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Depositional environments and
paleocurrents of Chinle Formation
(Triassic), eastern San Juan Basin,
New Mexico

by Dennis D. Kurtz and John B. Anderson, Department of Geology, Rice University, Houston, TX

Strata of the Chinle Formation (Upper Tri-
assic) crop out in the Nacimiento Mountains
of Rio Arriba and Sandoval Counties on the
eastern side of the San Juan Basin. The strata
are exposed in the San Pedro-Nacimiento
uplift, on the French Mesa-Archuleta arch,
and in the Chama Basin (fig. 1). As elsewhere
in the Southwest, the Chinle in north-central
New Mexico was deposited under terrestrial
conditions consisting of two cycles of fluvial-
to-marshland or lacustrine sedimentation (Ste-
wart and others, 1972). These cycles reflect the
uplift and erosion of nearby highlands and can
be used to decipher the effects of these uplifts
on sedimentation.

Although the Chinle Formation has been
mapped and studied principally to locate and
assess sedimentary copper deposits near its
base, relatively little work has been done con-
cerning the details of its depositional history.
In describing the lithostratigraphic sequence
and the possible depositional history of the
Chinle in north-central New Mexico, this
report analyzes changes in sediment paleo-
transport directions between fluvial cycles and
pebble lithologies to document changes in
sediment source areas and dispersal patterns.
These changes and concomitant changes in
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depositional energy form the basis for a dis-
cussion of the tectonic significance of the unit.

Methods

Paleocurrent measurements were taken
from small (less than 4 cm), medium (4-15
cm), and large (more than 15 cm) crossbeds.
Data were grouped according to the size of the
crossbedding and were statistically analyzed
using the von Mises distribution (Till, 1974).
Though relatively few measurements were
analyzed, each of these directions represents
an average for a set of several tens of in-
dividual crossbeds. The mean vector direc-
tions are thus reasonable estimates of paleo-
transport direction and paleoslope.

Sediment texture was analyzed by settling
tube. Thirty rock samples were disaggregated
by dissolution of carbonate cement in hydro-
chloric acid or by pounding. This technique is
suitable only for an approximation of mean
grain size and particle-size distribution but is
adequate for examining general textural
trends within a given unit or gross changes be-
tween units. A sampling bias is present
because only rocks with a calcareous cement
were analyzed and because only the sand-sized
fraction (0.0¢ to 4.0¢) was used. This bias af-

fects samples from the lowest unit, where only
fine-grained beds have a calcareous cement,
and from the uppermost member, where sand-
stone beds contain varying amounts of silt-
sized material. Interpretations concerning the
remainder of the formation, however, and
those regarding overall textural trends are not
significantly affected.

Unit descriptions

Wood and Northrop (1946) correlated Tri-
assic strata in the Nacimiento Mountains with
the Chinle Formation (Upper Triassic) in Ari-
zona, named by Gregory (1917). The Chinle is
the only representative of the Triassic in
north-central New Mexico, Vertebrate re-
mains (Reeside and others, 1957) and plant
fossils (Daugherty, 1941) found in Chinle
strata of the Nacimiento Mountains provide
paleontologic evidence for Upper Triassic age.

The Chinle Formation in the eastern San
Juan Basin has been divided into four litho-
stratigraphic units (Wood and Northrop,
1946), listed in ascending order: Agua Zarca
Sandstone Member, Salitral Shale Tongue,
Poleo Sandstone Lentil, and the upper shale
member. In the present study the Poleo Sand-
stone Lentil is further divided into upper and
lower portions.

The Agua Zarca Sandstone Member, first
described by Wood and Northrop (1946),
crops out in a northeast-southwest-trending
belt, thickest (approximately 30 m) near San
Miguel Canyon (fig. 2, section 1). Where pre-
sent, it is a prominent ridge former. The Agua
Zarca is thin or absent on the French Mesa-
Archuleta arch and in the southeastern Chama
Basin (fig. 3, sections 6, 7, 8). Erosional rem-
nants of thick channels are present in the
south-central Chama Basin.

The Salitral Shale Tongue, also first
described by Wood and Northrop (1946), oc-
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FIGURE 1—LOCATION OF EASTERN SAN JUAN
BASIN-CHAMA BASIN, SHOWING MAJOR TECTONIC
FEATURES, outcrops of Chinle Formation are
delineated and stippled.
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FIGURE 2—MEASURED STRATIGRAPHIC SECTIONS (1,2,3,4) AND SECTION LOCATIONS; hachured line on inset map indicates depositional boundaries of Salitral

Shale Tongue.

curs throughout most of the Nacimiento
Mountains but pinches out to the north and
east along the lines shown in fig. 2. Southern
and western depositional limits of this unit are
unknown; maximum measured thickness is
approximately 90 m.

Together, the Agua Zarca Sandstone Mem-
ber and the Salitral Shale Tongue compose the
lower fluvial-lacustrine sedimentary cycle.
The Agua Zarca is in sharp erosional contact

- with the underlying Cutler Group (Permian).

Locally, deep channels have been cut into
these older rocks; on a regional scale, the con-
tact is angular. The Agua Zarca directly
overlies the Yeso Formation in the southern
Nacimiento Mountains but rests on the older
Abo Formation in the northern part of the
range (Baars, 1962).

Typically, the Agua Zarca Sandstone con-
sists of a discontinuous basal channel (0-5 m
thick) overlain by a sequence of thinner (2-3
m) lenticular sandstone beds (fig. 2, section 1).
Beds become less lensoid up section, where
they are tabular and laterally extensive.
Towards the top of the Agua Zarca, lenticular
and tabular claystone units are interbedded
with the sandstone (fig. 2, section 4). Clay-
stones become more prominent upwards until,
in the lower portion of the Salitral Shale
Tongue, they become the dominant rock type,
interbedded with discontinuous, very fine

grained sandstones and siltstones. The re-
mainder of the Salitral Shale consists of mot-
tled red, maroon, and green bentonitic clay-
stones and shales. The Agua Zarca-Salitral
contact is thus transitional in most places;
where the Agua Zarca is very thin, the contact
is sharp, but it appears conformable in all se-
quences.

Coarse channel-fill conglomerates are pre-
sent only in the lower portion of the Agua
Zarca. These basal channel deposits crop out
25 km north of section 8 (fig. 3) and in the
vicinity of sections 1 and 4 (fig. 2). The basal
channel-fill unit probably extends between
these two areas in a northeast-southwest-
trending zone. Higher in the section gravelly
zones occur at the base of some beds, but these
too are most common in the lower part of the
member. Individual beds are normally graded,
and the unit as a whole fines upwards (fig. 2,
section 1).

Sedimentary structures in the basal Agua
Zarca include large-scale (greater than 50 cm)
foresets and festoon bedding, convolute bed-
ding, cut-and-fill structures, and flute casts.
Horizontal bedding and 15-50 cm straight
crossbeds in the tabular beds are more preva-
lent high in the section. Sandstones and silt-
stones of the Salitral Shale Tongue exhibit
horizontal laminae and small-scale (2-3 cm)
symmetric ripples. The remainder of the mem-

ber contains no sedimentary structures, but
plant-root casts are present, commonly pre-
served in place.

The Poleo Sandstone, first described by von
Huene (1911), and redefined as a lentil by
Wood and Northrop (1946), is recognized
throughout the Nacimiento Mountains north
of the Arroyo de los Pifios (fig. 2, section 3).
The unit is thickest (up to 90 m) on the French
Mesa-Archuleta arch (fig. 3, section 6) and in
the Chama Basin, where it is a prominent
ridge former. The lower Poleo Sandstone ex-
tends north of Sefiorito Canyon (fig. 2, section
4); the upper Poleo Sandstone crops out north
of Arroyo de los Pifios. The Poleo Sandstone
Lentil thins to the north (Lookingbill, 1953),
but whether this change involves the upper or
lower Poleo Sandstone or both is not known.

The upper shale member, defined as the up-
permost member of the Chinle Formation in
this area by’"Wood and Northrop (1946) and
present throughout the field area, is by far the
thickest member (up to 170 m). Because of the
poor quality of exposures, the upper shale is
also the most difficult to study. The present
report is concerned principally with the lower-
most portion of the upper shale member, near
the Poleo-upper shale transition.

The upper and lower Poleo Sandstone and
the upper shale member compose the upper
sedimentary cycle. The basal contact of the
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FIGURE 3—MEASURED STRATIGRAPHIC SECTIONS (6,7,8) AND SECTION LOCATIONS; hachured line on inset map indicates depositional boundaries of Salitral

Shale Tongue.

Poleo Sandstone, whether with the Cutler
Group (Permian) (fig. 3, section 6) or with the
Salitral Shale Tongue (figs. 2 and 3, sections
1, 2, 3, 4, 7, 8), is typically sharp and ero-
sional. In many localities the Salitral Shale
Tongue contains a zone of light-green clay-
stone at this contact. This claystone ranges in
thickness from 2 to 40 cm and appears related
to the erosional surface rather than to a par-
ticular depositional unit.

The lower Poleo Sandstone consists of a
thick (up to 12 m), discontinuous conglom-
eratic channel sequence. The channel-fill con-
glomerates are coarsest and thickest in the
Chama Basin (fig. 3, sections 7, 8). Finer
grained basal channel-fill deposits crop out to
the north and west at localities 4 and 6 (figs. 2

‘and 3). The basal channel is overlain by a

25-m to 30-m sequence of interbedded tabular
or broadly lenticular sandstones (0.5-4.5 m
thick) and red and purple claystone lenses (up
to 30 m thick). A thin, laterally continuous
claystone is present at the top of some lower
Poleo Sandstone exposures (fig. 3, sections 7,
8). Load casts are present at the base of the
overlying sandstones, and the contact between
the upper and lower Poleo may be slightly un-
conformable. But the hiatus was not a lengthy
one, and a transitional contact could exist be-
tween these units in some places.

The upper Poleo is characterized by inter-
bedded tabular sandstones and siltstone or
claystone beds and lenses. Sandstone beds
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range in thickness from 0.1 to 2.5 m. Len-
ticular channels are few or absent. Calcareous
sublitharenite beds crop out near the top of
the upper Poleo. These pellet limestones con-
sist of coarse, sand-sized, limestone lithic
fragments cemented by a muddy calcareous
cement. The calcareous sublitharenites are in-
terbedded with fine-grained sandstones, silt-
stones, and claystones. A transitional contact
exists between the upper Poleo Sandstone and
the upper shale member. The basal upper
shale consists primarily of red, green, purple,
and maroon claystones and shales, with inter-
bedded very fine grained sandstones and silt-
stones.

Coarse conglomeratic sandstones occur
only in the basal lower Poleo. Higher in the
section pebbles occur in zones at the base of
some beds, but even these basal gravelly layers
are rare in the upper Poleo.

Many beds in the lower Poleo are massive,
but contain planar foresets, horizontal bed-
ding, cut-and-fill structures, and convolute
bedding. Large channels contain festoon
crossbedding. Individual beds may be nor-
mally graded; contacts between beds are
sharp, and flute casts occur in places. Most
sandstone beds in the upper Poleo exhibit
30-40 cm planar foresets or are massive. Thin,
fine-grained beds may have small-scale (2-3
cm) ripple crossbedding. As a rule, individual
beds are normally graded. Sedimentary struc-
tures are not preserved in the claystones and

shales of the upper shale member, but small-
scale (2-3 cm) ripple cross-lamination and
horizontal laminae are preserved in the
siltstones and sandstones.

Sandstone texture and pebble lithology

Sandstones in the Chinle Formation contain
material ranging in size from pebbles to silt.
Individual beds commonly exhibit grading
from coarse sand to very fine sand-sized par-
ticles. Figs. 2, 3, and 4 summarize both field
and laboratory sediment-size data. The Chinle
as a whole fines upwards (fig. 4), with coarse
pebble conglomerates to medium-grained
sandstones characterizing the Agua Zarca
Sandstone, medium to very fine sandstone
typifying the Poleo Sandstones, and very fine
grained sandstone and siltstone occurring in
the basal upper shale member. Both the Agua
Zarca and the upper and lower Poleo grade
into overlying units, and sediment size
decreases upwards in each of these units (figs.
2 and 3). Also, average sediment size decreases
towards the southwest in the lower Poleo. The
upper Poleo is finer grained than the lower
sandstone. This is most evident in the sand-
sized fraction (fig. 4). In addition, siltstone
and claystone beds are more common and
pebbly coarse-grained sandstones less com-
mon in the upper Poleo than in the lower
Poleo (fig. 3, sections 7, 8).

Sand-sized material is subangular to
subrounded. Resistant quartz or quartzite



pebbles are well rounded, and less-resistant
chert and limestone clasts are subrounded to
angular. No lateral or vertical trends in parti-
cle roundness were found in either fraction.
Mineralogy of the sand-sized material is of
little use in provenance studies because quartz
and micas compose approximately 98 percent
of this fraction. The remainder of the grains
are orthoclase, feldspar, magnetite or ilmenite
and assorted rock fragments. Pebble lithol-
ogies vary dramatically between the Agua

upper shale
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samples analyzed per unit and precise percentages
per one-phi interval are noted.

Zarca and the lower Poleo (table 1). Quartz
and quartzite are most abundant in the older
member; chert is the most common pebble
type in conglomerates of the lower Poleo. A
few limestone clasts occur in this unit. In-
durated pebbles are rare in the upper Poleo;
most clasts are clay shards or other locally
derived material.

Paleotransport directions

Paleotransport indicators are numerous in
both the Agua Zarca and Poleo Members.
Sediment transport in the lower fluvial cycle
was generally south-southwest (fig. 5); the
mean vector direction for all Agua Zarca
measurements is S. 41° W. with an angular
standard deviation of *33°. The variability
shown in fig. 5 is probably caused by channel
sinuousity because measurements from the
same area exhibit little variability, whereas
those from different locales may show dif-
ferent trends. Paleocurrent measurements
near section 4, for instance, are consistently
towards the southeast, while in most other
localities they are to the southwest.

Sedimentary structures indicate that the up-
per fluvial cycle began with southwestward
sediment transport in the lower Poleo Sand-
stone (fig. 5). The mean paleoslope direction
for the unitis S. 22° W. +45°. Paleotransport
variability in the lower Poleo was caused by
temporal fluctuations in channel orientation
as well as in stream sinuousity. The paleoslope
shifted gradually until it sloped to the north-
west during upper Poleo deposition (fig. 5).
The mean sediment paleotransport direction
for the upper Poleo is N. 10° W. with an
angular standard deviation of +41°. Small-
scale crossbeds in the upper shale member in-
dicate westward transport, and this westward
paleoslope may have persisted until the end of
the Triassic.

TABLE | —RELATIVE AMOUNTS OF QUARTZ, QUARTZ-
ITE, AND CHERT IN UPPER TRiAssIC CHINLE CON-
GLOMERATE. Percentages calculated from the
number of unbroken clasts larger than 4 mm from ,
disaggregated samples. Original samples had
volumes of approximately 3,000 cu cm each.

Unit Sample location Percentage

Quartz  Quartzite  Chert

Agua Zarca Arroyo del

Sandstone Cobre 42.5 57 .5

Lower Poleo  French Mesa

Sandstone 33 6 61

Lower Poleo  Abiquiu Dam

Sandstone 20 7 73

Discussion

The Upper Triassic sandstones in north-
central New Mexico represent the last clastic
pulses associated with uplift in the southern
ancestral Rocky Mountains. They not only
document the episodes of uplift, but also
record the decreasing magnitude of these
uplifts and their waning influence on sedimen-
tation patterns.

Southwestern paleocurrent directions in the
Agua Zarca and the lower Poleo Sandstones
indicate uplift to the northeast. Quartzite
clasts in these members were probably derived

from Ortega Quartzite (Precambrian) that
crops out 90 km northeast in the Brazos uplift
(Muehlberger, 1967). This uplift exposes rocks
that were part of the late Paleozoic-early
Mesozoic southern ancestral Rockies. Triassic
sandstones pinch out in that region and all
members of the Chinle Formation thin in that
direction (Muehlberger and others, 1960).
Both paleotransport directions and source
terranes changed prior to deposition of the up-
per Poleo Sandstone. The paleoslope shifted

NORTH

Agua Zarca Ss.
N=45°

upper Poleo Ss,
N=63°

lower Poleo Ss.
| N=55°

upper shale

N=34°

FIGURE 5—PALEOCURRENT ROSETTES AND TOTAL
MEAN PALEOCURRENT VECTOR DIRECTIONS FOR FLU-
VIAL PORTION; arrows denote current vector direc-
tion.

New Mexico Geology May 1980 25



to the northwest, and chert and limestone
clasts were eroded from a sedimentary source
area—probably from Paleozoic sediments ex-
posed on the Pedernal high (Smith, 1961) or
perhaps from as far as Texas. Calcareous sub-
litharenites were probably locally derived. The
upland area being eroded was large, and the
relief associated with the relatively localized
southern ancestral Rockies did not have a ma-
jor influence on sediment dispersal patterns.
That clastic sediments of the Poleo Sandstone
were deposited over a wider area than those of
the Agua Zarca Sandstone also indicates a
more widespread drainage basin for the
younger units.

Tectonism caused initiation of the fluvial
cycle. Erosive lower contacts, large basal
channels, relatively coarse grain size, and
medium- to large-scale sedimentary structures
all attest to high-energy deposition on a
steepening paleoslope. Paleoclimatic changes
associated with the uplift exerted negligible in-
fluence upon sedimentation. Triassic uplifts
were of lesser magnitude than their Permian
predecessors, which shed coarse sediments
over a wide area and formed thick clastic se-
quences. Triassic units are more localized and
finer grained. Within the Upper Triassic se-
quence, the younger uplift, which initiated
deposition of the lower Poleo Sandstone, was
apparently less dramatic than the older uplift.
Sediments in the Agua Zarca are coarse, and
sedimentary structures are larger than those in
the lower Poleo of the same area. Both units,
however, were derived from the same region.
Large channels and coarse-grained deposits
occur in the lower Poleo only in the Chama
Basin, 40 km nearer the uplift than similar
deposits in the Agua Zarca. The regional an-
gular unconformity beneath the Agua Zarca,
when contrasted with the erosional, slightly
discordant lower Poleo contact, also indicates
greater uplift prior to deposition of the older
unit.

Fining-upward trends in sandstone units
and decreasing size of sedimentary structures
upwards indicate that fluvial energy dimin-
ished on a decreasing paleoslope as highlands
were eroded. Numerous large channels, cut-
and-fill structures, and large-scale festoon
bedding in the Agua Zarca suggest that depo-
sition occurred via high-energy braided
streams. With time, fluvial energy decreased
somewhat, and thinner, more tabular beds
were deposited. Channels and festoon bedding
in the lower Poleo indicate that initially it too
was deposited by high-energy braided streams.
Much of the Poleo Lentil, however, consists
of tabular beds with planar foresets. These
and associated siltstones and claystones
resemble deposits (described by Cant and
Walker, 1978) from the low-energy, sandy,
braided Southern Saskatchewan River.

A transgression of the Salitral Shale lake
terminated deposition of the Agua Zarca
Sandstone; but no analogous transgression
took place during Poleo time, and the
paleoslope diminished until a widespread
marshland formed. The shales and fine-
grained sandstones of the upper shale member
were deposited in swamps and sluggish
streams on this lowland.
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Regional paleocurrent directions through-
out the Southwest during the Upper Triassic
were influenced primarily by the location and
trend of the Ouachita-Marathon highland.
Sediment dispersal was generally towards the
northwest (Poole, 1961; Asquith and Cramer,
1975). Evidence for a continually decreasing
paleoslope during Poleo deposition thus sug-
gests that the shift in sediment-transport direc-
tions from southwest to northwest was a pas-
sive response to erosion of local highlands in
the southern ancestral Rocky Mountains.
Southwesterly paleotransport in north-central
New Mexico was caused and maintained only
by the presence of these nearby highlands.
Were active local tectonism responsible for the
shift in paleotransport directions, an influx of
coarse clastics would be evident at the base of
the upper Poleo Sandstone. No such influx oc-
curred, and stream energy continued to de-
crease even while the paleoslope was shifting.

Coarse-grained fluvial sediments were
deposited on the flanks of the uplift, but
lateral facies relationships (fig. 6) for this area
indicate that fine-grained sediments were
deposited in lacustrine or paludal envi-
ronments throughout the Upper Triassic.
Low-energy deposition occurred in shallow
sedimentary basins between uplifts. Isopach
maps (Stewart and others, 1972) indicate that
one such basin occupied a portion of the
modern San Juan Basin. The presence of such
basins probably reflects their intermontane
position more than it does active basin
development.

Deposition of the upper shale member was
caused by formation of a broad, flat lowland
as the highland was eroded. This unit is the
final stage in the regional late Paleozoic-early
Mesozoic cycles of uplift and erosion. Origin
of the Salitral Shale Tongue, however, is prob-
lematical. Although its extent is unknown, a
large Salitral lake could have existed for much
of the Upper Triassic. The unit is 70 m thick in
its westernmost outcrops, and a thick section
of Upper Triassic shale has been drilled in the
San Juan Basin (Stewart and others, 1972).
The Salitral Shale Tongue represents a trans-
gression of this lake, but why this transgres-
sion occurred is unclear. The event could
reflect a paleoclimatic change that caused a
widespread rise in base level. If so, regional
correlations might be possible with contem-
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porary units. Paleomagnetic stratigraphy
could prove useful in this regard, especially
with the scarcity of fossils in the area; but to
date such studies have not been made.
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Correction

In the February 1980 issue of New Mexico
Geology, the panoramic diagram to accom-
pany the City of Rocks article was omitted.
That diagram is printed below.

NORTH

Call for papers

The Rocky Mountain Section of the
American Association of Petroleum Geol-
ogists will meet in Albuquerque April 12-15,
1981, at the Hilton Inn. Thomas E. Kelley of

Geohydrology Associates, Inc., is General -

Chairman of the conference. Papers on Rocky
Mountain regions are welcome; contact Lee
Woodward, University of New Mexico, or
Frank Kottlowski, New Mexico Bureau of
Mines and Mineral Resources, Program

-Chairman, at your earliest convenience. O

Proterozoic tectonic setting
in New Mexico

by Kent C. Condie, Department of Geoscience, New Mexico Institute of Mining and Technology, Socorro, NM

Geological features

Recent detailed mapping of Proterozoic ter-
ranes in New Mexico has enhanced our under-
standing of stratigraphy and tectonic setting.
Chief areas of investigation (fig. 1) are
Precambrian exposures in the south and
south-central part of the state (Condie and
Budding, 1979) and the Sangre de Cristo
Mountains in the northern part of the state
(Robertson and Moench, 1979; Barrett and
Kirschner, 1979; Woodward and others, 1979;
Nielsen and Scott, 1979; Condie, 1979).

Diagrammatic cross sections for the Pro-
terozoic rocks in the Manzano and Ladron
Mountains in central New Mexico are shown
in fig. 2. The Manzano succession is char-
acterized by a lower sequence of mixed arkose,
quartzite, and subgraywacke, whose base is
not exposed. This sequence is unconformably
overlain by a thick succession of shales (now
phyllites) with quartzite and arkose beds. The
youngest rocks are bimodal volcanics whose
felsic component dominates. The entire suc-
cession is folded into an overturned syncline
and intruded with syntectonic to posttectonic
granitic rocks. Unlike the Manzano succes-
sion, the Ladron succession is characterized by
a lower bimodal volcanic sequence whose base
is also concealed (Condie, 1976b). These vol-
canics are gently folded and intruded by the
posttectonic Capirote granite. Unconformably
overlying the granite is a succession of
arkoses, quartzites, and conglomerates with
minor shale and bimodal volcanics. This se-
quence is gently folded and cut by faults, and
the entire Ladron succession (including the
Capirote granite) is intruded by the posttec-
tonic Ladron quartz monzonite.

Other supracrustal successions in New Mex-
ico and southeastern Arizona show similar
rock types and relationships to granites. All
are characterized by bimodal volcanics with
an absence or sparsity of volcanic or plutonic
rocks of intermediate composition. Deforma-
tional features reflect chiefly vertical forces.
Ophiolites, mélanges, blueschists, gray-
wackes, and deep-sea sediments are absent.

Primary structures in the form of crossbed-
ding, various sole markings, and ripple marks
preserved in some of the clastic sediments are
being investigated. Festoon crossbedding
dominates in the arkoses and conglomerates;
planar crossbedding dominates in the pure
quartzites. Existing data seem to favor a near-
shore, perhaps partly fluvial, environment of
sedimentation for the coarse clastic sediments,
with the shales being deposited in deeper,
quiescent basins. Provenance studies (Condie
and Budding, 1979) indicate source areas com-
posed chiefly of high-K granites and reworked
supracrustal rocks. No evidence exists for an
older tonalitic source.
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FIGURE 1—DISTRIBUTION OF PROTEROZOIC ROCKS
in New Mexico, southern Colorado, and south-
eastern Arizona.

Geochemical and Sr isotope studies

Geochemical studies of mafic and felsic vol-
canics and of granitic rocks have been impor-
tant in determining magma origin and source
composition (Condie, 1978a, b; Condie and
Budding, 1979). Mafic volcanic rocks are
tholeiites that range from depleted to
undepleted in light REE (rare-earth elements).
Geochemical model studies indicate that these
rocks can be produced by 20-40 percent par-
tial melting of a lherzolite source in the mantle
followed by up to 30 percent olivine crystal-
lization. REE distributions do not allow resi-
dual garnet, amphibole, or plagioclase in the
source. Tholeiites depleted in REE occur only
in the Pecos and Tijeras greenstones in central
and northern New Mexico. Model studies indi-
cate that these rocks were derived from de-
pleted mantle sources similar to the sources of
modern mid-ocean-ridge tholeiites. The ab-
sence of ophiolites in the supracrustal succes-
sions suggests that, although depleted mantle
was tapped, oceanic crust was not formed.

Geochemical model studies of felsic
volcanics and granitic rocks indicate an origin
by partial melting of lower crustal rocks (gran-
ulite facies) for granodiorites and rhyodacites
(Condie, 1978b). The high-K granites and
rhyolites seem to have a similar origin fol-
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