
1.94
5.34
.00
0.00
0.00
0.90
0.00
0.00
0.00
0.00
0,00
0.91

95 PPM
35 PPM
242 PPN
43 PPM
6914
2.560

NORMATIVE MINERALS

kS
KP
LC
Hs
agr
iAB
AN
RE
Q
QL
FO
FA
LN
HY
FN
Fs
nI
WO
EN
Fs
Wo
AC
Ap
IL
sp
RU
PV

NT
HEK
CH
HL
FR
Th
PR
NC
cc

¥T PCT
0.00
0.00
0,00
0.08
46. 21
15.82
3.64
0.00
34,29
0.00
0.00
0.00
.00
0.17
0.17
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
.00
0.01
0.00
1.97
0.00
Q.27
0,00
0.00
0.00
0,00
G.00
0.00
0,00
0.01
102, 46

HOLE PC?

0.00
0.00
0.00
0.00
11.53
4,19
1.82
0.00
79,23
0,00
6.00
0. 00
0.00
0,254
G, 24
¢.00
0.00
0.00
06.00
0. 00
0.00
6,00
0.00
0.06
0.00
0.01
0.00
2. 68
0,00
0,23
0.00
0,00
¢.00
0,00
0,00
0.00
0,00
¢.01

7287



SAMPLE NUMBER ' SANPLE NUHBER

00 EMBUSO 6 {FULLAGAR AND SHIVER, 1973) RQM~AP 00 EMBUDO 7 (PULLAGAR AND SHIVER, 1973} RQE~AP
OXXIDE ¥T PCT MOLE pC? NORMATIVE HINEBRALS ¥T PCT HOLE PCT OXIDE WT PCT MNOLE PCT NOBRMATIVE MIKERALS §T PCT HOLE PCT
S102 77.96 83,73 KS 0,00 0.00 s102 78.11  83.07 KS 0.00 0.00
Tio2 3,10 0.08 KP 0.00 0.00 Y02 0.12 - 0,10 KB 0.00 . 0,00
xL202  13.79 8.73 LC 0.060 . 0,00 AL203  13.60 8.52 LC 0.00 0.00
PE203 5.56 6.23 NS 0.00 0.00 Pp203 0.71 0.31 NS 0.00 0,00
FE5 5,00 0,00 oR 31,68 7,05 FEO 0.00 0,00 OR 32,09 7.67
NEO 0.00°  0.00 AB 23.95 5, 66 HNO .00 ¢.00 AB 27.67 1.62
o 0.08 0.13 AN 2.08 0.93 HGo 0,08 0.13 - AN 3.57 1.71
CAOQ 0.42 0.48 NE 0.00 0,00 CAQ 0.72 0.82 NE 0.060 G.00
NA20 2.83 2.95 ‘ 0 39. 96 82,41 ¥A20 3.27 3.37 Q 36,64 81.15
K20 5,36 3.67 “ oL 0.C0 .00 K20 5,43 3.88 oL 0,00 0.00
r205 0.90 0.00 PO 0,00 0,00 P205 0.00 0,00 FO 0.00  0.00
BAO 0.00 0.00 FA 0.00 .00 BRO 0,00 0.00 PL 0.00 0.00
SRO 0.00 0.00 Ly 0.00 .00 5RO 0.00 0.60 N 0,00 0.00
CR203 £.00 0.00 HY 0.20 0, 25 CR203 0.00 0.00 ay 0.20 0. 26
g .00 0.00 N 0.20 0.25 F 8.00 0.00 EN 0,20 0.26
cL 0.60 0.00 ¥s 0.00 0,00 cL 6.00 0.00 FS . 0.00 0,00
s03 0.00 0.00 pI 0.00 0.00 503 0. 00 0,00 - 3 .00 .00
s 0,00 0.00 T 0.00 0,00 s 0.00 0.00 wo - 0.00 0. 00
co2 0.00 £.00 EN 0.00 0.00 co2 0.00 0.00 BN 0.00 b.00
ZROZ 0.00 0.00 ¥S 0.00 0,00 zr02 0.00 0.00 FS 0.00 .00
o 0.00 0.00 %o 0.00 0.00
AC 0.00 2,00 AC 0.00 0,00
AP 0.00 6,00 AP 0.00 0.00
1L g.oo g.co IL 0,00 0.00
sp .00 .00 sp 0.00 0.00
RE 245 PPM RU - 0,10 . 0416 Re 212 §§ﬂ RU 0.12 0. 20
SR 17 PPM . BY 06,00 0,00 s8R 35 BY 0.0¢ 0.00
¢ 2.57 .12 . c 1.03 1.35
ur 8.00 0.00 HT 0. 00 0.00
HEN . 0.56 .43 HEH 0,77 0. &4
cH 0.00 0.00 . cH 0.00 0,00
‘HL 0.00 0. 00 HL .00 0.00
FR 0. 00 0.G0 FR 0,00 0.C0
TH 0.00 0.060 TH 9,00 " 0.00
PR 0.00 0.00 PR 0.00 0.00
HC 0.00 0.00 ¥ 0,00 0. 00
ce 0.00 0.00 . cc g,00 0.00
z 0.00 0. 00 z 0.060 0.00
101,10 i . 101,10 102.10 ’ 102.10




Pefiasco Quartz Monzonite

SAHMPLE NUMBER 5 SAMPLE NUMBER
00 PL71-5 PQM 00 EXRUDO 1 (FULLAGAR AND SHIVER, 1573) PL71-5 POM
'\ OYIDE  WT PCT KOLE PCT NORNATIVE MINERALS WT PCT  HOLE PCT OXIDE WT 2CT MOLE BCT NORMATIVE MINERALS ®T PCT MOLE PCZ
© §102 69,52 78,37 KS 0.00 0,00 sT02 70.88  78.07 KS 0,00 0,00
TIO2 0.38 9.32 KE 0.00 0.00 TI02 0.40 0.33 KP 0.00 0.00
AL202 15,11 9.37 1c 0.00 0.00 AL203 14,73 9,57 1C 0.00 0.00
FE203 2.63 1.14 NS 0.00 0,00 FE203 2.8 1.17 S 0.00 0.00
FEO 8,00 0.00 : oR 22,68 §.27 ¥EO 0.00 0.00 OR 25,18 7. 04
¥KO C0.0u 0.04 AD 31,82 9,38 T 0.00 0.00 B 32.24 9,58
HGO 1.05 1.76 AN 8. 74 4,85 8GO 1.03 1.69 AW 8,88 8,97
cAO 1.7 2.97 HE 0.00 0.00 CAD 1.79 2.1 NE 0,00 0. 00
W20 3.76 4,11 0 27.67 71.21 HAZ0 3.81 4,07 e 27.00 15,00
K20 3,82 2,75 oL 0.00 0,00 K20 .26 2.99 oL 0.00 .00
P205 0.00 0.00 70 0.00 0.00 P205 0.00 0,00 FO 0,00 0.00
BAD 0.08 1 0.04 FA 0,00 0.008 BAQ .00 0.00 FA 6.00 0.00
san 0.08 0.03 A 0.00 0,00 sRO 0.00 0,00 IN 0.00 0.00
CRr203 0.00 0.00 ; By 2.61 4.03 CR203 0.00 0.00 HY 2.57 3.98
P 0,00 0.00 EN 2.61 4,03 ? 0.00 0.00 EN 2,517 3.98
cL 0.02 0.00 FS 0,00 0,00 cL 0,00 0.00 FS 0.00 0. 00
503 8.00 0.00 DI 0.00 .00 503 0,00 0,00 pI 0,00 0,00
s 0,00 0.00 WO 0,00 0. 00 5 0.00 0.00 WO 0,00 0.00
co2 0,00 0,00 EN 0.00 0.00 coz 0.00 0.00 £l 0,00 0.00
ZR02 0.03 0.02 FS 0.00 0. 00 ZR02 0.00 0.00 FS .90 0.00
o 0,00 .00 Ho 0,00 0,00
AC 0.00 0. 00 AC 0,00 6,00
AP 0,00 0.00 AP 0,00 0,00
BA 727 PPN IL 0.09 0. 09 iL 0.00 0.00
SR 172 oM sp - 0.00 0.00 . SP 0.00 0.00
®B 179 pPH BY 0,33 0.65 : au 0,40 0.78
IR 194 PPM Y 0.00 0.00 RE 184 PPM Y 0. 00 0.00
RB/SR  O.%81 c 0.59 0. 89 SR 402 PP ¢ .60 0,91
RB/BA 0.246 HT 0.00 0.00 nT 0.00 6.00
HEH 2.68 2,59 HEN 2,81 2,74
CH 0,00 0,00 . : cH 0.00 0.00
HE 0.00 0. 00 HL 0.00 0,00
FR 0,00 0.00 FR 0.00 0.00
8 0.00 0.00 Tit 0.00 6,00
PR 0.00 0,00 . R 0,00 °  0.00
Ne .00 0.00 e .00 0.00
cc 0.00 0,00 : cC 0,00 6. 00
z 9.04 0. 04 z 0.00 0. 00

97.22 97. 1% 99.67 93,67

787



SAMPLIE NUYMBER 352 SRHPLE'HUHBER. 358

00 PL71-354 POM ’ 00 BL71-358 POM

OXIDE T pCt MOLE PCT NORMATIVE MINERALS UT PCT HOLE PCT OXIDE KT-PCT MOLE PCT NOBMATIVE MINERALS AT PCT HOLE PCE
$102 62,79 73,25 K5 0.00 0.00 5102 63,29 73.25 Ks 0,00 G.00
TIi02 0.83 0.73 Ke 0.00 0.00 TI0Z2 0.83 0.72 Kp 0.00 0.00
AL203 15.92 10,95 LC 0,90 0.00 AL203 15.24 16.39 LC 0.00 0,00
PE203 5.78 2.54 N5 0.00 0,00 PE203 "6.02 2.62 s 0.00 0.00
FFO 0,00 0.00 OR 22,34 6,12 FEO ¢.00 0.00 OR 21.39 6,02
HNOD 8,07 9.07 . AB 23.24 6. 18 HNO .08 3,08 AR 23,35 6.98
MGO 1.72 7 2.99 AN 15.09 8,27 HGO 1.82 3.14 AN 16.03 9.403
CKQ 2.97 3.71 RE - 0.00 0.00 CAO 3.16 3,92 NE 0.00 0.00
Ha20 2.5 2.84 Q 24.62 62.51 HAZOD 2.76 3,10 o . 23,72 61,90
K20 3.78 2.81 (17 Q.00 0,00 K20 3.62 2.67 oL 0.00 0.00
p205 0.00 0.50 FO 0,00 0.00 P205S 0.00 0.00 FO .00 0.90
BAO 0.12 0.05 FA 0.00 0,00 BAC 0.12 0.05 FA 0.00 0.00
SRO 0.05 0.03 LN . 0.00 0.00 5RO 0.05 0.03 LN G.00 0,00
CH203 g.00 0.00 HY 4,28 6451 CRr203 0.00 0.060 HY 4,53 7.08
¥ 0.00 0,430 EN H.28 6.51 ¥ 0.00 0.00 EN 4,53 7.08
CL 0.60 0.00 . 1 Q.00 0.00 CL 0.00 0.00 FS 0.00 0.90
503 4.09 0,00 (138 0.00 0.00 503 0.00 0.00 Dl 0.00 0,00
s 0.00 0.920 r WO C.00 0.00 5 0.00 0.00 HO 0.400 0.90
co2 0,00 0.10 EN 0.00 0.00 co2 0.00 0.00 EN 0.00 0.00
ZRO2 0,04 0.02 FS 0.00 "¢, 00 ZRO2 0.04 0.02 FS 0.00 0.00
. . RQ 0,00 0.80 Wo 0.00 a,00
1 0.00 0.00 aAC 4,00 0. 00
84 1074 PPH AP 0.00 0.00 BA 1055 PPM AP 0.00 0,00
SR 397 PPM It 0,15 0.15 SR 397 PPM IL 0.17 0. 18
Rg - 132 PPM sP 0,00 0.00 RB 150 PPM sp 0. 00 0.00

F& 264 PPM RU 0.75 1,43 IR 2717 PPM it 0.74 1. 45 -
RB/SR 04332 eV 0,00 0.00 RBISR - 0.378 Y 0. 00 0,00
ig/ea  0.123 c 2.17 3,25 Roran  0.142 c 0.91 1,40
: KT 0,00 0.00 MT 0. 00 0,00
HEN 5,78 5.52 HEM 65.02 5.91
CH ¢.00 0.00 CH 0.00C 0.00
HL 0.00 9. 00 HL . 0.00 0.00
FR 0.00 0.00 FR 0.G0 0.00
TH 0,00 0.00 TH ¢.00 6.00
PR 0.60 0,00 PR 6. 00 0,00
ne 0.00 0,00 NC 0,00 0.00
ce 0.00 4,00 cc 0.00 0.00
Z 0.06 0,08 ’ Z . 0.06 0.05

97.03 « 96.93

96.58 ' 96,48

ot



SANPLE NUMBER 56
PL71-56 PQM

‘4T PCT HNOLE PCT

00

0XIDE
ST02
TI02
KL 203
PE203
FEO
MNO
MGG
ChQ
RA20
K20
P205
BAO
SKO
CR203
4
+ CL
503

s
co2
ZRO2

68,32
0.74
15.09
5.54

0.00.

0.06
1.76
2,80
2,65
3.67
0.00
0.1
0.06
2.00
.00
0.00
0.00
0.00
0.00
0.0u

BA
SR
/B
IR

RB/SR
RB/CA

100,94

T5.43
0.61
9.82
2.30
0.00
0.06
2.90
3.31
2.84
2.58
0.C0

. 0.09
0.04
0.00
¢.00
0.00
0.00
0.00
0.00
0.02

1866 PPM
473 PPR

137 PPH |

202 PPN
0.290
0.073

HORKATIVE MINERALS
KS
Ke
Lc
LES
OR
AB
AN
HE

Q
oL

HEHY

RC

4T PCT
0.00
0.00
8,00
0.00
21.69
d2.u2
14, 43
0.00
29.98
0.00
0.00
0.00
0.60
4.38
4,38
0.00
0.00
0.00
0.00
0.00
0.00
8.00
0.00
0.13
0,00
0.67
0,00
1.47
0.00
5,54
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06

100.78

MOLE PCT

0.00
0,00
0,00
0.00
5.30
5.82
7.06
0,00
67,90
0.00
0,00
0,00
0.00
5. 94
5.94
0.060
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.12
0.00
1,15
0.00
1.96
0.09
4,72
0.00
0.00
0,00
0.00
0.00
6.00
0.00
0.08%

SANPLE NUHBER 92
PL72~-92 PQM

6o

OXIDE

STO2
TIio2
AL203
PE203
FEC
MRO
KGO
CAOD
HA20
K2Q
p205
BAO
SRO
CR203
F

CcL
503

s

€02
ZRO2

T PCT
64,05
6.73
15,87
5,46
0.00
0.07
1.66
3.50
2.56
3.17
.09
0.22
0.05
0.00
0.00
0.00
0,00 .
0.00
0.00
0.04

BA
SR
RD
IR

RBJSR

RB/EA

97.38

KOLE PCT
73.68
0.63
10.76
2.36
6.00
0,07
2.85
4.31
2.86
2.33
0.00
0.10
0.03 .
0.00
0.00
0.00
0.00
0.00
0.C0
0.02

1957 PPH
435 pPH
148 PPH
262 PPM

0.349
6.074

HORHATIVE MINERALS

KS
KP
LC
s
OR .
AB
AN
RE
Q
QL
FO
PA
Ly
HY
EN
ES
DI
RO
EN
S
Ho
AC
AP
IL
5P
RU
14}

NT
HEH
CH
HL
FR
TH
ER
NC
cc

¥T PCT
0.00
0.00
0.00
0.00
18,73
21.66
17.90
0.00
26,80
0.00
"0.00
0.00
.00
4013
.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.15
0.00
G.65
.00
1.67
0.00
5.46
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.06
L 97.22

0.90
0.00
0.00
0.60
4.90
65,02
9.37
0. 00
64,97
0.20
0.00
0.00
0.00
6,00
6.06
0.00
.00

HOLE PCT

0.00 .

0.40
0,00
0.00
0.00
.00
Q.14
0.00
1. 19
0.00
2,38
.00
4.98
0.00
¢.00
0.00
0,00
0.00
6,00
0.00
0. 05

98Y



SAMPLE NUMBER 231

oo

OXIDE
5102
TI02
AL203
FB203
FRO
LE14)
HGOD
CAO
HA20
K2Q
p20S
EAO
SRO
cr2a3
¥
cL
503
5
co2
ZRO2

PL72-231 BQN

NT PCT WOLE PCT
62,89 72.87
6,83 0,72
15.59 10,65
6.03 2.63
0.00 0,00
0.07 0,07
1.93 3.33
3.22 4.00
2,53 2.84
3,76 2,78
0.00  0.C0
0,13 0.06
0.05 0.03
Q.00 0.00
0,00 4.00
0.00 0.00
0.00 0.00
0.00 0.00
D.G0 0.00
+ 0,03 0.02

ga 1141 PPM
SR 421 PP
R@ . 124 PPh
R 254 PRM
0.28%
0.109

RB/SR
RB/UA

87.06

HORMATIVE HINERALS

kS
Kp
Lc
NS
4133
AB
AN
NE
Q

aL

Ho
AC
AP
IL
sp
RU
By

ur
HEH
CH
HL

TH
PR
Ne
ol

NT PCT
0.00
0.00
0.00
0.00

22.22

21.41
16. 34
0.00

23.83
0.00
0.00
0.00
0.00
4.81
4.81
6.00
0.00
0.00
0,00
0.00
0,00
0.00
0,00
0.15
0.00
0.75
6.00
1.37
0.00
6.03
¢.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04

96.96

HOLE PCT

0.00
0.00
.00
0,00
6.18
6. 32
9.10
0.00
61.42
G6.00
0.00

0.00

0.00
7. 41
Te 41
0.00
0.00
0400
.00
0.G0
0.00
Q.00
0. 00
Q.15
0.00
1. 46

" 0.00

2.08
0,00
5,85
0.00
0.00
0.00
0.00
0.60
0.00
0. 00
0. 04

SAHPLE HUHBER 263

00

OXIDE

SI02
TIi02
AL203
FE203
FEO
HHO
KGO
CAOQ
NAZ20
K20
P205
BAD
SRO
cr203
4

CL
sS03

5

coz2

" ZRO2

PLT73~263 PQH

87 PCT MOLE PCT

63,92 73.90
.74 0.64
15.61 10,64
5.13 2.23
0.00 0.00
0.86 G.06
1.61 2,77
3.02 3.74
2.63 2.95
3.98 2.98
0.00 0,00
0.18 0.08
0.05 0.03
0.00 0.00
0.00 0.00
0.00 0.30
0.00 0,00
0.00 0,00
0.00 5.00
0.04 0,02

BA 1598 PPl

" sR 4

35 pPM

KB 123 PPM
423 283 PPM

RB/SR
RE/Ra

96.97

6.306
0.083

NORMATIVE HIMERALS

XS
KE
LC
NS
OR
AB
al
NE
Q
oL
FO
|48
IN
HY
EN
Fs
nI
T HO
EN
S
14]
AC
AP
IL
sp
RO
BV

NT
HEH
CH
HL
FR
TH
PR
NC
cC-

HT PC3
0.00
0.00
0.0@
.00

23.52

22.25
15. 44
0.00

24,230
0.00
.00
0.00
0.00
.01
4,01
0.00
0.00
0,00
0.00
0.00
0.90
0.00
¢.00
0.13
0.08
0.67
0.00
1.32
0,30
5.13
0.00
0.00
0.006
0.00
0.00
0.00
0.00
0.06

96.83

HOLE PC%

0.00
0,00
0.00
0,60
6.61
6,64
8,69
0,400
63.27
0.00
0.00
0.00
0.00
6,25
6.25
0.00
0.90
0.00
Q.00
¢4.00
0.00
0.00
G. 00
0. 13
0.00
1.32
Q.00
2.02
.00
5.03
0.00
Q.00
0.00
0.00
d.00
Q.60
0,00
0.05

LBV



i
!

SAHPLE NUXBER 96GN
PLT2-96GH PQOH-GNM

00

OXiDE
s102
TIO2
aL203
Fr203
FEQ
KHO
HGO
CAO
NA20
K20
P20S
BAQ
SRO
cr203
4
CL
s03
5

b2

ZRO2

¥T PCT MOLE PCT

65.05
0.65
35,39
4.90
0.00
0.06
1.75
2.73
2,92
3,01
3.00
0.08
¢.07
0.01
0.00
0.00
0,00
0,00
0.00
0.03

BEA
SR
R’RE
IR
RB/SR
RB/UEA

96.65

74,88
0,56
10.44
2.12
0.00
0.06
3,00
3.37
3,26
2,21
0.00
0.0u
0.05
6,00
0.00
6,00
0.00
0.00
0,00
0.02

T8 PPH
569 PPH
165 PPH

257 PPH

3.299

0.230
‘

RORMATIVE NINERALS

KS
KP
c
kS
OR
AB
ay
RE .
Q
0oL
FO
Fa
LR
HY

FS

_bI

WO
" RN
FS

ac
AP
IL
SP
RU
PV

HT
HEHN
CH
RL
FR
TH
IR
XC
cc

8T PCT
G.46
0.00
0.00
0.00
17.79
24.7%
13.88
9.00
27.93
0.00
0.00
0.00
¢.00
4,36
4. 36
0.00
0,00
0.00
0.04
0.00
0.00
0.00
0.00
0,12
0.00
£.59
0.00
2.24
0.00
k.90
0,01
0.00
0. 00
.00
0.00
0.00
0.00
0.04
96.57

»

HOLE BCT

0.00
0.00
0.00
.00
4,58
6.75
7o 14
0.00
66456
0.00
0.00
9.00
0.00
6,22
6.22
4. 00
0.00
0.00
0.00
0.00
0.00
0.30
0.00
0.11
G.00
1.05
0.00
3.15
0.00
4,39
0.01
0.00
0.00
0.00
6.00
0.00
0.00

© 0.03

SAHPLE NUMBER 86

00

OXIDE

53102
TI02
AL203
FE203
PEQ
HRO
G0
CAO
HA20
K20
p205
BRO
SRO
CRr203
F

ChL
503

s
ca2
ZRO2

HT BCT

T0. 34
0.32
15.51
1.58
0.00
0.04
0.4
1.67
3.07
6.05
0.00
Q.25
0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.03

B
SR
RB
Fi

RB/SR
RE/ DA

99,34

PLT7Z-86 PON-AP
MOLE PCT

78.36
0.27
10.18
0.66
0.00
0.04
0.73
1.99
3.32
4.30
0.00
0.11
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.02

2226 PPM
311 PPM
Z&y PPM
205 PPH

J.862
0.120

NORMATIVE MINERALS

KS
Kp
Lc
N3
OR
AB
Al
NE
Q
aL
FO
3.8
LN
HY
EH
FS
DX
o
EN
FS

. RO

AC
AP
1L
sp
Ry
BV

HT
HEH
CH
HL
FR
TH
PR
HC
cc

RT PCT
0.00
.00
0.00
0,00

35. 78

25,98
8,83
G.00

24, 84

+0.09
G.00
0.00
0.0¢
1.10
1.10
0,00
0.00
0.00
0.09
0.09
0.00
0.00
0.04
0.09
0.00
0.27
0.00
0.867
6.00
1.58
OQGB
G.00
0.00
8.00
.00
0.00
0.00
0.04

99. 16

MOLE PCX
0.0¢
0,00
G. 00
0,00
14. 88
8. 39
5.38
a. 00

69,99
0. 00
¢.00
0.00
0.00
1. 85
1.85
G, Q0
0.00
0,00 7
4.90
¢.00
6.00
0.00
a.400
0.10
0.00
d.58
¢.00
1.1 -
a.a0
1,68
0.00
@. 00
0.00
0.00
4.04d
0.00
0.00
0,04

62



SANPLE NOUMBER SAHPLE NUHBER

oo TAI2A (MONTGOMERY, 1953} PQH 00 EMBUEQ 2 (FULLAGAR AND SHIVER, 1973) PQM

OXIDE WT PCT HOLE PCT HORMATIVE MINERALS WT PCT MOLE PC1 OXIDE WT PCT MHOLE PCT HOERMATIVE MINBEALS WT PCT MHOLE PCT
SIG2 7t.11 78.52 KS 0.00 0.00 5102 66.13 72,40 KS 0.00 0.00
TIO2 0.51 0.34 Ke . 0.00 0.00 1102 0.8t 0.67 Kp 0.00 0.00
; ALz203 14,14 $.2Q Le 0.00 0.00 AL203 15.09 9,74 LC 0.00 6.00
FE203 1.23 0.51 ¥S 0.00 0, 00 FE203 5,95 2.45 ¥S 0.00 0.00
FEO 1.28 1.18 OR 30.28 8.02 PEO 0.00 0.9 OR 21.10 6,79
HNo 6.08 0.05 . AB 24,45 6.88 HHO 0.00 0.00 AB 35,62 12.18
%GO 0.89 1.46 AN 7.24 3.84 HGO 2.31% 3.77 AN 1173 7.56
ci0 1.63 1.93 NE 0.00 0,00 ChO 3.42 4.01 NE 0.00 0.00
HA20 2,89 3.09 . o 29,950 73,39 NA20 4.2t B.47 Q 18.34 54,70
K20 s.12 3.61 oL Q.00 0. 00 K20 3,57 2.49 oL 0.00 0.00
P205 0.15 0.07 FO 6.00 0.60 B205 . 0.00 0,00 FO 0.00 0.00
BAQ 0,07 0,03 PA 0.00 0.00 BAO 0.00 0.00 Fi 0.00 0.00
SRO 0.90 0.00 I ) 0.G0 0.00 5SRO 0.09 0.00 iN 0.00 0.00
CR203 0.60 . 0.00 HY 2.97 4.09 CR203 0.00 0.00 HY 4,89 8,72
¥ ¢.00 9.09 EN 2,22 3.26 F 0.00 0.00 BN 4,88 8. 72
cL 0.00 0,20 FS 9.75 0. 84 cL 6.09 0.00 FS 0.900 0.00
503 0.00 0.G0 DI 0.00 0.00 S03 0.00 0.00 DI 1. 88 1.55
S 0.00 0.00 WO 0.00 0.00 s 4.00 0,00 RO 1.01% 6. 79
T o2 0.00 0.00 EN : 0.00 0.00 < coz 0.00 0,00 EN 0.87 0.78
. ZRO2 0.01 0.01 F3 0.00 0.00 ZROZ 0.00 0.00 FS 0.00 0.00
RO . 0.00 0.00 %o 0,00 0.00
AC 0.00 0,00 AC 0,00 G. 00
Ap 0.35 0.16 ’ AP 0.00 0.00
IL 0.78 0.76 IL 0.80 0.00
sp 0.00 0.00 sp 1,99 1.82
I 0.00 " 0.00 RB 128 PPM RU 0.00 0,00
P¥ 0.00 0.00 . . SR 514 PPM PV 0.00 0.60
c 1.19 1.72 — C 0,00 6. 00
uT 1.78 1. t4 BT 0.00 0. 00
HEH 0,00 0.00 T HEH 5.95 6,58
cH 0.00 0.00 cH 0.00 8,00
HL 6.00 0.00 HL 0.00 0.00
FR 0.00 0.00 PR 0.00 0. 00
TH 0.00 0.00 TH 0.00 0. 00
PR 0.00 0.00 PR 0.00 0.00

NC 0.00 0.00 NG 6.00 0.00 .
cc . 0,00 6.00 cc 0.00 0.00
z 0.01 0.01 : z 0.00 0.00

948.98 98.94 10149 . 01,49




SANPLE RUNBER SARY
PL73~5AP1 PQK AP

09

OXIDE
$102

TOTLo2

AL203
PR203
FE2O
KHO

° uGo

+

CAD
NA20
K20
P205S
BAD
5RO
CR20G3
4

cL

. 503

5
co2
ZRO2

47T PCT MNOLE BCT

74,44
0.21%
14.25
0.95
0.90
.03
0.39
1.08
.44
5.1
.00
0.14
0.02
0.00
4.00
0.00
0.00
1,00
0.00
o.0

‘BA
SR
R
IR

REB/SR
RE/DA

100,07

281.10
0.17
9,15
0.3%
0.00
0.03
0.63
1.26
3,63
3.55
.00
£.06
0.61
0.00
¢.0%
0.00
0.00
0.00
0.00
¢.01

1270 PPH

163 PPH:

189 PPM
57 PP
1.1460
0.149

NORMATIVE MIKERALS

KS
KE
Lc
NS
OR
AB
AN
BE
Q
OL
FO
FA
LB
HY
EN
FS
px
Wo
EN
F3

AC
AP
IL
sp
RO
44

¥}
HEH
cill
HL
FR
TH
PR
HC
cC

WT PCT
0.00
0.00
0.00
0.00

306.29

29,11
5.67
0.00

31,84
0.00
0,00
0.00
0,00
0.97
0.97
0.00
0..00
0.00
0.00
0.00
0,00
6.00
0,00
0.06
0.00
0.18
6.00
g.98
0. 00
0.95

0,00

0.00
0.00
0.00
0.00
0.00
0,00
0.01

94,97

HOLE PCT
0,00
0,00
0.00
0.00
7.89
8.07
2.96
Q.00

T7.02
0. 00
0.00C
0.00
0,400
1.41
Tedd
0,00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.06
0,00
0.32
‘0. 00
1. 40
0.00
0.86 .
.00
¢.00
0.00
0.00
0.00
0.00
0.00
0,01

O6¥



SAMPLE NUMBER 45-B
?L71-45B PEG

o0

OXIDE
5102
TIO2
At203
PE203
FEO
¥NO
KGO
[of X]
¥A2Z0
K20
P205
BAD
5RO
CR203
P
CcL
503
5
cn2
ZRO2

KT PCT KOLE PCT

73.90
0.00
16.23
0.3%
G.00
0.07
0,07
0.38
4,37
5.12
0.00
0.0
6.00
0.00
0,00
0.00
0,00
2.00
0.00
0.01

Ba
SR
RE
i

RB/SR
]B/ A

100,47

80.62
0.00
10.64
0.13
0,490
0.06
g.11
0.40
4,62
3.56
0.39
0.00
0.%0
0.00
0.G0
0.0
04.00
0,00
0.00
0.01

53 PPH
12 PP
1102 PPM
54 PPM
58.600
18,581

NORHATIVE HINERALS

kS
Kp
1c
us
oR
1B
AN
NE
¢
oL
PO
EA
L¥
HY

FS
134
WO
EN
FS
]
AC
AP
IL
5P
RU
BV

HT
HEH
ChH
HL
FR
TH
PR
KC
CcC

¥T PCT
0.00
0.00
0.00
0.00
30.286
36.98
1..90
0.00
27.95
0.00
0,00
0.00
0.00
0.7
0.17
0.0¢C
.08
0.00
0.00
0.00
0.00
0.00
0.900
0.00
0.00
0.00
0.00
2.80
0.23
0,15
0.00
¢.00
0.00
0.00
0.00
.00
0.00
0,07
100. 46

Pegmatites

NOLE PCT

0.00
0' 00
Q.90
0.900
8465
1,22
1.09
0.00
4,06
0.00
0.00
0.00
0.00
0.28
0.28
0.00
0,00
0.00
.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
4.00
4, 38
C.16
0.15
0.00
0.00

0.00

0.00
0.00
a.00
0.00
.01

SAHPLE NUMBER
PL73-5AP2 PEG-AP

o0

0XIDE

ST02
TIOZ2
AL203
PE203
FEOQ
¥NO
HGOo
CAC
HA20
Kzn
P205
BAO
5SRO
CR203
r

CL
503

s

coz2
ZRO2

HT PCT HOLE PCT

75.40
0.02
15.24
0,48
0.00
0.02
Q.08
1.02
3.15
6.22
0.00
0.02
0.12
0.00
0.00
0.00
0.00
G.00
0.00
0.03

BA
SR
RA
IR
RB/SR

RESGA

101.80

5AP2

81.15
f.02
9,67
0.19
0.00
0.02
0.13
1.18
3.29
4,27
0.00
D.01
0.07
0.00
0.00
0.00
2.00
0.00
G.00
0.02

140 PPH
1015 PPM
125 PPH

200 PPM

J.123

0.893 .

HORMATIVE MINERALS

Ks
Kp
Lc
NS
OR
AB
AN
BE
Q
oL
0
Fh
Lr
HY
EN
Fs
DI
WO
]
FS

AC
AP
IL
sp
RU
BV

¥y
HEN
CH
HL
FR
TH
PR
[
cc

WD PCT
0.00
0.00
0.00
0.00

36.76
26.65
5.42
0,00

30.80
0.00
0.00
0.00
4. 40
0.20
0,20
0.00
0.00
0.00
0.00
.00
0.00
0.00
0. 00
¢.04
¢.00
0.60
0.00
138
0.01
0.47
0.¢0
0.00
.00
0.00
0.00
0.00
0.00
0.04

101.73

MOLE PCT

0.06
9.00
6.00
.00
9.89
7-61
2,92
0.00
76,78
.00
0.00
0.00
0.00
0.30
$.30
0. 00
a.00
0.00
¢, 00
g, 00
0.00
0.00
0.00
0.04
0.00
0.00
0.00
1. 97
4.0¢
0.145
0.00
0.490
C.00
0.00
0.00
0. 00
0,00
0.04 o
w

-t




SAMPLE HUNBER 223
¢0 PL72-223 PEG {AB-Q)

OXIDE WT PCT MOLE PCT

sSY02

TI02

AL203

PFE203 0.30 0.12
FEO 0. 00 0.00
¥N0

GO 0.07 0,11 -
CAD

HA20 7.60 8.06
K20

P205 0.00 0.00
BAO 0.00 G.00
SRO 0.01 0.01
CR203 0.00 0.00
| 4 0.00 0.00
CcL 0.00 0,00
503 0.00 0,00
5 0.00 0,00
co2 0.09 0.00
ZRG2 0.01 .01

A a3 PPN
SR 47 PPM
RB 10T PPH
IR G2 PPM

RB/SR 2277
RB/BA 3.238

A3



APPENDIX IV

Quantitative Electron Microprobe Analyses of Feldspars
from the Dixon-Penasco Area and of Synthetic Glasses
and Feldspars from Experimental Runs

The electron microprobe analyses presented here were done on the
School of Eavrth Sciences' ARL EMX three-channel microprobe using an
acceleration potential of 20 kV. Sample current was between (.01 and
0.05 pA depending on susceptibility of sample to damage by electran
bombardment. Beam éize was generally 2 to 3 um. Counting time was
300 sec for quantitative analyses of barium and correspoﬁdingly less
for more abundant elements. Care was taken to avoid sodium loss in the
analyses of the crystalline materials but the hydrous synthetic §1asses
are very susceptible to degradation by the electron beam and as a result
some such analyses have low sodjum, Considerable damage can be done
to the glasses, however, before significaht changes in the counting
rate for barium result. Since the barium analyses were O primary
concern, accuracy of sodium analyses was sometimes sacrificed in order
to gain précision in the barium analyses at low counting rates. All
of the glass analyses show Tow totals, this being due to both high
water contents {up to 12 weight percent) and in some instances sodium
10ss,

Drift corrected raw intensity data were corrected fot deadtime,
backgraund, absorption, characteristic fluorescence, backscatter, -and

ionization-penetration losses, using a modified version of Colby's

493
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(1968) MAGIC IV program. Typical analyses with estimates of precision

based on replicate analyses are given below.

Rafereance

Colby, J. W., 1968, Quantitative microprobe analysis of thin insulating
films, in Newkirk, J., Mallett, G., and Pfeiffer, H., eds.,
Advances in X-ray analysis, v. II: New York, Plenum Press,

p. 287.
Estimated
detection
Oxide Wt. percent 2 sigma limits limit
Na,0 0.46 +0,04 300 ppm
KZG 16.02 +0.30 200
Cal 0.00 +0,01 100
ATZO3 18.26 +0.90 500
SiO2 64.70 +1.30 200
Total 99,47
Ba " 240 ppm £100 ppm 100 ppm
Na,0 11.15 +0.25 © 300 ppm
KZO 0.12 . +0.06 200
Cal 0.46 +0.04 100
A]ZOB 20.03 ) +0.50 500
5102 68.59 z1.40 200

Total 100.37

Ba 160 ppm ‘ +100 ppm 100 ppm



IVa.
Amph P1g3

Oxide Wt., %
Na20 8.12
K20 0.19
Cal 5.25
Ba0 0.04
A1203 23.37
SiO2 62.93
Total 99.89

Ba 340 ppm
Mol %
Ab 72.81
Or 1.12
An 26.00
Cn 0.07

Vadito Group Amphibolite (Metabasalt)

Amp Pig2
Oxide Wt. %
Na,0 9.02
K20 0.14
Ca0 4.41
Ba0 0.02
A1203 22.98
510, 64.15
Total 100.72
Ba 140 ppm

Mol %
Ab 78.09
Or 0.78
An 21.10
Cn 0.03

Amph Pl1gl
Oxide Wt. %
Nazo 7.18
K20 0.14
Cal 6.08
Ba0 0.00
A]203 23.98
8102 61.77
Total 99.15
Ba 30 ppm

Mol %
Ab 67.52
Or 0.89
An 31.58
Cn (.01

g6v



68 Plgi
Oxide Wt. %
Na20 11.83
K20 -0.03
Cal 0.17
Ba0d 0.00
A1203 19.41
5102 68.54
Total 99,98
Ba 30 ppm

Mol %
Ab 99.01
Or 0.19
An 0.79
Cn 0.01

Puntiagudo Granite Porphyry

68 Pl1g2
Oxide  Wt. %
Na,0 11.43
K50 0.12
Ca0l 0.81
Ba0 0.01
Al504 20.48
510, 67.65
Total 100.50
Ba 80 ppm

Mol %
Ab 95.62
Or 0.63
An 3.73
Cn 0.02

68 P1g2.1
Oxide Wt %
Na,0 11.45
K50 0.12
Ca0 0.81
Ba0 0.01
Al,0, 19.53
510, 68.42

Total "100.33

Ba 80 ppm
Mol %
Ab 95.62
Or 0.63
An 3.73
Cn 0.02

96%



68 Kspl
Oxide Wt. %
Na20 (.44
KZD 15.95
Ca0 0.00
Bal 0.67
A1203 18.52
5102 ’ 63.62
Total 99.20
Ba 6030 ppm

Mol %
Ab 3.94
Or 94.83
An 0.00
Cn 1.23

68 Ksp2
Oxide We. %
Nazo 0.37
KZO' 15.91
Cal 0.00
Ba0 1.09
A1203 18.57
3102 63.65
Total 99.59
Ba 9720 ppm

Mol %
Ab 3.33
Or 94.69
An 0.00
Cn 1.98

68 Ksp3
Oxide Wt., %
Na20 0.23
K20 16.43
Ca0 0.00
Ba0 0.25
A1203 18.34
5102 64.2§
Total 99,51
Ba 2230 ppm

Mol %
Ab 2.11
Or 87.44
An 0.00
Cn 0.45

68 Kspd

Oxide Wt. %
Na20 0.28
K20 16.43
Ca0 .00
Bad 0.18
. A1203 18.09
S102 64.17
Total 89.15
Ba 1640 ppm
Mol ¢
Ab 2.50
Or 97.17
An 0.00
Cn 0.33

L6b



127FN Kspl

Oxide Wt. %
Nazo 0.62
K20 15.92
Cal 0.01
BaQ 0.02
A1203 18.13
5102 65.15
Total 89.85
Ba 160 ppm
Mol %
Ab 5.55
Or 94.38
An 0.04
Cn 0.03

127FN Ksp?2
Oxide "Wt. %
Na20 1.34
KZO 15.42
Ca0 0.01
Bal 0.01
A1203 18.31
5102 64.83
Total g9.92
Ba 120 ppm
Mol 4%
Ab 11.67
Or 88.24
An 0.07
Cn 0.02

127F Plg2

Oxide Wt., %
Na20 5.92
K20 2.38
Ca0 0.88
Bad 0.01
A1203 19.97
S102 66.89
Total 96.05
Ba 80 ppm
Mol %
Ab 74.21
Or 19.68
An 6.08
Cn 0.02

127F Plql
Oxide Wt. %
Na20 10.76
K20 0.11
Cald 0.72
E] 0.00
AT203 20.52
51'02 68.22
Total 100.33
Ba 30 ppm
Mol %
Ab 95.81
Or 0.66
An 3.52
Cn 0.01

151617



74 Pigl
Oxide Wt. %
Na20 10.85
K20 0.19
Cal 1.89
Ba0 0.03
A1203 21.04
$102 67.26
Total 101.26
Ba 250 ppm

Mol %
Ab 90.23
or . :1:04
An 8.68
Cn 0.05

IVc.

74 P1g2
Oxide Wt. %
Nazo 8.32
K20 0.14
Cal 5.51
Bal 0.02
A1203 22.79
S102 62.81
Total 99.59
Ba 140 ppm

Mol %
Ab 72.58
Or 0.82
An 26.57
Cn 0.03

Rana Quartz Monzonite

74 P1g3
Oxide Wt. %
Nazo 8.42
KZO 0.16
Cal 5.31
Ral 0.02
A1203 23.81
5102 61.74
Total 99.46
Ba 200 ppm

Mol %
Ab “73.45
Or 0.95
An 25.58
Cn 0.04

-

74 P1g4
Dxide We. %

Na20 7.96
K20 0.713
a0 6.12
Bal 0.00

ATZOS 24.74

5102 61.06

Total 100.02

Ba 30 ppm
Mol %
T Ab 69.67
Or 0.77
An 29.56 |
Cn 0.01

667



74 Plg5

Oxide

Na20
K0
Cal
Ba0
273
5102
Total

Ba

Ab
Or
An

Cn

We. %

80 ppm

Mol %
87.49
6.65
5.83
0.02

74 Kspl
Oxide Wt. %
Na20 0.55
K20 15.76
Ci0 0.01
BaC 0.59
A]203 18.46
5102 64.60
Total 99.95
Ba 5280 ppm

Mol %
Ab 4.99
Or 93.90
An 0.03
Cn 1.08

74 Ksp2
Oxide We. %
Naéﬁ 0.56
K20 15.73
Ccal 0.01
Ba0 0.54
A1203 18.47
5102 64.39
Total 99.69
Ba 4830 ppm

Mol %
Ab 5.07
Or 93,90
An 0.04
Cn 0.99

14A Plql
Oxide Wt., %
Na20 9.68
K20 0.11
Cal 3.14
Bal 0.00
A1203 22.42
S1‘02 65.23
Total 100.59
Ba 30 ppm
Mol %
Ab 84.24
Or 0.65b
An 15.10
Cn 0.01

008



14C Plgtl
Oxide Wt., %
Na20 10.77
K20 0.10
Ca0 1.52
Ba0 0.04
A1203 21.60
5102 67.08
Total 101.12
Ba 390 ppm
Mol %
Ab 92.14
Or 0.59
An 7.20.
Ch 0.08

14E Pl1gl
Oxide Wt. %
Na20 0.90
KZO 2.09
Ca0 4.83
Bad 0.00
A1203 22.29
S1'02 61.35
Total 91.45
Ba 30 ppm
Mol %
Ab 18.18
Or 27.85
An 53.96
Cn 0.01

14E P1g2
Oxide Wt., 4
Na20 7.90
KZO 0.14
Cald 6.95
BaQ 0.00
, ﬂ1203 25.63
5102 60.86
Total 101.49
Ba 30 ppm
Mol %
‘Ab 66.76
Or 0.79
An 32.44
Cn 0.01

14B Kspl

Oxide Wt. %
Nazo 0.61
KZO 15.82
Ca0 0.01
Ba0 0.54
A1203 18.50
8102 64.33
Total 99.81
Ba 4830 ppm
Mol %
Ab 5.44
Or 93.52
An 0.06
Cn 0.98

LOS



148 Ksp?2
Oxide Wt. %
Nazo 0.53
K20 15.98
Cal 0.02
Ba0 0.39
A]203 18.55
5102 64.49
Total 99,96
Ba 3460 ppm

Mol %
Ab 4.77
Or 94,44
An 0.09
en

0.70

228 Plql
Oxide Wt, %4
Na20 1.16
K,0 2.07
Cal 5.7%
Ba0 0.04
A1203 23.22
SiO2 60.84
Total 93,05
Ba 370 ppm

Mol %
Ab ' 20.46
Or 23.90 .
An 55.49
Cn 0.15

228 P1g2
Oxide WE. %
Nazo_ 8.59
KZO 0.12
Ca0 5.33
Ba0 0.02
A1203 23.86
SiO2 62.37
Total 100.29
Ba 140 ppm

Mol %
Ab 73.93_
Or 0.68
An 25.36
Cn 0.03

228 Pl1g3

Oxide Wt. %
Na,0 8.23
K20 0.73
Ca0 4.56
Bal 0.02
A1,04 24.01
§10, 62.43
Total 99.98
Ba 170 ppm
Mol %
Ab 73.26
Or 4.28
An 22.42
Cn 0.03

208



228 Plgd
Oxide We. %
Na0 . . 11.63
K50 0.11
a0 0.26
Ba0 . 0.00
A1203 19.86
510, 69.33
Total 101.20
Ba‘ 30 ppm

Mol %
Ab 98.14
or 0.64
An 1.21
Cn 0.01

228 Kspl
Oxide Wt. %
NaZO- 9.46
K20 16.05
Ca0 0.01
BaQ 6.50
mzo,3 18.29
51'02 64.47
Total 99.79
Ba 4510 ppm

Mol %
Ab .4.13
Or 94.92
An 0.04
Cn 0.91

228 Ksp2
Oxide  Wt. %
Na20 0.44
KZO 16.04
Ca0 0.00
BaDd 0.45
A1203 18.30
8102 . 64.53
Total 99.77
Ba 4020 ppm

Mol %
Ab 3.98
Or 95.21
An 0.00
Cn 0.82

193 Pigl

Oxide WEt., %
Na,0 10.79
K20 0.19
Cal 0.76
Bal 0.04
A1203 20.45
5102 66.98
Total 99.22
Ba 330 ppm
Mol %
Ab 95.08
Or 1.13
An 3.71
Cn 0.08

£0s



193 P1g2
Oxide Wet. %
Na20 8.83
K20 1.09
Ca0 2.20
Ba0 0.02
A1203 21.16
5102 65.84
Total 99.14
Ba 140 ppm

Mol %
Ab 82.00
Or 6.68
An 11.29
Cn 0.03

193 Kspl
Oxide Wt. %
Na20 0.56
KZO 15.93
Cad 0.01
Bal 0.43
A1203 18.21
8102 63.86
Total 98.99
Ba 3860 ppm

Mol %
Ab 4.99
Or 84.18
An 1 0.05
Cn 0.78

193 Ksp2
Oxide Wt. %
Na20 0.59
K20 15.93
Ca0 0.01
Ba0 0.42
A1203 18.43
SiO2 64,00
Total 99,37
Ba 3730 ppm

Mol %
Ab 5.31
Or 93.88
An 0.06
Cn 0.75

232CRS Plgl

Oxide

Na20
K20
Ca0
Ba0
A1203
5102
Total

Ba

Ab
Or
An
Cn

Wt. %
9.69
0.13
3.55
0.02

22.44

64.84

100.68

200 ppm

Mol %
82.562
0.72
16.72
0.04

¥08



232CRS Plg2

Oxide Wet., %
Na20 11.66
K20 0.16
Cal 0.39
Bad 0.01
A1203 19.60
5102 69.08
Total 101.09
"Ba 80 ppm
Mol %
Ab 97.34
Or 0.86
An 1.79
Cn 0.02

232CRS P1g3

Oxide

Na20

‘K,0

2
Ca0
Ba0
Aty0,
5102
Total

Ba

Ab
Or
An
Cn

Wt. %
9.98
0.14
3.46
0.04

22,27

- 65.21

100.44

370 ppm

Mol %
83.21
0.76
15.96
0.07

232CRS Pl1g4

Cn

Oxide Wt. %
Na20 11.70
K20 ¢.15
Cal 0.28
Ba0 0.01
A1203 . 19.83
Si02 68.47
Total 101.92
Ba 80 ppm
Mol %
Ab 97.88
Or 0.82
An 1.28
0.02

232CRS P1gb

Oxide Wt. %
Na,0 .11
K20 0.14
€al 0.41
Ba0 0.02
A1203 20.15
8102 70.08
Total 101.92
Ba 170 ppm
Mol %
Ab 97.16
Or 0.80
An 2.00
Cn 0.03

G0s



232CRS Kspl

Oxide Wt. %
Na,0 0.55
K20 15.84
ca0 0.00
Ba0 0.60
A1203 18.51
5102 §4.45
Total  99.95
Ba _ 5360 ppm
Mol %
Ab 4.95
Or 93.96
An 0.00
Cn 1.09

232CRS Ksp2
Oxide Np. %
NaZO 0.50
K20 16.09
Cad 0.01
Bald 0.16
A]203 18. 31
5102 64.82
- Total 99.88
Ba 1460 ppm
Mol %
Ab 4.48
Or 95.19
An 0.03
Cn 0.30

232FN Plgl
Oxide Wt. %
NaZO 9.71
K20 0.30
€ald 3.71
Ba0 0.02
A1203 22.69
5102 64.37
Total 100.79
Ba 140 ppm
Mol %
Ab 81.19
Or 1.65
An 17.13
tn 0.03

90S



232FN Pl1g2
Oxide Wt. %
Na20 11.52
K20 0.14
Cal 0.78
Ba0 0.00
A1203 20.83
S'IO2 67.84
Total 100.75
Ba 30 ppm
b Mol %
A 95.64
Or 6.79
An 3.57
Cn 0.01

232FN Kspl
Oxide Wt. %
Na20 0.38
K20 16.23
Ca0 0.00
Bal 0.04
A1203 ‘ 18.18
5102 64.68
Total 99,50
Ba 360 ppm
Mol %
Ab 3.46
Or 96.47
An 0.00
Cn 0.07

232FN Ksp2
Oxide Wt. %

Atre———r

NaZO 0.46
KZO 16.02
Cad 0.00
Bal 0.03

AM,05  18.26

8102 64.70

Total 99.47

Ba 240 ppm
Mol %
Ab ‘4.15
Or 95.79
An 0.01
Cn 0.05

~L0G



92 Kspl
Oxide Wt. %
Na20 0.61
KZO 15.43
Cal 0.00
Ba( 1.16
A1203 18.59
5102 64.18
Total 99.98
Ba 10430 ppm

Mol %
Ab 5.53
Or 92.32
An 0.01
Cn 2.14

IVd. Penasco Quartz Monzonite

92 Ksp2
Oxide Wt., %
Na20 0.54
K20 15.67
Ca0 0.01
Ba0l 0.90
A1203 18.59
S':O2 64.29
Total 99,99
Ba 8080 ppm

Mol %
Ab 4.86
Or 93.45
An 0.03
Cn 1.65

92 Plql
Oxide - Wt. %
Na20 7.75
K20 0.15
Ca0 7.29
Bal 0.03
A1203 25.90
S1‘02 60.68
Total 101.79
Ba 230 ppm

Mol %
Ab 65.26
Or ° 0.8]
An 33.89
Cn 0.04

- Ab

92 Plg2
Oxide Wt. ¢
Na20 7.88
K20 1.1
Ca0 4.83
Ba0 0.02
A1203 24.44
5102 61.77
Total 100.06
Ba 200 ppm

Mol.%
69.81
Or 6.48
An 23.67
Cn 0.04

805



92 Pig2.1
Oxide Wt. %
N320 7.89
K20 0.12
Cal 4,82
Bal 0.02
A1203 24.46
8102 61.84
Total 9g9.16
Ba 200 ppm

. Mol ¢4
Ab 74.18
Or 0.73
An 25.05
Chn 0.04

92 Pig3
Oxide Wt., %
Na20 11.28
KZO: 0.13
Cal 0.59
Bal . 0.05
A1203 20.21
3102 68.56
Total 100.81
Ba 420 ppm

Mol %
Ab - 96.40
Or 0,71
An 2.80
Cn 0.08

96C Kspl1-01
Oxide Wt. %
Na20 5.54
K20 10.30
Cal 1.77
Ba0 0.66
A1203 21.41
3102 64.52
Total 104.20
Ba 5900 ppm
Mol %
Ab 41.28
Or 50.46
An 7.27
Cn 0.99

96C Kspi1-02

Oxide Wt., %
Na20 5.53
K20 10.79
Ca0d 0.1
Ba0 0.28
A1203 21.565
5102 67.27
Total 106.54
Ba 2540 ppm
Mol %
Ab 43.39
Or 56.67
An 0.48
Cn 0.45

605



96C Kspl-03
Oxide Wt. %
Na20 0.48
K20 16.07
Cal 0.00
Ba0 0.35
A}203 21.08
8102 65.93
Total 103.91
Ba 3130 ppm
Mol %
Ab 4,29
Or 95.06
An 0.01
Cn 0.64

96C Kspl-04
Oxide Wt., %
NaZO 3.80
K20 8.35
Ca0 0.09
'Ba0 0.45
A1203 22.01
3102 67.47
Total 102.16
Ba 4000 ppm
Mol %
Ab 40.29
Or 58.21
An 0.55
Cn 0.96

96C Ksp1-05
Oxide Wt. %
Na20 0.58
K20 15.51
Ca0 0.00
Ba0 0.86
A1203 19.64
51:02 65.75
Total 102.34
Ba 7740 ppm
Mol %
Ab 5.29
Or 93.12
An .00
Cn 1.59

96C Ksp1-06

Oxide Wt. %
Na20 1.04
K20 15.16
Cal 0.00
Ba0 0.55
A1203 20.09
SiO2 66.55
Total 103.38
Ba 4940 ppm
Mol %
Ab 9.32
Or 89.67
An 0.00
Cn 1.00

OLS



96C Kspl1-07
Oxide Wt. %
Na20 0.54
K20 15.97
Cal 0.00
Ba0 0.44
A1203 18.15
Sio2 i65.38
Total  100.48
Ba 3960 ppm
Mol %
Ab 4.86
Or 94.34
An 0.00

Cn

0.80

96C Kspl1-08
Oxide Wt. %
Nazq 0.49
K20 16,11
Cal " 0.00
Ba0 0.51
A1203 19.19
5102 65.62
Total 101.92
Ba 4530 ppm
Mol %
Ab 4.40
Or 94.69
An 0.00
Cn 0.91

96C Ksp1-09
Oxide Wt. %
Na20 0.84
K20 15.30
gal 0.00
Ba0 0.45
A1203 18.15
5102 65.35
Total 100.10
Ba 4030 ppm
Mol .%
Ab 7.68
Or 91,49
An 0.00
Cn 0.83

96C Kspl-10

Oxide Wt. %
Na20 0.54
KZO 15.87
Ca0d 0.00
Ba0 0.60
A1203 18.90
5102 64.76
Total 100.68
Ba 5350 ppm
Mol %
Ab 4,87
Or 94.04
An 0.00
Cn 1.09

LLS



96C Ksp2-01

Oxide

Na20
Cald
Ba0
A12G3

5102

Total

Ba

Ab
Or
An
Cn

EE;_a
0.5
15.6
0.0
6.7
17.7
62.3

87.1

6500 ppm

Mol %
5.1
93.5
0.0
1.3

96C Ksp2-02
Oxide Wt. %
Na20 0.90
K20 15.18
cal 0.02
Ba0 0.91
A1203 21.56
_8102 64.25
Total 102.82
Ba 8140 ppm
Mol %
Ab 8.12
Or .90.12
An 0.11
Cn 1.66

96C Ksp2-03
Oxide  Wt. %
Na20 0.61
Kzo 15.46
Ca0 0.00
Bal 0.90
A1203 19.45
5102 65.70
Total . 102.12
Ba 8070 ppm
Mol %
Ab ° 5.54
Or 92.78
An 0.02
Cn '1.66

96C Ksp2-04
Oxide Wt. %
Nas0 0.55
K,0 15.64
- CaG 0.10
Bal 0.60
A1,04 20.01
5102 65.57
Total 102.47
Ba 5350 ppm
Mol %
Ab A5.01
Or 93.41
An 0.48
tn 1.10

¢l§



96C Ksp2-05
Oxide Wet. %
NaZO 0.57
K20 15.89
Cal 0.00
Ba0 0.40
A}203 18.82_
3102 64.78
Total 100.44
Ba 3540 ppm
Mol %
Ab 5.15
Or 94.13
An 0.00
Cn 0.72

96C Ksp2-06

Oxide

Na20
K20
Cal
Ba0
A1203
SiO2
Total

Ba

Ab
Or
An
Cn

Wt. %
0.64
15.85
0.00
0.35
19.39
65.20

101.42

3130 ppm

Mol %
5.72
93.64
0.00
0.63

96C Kspz2-07
Oxide Wt. ¢
Na20 0.53
KZO 15.756
Cal 0.00
Bal 0.45
A1203 20.77
5102 65.52
Total 103.02
'Ba 4040 ppm
Mol %
Ab 4,87
Or 94.30
An .00
Cn 0.83

96C Ksp2-08
Oxide Wt. %
Na20 . N.74
K20 14.93
Ca0 (.01
Ba0 0.46
A1203 19.19
51‘02 64.45
Total 99.78
Ba 4110 ppm
Mol %
Ab 6.94
Or 92.15
An 0.04
Cn .87

ELS



96C Ksp2-09
Oxide Wt., %
Na20 .44
K20 16.48
Cal 0.00
BaQ 0.22
A1203 19.71
5102 65.19
Total 102.05
Ba 1980 ppm
Mol %
Ab 3.86
Or 95.72
An .02
Cn 0.39

96C Ksp2-10

Oxide Wt. %
Na20 1.93
K20 13.4?
Ca0 0.01
BagQ- 0.46
AIZO3 19.10
31‘02 65.46
Total 100.36
Ba 4110 ppm
Mol %
Ab 17.79
Or 81.31
An 0.04
Cn 0.85

96C Ksp2-11
Oxide Wt, %
Na20 1.50
K20 15.84
Ca0 0.02
Ba0l 0.63
A3203 19.28
8102 65.43
Total 102.78
Ba 5600 ppm
Mol %
Ap 12.35
or 86.53
An 0.08
Cn 1.04

96C Ksp3-02
Oxide Wt., %
Na20 0.30
K20 16.37
Ca0 0.00
Bal 0.55
A1203 18.83
5102 65.02
Total 101.07
Ba 4910 ppm
Mol %
Ab 2.67
Or 96.34
An 0.00
Cn 0.99
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96C Ksp3-01
Oxide Wt. % -
Na20 0.23
K20 16.50
Ca0 0.00
Ba0 0.74
A1203 19.43
SiO2 66.63
Total 103.54
Ba 6620 ppm
Mol %
Ab 2.02
Or 96.64
An 0.02
Cn 1.33

" 96C Bal

Oxide L WE. %
Nazo 0.47
K20 14,36
Ca0 0.01
Ba0 4.45
A1203 19.98
S1‘02 61.76
Total 101.03
Ba 39820 ppm
Mol %
Ab 4,39
Or 87.27
An 0.05
Cn 8.30

961 Bal

Oxide Wt. %
NaZG 0.63
K20 12.45
Ca0 0.02
Ba0 6.41
A1203 20.87
5102 61.55
. Total 101.94
Ba 57440 ppm
Mol %
Ab 6.26
Or 80.85
An 0.1
Cn. 12.79

961 Ba2
Oxide Wt, %
Na20 0.63
KZQ 12.40
Cal 0.01
Ba0 4.76
A1203 19.18
5102 60.68
Total 97.66
Ba 42620 ppm

Mol %
Ab 6.48
Or 83.61
An 0.05
Cn 9.86
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96B Pigl
Oxide Wt. %
Na20 9.47
K20 0.13
Cal 3.49
Ba0d 0.01
A1203 22.83
5102 64.95
Total 100.87
Ba 80 ppm
Mol %
Ab 82.47
Or 0.73
An 16.78
Cn 0.02

968 P1g2
Oxide Wt. %
Na20 8.68
K20 0.27
Ca0 4.1
Bal 0.04
A}203 23.23
5102 64.00
Total \100.93
Ba 370 ppm

Mol %
Ab 75.65
Or 1.56
An 22.71
Cn 0.07

96C Pigl
Oxide Wt. %
Na20 10.13
K20 0.12
Cal 1.29
Ba0 0.01
A1203 21.45
5102 67.93
Total 100.92
Ba .70 ppm
Mol %
Ab 92.73
Or 0.75
An 6.50
Cn 0.01

96C Pl1g2

Oxide Wt. %
Na20 11.156
K20 0.12 .
Ca0 0.46
Bal 0.02
A1203 20.03
5102 68.59
Total 100.37
Ba 160 ppm
Mol %
Ab 97.07
Or 0.68
An 2.22
Cn 0.03
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96C P1g3
Oxide We. %
Na20 11.17-
K20 0.11
Cal 0.91°
Ba0 0.00
A1203 20.30
5102 67.67
Total 100.17
Ba 30 ppm
Mol %
Ab 85.10
Or 0.61
An 4,28
Cn 0.01

961 Pigl
Oxide Wt. %
Na20 10.14
K20 0.16
€a0 2.50
Ba0 0.04
A1203 22.19
5102 63.95
Total 98.98
Ba 330 ppm

Mol %
Ab 387.16
Or 0.89
An 11.88
Cn ) 0.06

961 Plg2
Oxide Wt. %
Na20 10.22
K20 0.17
Ca0 2.b4
Bal 0.03
A}203 22.05

'5102 64.35
Total 99,36
Ba 290 ppm

Mol ¢
Ab 87.05
Or 0.92
An . 11.96
Cn 0.06

961 P1g3

Oxide Wt., %
Na 0 11.33
K20 0.16
Ca0 0.52
Ba0 0.01
A1203 22,04
510, 65.28
Total 99.35
Ba 130 ppm
Mol %
Ab 96.63
Or 0.88
An 2.47
Cn 0.03
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86 Plgl
Oxide Wt, %
Na20. 8.9
K,0 0.23
Ca0- 4.42
Ba0 0.04
A1,04 23.29
510, 63.53
Total 100.42
Ba 390 ppm

Mol %
Ab 77.41
Or 1.29
An 21.22
Cn 0.08

86 Plg2

Oxide Wt. %
Na20 9.29
K20. 0.17
Cal 3.95
Bal - 0.02
A1203 22.90
5102 63.49
Total 99.82
Ba 200 ppm
Mol %
Ab 80.17
Or 0.96
An 18.83
Cn 0.04

86 P1g3
Oxide Wt. %
Na20 11.42
K20 0.14
Ca0 0.37
Ba0 0.00
A1203 19.88
5102 68.97
Total 100.78
Ba 30 ppm

Mol %
Ab 97.46
Or 0.80
An 1.73
Cn 0.01

86 Kspl
Oxide Wt., %
Na20 0.54
KZO 15.66
Ca0d 0.00
Ba0 0.40
A1203 18.34
5102 64.77
Total 99.71
Ba 3580 ppm

Mol %
Ab 4.,9]
Or 94.35
An 0.00
Cn 0.74
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CHGY Kspl.1l

Oxide Wt. %.

Na,0 1.96
K20 7.90
Ca0 0.00
Bad 13.69
A]203 20.99
5102 56.84

Total 101.38

Ba 122590 ppm

Mol %
Ab 19.75
Or | 52.36
An | 0.02

Cn 27.87

IVe. Experimental Charges

CHG1 Kspl.12
Oxide Wt. %

Na,0 1.90
K20 7.65
Cal 0.00
Ba0 14.26
A}203 22.07
3102 55.92

Total 101.80

Ba 127700 ppm

Mol %
Ab 19.37
Or "51.26
An | 0.00
n 29.37

CHGT G1°1.2
Oxide Wt. %

Na,0 1.52
K50 4.71
Ca0 0.01
.BaO 1.76
A1,0, 12.38
510, 70.51

Total 90.89

Ba 15740 ppm
Mol %

Ab 15.10

Or 30.79

g 54.11

CHG1 G1 1.22
Oxide Wt. %

Na,y0 1.46
K,0 4.47
€a0 0.01
Ba0 1.67
A1,0, 11.3i
§10, 69.25

Total 88.17

Ba 14970 ppm
Mol %

Ab 14.81

Or 29.84

Q 55.35
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CHG3 Ksp3.1
Oxide Wt. %
NaZO 2.40
K20 8.60
Ca0 0.00
Ba0 9.18
A1203 20.48
SiO2 61.80
Total 102.47
Ba 82260 ppm

Mol %
Ab 24.21
Or 57.06
An 0.00
Cn 18.73

CHG3 GY 3.2
Oxide Wt. %
Nazo 1.99
K20 5.48
Ca0 0.00
Ba0 0.10
A1203 16.51
Sio2 57.32
Total 81.40
Ba 870 ppm

Mol ¢
Ab 35.43
Or 64.21

CHG22 G1 1

Oxide

Na,0

K20

€ad
Bal

A1203

8102
Total

" Ba

Wt, %

0.71
2.75
1.64
0.14
10.79
64.98
81.00

1250 ppm

CHG22 Ksp2
Oxide Wt. %
Na20 2.29
KZO 11.59
Cal 0.39
Ba0 1.84
A1203 16.24
3102 63.96
Total 86.31
Ba 16460 ppm

Mol %

Ab 21.82
Or 72.61
An 2.04
3.53

Cn
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CHG22 P1g3
Oxide Wt. %.
N320 8.90
K20 0.92
Cal 2.40
Ba0 0.1
A1203 18.92
Sio2 68.25
Total 99.50
Ba 990 ppm

Mol %
Ab 82.01
Or 5.58
An 12.21
Cn 0.21

CHG22 Ksp4
Oxide Wt. %
Na20 2.32
K20 9.57
Cal 0.25
Ba0 2.01
A1203 15.25
Si02 70.06
Total 99,46
Ba 17980 ppm

Mol %
Ab 25.34
Or 68.74
An 1.49
Cn 4.43

CHG22 61 5
Oxide Wt. %

Na,0  0.56
K0 2.08
. Ca0 1.85
Ba0 0.16

A1203 10.60
8102 62.25
Total 77.50

Ba 1460 ppm

CHG22 Kspé

Oxide Wt. %
Na,0 2.06
K20 9.21
Ca0 0.17
Ba0 5.81
A1203 19.87
5102 62.06
Total 99,17
Ba 52040 ppm
Mol %
Ab 21.92
Or 64,58
An 0.99
tn 12.51
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CHG22 Ksp7
Oxide Wt., %
Na,0 2.09
K20 10.69
Cal 0.30
BaQ 2.35
A1203 18.48
Si02 63.66
Total 97.57
Ba 21040 ppm

Mol %
Ab 21.37
Or 72.05
An 1.72
Cn 4.86

CHG22 G1 8
Oxide  Wt. %

———

N320 G.62
K20 2.17
Ca0 1.70
Ba0 0.1
A1203 12.02
51'02 66.23

Total 82.85

Ba 990 ppm

CHG22 Ksp9
Oxide Wt. %
Na20 2.05
K20 9.12
Cal 0.24
BaQ 1.51]
A1203 19.10
S102 62.54
Total 94,54
Ba 13530 ppm

Mol %
Ab 24.12
Or 70.72
An 1.56
Cn 3.60

CHG22 61 10

Oxide Wt. %
Na,0 1.26
KZO 3.16
Ca0 1.76
BQO 0.46
3102 65.10
Total 82.26
Ba 4130 ppm
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CHG23 Kspl

Oxide

Na20
Cal
Bal
A1203

8102

Total

Ba

Ab
Or -
An
Cn

2.82
10.74
0.18
2.42
14.29
72.31
102.77

21660 ppm

Mol %
26.95
67.42
0.97
4.66

CHG23 Gl 2
Oxide ’wt. %
Na20 3.22
K20 3.32
Ca0 2.10
BaQ 0.25
A1203 12.60
5102 64.97
Total 86.45
Ba 2220 ppm

CHG27 &1 1
Oxide Wt. %

Na20 2.93
. K20 5.59
Ca0 1.16
Bad 1.12
ATZO3 14.08
Sio2 63.60

Total 88.47

Ba 10020 ppm

- CHG25 Kspl
Oxide Wt. ¢
Na20 1.27
K20 11.43
Cal 0.04
Bag 4.90
A1203 12.80
Si02 66.91
Total 97.36
Ba 43930 ppm
Mol %
Ab 12.99
Or 76.70
An 0.21
Cn 10.11
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CHG25 G] 2

Oxide Wt. %
Na20 1.54
K20 4,28
Ca0 1.01
Bal 0.43
A1203 7.30
S1'02 62.26
Total 76.82
Ba 3860 ppm

CHG24 G1 1
Oxide Wt. %
Na20 2.22
K20 3.66
Ca0 1.49
Ba0 0.25
A1203 12.90
SiO2 66.70
Total 87.21
Ba 2250 ppm

CHG24 Ksp?
Oxide We., %
Na20 2.20
K20 12.43
Ca0 0.22
Ba0 3.42
A1203 18.16
5102 62.21
Total 98.64
Ra 30610 ppm

Mol ¢
Ab 19.63
Or 73.11
An 1.08
Cn 6.17

CHG16 Kspl

Oxide Wt, %
" Nay0 1.68
K20 11.82
Cal 0.05
Bal 0.00
A1203 9.41
5102 81.46
Total 104.47 .
Ba" 10 ppm
Mol %
Ab 17.69
Or 82.04
An 0.26
Cn 0.00
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CHG16 G 2.1
Oxide Wt, %
Na20 3.02
Kzo 3.88
Cal 1.56
Ba0 0.00
AIZOB 12.68
5102 61.35
Total 82.50
Ba 10 ppm

CHG16 GT 2.2

Oxide Wt. %
Nazo 3.30
K20 3.49
€a0 1.55
BaQ 0.00
A1203 12.70
5502 61.43
Total 82.48
Ba 10 ppm

4

CHG25 Ksp Z1

Oxide

Nazo

K20
Ca0
Bal
A1203

S102

Total

Ba -

Ab
Or
An
Cn

Wt %
1.28
12.32
0.03
4.13
19.39
62.53

99.67

36960 ppm

Mol %
12.49
79.19
0.17
8.15

CHG25 Ksp Z2

Oxide Wt. %
Na20 1.25
K20 11.84
Ca0 0.05
Bal 5.55
A1203 19.81
5102 61.42
Total 99.92
Ba 49700 ppm
Mol %
Ab 12.28
Or 76.47
An 0.25
Cn 11.01
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CHG25 Ksp Z3

Oxide Wt. %
Na20 1.27
K20 11.94
Ca0 0.03
Ba0 5.35
A1203 19.89
SiO2 61.39
Total 99.88
Ba 47940 ppm
Mol %
Ab 12.40
Or 76.84
An 0.19
Cn 10.58

CHG25 Ksp 74

Oxide Wt., %
Na20 1.26
Kzo 12.44
Ca0 0.03
BaQ 4.42
A1203 19.54
5102 62.14
Total 99.82
Ba 39560 ppm
Mol %
Ab 12.15
Or 79.05
An 0.18
Cn 8.62

CHE25 Ksp 75

Oxide

Na20
K20
Cald
Bal
A1203

Si02

Total

Ba

Ab
Or
An
Cn

Wt. %
1.44
12.51

0.04
3.60
19.40
62.80
99.79

32270 ppm

Mol %
13.83
78.97
0.21
6.99
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CHG25 Ksp Z6

Oxide Wt., %
Na20 1.42
K20 12.30
Cal 0.08
Ba0 4.23
A]203 19.56
8102 61.79
Total 99,37
Ba 37920 ppm
Mol %
Ab 13.61
Or 77.76
An 0.41
Cn 8.22

CHG25 Ksp 77

Oxide We., %
Na,0 1.20
K,0 11.16
Cal 0.05
Ba0 7.91
A]203 . 20.18
510, 62.17_
Total 102.66 .
Ba 70800 ppm
Mol %
Ab 11.77
Or 72.26
An 0.25
Cn 15.72

CHG25 61 Z8 .

Oxide

Na20

K20

Ca0
Bal

A1203

51'02
Total

Ba

Wt. %
0.68
3.54
1.04
0.35

12.48

69.97

88.05

3090 ppm
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CHG25 G1 Z8.1

Oxide Wt., %
K20 3.95
Ca0 1.04
Ba0 0.35
A}ZO3 ]2150
5102 70.02
Total 88.96
Ba 3100 ppm

CHG25 G? Z9
Oxide Wt. %
Na20 2.13
K20 4,72
Cag 1.15
Bal 0.36
A1203 12.62
5102 68.37
Total 89.34
Ba 3220 ppm

CHG25 G1 Z10

Oxide

Na20 '

K20
Ca0
Ba0

Al,0

273

S1'02

Total

Ba

Wt. 2

P W

1.40
4.43
1.10
0.32

12.39
69.93
89.56

2860 ppm
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APPENDIX V

Estimates of the Structural State of Feldspars from the
Granitic Rocks of the Dixon-Pefiasco Area

The structural state of selected, hand-picked samples of feldspar-~
mostly K-feldspar--was determined by the three-peak method of Wright
(1968). The techniques used were almost identical Fo those recommanded -
by Wright except that only one 26 scan was taken instead of the averagé
of three and a smaller 28 range was scanned (26 = 52° to 200). The
scatte} in the data around theoretical maximum microcline suggests that
it is not as precise as the data obtained by Wright (1968). However,
since no systematic trends were noticed, attempts to improve the quality
of the data did not seem to be warranted. The table below gives the

20 values for 204, 060, and 201 corrected to 26 CuKOq radiation.

Reference

Wright, T. L., 1968, X-ray and optical study of alkali feldspar:
11. An X-ray method for determining the composition and structural
state from measurement of 28 values for three reflections: Am.
Mineralogist, v. 53, p. 88-104.
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Sample number

PL72~174
PL71-5 mega
PL71~45b
PL72-96 mega
PL71-40
PL71-31
PL71-14 pink
PL72-80
PL71-56
PL72-84 (peq)
'Pen-Peg Kf top'

Pen-Peg Ab bottom

PL73-223 Ab
PL72-84 Ab
PL72-125

04
50.574
50.529
50.522
50.567
50.590
50.260
50.547
50.573
50.508
50.560
50.612
51.097
51,153
51.260
51.190

060
41.832
41.800
41,856
41.822
41.838
41.773
41.820
41.832
41.810
41.854
41.851
42.364
42.494
42.376
42.514

201
21.05

21.061
21.158
21.043
21.104
20.892
20.903
20.927
20.931
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21.096
22.251
22.Q6{
22.446
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APPENDIX VI
Derivation of Equations 2, 5, and 6

In order to maintain mass balance for a single component across
a moving crystal-liquid interface in a closed system the flux across
the interface must equal the mass that is exchanged due to movement
of the interface and partitioning between the two phases. :From Fick's
first Taw (one dimensional) the total flux across the interface must be

el i
S R B )

where D}(C;/X) is the flux due to mass transport by diffusion in the
Tiquid phase to or from the solid phase, and D{(aci/ax) is the flux
due to mass transport by diffusion in the solid phase to or fpom the
1iquid phase. The flux in the s?1id is subtracted from the flux in the
1iquid because the coordinate system is chosen so that the interfaée
is always at the origin and the solid always Ties to the left of the
origin., Furthermore, flux from the liquid to the solid or from right
to lTeft is considered positive.

The mass exchanged due to movement of the interface and partitioning

hehavior is

My . 8%, . n
I Ai I Ai &
& s T G L

as is demonstrated by the following diagram:
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Solid .Liquic[

\Sﬁlli?h.._“_
prity
t
<

ARLLEEN
‘.\h

dﬂls{

O
"w
H

H v
C \ b

P xdx
ot s at 1

clearly is the rate at which material is exchanged across

as 1t moves at a rate 3XI/8t and this must equal the flux

sion. Thus
i i
i ¥ ¥ ¥
T 3X s 3X 3t s 2t 71
or
. 3C] cact ax
i 1 is -1 _
D3 - D sy T3 (& - &)

which is equation (5). Note that K

BXI/Bt = V.
. acd . ac]
i 1 i S
B3 - Dsax = V&K - 1)
If DI = 0, then
acj

§32

the interface

due to diffu-

(I11)

i, i i Af
D Cs/C1 or KDt‘.‘-l = Cs and

(VI)

which is equation (2) or equation 4 of Albarede and Bottinga (1972).

Equation (6) in the text is the same as (V) above except that a tempera-

ture dependence for Kp has been substituted such that
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Ky = exp (10%/T)a + b (V11)

where a and b are appropriate coefficients derived from an Arrhenius
piot such as figure 138 in thé text, and T is the absolute temperature
in degrees Kelvin. For barium iq R-1 + 10% Orloc and at 8 weight percent
Hy0 and 8 kbar, a = 0.67 and b = 1.3.
Solving egquation (5) for the gradient in the solid, aci/ax, allows

the determination of conditions under which the gradient is positive or

negative: . ) N
. aX !
i 1 1 71
G _5r (G - C) + Dy 5
aX i
. Ds

Clearly if C; - C. is negative (true for all Ky > 1) and 8Xy/3t > 0
as well as D; >0, D; > 0, and BCQ/BX > 0 (true for most cases where
KD > 1), then ac;/ax will always have a negative absolute slope if

%

;
T (C1 - Cs) :

Dy 5%
Employing values for these parameéters that are typical of silicate

systems gives results indicating that this inequality holds.
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EXPLANATION

Qal ¥olocene alluvial depesits. Prebably includes seme Qs_ _ _ .
: in Cangda de Ojo Saree; Vallecito and Las Trampas tragﬁ, o T L
' : - , 7 ; : - 7
.'EE- ' i .Qﬁaterﬁary soil. Probably equivalent to the Espanela For- : i
55 o= ' mation., Fine browam-tan silt with lithic fragments and - o :
.. pebble layers. sl e : : ' :
E§ _ . TR CONTACT.
5 [ : . ; i : ' : Dashed where 2 praﬁimately lecated;
2 Qoal - Older Quatermary alluvium. Boulder-gravel lag or stream as PPY s e
& : deposits of multiple ages ranging in age from Qa to Qs. detted where congealed; ¢
' SN xial — ~ where doubtful :
: Qan Ancha Formation. Boﬁlder—gravel deposits capping Cejita
- o - Mesa.- ' : ; e
—I—'— Mvu Uneénfam.ity : ' R : ' - : -
. : i . : : ; : o : : .
. > . TésuqaefFarmafipn.~ Sand, Eilt,'gravel, volcanie ash(?), _,////’
gg Gt and copglemerate-breecia. Generally buff colored and poorly
: T consolidated. Possibly with minor interbedded Picuris’ tuff 7
E ~ meay base, : 5 : FAULT
i . ' Dashed where approximately located;
: : e e dotted where concealed; queried
: EAINaNM Unaonfo:m;ty ol o : : ' : : : o - where doubtful :

Pegmatites. Multiple gemerations of gemerally "simple" éod

.

BERE .- 'bx vein shaped bodies (6" to 3' thick) consisting of K-feld-
Peg / spar, albite, quartz and muscovite, Crude zonations are nqt
. uncemmen and there are rare examples of complex lithium peg- : -
‘matites of whigh the Harding pegmatite is the most notable. = : v
; = : : : e
| Lav Veins (gv) amd pods (qp) of quartz apparemtly of more then =~ "////
/ﬁ? : one age,. Commoply associated with tourmalinizatien as tour- : : ' : Lineament
ap 14 , g = - : : il : 0 s -
- g s i = ; - . Moestly joint-contrelled features
e e : ' that are clearly visible omn air
: : photos o

Aplites. Genmerally light colored, thin (1" to 4") dike- 7
ap - shaped bodiesrespecially\in pqm. Aplites in rqm are commonly
)%6;' " khigker and,pink in color, and some shqw biotite elots as
'well as quartz, plagieclase, and K-feldspar phenocrysts,

Penasco Quartz Monzonite.' Sphene-bearing biotite quaftz Py ' ’(ﬁ

pgm monzonite to granodiorite, Locally contains K-feldspar ‘ , , . :
~ megacrysts. : , _ e : T c - Strike and dip of inclined beds

- Equigranular biotite quartz monzonite,
4m Gradational boundary with rqmf. o

e Strike of vertical beds

rgmf Foliated biotite quartz monzonite. . ;’ Rana Quartz
: £ Monzonite

Border Zone. TFine to medium grained : : y L
rbz | porphyritic, leucecratic muscovite granite, - :
'Gradational boundary with rgmf,

Strike and dip of inclined foliation

o

Felsite dikes and 'sills in part directly related
to Rana Quartz Monzonite border zonme. :

%

Eiax

Puntiagudo Granite Porphyry. Foliated biotite-muscovite : : Strike of vertical foliation
- bgp  quartz monzonite-granite porphyry, ' :

Felsite dikes and sills some of which may be older than rqm,
Primarily found in amphibolite, but with notable occurrences ' : : e

in sghiét. : : :
o b e ‘ _ : ~ Azimuth and plunge of lineation

4/

_ Foliated dioritic rocks of uncertain age but definitely - ol - o {
fqd older: than rqm. Probably of metavolcanic origin and hence : ' :
' are included im the Vadito Group. ‘ . '

PRECAMBRIAN

l \§£§\

ﬂ.i

A
28

-

: ‘ . : : : . Strike and dip of inclined joints

Cerro Alto Metadacite, ' Fine grained, gray, foliated
porphyritic rock of dacitic to quartz latitic composition,
Intrudes older Vadite rocks both as a massive stock-like
ibody and as dikes and sills.

cmd

&
Unnamed amphibolite., 2/3 metasedimentary and volcaniclastic REeilke o vertical joints
7% rocks and 1/3 basaltic and andesitic flows. Also includes
//<;£? thin lenses of vitreous black quartzites, that are possibly

recrystallized cherts (qc),_metagraywadke (mg) and biotite-
- muscovite-quartz schist, as well as minor primary (?) layers _
of felsite.. Amphibolite dikes and sills (ai) in schist are £

probably contemporaneous, _ : - 22

_Strike and dip of inclined
shear zones

Vadito Group

A W e 3 Possible unconformity : : ; . =

N &NW SE : . ar
an ]~ [ gm Unnamed schist unit, Muscovite-quartz schist to biotite—
L mg. | ?|-___|  nmuscovite quartz schist (bsch) + garnet, cordierite and Strike of vertical shear zones

el andalusite. Includes thick beds of vitreous to subvitreous
. muscovite quartzite (qm), pods of garnetiferous metagray-
s wacke (mg), beds of cordierite knotty schist (cks), and
lm:EZ: - andalusite knotty schist (aks)., Rare bluish chlorite
schist (bs) near base,

mq . Marquenas Quar;zite. Generally clean, cross-bedded vitreous
gray quartzite (mq) which includes thick stretched-pebble
conglomerate beds with Predominantly quartzite clasts (mc).

Nl o W TR R Possible unconformity

Pl Piedra Lumbre Formation, Capped by a thin layer of phyllite

pb FlO to 25 feet thick, pl ) underlain by gray garnet schists
.interbedded with discontinuous thin quartzite (pl,)., pl. 1is

ply interbedded.quartzites and schists with generally larger
amounts of impure quartzites, The lowest unit, a phyllitic

e garnet schist (pl,) is s k

ply = (pl, Peckled light gray (except for local

; ark areas) and is commonly crenulated and iron-stained,

=

op Pilar Phyllite. Black—gray”ﬁuartz-muscovite phyllite to
slate, e i

—— Ortega Group
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PLATE IV
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