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INTRODUCTION AND ACKNOWLEDGMENTS

The Apsche Hillas-Sierra Rica district was first proposed as
an area for thesls study by Dr. Willlam Holser then of Cornell
University. After 'a visit there in 1949, Dr, Holser suggested
that the geology and ore deposits of the two small groups of
ranges would conptitute a compact unit for a thesis Af speclal
emphasls were placed on the contact metamorphlce relations ex-
preased in the viecinity of the Apache mine. In view of the in-
tensive conslderation that has of late been given to the relation
between contact metamorphism and ore depogition, the careful in-
vestigatlon of such relations in thilis concrete example seemed
amply merited. Subsequently through the efforts of Dr. Chas. H.
Behre, Jr., funds for the fleld work were acquired from the Ore
Genesis Laboratory of Columbia University and from the New Mexico
Bureau of Mines and Mineral Resources under the directorship of
Dr. Eugene Callaghan. A total of approximately five months, repre-
senting parts of three fleld seasons, were spent in the field, one

,month in the summer of 1952, three mouths in the summer of 1953,
and one month in the spring of 1954, |

Aerial photographic contact prints from the United States
301) and Conservation Service were used as base maps. These were
on the scale of four inches to the mile (1:15,840), The geology
was transcribed to & planimetric map of the Hachlite and Victorio
quadrangles enlarged to a scale of 1:24,000. As the quadrangles
were not completely surveyed by the General Land_Office at the
time of their original publication in 1918, additional section



linee were drawn in, usling the appropriate county highway maps
as a gulde,

The area under discussion luncludes the Apache Hills and the
northern part of the Sierra Rica. The remailnder of the Sierra
Rica was not mapped as it ls currently under study by Robert A.
Zeller of the New Mexico Bureau of Mines who 13 investlgating
the Blg Hatchet quadrangle, the northeastern part of which in-
cludes a portion of the Sierra Rlea.

All the nine mape and dlagrams were made by the pace and
compass method using measured bage lines where possible,

The author wishes to express his sincere appreciation to
Dr, Holser, who flrst suggested the thesls problem, and to
Dr. Callaghan who secured the necessary funds, and especlally to
Pr. Behre without whoge genercus ald and advice this work would
not have been possible. Thanks are s8ls0 here expressed to the
many people whose interest and cooperation greatly alded the
field work and writing of this thesis; thege ineclude David Miller
and Allen Alper of Columbla Uniyersity, fleld assistante during
the summers of 1952 and 1953; Benlto Palomarez, of Hachlta, field
assistant in the spring of 1954; Fred W. Snyder, of Hachita, who
was a constant source of valuable historical and geologlcal in-
formation; R.N., Hunt of the United States Smelting Refining and
Mining Company, Salt Lake City, who generously provided assays
and clalm maps of the Apsche Mine; Joseph Deckert, of Deming, who
supplied assays and reports of the Internatlonal and Luna Mlnes;
and Robert A, Zeller who aided 1n interpreting the paleontology.
Appreclation is alaso extended to the people of Hachlita who made

the stay there 2 moat. pleasant one.



PREVIOUS WORK

Little geologie work, other than that of a reconnalssance
nature has been carried on in the two districts. Previous re-
ports which provided the principal background information ine-
clude several papers by Waldemar Lindgren, et all who deseribed
briefly the various mines and prospects of the two ranges; that
of N, H. Darton® on the geology of lana County, which includes
some cursory information on the Apache H1lls which he regarded
ag part of the Silerra Rica but which is really physiographlcally
and geologleally part of the Apache Hills; the geologle map
of the state by Dartond which represents a very generalized
geologle mtudy of the region; and the report by 8. G. Lasky“ on
the Little Hatehet Mountains - the northward-trending range sep-
arated from the Apache Hills and Slerra Rica by the large playa
of Hachita Valley ~ which includes some pertinent comments about
the geology of the thesis area, A complete listing of refer-
ences is given at the end of the paper.,

114ndgren, Waldemar, Graton, L.C., Gordon, C.H,, et al (1910),
The ore deposits of New Mexico, U.S. Geol, Survey Prof. Paper &8,

2parton, N.H. (1916), Geology and underground water of Luns
County, New Mexico, U.S. Geol., Survey Bull. 618.

3parton, N.H. {1928), Geologic map of New Mexico, U.S. Geol.
Survey.

brasky, 85.G. (1947), Geology and ore deposits of the Little
Hatehet Mountains, U,.S. Geol. Survey Prof., Paper 208,



GEOGRAPHY
LOCATION AND ACCESSIBILITY

The Apache Hills and Slerra Rica are a low group of mountains
in the southwest part of New Mexico, Just northwest of the noteh
in the United States-Mexlcan boundary (Figure 1). These ranges
lie mostly in Hidalgo County, but the northern part of the Apache
Hille is 1u Grant County and their extreme eastern sectlon is in
Luna County. Both ranges extend southeastward for some dlstance
into the atate of Chihuéhua, Mexico. The Apache Hllleg, the north-
ernmost of the two groups of hills, is five miles south to south~‘
east of Hachlita, a statlon on the Southern Paciflc Rallroad.

The town of Hachite, which has a population of 250 (1950
censug ) is at the intersection of two gtate highways. State High-
way 81, a paved secondary road, extends northward for 19 miles %o
a Junction with paved U.S. Highway 80 at a point 25 miles from
Lordsburg and 35 miles from Deming. Southward the route extends
45 miles to Antvelope Wells on the international border, State
Highway 9, a graded gravel road, paases through Hachlita following
the ralilroad westward from Columbus to & Jjunctlon with U.S. High-
way 80 near Rodeo, a mlle from the Arizona-New Mexico line.

Several ungraded roads branch off from the two state highways
and penetrate different parts of the two ranges., These roads, and
all recognizable tralls are indicated on the areal geologic map.
Scme roads shown on the Hachita quadrangle, as mapped in 1918, are
no longer present, for arroyos have followed the inciplent lines
of draluage furnished by the old ruts and have completely obliter~

ated them. Both ranges are accessible by automobile, although



Figure |, Index map of Mew Mexico showing location of
Apache Hills and Sierra Rica
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many of the roads such ag that along the international boundary
are passable with difficulty. |

ECONOMY

The small population of Hachlta is princlpally supported by
work on the rallroad, but in 1954 the town also possessed a
general store, post office, garage, and cafe., The chiefl activity
in the area 1ls cattle raising for which Hachlta serves as a
shipping point. Within the last few years, farming has gained &
foothold, cotton and hay beling the main crops.

Mining has been sporadic. Moat of the mines have been moder-
ate to small cperations. The last mining was at the Hornet mine
in the Little Hatchet Mountains; this ended its three year opera-
tlons in 1953. The last larger mining activity in the Apache
Hills was at the Apache mine; thls was worked for one year durlng
the last war. Ore from all the mines in the area ie shipped to .
the International Smelter at El Paso,

Hope for an economic resurgence of the area has been gener-
ated by the recent Intensive intereat of both mining and oll in-
teresta. Geophysical prospecting hag been carried on by &t least
two petroleum companies and 1t has been reported that a slzeable
acreage has been leased. In 1954, an unsuccesaful wildcat well
was drilied to a depth of 200 feet on a small Mississipplan knoll
in Hachita Valley one mile east of the Hatchet Ranch.,

Cheap pawef for both mining and oil operations 1a readily
avallable in Hachita as the town 1s counected with the local
povwer lines of the Rural Electrification Administration, A

further power source available iz natural gas from the line of
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the E1 Paso Natural Gas Company twelve miles north of Hachita.
CLIMATE, FLORA, AND FAUNA

The weather 1s clear and dry and outdoor work can be carried
on through moet of the year without great discomfort, A Weather
Bureau station has been in operatlon in Hachlta since 1000, Ac-
cording to lis records+ the annual precipitation for 1953 was
8.34 inches, The average annual precipitation is about 10 inches.
Approximately half of the annual total of rain falls during July
and August in the form of thunderstorms of a torrential nature
which oceur in the late afternoon or evening., Aprll, Mey, and
June are the drieat months and the rainy season invariably hegins
abruptly in July. The average annual temperazture is about 60°F,
However, temperatures above 100"F are common during the summer
alternoons, though the temperature falls rapidly to about 65°F
toward evening. The average winter temperature is about LO'F,
though short perloda of zero temper#ture are not uncommon. .

Storms are remarkably local. The more mountainous sections
generally receive far more precipitation than the valley areas.
Similarly, the temperature is several degrees cooler in the hllly
aress,

The Apache Hills and Sierra Rica are geographically a part
of the Sonoran desert, a seml.desert region which embraces north-
ern Mexlco, southern Arizona, and New Mexico. Numerous varieiles
of the common desert plants, such as cactuses, yuccas, mesquite,
and the like, are abundant in the valley area surrounding the

1.8, Weather Buresu (1953), Climatologlcal Data, New Mexico,
Annual Summary.



ranges as well as on the bare and rocky slopes. There is ne
timber except for occaslonal scrudb oak, cedar, and junlper trees,
and the even rarer cottonwood trees which afe found only near a
source of water. The country was chlefly used for grazing and

up to the recent drought and concufrent decline in beef prices 1t
supported large herds of cattle.

The fauna includes species common to the southwest desert,
notably rattlesnakes and other reptiles, rabbits, deer, peccariles,
badgers, and coyotes. A herd of ahout 100 protected Mexican bilg
horn sheep grazes in the Big Hatchet Mogntaina.

PHYSIOGRAPHY

This area of the state lles within the Mexican Highland sec-
tion of the Basin and Raﬁge Province, a physlographic division
characterized by isolated mountain ranges trending approximately
north-south and separated by nearly level basins of interior
drainage that have been filled with detritus derived from the
surrounding hills. The Apache H1llls and Sierra Rica, though
having a trend considerably more éastward,than is usual for the
province, nevertheless conform $o the general pattern as they are
characterized by s straight base along the northeast and south-
east flank of the hills and by the presence of a recently dls-
sected pediment between each range and adjacent lowlands. The
interlor dralnage of this physlographilc province iz coufirmed 1in
this area by the alkall crusts found in numerous places in the

playas.
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Topographically, Apache Valley, located between the Apache
Hills and Sierra Rlca, can be regarded ap a playa. Nevertheless
it 1s not entirely an area of interlor drainage, for water from
this valley ultimately enters Hachita Valley mostly by way of
Doyle Creek which has cut through -the divide separatling the two.
Similarly, the valley between the two ranges has not been devel-
oped into a pediment surface although there 1is & deflinlte general
and gradual slope of about 3° toward the center of the vailey from
both ranges., Numerocus low rounded hilla ococur in the valley for
Insufficlent time has elapsed siunce the subsequent fgulting of
the range to permit the leveling of such hills to the general sur-
face of the surrounding pediment. However, the outer margins of
the ranges faclng Hachita Valley reflect well developed and dis-
sected pediment surfaces not conapicuous at close range; it be-
comes stiriking only when the mountains are seen from dlstances
of five or ten miles.

Both the Apache H1ills and S8lerrsa Rilca consglst of low rounded
hills of about 1,000 feet in rellef. The highest point in the
Apache Hills is Apache Peak, with an elevation of 5,740 feet; in
that part of the Sierra Rica under dlscussion the highest point
is Doyle Peak (5,470 feet). The lowest elevations, approximately
4,800 feet, are those in the centers of the playas,

As the streams are ephemeral they carry on thelir erosional
and depositional activities immediately after a raln. During
such times the arroyos become raging torrents and the amount of
transport anéd erosion then 1s phenomenal, enormous boulders and
cobbles often being moved hundreds of feet Into the playa beyond
the position of the mouth of the atream. Upon entering the playa,
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these streams produce the alluvial fana so characteriastic of the
‘province. The eventual outlets of all the drainage for the two
ranges are two valleys. The western outlet is Hachita Valley
located between the Little Hatchet and Blg Hatchet Mountains on
the west and the Apache Hllls and Sierra Rica on the east, The
playa to the eazt between the Cedar Mountains and the Apache
Hills, the Mimbres Drainage Basin of Schwennéaenl, receives the

eastern past of the dlscharge.
WATER SUPPLY

All domestlic water used Iln the Apache Hills and Sierrs Rlca
is obtained from wells. Water for livestock 1s obtalned either
from wells or from stock ponds made by damming arroyos. The wells
include those at the Faulkner, Donaldson, and Hatchet Ranches, as
well as the railroad wells in Hachita. The only analyses of the
well water that could be obtained are the following:

Analyses of water from two railroad wells at Hachlta
(parts per million)

Analysis 12 Analysils 23
Ca 16 29
Mg 2.6 5,2
Na and X 189 12
CO3 and HCO3 146 142
304 145 206
¢ L 29

lﬁchwennesen, A.T. (1918), Groundwater in the Animas, Playas,
Hachita, and San Luis Basins, New Mexico, U.S. Geol. Survey Water
Supply Paper 422, p, 10,

2Lasky, op c¢it, p. 1l.

3Schmennesea, op cit, p. 143,
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The rallroad well at Hachita serves as domestlic water for
the town. It ig some 800 feet deep snd cuts four waterbearing
horizons, A test of the well produced 100 gallons per minute
during 42 hours of continued pumping. The water 1s considered
failr for domestlc use, poor for use in boilers, and good for
irrigation.* Like virtuslly every other well in Hachita Valley,
it contains 1.8 to 2 parts fluorine per million,?2

In the few wells, scanty though the data are, the water
level appears to be relatively shallow, although extreme varl-
atlons were noted, The well at the Faulkner Ranch 1s 100 feet
deep, with water at 40 feet. The Robin well goes 80 feet to
water. The Chapo well (the former Chapo shaft) is 180 feet deep
but found water at 60 feet, The Last Chance well (which uses the
shaft of the same name) is 250 feet deep yet found water at 150
feet, The Donaldaon well encountered water at a depth of 80 feet,
the Doyle well at 170 feet., These figures were obtalned from the
owners of the ranches on which the wells are located. All uti-
lize windmills for pumping.

The data indicate that on the northern slopes of the Apache
Hills the water table 1s moderately shallow and constant being
at depths of 40 to 100 feet, However, on the southern slopes,
the water table is more irregular. For instance, both the old
Apache shaft, 360 feet deep, and the newer shaft sunk in 1936,
500 feet deep, are dry. This is in sharp contrast with the Chapo
well only 2-1/2 miles away which carries water at 60 feet. An-
other unusual feature is the fact that the Last Chance and Doyle

l1b1d, p. 143.

zuew Mexico Bureau of Mines and Mineral Resources (1854),
unpublished data.
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wella, both of which are at lower elevation than the other wells,
strike water at 150 and 170 feet respectlvely, much lower then
the ground water table in the other wells in which data are
avallable. Perhaps the reason for this anomalous behavior lles
in the recent tectonic history of the range, The two wells last
named appear to lle in the down-dropped block southwest of the
Apache fault in which the movement may well have been of such
recent origin that the water level has not had time to rise to

its generally prevalling higher level,

LITHIC UNITS
GENERAL FEATURES

The rocks of the aresa consist in part of sediments, chief-
ly late Paleozolc and late Mesozole, and extrusive flows and
tuffs of Cenoczolc age. The pre-Tertiary rocks are largely com-
posed of clastlics and limestones. Thelr sequence 1s difficult
to decipher because of the large normal and thrust faulting they
have suffered., Moreover, 1t is not clear whether various rock
types represent one sequence or several different lithologlce
facles of two equlivalent sequences, Since most of the Tertlary
igneous rocks are essentially stratiform flows or tuffs, the
following description preseuts all formations in chronologle
sequence a3 nearly as this can be determined.

The oldest known rock in the arga here described are
Paleozolce sediments which occur I1n the Sierra Rica as klippen
overlying the Lower Cretaceous sediments. These kllppen, derived
originally from Mexlco, contaln both Pennsylvanlan limestones and

Permian red beds. As in southeastern Arizona, no autochthonous

R
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Penngylvanlan or Permian bédn are found here though Pennaylvanian
rd&ka.are wldespread throughout central New Mexico,

The major sgedimentary rocks of the two ranges are Lower
Cretaceous limestone and clastlicas, some 7,000 feet thick., The
~ best exposures occur in the central and eastern sections of the
Apache Hills, 1Isolated outcrops of Upper Cretaceous clastics
were observed in both ranges,

Extensive exposures of intrusive and extruslve lgneous rocks
are common in the Apache Hills but are scarce in the Slerra Rica.
With the exception of a few gcattered trachyte and felsite 21llm
and dikes, the only intrusive of any note in the Sierrs Rica 13 a
thick rhyolite sill, trending southeast, that bisects the range.
The gill terminates Just gouth.of the mapped area, at the point
where felsites are indicated (Plate 1},

Sedlimentary rocks are overiain and intruded by andesitic
‘and basaltic voleanics and by diorite and quartz dlorite intru-
sives., The main mass of the Apache Hills 1s composed of a com-
posite stock of monzonite and quartz monzonite which forms the
backbone of the range and accounta for the highest peaks. The
quarts monzonlte of the stock ls bordered on 1ts southern flank
by a contact metamorphic aureocle which has developed in the Lower
Cretaceous sediments. The major ore deposlts of the region are
closely related to the intrusion of the stock. |

Intimately assoclated with the stock are porphyritic rhyolltc
dikes and flows. These are exposed on the southern slopes of the
Apache Hills and partly adjoin and in the case of the dilkes partly

intrude the quartz mongonite and surrounding sediments.

L

LI
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The intrupive and extrusive rocks mentloned are generally
referred to the early Tertlary whereas overlying 1gnecus rocks
sre assigned to the mlddle or late Tertiary. striet1§,~na nore
definite age can be establisghed foé'theae two groupe of igneous
rocks than that they are all later than the Lower (Cretaceous;
some of them may be Upper Cretaceous.  For these lgnecug rocks,
a system of grouping 1ls used which places them in their general
geologic order rather than to classify and assign each rock type
to a specific subdivision of the Tertlary epoch. This grouplng
is preferred because evidence as to the exact age for each type
ip lacking. A broad natural time and rock division is avallable,
though too general to afford a detailed classiflcation, in that
almopt all the sediments are pre-Tertiary and all the lgneous
rocks are presumably Tertlary in age.

On the northern flanks of the Apache Hllls, the surface
rocks are flows of latitic composition which were extruded upon
the beveled and eroded salopes of earlier intrusives, These in
turn are succeeded by pyroclastic rocks, tuffs, brecclas, and
flows, which form the northwestern fringe of the Apache Hills.
They can be traced northwestward across Hachlta Valley to the
Coyote Hills., These lavas and pyroclastic rocks are believed to
be part of the lava flelds of Mexlco, Arizona, and New Mexlco,
the earllest representatives of which have been classified as

1

Niocene (7) and the latest ma Pliocene.™ 5Sti1ll later, extrusions

of local quartz latite and basalt flows, 80 fresh ag still to show
ICallaghan, Bugene (1953}, Volcanic rocks of scuthwest New

!bxiﬁg, Guidebook, 4th Field Conference, New Mexlco Gecl, Soc.,
P. . .
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characteristic surface features, attest to the continuity of the
i1gneous activity through the Pleistocene,

Numerous dikes and plugs of rhyollite porphyry and accompany-
ing felsltes are younger than all the other igneous rooks with
the exception of the pyroclastics and latest flows. Weak miner-
allzation ia genetically assoclated with these late acldic in-
trusives,

Table 1 summarizes the general stratigraphy and lithology
of the reglion,

PENNSYLVANIAN
Magdalena Formatlon

The formation as exposed 1n the Sierra Rica l1s composed en-
tirely of massive blue-gray limestone, coarsely crystalline and
abundantly fosslliferous, especially rich in crinoid stems. Inter-
bedded are thin lenses of breccla containing angular limestone
fragments half an inch or less in dlameter, set in a matrix of
gouge., The lens-like forms are probably secondary and due to
thrusting. Chert lenses are also prevalent and no doubt for a V? b
’similar reason. These beds can be correlated definitely with thet
Magdalena formation of southern New Mexico, a nsme appllied to all
of the Pennsylvanlan in this part of the state. It may include
gome clastic beds, in additlon to the predcminaping limestones .l

The Magdalena formation occura a&s thrust sheets or klippen
in the western part of the Slerra Rica overlylng the Permian red-

beds, the Corbett formation, and the unexposed Howells Ridge

i

;Flower, R.H. (1953), Paleozoic sedimentary rocks of south-
west New Mexico, Guldebook, 4th Fleld Conference, New Mexico
Geol. Soc., p. 11l.
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AGE FORMATION REEE | pESCRIPTION
. =l nsofidated gravel, sand
Pleistocene : g unco ,SaNG,
. : .25 |and clay of ephemeral
to High anuwum“— & 0-25 streams and arroyos; cov-
R ' > ers pediment surfaces
ecent, bt unconsolidated gravel,sand,
- Valley alluvium %0-800' and clay underlying the
'g‘ 2 pediment surfaces
::';" Disconformity several flows forming
3|Pleistocene Basait l0Q |0 Prominent mesa east
' of Hachilo Upper Tertiory intrusives
Disconformity one or several flows; oc- :
Quertz latite 010" |curs as isosljated outcrops Felsite
. . o negr Donaldson Ranch Rhyolite porphyry
Middle and Disconformity '“’}32{? tgg?c ci%tuff, flo “t"
. : K Ena |we ,and rare inter-
Upper Tertiary P’g_ °°'°s:'° '_‘;“ * 0-500 | hedded thin latite
| Visconformity - | separable unit of lafific P ;
i 250' ﬂo':v s includes some hin Lower Tertiary intrusives
Latite 500  |beds of welded tuff Porphyritic rhyolite
Disconformit orphyritic rhy
_ Y . | flows of. andesite
Lower Tertiary || ost Chance volcanics 300+ | and basalt Quartz monzonite
] Disconformity
Upper Cretaceous boulders, cobbles, and Monzonite
PP or Skunk Ranch fanglomerate | 5y |pebbles of Pennsylvanian :
Lower Tertiary | Disconformi and Crefaceous limestones Quartz diorite
° b infer_?q;:ided (rjnass(ijve ocatho- iorite
. ' [lquartzite and red an
Corbett formation 2500 [ iCen shale ' |
_ interbedded fimestone,sand- 'ka(';‘r’gl;g e
Lower Limestone-Sandstone g5t |stone,shale,and minor con- Iornpl%pl‘nyre)
member glomerate; metamorphosed
i) 40- | massive limestone;forms
Rudistid Limestone ]
Crefaceous § r'ner’;\‘lbe?s‘o 350" | prominent cliffs
o R
£ |Orbitoina Limestone o, |Min beds of danse
S member P00+ | blue limestone _
-§"Oysier Limestone thin-bedded limestone,
[ member " 19004 |contains coquina strata
o0
% Red Beds red sandstones
!  member 000’ and shales
. . ~ny. | red beds with dolomite -
Permian Abo formation 200+ | nd gypsum lenses occur as
. 3 ( thrust
Pennsylvanian " Magdalena formotion {200 |massive limestone sheets
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formation. Topographically, it may either form high resistant
ridges as in the western 3lerra Rica, or it may occur as low
rounded knolls, as in Hachlta Valley and Apache Valley. In the
southeastern part of the Slerra Rica in Mexlco, outside the area
here described, resistant ridges typlcal of the Peunsylvanian
kllppen were likewise sesn from the air.

The maximum thickuness of the Magdalena formation is at
Doyle Peak where approximately 200 feet was measured. Comparable
figures are not available from the Little Hatchet Mountains, but
it is delleved that since the Magdalena formation only occurs as
klippen within this part of the atate, the thickuress varies great- K

rL"'

ly depending dgaﬁfthe 5mcunt 6: %he ro&k involved In the thrust
block.

COrrelafion wlith other Pennsylvanlan formations to the west
and north i1s based on fauna. Fossils noted include the coral
Chaetetes, the bryozoan Fenestella, a Productid brachlopod, a
Spirifercld, and the fusulinds Triticites, Fusullna, and Wede-
kindelina. Lasky identifies the earllest fusulinds as
Triticltes beedel and Triticites secallcus.

PERMIAN.
Abo (7) Formation

The small section of Permian rocks that occurs in the Slerra
Rica can be tentatively correlated with the Abo formation
(Wolfcampian) of central New Mexico on lithologlc grounds.
Whether thls correlation is valld remains to be seen since re-

cent work by Zeller in the Big Hatchet Mountalns, where a more
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complete section occurs, indicates that the Permlan there 1is
more closely related to that of southeastern Arisona,l Further
intensive investlgation 1s needed before the complexitles of
tﬁe lateral gradations of the Permian from northern to southern
New Mexico cen be completely solved.

The one exposure of Permian red beds in this ares is at the
base of Doyle Peak wherse the facles occurs as a klihpe overlying
the Howells Ridge formatioﬁ; here covered by alluvium, and the
exposed Corbett formation. The red beds are In turn overlaln
by older Pennsylvanian limestones which represent & second stage
of thrusting. The sectlion measured at Doyle Peak 18 only a
small part of the much thicker Permian section measured in the
Pig Hatchet Mountasins where s thickness of some 4,000 feet has
been reported.® The section below can be correlated with the
middle part of the Big Hatchet Zectlon.

Magdalena Tormation of block above thrust block
Thrust fault

Top of Permian redbeds exposed on the north
g;ope of ﬁqyie Peak

Thickness Cumulative
of unit thickness

Dolomite 6 feet 6

Red sandstone, partlally recrystallized, 7
and shales; thin bedded; sandstone beds
are one foot thick at maximum; shale beds
average 6 inches in thickness; occasion-

al gypsiferous lenses 140 146
Dolomite 2 148
Red sandstone and shale 20 168
Dolomite i 169

1Flower, op elt, p. 111,
2zeller, R.A. (1954), Personal Communication.
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Limestone 1 - 170

Red sandstone and shale with lime.
stone interbeds & lanches thick g 179

Interbedded red shale and beds of

limestone and dolomite one foot thiok;

gypsiferous lenses . 15 g4
Red and green shale 5 199

Dolomite, fine grained, dense, dark
hlue; weathering graylsh-green 2 201

Blue-gray limestone, fine gralned, ‘ '
dense 9 210

Alluvium

.

Total 210 feet

In other areas in the state, the boundary between the
Pennsylvanian and Permian is difficulty recognized because of
similar lithologies and faunas at the contact; for the most
part, the rocks of the two systems can only be distingulshed on
the basis of rare fusulinid genera. In the area here descrlbed,
however, thrusting has avolded that problem for Pennsylvanian
and Permlan rocks are nowhere in contact in chronologle order,
Foasils are rare in the section described above, only an oc-
caslonal brachiopod being noted in the limestone, together with
numerous worm trails and borings. But even lithologically, the
Permian age of the section can be definitely eatablished by com-

parison with more fosslliferous exposures elsewhere.
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LOWER CRETACEQUS

Howells Ridge Formatlon
General ngacriptian

The Howells Ridge formatlion is named from the type locality
described by Lasky in the Little Hatchet Mountaluns., That sec-
tion and the one from the Apache Hills, as well as an analogous
one from the Big Hatchet Mountaing, are all simllar in 1itholbgy
and thickness, with only minor variations,

The Howells Ridge formation occurs in both the Sierrs Rica
and Apache Hills. In the latter, the exposure 1s just east and
west of the International mine, Here, all of the formation,
except the youngest member can be seen. Parts of the formation,
particularly the upper limestone units, also crop out as fault
blocks between the Chapo mine #nd the international mine. Simi-
larly, a fairly complete section 1s exposed at and southwest of
the Qcecidental mines. In both rangea; one of the uppermost
members, & massive, fina grained blue limestone, is commonly &
¢liff bullder and tends to form a dip slope on the back side of
the ridge (Figure 2). Topographically, the higher hills are
underlain by limestone while the lower areas are underlaln by
the less resistant red sandstone and shale,

This formatlon 1s the oldest Cretaceous formation in the
area. It is believed to overlie Permlian red beds though no
such contact has been seen in the Apache Hills or the surround-
ing areas. ‘The Howells Ridge formation ls probably not under-
lain by Triassic or Jurassic rocke since no trace of Trlassic

or Jurassic sediments 1s known ln this area or within this
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corner of the state or in adjacent parts of northern Mexico,
The sharp demarcation between the predominant limestone below
and the first thick quartzitlc bed of the overlying Corbett
formation was chosen &8 the upper 1limit of the Howells Ridge

formatlon.
Subdivisions

For purposes of gtruptupal emphasis, the formation has been
subdivided Into five different units or members, each of varying
thickness. The lowest member, dominantly clastic, consists
primarily of red énd green shale, siltstone and sandatone with
occasional limestone conglomerate lenses and red limestone. A
atriking feature of this member is the abrupt intertonguing of
beds through a short lateral distance (Plate 11). This unit is
here termed the Red Beds member. The next oldest unit, the
Oyster Limestone member, is composed of dense fine to medium
grained crystalline blue-gray limestone, including some coquina-
like beds consisting almost entirely of oysters. The middle

member includes thick to thin beds of dense blue limestone char-

acterized by numerous Orbitolinas and less prevalent echinoids,
This bed 1s termed the Orbltolina Limestone member. The next
youngest unit, here called the Rudistid Limestone member, is the
massive cliff-bullding limestone referred to above, which con-
tains sbundant rudistld fossils. The youngest member consists
chiefly of interbedded limestone and sandstone with less common
interbeds of shale and conglomerate. It 18 here designated the

Limestone-8andatone member to stress its chilef characteriastic,
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This member has been thermally metamosphosed in a striking
manner along the scuthern slopes of the Apache Hills west of
the Chapo mine &rea.

Generally 8ills and dlkes of various igneous rocks cut
this formation, but in the section measured they happen to be
rare. Trachyte, lamprophyre, and felsite are common in all
members, whereas diorite is confined to the base of the Rudlstid
Limestone &nd quartz dlorite to the youngest member of the

Howell Ridge formation.

Detailed Succession

Section from Border Post No. 38 northwest*

 Alluvium

Top of Section of Limestone~Sandstone member

Thickness Cumulative
of unit . thickness

Limestone conglomerate 2 feet 2

Interbedded variegated orthoquartzite and
green shale, Thickness includes two trachyte

‘8ills totalling approximately 10 feet - 139 141
Tr;chyée 8ill - - 5 146
Gray and red orthoquartzite with trachyte
81lls 45 191
Variegated orthoquartzite 146 337

~‘Aﬁ;iesitg_ si11 . 18 355

" Meddum grained variegated sandstone U7 402

*Hape of section started at Border Post No. 39 and continued
northwest to a point 250 feet west of the Ford Prospect.
Measurement of the Orbitolina and Rudistid Limestone members
commenced at the stream bed north of Border Post No. 39 and
continued north-northeast to the top of the massive limestone.
The measurement of the youngest unit started at SW.1/4, SE.1/4,
SE.1/4, section 1, T.29S., R.14W. and continued in a general
5.60°E. direction until concealed by slluvium.
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Red and brown orthoquartzite with interbedded

thin blue limestone lenses 37 439
Coarae gralined reddish-gray arenaceous and
fossiliferous limestone 2 4
Reddish-brown sandstone, coarse and gritty 8 g
Blue limestone 48  hg7
Interbedded limestone and sandstone 16 513
Red, gritty, coarse grained sandstone 28 541
Gray argillaceous sandstone 19 560
Red to brown coarse grained sandstone 12 572
Uray argillaceous sandstone and pure sandstones
fine to medium grained, thin bedded 25 597
Blue limestone 24 621
- Andesite 8111 o 32 653
L"“fﬁ%éﬁﬁ:&déd‘iimestonaa end argillaceous sandstone 35 688
Blue limestone, thin bedded 1 TO7
Red to brown medium grained sandstone 3% Th2
Blue limestone, thin bedded 41 783
Greenish-gray siltstone | 13 796
gggzrzegg:geglggiiimestone and green shale in 12 808
Blue limestone, fine grained and dense, thin
bedded with average thickness of 1 to 2 feet 29 837
Total Limestone-Sandstone member 837
Basic sill *“/ff:;»-
~FZ

Rudistid Limestone member

Blue massive limestone, fine grained or dense, about
45 feet thick, & prominent cliff-building unit, ex-
tremely fossiliferous, with abundant Toucasis and
rbitolina, (Other measurements of this member at
NW.I%E,'SE.I/@, section 35 T.2838., R.14W. and at
NE.1/4, NE.1/4, section 2, T.208., R.1iW., reveal a
thickneas of approximaiely 250 and 350 feet re-~
spectively) 45
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Orbitolins Linestone member

Blue-gray limestone, dense and fine grained;
individual beds vary in thickness from one to

five feet, becoming thicker toward the top,

rich in Orbitolina, 873

Oyster Limestone member

Thickness Cumulative
of unit thickness

Alluvium above bhed rock, Introducing un-
certainties aa to maximum thickness

Interbedded ehale and siltstone 20 20
Oyster~rich limestone, each bed U feet thick 16 36
Blue, fine grained limestone, fossiliferous 1k 50

Oyster-rich limestone with Exogyra up to 6
inches in length; beds vary from 2 feet to

'8 feet thick 59 109
Oyster~rich limestone with green shale

interbeds 20 i29
Blue limestone, fine grained 36 165
Oyster-rich limestone with Pecten 8 173
Blue, dense argillaceous limestone 10 183
Blue limeatone, fine grained 17 200
Interbedded gray shale and fine grained '

limestone 33 233
Interbedded finely and coarsely granular

limeatone 43 276
Calecareous gray sandstone T 283
Red, coarse grained limestone 5 288
Blue, coarse grained arenaceous limestone 5 293
Gray orthoquartzite 100 393
Oyster-rich limestone 5 398

Blue limestone, medlum to fine grained,
arenaceous in part, fossiliferous k7 hhs

Arenaceous limestone 10 455
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Interbedded coarse and fine gralned limestone 45 500
Interbedded fine grained blue limestone, and

green shale and calcareous shale 35 535
Coarse grained blue limestone in occasional

outerops 500 1,035
Coarsely granular calcareous gandstone 2 1,037
Interbedded coarse and fine grained blue

limestone Vil { 1,114
Blue, coarse gralned limestone with arenaceous

lenges 10 1,124
Oyster-rich limestone 6 1,130
Blue, coarse grained limestone | 10 1,140
Oray, coarse gralned arenaceous limestone 8 1,148

Interbedded fine and coarse grained thin

bedded blue limestone 3 to 5 feet thick with

arenaceous layers and thin trachyte sills 70 1,218
Red, fine grained arenaceous limestone 2 1,220

Blue, thin bedded, coarge grained limestone
with sandy layers 2 to 3 feet thick 27 1,247

International fault

A

Total Oyster Limestone member 1,207 feet

Red Beds member

Thickness Cumulative
of unit thickness

Alluvium
Red arglllaceous sandstone 15 15

Conglomerate composed of limestone pebbles
in a sandy matrix 3 18

Red and gray, thin bedded, shale and silt-
stone 117 13%

Red siltstone &) 141



Red, fine gralned limestone
Red shale, thin bedded
Red orthoquartzite

Interbedded red shale, sandstone, and limestone
conglomerate lenses

Conceanled ‘

Red and buff‘sanéstone and shale

Red and gray sandstone, in part quartzitic
Red and gray varlegated shale and siltstone
Interbedded red shale and thin dolomltes
Concealed

Limestone conglomerate consisting of llmestone
pebbles and cobbles in & fine prained sandy
matrix

Red shale

Reddlsh-brown medium grained sandstone

Interbedded blue cherty limestone and brown
medium grained sandstone

Buff to gray, thin bedded, coarse gralned
sandstone, in part quartzitic

Interbedded thin bedded, dblue, fine grained
limestone and brown fine gralned sandstone

Concealed

Buff to gray shale

Gray sandy limestone, cherty and thin bedded
International boundary

Total Red Beds member

4
38

25
23
77
1g
125
39
kt

31
10
by

36
4o

89

2hs

57
4o

1,143 &+

26

144
158
196

221
244
321
340
165
504
551

582

592
636

672
712

801
1,046
1,103
1,143
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Paleontology

The fosslls found and identifled by the author include the

gastropods Tylostoma and Nerinea and the ammonite Douvilleiceras,

all three of which were noted in the oldest limestone bed of the
Red Beds member. The same bed also conteins an unidentified
belemnoid., The lower mewber is for the most part singularly
devold 4f fossils In the clastlic beds; however, the limestone

beds do contain occaslonal examples of Pecten, Turritella, and

oysters. The Qyster Limestone member, on the other hand, is
conspicuously rich in fossils, the most striking being entire
beds of oysters which form cogquina~like strata varying in thlck-
neas from 2 to 10 feet. The "oysters" are mostly Exogyra and
less commonly Ostrea. The other limestone beds of this wmember
are also fossiliferous but they contain a more varied fauna

which includes, besides oysters, the gastropods Turprltella and

Tylostoma and the pelecypods Arctles, Trigonisa, and Pecten,

The fauna of the middle member is strikingly different from the

other twe In that 1t contains abundant specimens of Orbltolina

throughout; numerous echinolds identified as Hemlaster are con-
fined to the upper part of the member. An unidentifiled bryozoan
was also nute& in that part of the section, as well ag the
pelecypod Arca. The ¢liff~forming member is characterized by
large specimens of the pelecypod Toucasia, a rudistid; assoclated

with 1t are subordinate numbers of Orbltolina. The overlying

youngest member contalns toward 1is base numerous Orblteolinas

whiceh occur in marked clusters scattered throughout the limestone
beds,
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Other specimens from the same formatlon in the Little
Hatchet Mountains® include Beudanticeras hatchetense Scott,

Irinitoceras reesidel Scott as well as Tylostoma c¢.f. putabiils
Gabb. The dominant fossils of the oyster beds have been Aidenti~

fied‘as Exogyra gquitmanenals Oragin.

corbeti Formatién

General Description

The Corbett formation 1s named from the type 1oc§11ty de-
seribed by Lasky in the Little Hatchet Mountains, with which the
occurrences in the area here discussed can be directly correlafted,

L

1t 1s analogous to the Sarten sandstone, a term used by Darton on :
his geologlc map of the state and in his report on Luna County. \
In the Sierra Rica, the Corbett formation, occurring as a
wide band in the western part of the range, conformébly overlies
the Limestone-Sandstone member of the Howells Ridge formation.
In the Apache Hills, the Corbett formation 18 apparently missing
either through non-deposition or subsequent erosion. In the
Slerra Rica, the contact between the Howells Rldge formation and
the Corbett formation is obscured to the southwest by the in-
trusion of & porphyritic rhyolite sill 1,000 feet thick along
the contact. The contact between this slll and the Corbett
formation 18 beyond the limits of thé area covered by this re-
port. From Doyle Peak southwest, the formation is overlain by

Permsylvanian limestone and Permlan red beds which have been

overthrust from the south or socuthwest.

lhaaky, op elt, p. 18.
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Topographically, individual beds of the Tormatlion produce
prominent parallel ridges or hogbacks wheresg the less resistant
beds are marked by troughs. Lithologically, the unit consists
of thick, massive, well cemented orthoquartzite, with interbedded
red and green shale, The orthoquartzite contalins subangular to
well rounded quartz grains. Quartz composes wore than 95% of
the rock; other constituents include rare feldspar and mica.

The c¢olors of the rock range from gray through red to brown.

In many places, manganese stalning iwmparts & black color to the
rock, Cross bedding and ripple marks are occasionally noted.
Banding is very common, Petrified wood, commonly stained bdblack,
i1s another characteristic feature.

The contact between the Howells Ridge and Corbett forma-
tions lg here drawn at the top of the youngest limestone bed in
the upper Howells Ridge member. The top of the Corbett is not
exposed in the area here described since it is either covered
by alluvium or overlain by Pennsylvanian klippen.

A sectlon giving a reliable maximum thickneass was measured
from points known to be &t 1ts base and at the higheat exposed
bed, a8 plotted on an enlargement of the topographlc map. This
Indicated an approximate thicknesa of 2,500 feet, which is in
fair agreement with the thickness of 3,000 feet measured in both
the Little and Blg Hatchet Mountains. The beds are dominantly
quartzitic sandstones (probably orthoquartzites) and range from
ten to 40 feet in thickness, as contrasted with the thickness of
beds in the interbedded shale and slltstone, about a foot at

most.
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Paleontology

No foaslls were found in the orthoquartzite hut-some poor
unidentifiable apecimens were noted in the shaly interbeds. In
the Littia Hatchet Mountalns, however, in a {hin limestone bed
at the base of the formation, the fellowing fossils were identli-
fled: Irigonia sp., Protoéardia 8p., Arctica sp., A.medlalis
(Conrad), and Neithea occidentalis.t

CORRELATION OF THE LOWER CRETACEOUS SEDIMENTS

All the lower Cretaceous sediments of the Apache Hills énd
Slerre Rica can be correlated with rocks of similar lithology
elther in the Little Hatchet Mountains or the Big Hatchet
Mountains or both. The main bulk of the sediments appears to
be Trinity (Lower Cretaceous or (omanchean) in age, as estab-
1ished by Lasky on the basis of fauna in the Little Hatchet
Mountains. In that range some 15,000 to 20,000 feet of Lower
Cretaceous rocks are exposed. This contrasts with the 7,000 -
to 8,000 feet of Lower Cretaceous found in both the Apache
Hills and Blg Hatchet Hountaina.2 These two sections are simi-
lar to the Lower Cretaceous section of southeastern Arizona.3
An exception to this consistent pattern of Lower (retaceous

deposition is the thlck section in the Little Hatchet Hountains.u

1Laaky, op eit, p. 24.

EZeller, R.A. (1953), Lower Cretaceous stratigraphy of south-
west New Mexico, Guidebook, 4th Field Conference, New Mexlco
Geol. Soc., p. 3.

38toyancw, A.A. {1949) Lower Creteceous stratigraphy in
southeastern Arizona, Geol. Soc. Amer, Mem. 38, pp. 4-12.

i
Lasky, op cit, pp. 16-26.
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However, 1t is belleved that the section there nmay involve gome
duplication by faulting. Further work being conducted in that
area by Robert A. Zeller of the New Mexico Bureau of Mines will
test this beliel.

In general the succession of beds in the Lower Cretaceous
conslsts of B lower clastlc unit followed by massive limestone
beds which in turn are overlain by an upper clastic unit.. This
sequence was first observed in the Bisbee, Arizona area,1 where
a composite thilckness of about 5;000 Teet was measured. The
section there consists of a lower clastic unit, the Morita for-
mation, largely red beds, comparable to the Red Beds member of
the Howells Ridge formation; overlying it is the Mural limestone
which can be c¢onsidered equlvalent to the four limestone members
of the Howells Hiége.rovmation; the youngest unit, clastlc In
nature, the Cintura formation, can be tentatively ecorrelated
with the Corbett formation.

UPPER CRETACEOUS (OR LOWER TERTIARY)
Skunk Ranch Fanglomerate

The Skunk Ranch fanglomoraﬁe derives ita name from the

type locality in the Little Hatchet Mountains. The rocka there
2
expoged as constituants of the formation can be directly COr~ ¢

s
related with the thlnner section of the same formation cropping
out in the Apache Hills and Sierra Rica. In the present descrip-
tion fanglomerate is used in place of conglomerate, as applied in
the Little Hatchet Mountains, for reasons to be shortly explained.
1Ransome, F.Le (1904), The geology and ore deposits of the

Bilsbee quadrangle, Arizona, U.S. (eol. Survey Prof. Paper 21,
PP. 56-73.
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The Slkunk Ranch fanglomerate lies disconformably upon
Paleozole and Cretaceous sediments. West of the Dalsy mine and
in the immediate vicinity of the mine, the fanglomerate occurs
g3 thin beds uncomformably overlying the Hudistid Limestone
member of the Howells Ridge formation (mection C-C' on Plate 1,
Plate 10). In the same general area scattered remnants of the
formation occur locally avarlyins the Rudistid Limestone member
as well as the younger Limestone C Sandstone member., Another
ares of exposure is east of Doyle Peak where the fanglomerate
rests uncomformably upon older Pennsylvanian limestone and was
apparently involved and carried along with the thrusting.

In the Apache Hills, the fermation conslsts largely of
conglomerate-boulders, cobbles, and pebbles of limestone cemented
by iron oxide, in a matrix of coarse red sandstone. Igneous rocks
are consplcuously lacking among the boulders. Laterally there
may be a gradation to sandstone conglomerate boulders and to a
fine grained sandstone matrix. Interbeds of green shale were
noted locally. Chert lenses, probably of secondary origin, are
very common. The avérage diameter of the cobbles 1s about 4
inches, but some range up to 1-1/2 feet in diameter. The lime.
stone boulders and cobbles contain Paleozolic and Cretaceous
foaaila, cerincid stems characteristic of the Magdalena formation, C

and Orbltolinas from the Howells Rldge formation. The reason for

S N {

the term fanglamerate is thus obvious.
 In ¢ the Apache Hills, the thickness of the fanglomerate
variea from 10 feet to about 50 feet at its best exposure,

whereas in the Little Hatchet Mountains the thickness, as
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determined by Lasky, 18 3,300 feet. A similar thickness holds
for the Big Hatchet Mountains. The discrepancy may be sceounted
for by assuming that the Apache Hills and Sierra Rica represent
the outer limlts of Skunk Ranch deposltion, or by assuming that #’)
a more intense erosion was localized to the Apache Hills. f
Considering the local nature of such a2 non-marine fanglomeratic ( _
unit of this type, the first explanation seems more probable. x///
The fact that many of the large boulders and cobbles are of rocks
now found in the Little and Big Hatchet Mountains supports the
same concept.
The only fossils found in this formation were in the boulders
and cobbles, not in the matrix; thus paleontologlc evidence as to
the age of the formation 18 lacking. However, lithology, uncon-
formable base, and relationship to tectonle features all point
to a late Cretaceous (post~Corbett or later) or early Tertiary
age. Yet, 1f of Tertiary age, 1t wana certainly deposited prior
to any of the lgneous activity of that time., Its relationship
with the Last Chance voleanics 1s not entirely clear but there is
at least no evidence that pointe tc the fanglomerate as being

younger than the volcanie unit.
SUMMARY OF THE IGNEOUS ROCKS

The igneous rocks of the area include some fifteen diz-
tinguishable unitas. The petrographic features and relative
ages are discussed under each unit. Thelr relation to mineral-

ization 18 graphically indicated in Table 2.
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Although an attempt is made to relate each rock unit to a
chronologic sequence, adeguate field evidence for some of the
assigned ages is lacking. For example, the age relations of -
certein dlke rocks transecting only Lower Cretaceous sediments
cannot be determined with confidence. Similarly, the exact
ages of many of the later flows and tuffs is not determinable
because of the lack of Interbedded Tertliary sediments and ap-
sociated fossils. In such cases, ages were tentatively assigned
by comparison of lithologles with those of other local areas
where age determinations were more soundly based and have re-
celved general scceptance. A good example of this procedure is
the correlation of the diorite and quartsz diorite intrusives of
this area with those at Sllver City; the latter have been classi-
fied as early Tertiery, prior to the emplacement of the major
stockn.l

Desplte the general acceptabllity of such lithologic cor-
relation, certaln problems arise in assligning a speciflc age
to some ligneous rock units. For example, rhyolite porphyry
dikes that cut the earliest mafic flows exposed in Apache Valley,
though lithologically similar, may be earlier in time than those
expoaﬁd on the northwestern flanks of the Apache Hills. Like-
wise, the mafic flows of Apache Valley may not be of the same
period as those in the vicinity of the Queens Taste mine. Nor
an the Apache Valley maflc rocks be correlated with the mafic
sill exponed southeast of the Dalsy Mine, though alike litholo-

lﬂemon, R-N’c, JOHQS, W-RQ. B.nd KOOI'G, SuLt (1953), SOMQ

geologic femtures of the Sants Ritas quadrangle, Guidebook, 4th
Fleld Conference, New Mexlco Geol. Soc., p. 123.
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glcally and possessing generally analogous primery structural
features, Variations are tc¢ be expected in any group broadly
clansifled on the basis of composition, and the many uncertain-
ties make any such correlations tentative at best.

Broadly, early Tertlary igneocus rocks differ from later
Tertiary rocks by containing deuteric or hydrothermal epidote.
The early Tertiary intrusives - whether dlorite, monzonlite, or
trachyte - are characterlzed by abundant pistscite which has
imparted to some rocks a dark green color. The only exception
is the Last Chance group (mainly mafic flows and intrusions)
which, although containing epidote, has less of 1t than the
other but more nearly intermediate rocks of the same age. 1In
many mafic rocks, chlorite ias an accompanylng alterstlion mineral,
though usually of minor occurrence in the intermediate rocks.
In contrast, the later Tertisry rocks are characterized by the
‘absence of epidote but are generally chloritized. The ore de-
posits of these periods are distingulshable in like manner. At
the Apache and Chapo mines, epldote iz a prevalent and persistent
gangue mineral whereas all the other ore deposlits in the Apache
Hills and 31erra Rica known to be later in age contain much
chlorite and only raré epidote. This alteration aassociation is
not merely distinctive of the Apache Hills, but ls apparently

common to the surrounding ranges.
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UPPER ORETACEOUS OR LOWER TERTIARY IGNEOUS ROCKS
- Last Chance Volcanics

Genersl Description

The Last Chance volcanics derive their name from thelr
most prominent occurrence near the site of the Last Chance
mine. The formation crope out as two major bands extending
acrogs the play§ between the Apache Hills and Sierra Rica.

Both bands aré composed of porphyritic andeslite and basalt
flows and plugs with occasional flow brecéiaa, breccia plugs,
and mors rarely silicic tuffa. Southeast of the Dalsy mine,
the same rock type, primarily of basaltic composition, pré—
sumably occurs as & 811l betweeh the Rudistid and Limestone ~
Sandstone members of the Howells Ridge formatlion; north of the
Daisy mine, the volcanics ocour as andesite and basalt flows
and dikes. In all three localities the rocks form low rounded
hills separated from each other by shalléw arroyos and alluvium.
The flows rest unconformsably upon the erocded surface of the
Howells Ridge formation (section C-C' and D-D' of Plate 1),

The exact thickness of the formation cannot be adequately
determined becsuse neither top nor bottom are exposed, More-
over, the scarciliy and 3ifficult interpretation of flow struc-
tures or other guldes to the bedding make the plotting of
thicknesses very difficult. However, inferences based on cross-
sections seem to support a thickness of 500 fest for the sill
and probably a similar thickness for the flows. The figures
are gquestionable as the thickness should vary locally depending
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on the erosional surface upon which the flows were extruded.

An inconclusive attempt to measwre & sectlon south of the Apache
fault resulted in similar figures, The measurement was compli-
cated by the intrusion of maflc plugs, felsites, and rhyolite
borphyry dikes, as well as by the Apache fault which has drag-
folded some of the flows. The few places where true bedding
could be measured in the flows show a north dlp near the Last

Chance mine and a south 4ip near the Quartz prospect.
Age and Correlation

The age of this formation is in doubt because the lack of
sharp contacts prevents accurate determination of the upper
and lower limits of the unlt., The uncertainty 1s also caused
by the lack of interbedded sediments and accordingly of fossils.
In his deagoription of the Little Hatchet Mountalins, Lasky as-
slgns the Last Chance formation to the Lower (retaceous, regard-
ing 1t 88 underlying and hence older than the Howells Ridge for-
mation., In the Llittle Hatchet Mountalns, the unlt is called
the Hidalgo volcaniocs by lLasky who concludes after a short visit
to the Apache Hills that he was able to correlate the Hidalgo
volcanics with the volcanics here described from the Last Chance
area. The same unit is cited as ocourring in the Lopdsburg
mining district and in the Florida Mountains southeast of Deming.
These and other areas are clted by Lasky to prove the Lower
Cretaceous age of the Hidalgo volcanles and 1its equivalents.,
Yet all the evidence in the area here describved points to a

post-Cretaceous age.
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In the Apache Hille, the relative age, at least, of the
Last Chance volcenlcs can be readily determined. The volcanics
are older than the rhyolite porphyry dikes which intrude them
since the latter contaln andeslte fragments in many places; the
Last Chance volcanlcs are overlaln by latites and rhyclite flows
and tuffs near and socutheast of the Luna mine; they are them-
selves intrusive into Howells Ridge sediments southeast of the
Daisy mine. -No direct evidence 1s avallable regarding their
age relative to the Corbett formation since the two formations
_are nowhere contiguous. It 18 hardly to be expected that so
réaistant a formation as the Corbett, once deposited, would be
completely eroded leaving no remnant whetever; 1tugggggmmora

probable that the 1ack of the Corbett formation in the Apache
Hi1ls stems entirely from lack of deposition rather than com-

plete erbaion. In view of this probability it appears Justi-
fiable to assume that the sediments assigned to the Howells
Ridge formation were once deposlted in the Apache Hills;
subsequently, leveling of this surface occurred and then the
Leat Chance flows were poured out over it. Three other kinds
of evidence point to an age later than the Howells Ridge forma-
tion and most probably either late Cretaceous (l.e., later than
the Skunk Ranch formation) or early Tertiary. Pirst, dikes of
andesite of the same composition {and therefore probably of
similar age) occur sporadically in the DLimestone-Sandstone unit
of the Howells Rlidge formation southwest of the Dailsy mine.

Second, simlilar intrusions occur in the Orbltolina Limestone
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member of the Howells Ridge formation along the crest of the
anticline just north of Border Post No, 39, though too small

to be indicated on thé map. Tﬁird, conditions at the Apache
fault strongly suggest again that the Last Chance volcanics are
younger than the Howells Ridge formation; these conditions are
explained in the section on Structure.

The relation between the Skunk Ranch fanglomerate and the
Last Chance formatlion could not be definitely ascertained. Thls
is because, though both overlle unconfbrmably the Howells Ridge
Tormation in the Apache Hillas, they are not in. contact with each
other. However, two lsolated outcrops of fanglomerate occur in
the basalt s8lll, both of which may well represent xencllths or
blocks picked up and incorporated during the aillfgrintrusion.

In review, the Last Chance volcanlcs are éiggr than the 7 —ec

‘

Lower Cretacecus and may be as young as Upper Cretsaceous and

possibly even Lower Tertiary. Volcanlcs simlilar in age to those

discussed have been recently mapped in the Lake Valley' and | . -
. . t;;__'_;'

.waer2 quadrangles near Deming, sbout SO miles away from the ;ibtr( of
region here described. e Do - .
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The formation consists almost wholly of basalt and andesite. , ﬁm?L
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It is made up of flows, dikes, and plugs with subsidiary tuffs (M”?ﬂ?fﬁ

and breccias. The flows compose about 75% of the unit. Their Efliffk

lineation 18 seen wilth difficulty, partly because they are v

131cha, H.L. (1955), Geology of the Lake Valley quadrangle,
New Mexlco, New!gexicquur. Mines and Min. Re?‘j Bull. 37.
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generally poorly exposed on the low rounded outcerops; prospect
pits usually show thgae igneous features to & moderate degrese,

In outerop, the rocks range from occasional green‘through
greenish gray to black and deep vioclet. d(enerally, the flows,
dikes, and plugs contain numerous I#rge'phenocryata; feldspar
phenoccrysts up to an eighth of an inchlin diameter are not un-
oommon.. S111 ropks, whether andesite or basalt, on the contrary,
are equigranular and contain few phenocorysts.

Microscopically, the formation is characterized by euhedral
rhencerysts of plagloclase, mostly andesine though labradorite
18 also widespread. Zoned plasgloclase iz also abundant and
ranges from labradorite in the core to andesine and, less commors~
ly, oligoclase in the rims. Polygonal outlines of olivine pheno-
cryats, for the most part converted to‘antigorite and iddingaite
with brown pleochroism, are prominent in some of the more basal-
tic members. Certain andesite dikes are characterized by pheno-
crysts of dull black auglte or hornblende, up to half an inch in
length. One dike of this kind was observed at the Cochlse veln;
others are at the Big Shiner mine. In these, zoned plagloclase
is conspicuously absent.

Ferromagnesian minerals other than olivine, include horn-
blende, usually in phenocryasts with green to brown pleochroism;
brown pleochrolsm ls characterlistic of oxyhornblende. Augite
is present as phenocrysts, commonly badly chloritized, and as
pert of the groundmass interlocked with labradorite laths; to-
gether these two minerals produce the ophitic texture 20 usual

in basalt. Blotite, though only rarely observed, appesrs in
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large phenocrysts as much as 4 mm. long, with brown pleochroism.

Magnetite 1s a primary constituent within the groundmaas
and an alteration product of the ferromagnesisan minerals. Apa-
tite and zircon are accessory minerals which in some cages are
the cause of pleochroic haloes in blotlte.

Quartz occasionally occurs as phencepysts and as part of
the matrix within the volcanles. JIn some specimens there is
about 15% quartz whlch would warrant terming the rock & dacite
(quartz sndesite) or perhaps even a quartz'baaalt.

Amygdules of chlorite, calclite, quartz, chalcedony, and
rarely snalclte are fairly common, the firaé three being moat
prevalent. The amygdules are generally concentrically banded;
quarts forms the outer band, calclite appears next, and chlorite
£111s the central portion of the amygdule, Individual amygdules
composed solely of these minerals are a2lso present.

The matrix of the rock varies, depending on whether it ls
a flow, a tuff, or an intrusive. In the flows, the texture 18
generally glassy and flow lines, if not noted in outecrop, are
commonly observed in thin sections as swirls. In tuffs, a
glassy devitrified matrix with thin delicate streaks or laminae
is noted. In intruslves, the texture of the groundmass ranges
from partly glassy to entlirely crystalline, the latter consisting
of 2 matte of plagloclase laths and mlorolitha. The grain size
of some intrusive varietles is almost coarse enough to make the

rock diabase.
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Some pyroclastic beds of the formatlon were noted in the
hills south of Border Post No. 40 where breccis pipes are ex-
posed. Here the breccia fragments are cemented by hematlite,
each fragment consisting of devitrilfled glass containing aligned
plagioclase laths and occasionnl) augite phenocryste. Near the
Laeat Chance mine, a light green amygdaloidal flow breccla with
well devgloped lineation conteins closely spaced clusters, each
cluster consistlng of angular crystals of albite, sanidine, and
quarts witﬁin a partiaily devitrified groundmass. In the same
general area, thin tuffs, of siligie composlition occur inter-
bedded with more numerous basaltlic flows. These tuffs are gener-
ally light violet, possess & delicate lamination upon close obser-
vation, and contain in many places numerous unoriented incliusions
an inch or less in diameter. Some of the tulfs are welded.

Another variation in the formation is the occurrence of the
dacite previously mentioned, expoged in the eastern part of
Apache Valley adjacent to the lnternatlional border. It is marked
by a topographic contrast In that the dacites and assoclated
hornblende and biotite andesites form high hills rather than low
rounded knolls. Each rock mass of such high hills apparently
represents & thick short flow or & steep slded volcanic neck or
both. Though not studied in detall these high hills appear to
be more siliceous and alkaline than other parts of the Last
Chance volcanics and could thus grade into the dacites exposmed
along the flanks of the hilis. There are no surface lithologice

or structural features to indicate that the dacite and andesite
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are two separate flows. For the mogst part, the dacltes and

the hornblende andepites are simllar in appearance and contain
needles of oxyhornblende half an inch long and trachytic in
srrangement, a8 well as zoned plaglocliase phenoerysats and ande-
gine and oligoclagse 1l&ths. The groundmass is subtrachytlic and
contains varyling amounts of interstlitial quartz. Zircon and
pyrite are common accessorles. Sericitization of the plaglo-
clase, especially the zoned ¢nes, 1s notable.

Alteration of all members of the formation is particularly
pronounced. The alteration minerals consist of abundant chlorite,
calolite, sericite, and rare epidote. This is ;n sharp contrast
to the more silicic intrusions and surrounding sediments, in
which epidote 1s the dominant alteration mineral,

Variations in mineralogy particularly in regard to quarts,
tend to produce members that may be classified as dacltes whille
variations in grain size result in rocks that may be termed
diabaszse. Since these variations are difficult if not impossible
to discern on the outerop, the grouping of all these rocks under
one formatlion seems the moat reaeib1§ treatment., Certainly
andesite and basalt of similar texture, color, and mode of out-
erop could not be distingulshed from each other in the field.
For purposges of ldentification, the two types were distinguished
on the basis of plagloclase composition, i.e., rocks with labra-
dorite were considered basalts regardless of the nature and

content of the aspocisted ferromagnesian minerals,
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LOWER TERTIARY IGNEOUS ROCKS
Diorite Porphyry

Diorite sllls repreaent‘ona of the earlieat periods of
igneous activity in the Apache Hills and have been tentatively
eorfelated with the dlorite rocks of late Cretaceous age ;n the
Little Hatchet Mountsins and at Silver City. In the Apache
Hills, dlorite occurs as thin 31115 20 to 25 feet thick and 150
to 300 feeﬁ iong, intrusive Into the Orbitolina Limeatope member
of the Howells Ridge formation, Just belowlthe Rudistlid Lime~
stone member (Figure 3). Such a Qiorite sill oah.be traced
easily in the field as it mey form & topographically resistant
ridge, There are only two cccurrences of dlorite in the Apache
Hills ~ one on the hill Just northgaat of the Mairland mine,
and the other, much smaller in extent, northwest of Border Post
No. 39.

The rock from the outerop near the Mairland mine has a dull
brown color on weathering, and consists of prominent phenocrysts
of gray feldspar and altered hornblende in a fine grained cryatal-
line groundmass. Miéroacopically it is compoaad of euhedral to
subhedral phenoeryata of andeaina averaging 2 mm, in dilameter,
and soned plagioclaae, with labradorite or andesine ln the center
and oligoclase or albite on the bordera. Green pleochroic horn-
blende, partially chloritized, occurs in aubhedral priamatic
grains. The groundmass 1s holoorystalline and medium grained;
1t 18 composed of orthoclase with occcaslonsl hornblende and some
interstitial quartz. Orthoclase constitutes up to 15% of the

total composition.



Figure 2
Dip slope on the Rudistid Limestone member. View

looking west from the International mine.
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Looking east from the Chapo mine toward the
cliff-forming Rudistid and Orbitolina Limestone

members. A diorite silf crops out near the base

of jha Bpfii;tld~L|megfpne member.
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Accessory minerals include magnetite, rare sphene, and
apatite. The latter exhibits well developed hexagonal cross
gectlons and elongated prisms 0,5 mm, in length., Deuteric
alteration is pronounced, the hornblende having been changed to
either anomalously birefringent chlorite or epidote together
with rarer hemetite and calecite., The feldsparsare altergd to
sericite, chlorite, and calcite, the calclte almost entirely
replacing the feldspar crystals, Some of this caleite.mpy'ﬂa;l
have been derived from the surrounding rocks. There ls dif-
ferential alteration as the unzoned plagloclases have been more
widely converted to chlorite and calelte than the zoned plagio-
clases. This 1s the converse of what occurred in the other in-
trusions in the range. L |

An approximation of tﬁe composition indicates that the
- volume ratlos of calci-feldapar to alkall feldspar is greater
than 5:3, which presumably places the rock within the dlorite
group. | _

No alteration of sediments adjacent to the slll was noted.
It is believed that these sills have no genetlic connectlon with
any of the ore deposits of the area. By contrast, the assoclated
quarts diorlite plugs and dikes have been contact metasomatized

and contain fissures that bear ore.

Quertz Diorite Porphyry

Quarts diorite porphyry intrusives, in conjunction with
diorite porphyry sills, represent the eqrlliest sequence of in-
trusion of intermediate composition. By analogy with the Santa
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Rita area, they are belleved to be of late Cretaceous age,
certainly prior to the intrusion of the major stock that conm-
poses the western part of the Apache Hills. Quartz dlorite
ocours as aills, plugs, and dikes in the metamorphosed member
of the Howells Ridge formation west of the McKinley fault and
in the viéinity of the Chapo mine. In the former locality the
1ﬁtrusivas ocour close together and suggest & larger coklesced
parent magme at depth. The age relationships are evidenced by
the Indlan fault which continues westward from the McKinley
fault and bisects one of the guartz dlorite plugs. ‘The pres-
ence of taetite mineralization along this fault, as well as -
tactite-type minerals within the plug liself, indicates that
the quartz diorite rocks were intruded prior to the major stock
since metasomatic gllication is shown %o be assoclated with the -
latter intrusion.

The quartz diorite has no characteristic topographic ex-
pressgion; 211l the intrusive rocks weather to a gravelly talus
in the low hllls west of the McKinely fault. Thelr weathered S
surfaces greatly resemble the enclosing metamorphosed sediments
in the hand specimen; the two kinda of rock can only be dis-
tinguished on fresh surfaces. The fresh surface of the quartg
dlorite 1s characterized by a dull green or tan color with
prominent large wh;te feldspar phenocrysts and occasional quarts
phenoerysts in a generally microcrystalline groundmass. Micro-
scopleally, the rock contalns euhedral to subhedral phenoerysts

of andesine and ollgoclase up to 5 mm. in diameter, Zoned
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plagioclase crystals with andesine cores and albite rims com-
parable in size to the plagloclase phenocrysta, are common in
some specimens but completely lacking in others. Oprthoclase
and alblite are minor conatituents usually in the form of anti-
perthite. Quarte occurs as occasiontl corroded phenocrysts.
However, both guartz and orthoclase are more typical of the
groundmass where they occur intergrown; there the orthoclase
appsars to have a nearl& parallel allignment.

Minor minerels 1nclude-pleochroic blotite, augite, (al-
tered to chlorite and secondary magnetite), hornblende,and
apatite., Hornblende haa been incompletely converted to what is
belleved to be pargasite. The alteration which produced miner-
als believed ﬁo be deuteric (such as sericlte, chlorite, epidote,
and calclte) hss markedly affected the feldspar. Introduced
minerals include quartz, calecite, epidote,and magnetitelwhieh
are generally confined to thin veinlets. Apatite is particular-
ly praﬁiﬁent in some specimens and composes approximately 3-5%
of the quartz diorlte plugs exposed at the Chapo mine. Although
apatite 1is not restricted to obpervable fiasures, 1t is be- 221
lieved to be associated with the contact metasomatism affecting 7
this area. (

Differential deuteric alteration of the more calcle plagio-
clase, in preference to the albite and orthoclase, 18 very marked,
This is exemplified by zZoned plagloclagse phenocrysts where andes-
ine cores are whnllyvsericitized and are surrounded by fresh
albite rimse.
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The mineralogical composition of the rock is approximately
as follows; 35-50% plagioclase feldaper, 15-25% slkeli feldspar,
10-15% quarts, 5-10% minor bilotite e@nd augite, and 5% sccessory

minerals.

The Apache Hills Gomgoaite Stock

The intrusive body that forms the major mass of the Apache
Hills is a composite stock composed of an earllier stock of monzo-
nite porphyry and a later stock of quartz monsonite porphyry.
Similar composite stocks of intermediate compoaltion have long
been recognized near Santa Rita, New Mexico and more recently in
the Little Hatchet Mountains. The sifock occupies an area of ap-
proximately seven square miles on the western flank of the range
and forms the highest peak in that area. To the southwest, 1t
displaces part of the Howells Ridge formation, the upper member
of which has been subjected to thermal metamorphism and metasoma-
tion, The beds south of the stock generally have a gentle north-
nur& dip toward the stock but are dragged upwsrd close to the
eontact. To the northeast, the stock is overlain by bordering
latite and andesite flowas and by intervening and intrusive
rhyolite porphyry which has been intruded along the contaot
between the monzonite and overlying flows. The latter condition
also holds true on the southweat flanks; there numerous porphy-
ritic rhyolite dikes have been introduced along the contact
between the quartz monzonite and the Howells Ridge formation.

To the northwest, the stock is abruptly terminated by the MeKinley
fault which brings the rock of the intrusion into sharp contact
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with & thick sequence of the contact metamorphosed Llmestone-
Sandstone member. Here the McKinley fault marks the western,
outer limit of the contact metasomatism affecting this upper
member, _

The monzonlte and quartz monconite that compose the stock
are moderately reaiéténf ro&kétand tend to form the highest
peaks of the range. AdjJacent to Apache Valley, the quarts
monzonite has deen largely eroded to very gentle slopes which
decline evenly lnto the level of the valley alluvium. -

In general the outline of the stock ls elongated parallel
to the west-northwest trend of the range and to the major folds
and the Indian and Apache faults, as: further diacussed below,
This is particularly noted in the guartz monzonilte facies whose
contact with the sediments is singularly concordant. However,
alluvial cover, not penetrated by shafts in this locallity, con~
ceals the piteh of the stock. The angle of pltch or dip of tne
main axis of the plug is obviously highly irregular since iso-
lated plug-like cupolss of quartz monzonite and mongonite are
exposed in the Limestone-Sandstone member of the Howells Ridge
formation (Plate 2). These offshoots suggest that the stock
widened downward. The apparent concordance between stock
elongation and structure then, is only & matter of two dimen~
. slons and the stock is obviously discordant at depth.

Outerops of monzonlte or quartz monzonlte are completely
aksent west of the McKinley fault and it is therefore believed
that the stock was emplaced along this faults here subsequent

ore solutions were probably also channeled.
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Mongonite Pacles

Monzonite constitutes about three-~fifths of the exposed
part of the stock. Megascoplcally 1t has characteristic
greenlish gray or blulsh gray colors. Phenoorysts of feldspar
up to 1/8 inch long are embedded in & microcrystalline ground-
mass. The border zones of the monzonite are very flnely granu.
lar and closely resemble the latites which overilie the stock.
In fact, the chief dlatinction between thia‘latite border zone
and the latlte flows lies in the fact that the stock has under-
gone considerable epidotizatlon, prominent even in hand speci-
mens, whereas the flows, though otherwlse highly altered, are
only very slightly epldotized.

Microscopie study reveals a characteristic granitic or
"monzonite" texture, i.e., euhedral to subhedral plagloclase
grains interlock with subhedral to anhedral orthoclsse grains.
An estimation of mineral content from three slides indlcated an
a&lmost equal percentage of potash feldspars and calcic feldspar
with varying amounts of hornblende or augite or both and rare
blotite.

The calcic feldspar 1s andesine, which commonly occurs as
the.eore of zoned plagioclase phenocrysts surrounded by oligo-
clase and rarely alblte rims. Iun addition, unzoned crystals of
oligoclase were also common. The dominant potash feldspar ia
orthoclase which occurs as separate microliths associated with
andesine, Perthite~type intergrowths of orthoclase were noted
while albite and pericline twinning were observed in some

plagloclase c¢crystals. The major ferromagnesian minerals are
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augite and hornblende, which constitute about 15% of the rock,
Hornblende occurs in euhedral crystals with polysynthetlc
twinning and light green pleochrolism. The groundmass is falr-
ly riﬁa grained and consists of a matte of feldapar microliths
{orthoclase and albite) and guartz, the latter comprising less
than 6% of the rock. Accessory minerals are magnetite, sphene,
zircon, apatite, and pyrite,

The most abundant and widely pervasive alteration mineral
is epidota (pistacite).' This replaces the groundmass and pheno-
erysts and 1s mainly responsible for the green color of the rock.
It is generally restricted to veinlets and miecroveins, The epl-
dotization in the nmajor monzonlite faclea may be contrasted with
the isolated monzonite dikes and plugs south of the Indlan fault.
In the latter the epidote ocours in larger crystals and clusters
and has almost completely obliterated the primary minerals.
Other alteration processes include serlcitization of the feld-
spar. In addition there ia slight chloritization of the ferro-
magneslan minerals; the chlorite possesses anomalous blue colors.
Uralitization ip also typical. Some secondary calcite and quartz
are present.

The border zones of the monzonite facles are all finer
grained and to some degree lessporphyritic than the more central
areas. Thepe differences in texture could not be easily ob-~
served in the fleld, and it is only in thin section that they
become readily apparent. The mineralogy 1z fairly regular
throughout the monzonite except for the more abundant develop-

ment of zoned plagioclase and blotlite in the border zone., The
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first development suggests that there was an lnequilibrium
between the growing plagloclase crystal and the cooling magma.
This inequilibrium was caused by rapid cooling, naturally most
prominent in the margine of an intrusion, thus preventing the
erystal core first formed, calclc in compositlion, from reacting
with the residual megma. As crystallizatlion proceeded succes-
sive shells will be increasingly sodic in composition, the re-
sult being & zoned feldspar. A greater concentration of biotite
is to be expected in the border zone since its formation is pro-
moted by the presence of mineraligers, which arée to be expected
at the outer marging of a crystallizing magma. The border zone
153 cheracterized by both linear and platy flow structures, es-~
pecially swirls, as evidenced by the allgnment of phenocrysts
and the notlceable orientation within the microcrystalline
matrix. Epidotization ie here more pronounced which is to be
expscted in view of the fact that the outer rim of the intrusives
ahohld naturally be more severely fractured and thus serve to

localize channels for epidotizing solutions.
Quartz Monzonite PFacles

The quartz wonzonite facies forms the southern extension of
the composite stock. In the fleld the two facles can be dis-
tinguished easlily by alteration intensity, by color, by degree
of weathering, and by the presence of quartz phenocrysts. The
later age of the quarts monsonite in comparison with the monzo-

nite is attested by the transgressive quariz monzonite dikes; in
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Plate 1, two such dikes are shown cubtting the older intrusion,
Shorter, transgressive dlkes, 10 feet or less in length, were
also noted In the fleld but were omitted from the map for reason
of meale. The relation of the guartz monzonite to the porphy-
ritic rhyolite which forms its southern boundary ls similarly
evident in that the latter contains large angulsar breccia frag-
ments of quartz monzonite along the sharp contasct separating

the two rocﬁs. To the east apd southeast, the younger facles

ia intruded and cut by rhyolite porphyry dikes and pluga. Iso-

lated plugs occur in the area between the Indlan and Apache

faults.

The intrusion of quartz monzonite is believed directly ,,qﬁht;“
responsible for the recrystallizatlion and 1ndirect1y the cause :::;;::;w
of the metasomation of the surrounding sediments. Furthermore ji:;j:%
the beds adjecent to the major mess of quartz monzonite are ‘::”“”ﬂiir
greatly recrystallized and altered whereas those immediately (o co?r?t

 surrounding the isolated plugs Just north of the Apache fault;f};ir:ffﬁ
ahpw no change in mineralogy or slze of graln. ééé%j?ilmw

Topographically, the quartz monzonite presents a somewhat ‘}iﬁijiﬂ
anomalous plcture. North of the Indlan fault, its eroded sur-~ Eizifﬁrf

face forma the highest peaks of the range while south of the fwaf T
b I
fault the plugs have been largely reduced to low rounded hills « ...~ Tqm
of little relief which merge smoothly with the gently sloping *'gfé’;f

P

flanks of the range leading to the Apache Valley. This de- wpﬁw*”A%M‘
VEE

scription applies equally to the monzonite facles. Both rock

types tend to ercde to & gravel»liﬁe talus along their steeper

slopes.
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The quartz monzonite porphyry ie grayish-pink to greenish-
gray in c¢olor. It has & ¢rystalline texture except at itas outer
margin where the texture 1s felsitic to microcrystalline, Pheno-
erysts of gray feldspar and bipyramidal quarts are visible in
hand speclmens. In thin sectlion, the rock contains euvhedral to
subhedral phenocrysts of slkalic and caleic feldspars in almnoat
equal amounts and lesser amounts of quartz grains. The plagio~j:?;gJ;J
clase 1s priparlly andesine with 1easer amounts of oligoclase
and elbite. _Plagioclase 1s characterized by typical albite and
pericline twinning. Other primary structures Involve antiperthite,
and Carlsbad twinning in orthoclese. Hornblende with green pleoch-
rolsm occurs in euhedral and bent tabular prisme up to 2 mm, in N
length., Brown pleoclwolc biotite 1s & rarer constituent. The
groundmass conslets of & mesh of euhedral and gubhedral ortho-~
clase, albite, quaritz, and osccasiocnal hornblende.

Accessory minerals include both indigenous and velned magne-
tite and pyrite, the latter being especially preponderant slong
the southern margin of the stock. Others include sphene and rare
giroon.

Alteration of the deuterlc type 1s pronounced, The second-
ary minerals are muscovite derived from blotite alteration, and
chlorite and calclte from orthoclase and plagloclase. Epidote
is the most common alteration mineral. Some of 1t ls obviously
introduced. It is moat prevalent along the border zone; there
1t is replaced by magnetite. Other introduced minerals are

calelite, veln quartz, and chalcedony.
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The average mineraloglcal composition of the quartz monso-
nite as determined from an approximation of three slldes indi-
cates 40% orthoclase, 30% soda-~lime feldspar, 20% quertz, and

10% ferromagnesian minerals.

Porphyritic Rhyolite

Porphyritic rhyolite, the earllest of the intrusions of
rhyolitic composition, occurs primarily as & series of thin
dikes and sills on both sldes of the Indlan fault. It 1s later
than the quartz mongonite stock to the north as it contalns numer-
ous fragments of the stock, it was also preaumably intruded after

contect metamorphism had affected the area as it contains meta-

somatized limestone fragments. LR
- The average thickness of the composite rhyolite dikes between
the Indian fault and the quartz monzonite is approximately 500
feet, Varlsations from that average are due to faulting more or
‘less perpendicular to the rhyolite trend. The serles of porphy-
itic rhyolite dikes forms a continuous, somewhat sinuous out-
crop from a point east of the Chapo mine, where it is intruded

by a rhyolite porphyry plug, to & point some three miles weat~
ward, yhera it is abruptly terminated by the McKinley fault.

Along 1its entire length it forms the southern boundary of the
quarts monzonlte except at the extreme eastern end of the stock.
The dip of the dikes ranges from vertical to 70° 8. Another area
of dlke occurrence in the Apache Hills is south of the Apache |
fault in the vicinity of the Apache mine. Here, the rock, though

otherwise similar in megascopic and mieroscopic features to that
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north of the Indian fault is characterigzed by proncunced swirl-
ing floﬁ structures. ‘The flows probably rose along fissures now
occupled by the thick series of dikes.

Between the Apache fault and the Indlan fault numerous
porphyritic sills and occasional dikes are exposed (See Plate
2 and 3). HMany of these dikes are responsidble for the upward
drag of adjacent sediments. In addition, they contain sedi-
mentary inelusions and fragments of quartz monzonite composi-
tion.

For the most part the porphyritic rhyolite forms prominent
ridges which usually can be identified even from a distance.
They generally have an orange-red surface where weathered and
are light greenlsh-tan where fresh., Thelr texture is very
finely granular to eryptoerystalline, and where not contami.
nated by breccia fragments they contain only & few quartz
phenocrysts, usually bipyramidal, In thin seotion the texture
may be considered hyalopilitie, in that the rock contalns
identifiable mireroliths of feldspar and quartz in an almost §-
glassy matrix. The phenocrysts average 1 mm, in diameter,

They constitute less than 8 quarter of the rock and consiast

of euhedral to subhedral sanidine, alblte, and resorbed quartsz.
The accessory minerals include magnetite, zircon, and apatite.
Sericitization 1s pronounced and the mineral 1s common in vein-
lets. One such occurrence shows sericite along the sides of a
veinlet with colorless crystals of fluorite toward the interior,
the latter in turn cut by magnetite and epidote. The occurrence
of these contact metamorphic minerals suggests that contact meta-

morphic action ocontinued during and after the intrusion of the
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, | y!
porphyritic rhyolite dikes, but the dikes are apparently not ‘«_fj_"’__’f
6&77753:¢-

rggzggg&ﬁ}ggﬁagm#hqmghﬁrmglnmetamorgpiam. More probably this ~=
phenomenon . points toward a source for the metasomatizing solu-
tions independent of either the porphyritic rhyolite or the
quartz monzonite.

Felsites assoclated wlth porphyritic rhyolite are noted
northweat of tﬁe 31&r§a Rica s8ill. 7They are believed to dbe of
the same perilod of intrusion. Their petrography 18 analogous

to that of later felsites discussed below, .

MIDDLE ANQ UPPER TERTIARY IGNEOUS RGGKS
latite Porghggg

Jatite porphyry flows, togéthar with rarer welded tuffs,
form the fringe of the northwestern part of the Apache Hills.
The unit presumably overlles the unexposed erosion surface
developed on the mongonite porphyry facies of the composite
stock as well as that developed on the Last Chance volcanics.
The latite porphyry flows can be separated from the fine grained
monsonlte border by the lack of epldote and consequent absence
of green coloration. The latlte flows are overlain and intruded
by rocks of rhyolite composition.

The latite flows form low rounded hills and knolls, which
in appearance greatly resemble the earlier Last Chance volcanics
both on the fresh and weathered surfaces. Only subtle color dif-
ferences distinguish the two megascopicslly; the latite is usu-
&lly gray to light gray or light drown and is only faintly
porphyritic, whereas the andesite is dark violet or dark brown
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or black and i conspicuously abundant in phenoecrysts. The
contiguous latite flows, half a mile east of the Robins Camp

on the trall to the Faulkner Ranch, show striking variations -
a change 1n color from grayish-green to dark gray with a con-
comitant change in texture bétween the two flows from & veslcu-
lar, felaitic, and 'virtually non-porphyritic rock to a non-
vegicular, felsitlc rock with feldspar phenocrysts.

The problem of estimating thickness, either of individual
flows or of the unit as a whole, is analogous to that of the
Last Chance volcanics: poor outerops, pearcity of flow struc-
tures, and lack of clearly exposed top and bottom contacts pre~
clude accurate measurement. A probable minimum figure for the
- whole unit is 250 feet, and K00 feet represents the maximum
thickness. 3ome individual beds were established to Ve about
25 feet thick. The interbedded welded tuff at the.Luna mine
' was accurately measured to be U4 feet thick.

Five thin sections of the latite flows were examined. A}l
contained almost equal parts of alkali feldspar (aanidine-fééi'?
aldbite) and calc-alkali feldspar (oligoclase or andesine).
Sanidine, a dominant phenocryst mineral, cccurs with Carlsbad
twinning and & peculiar wavy axtincﬁion. It can be distingulshed
from orthoclage which it 8o closely resembles by 1ts much smaller
axiasl angle, It 1s usually euhedral and ranges up to 2 mm. in
length. Aihitization of the borders of the sanldine phenocrysts
is noﬁable. In the two flow rocks mentioned above, variatioﬁa in

composition keep pace with variations in physical sppearance.
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In one flow, the minerelogy is characterized by numerous pheno-

e

cryste which comprisge more than half of the rock and conslst of 3
andesine and oligoclase wlth subordinate sanidine and albilte. ‘l;v?E
Pleochrolc green and prismétic hornblende 13 a minor mineral,
Accessory minerals are apatite, magnetite, and pyrite. Amyg-

dules of chlorite, quartz, and calcite, in many cases con-
centrically banded, are prominent., Alteratiocn is pronounced

and sericitization of the feldspars makeé identification dif-

ficult. The hornblende is altered to chlorite and magnetite.
Introduced vein minerals inolude quartz and calcite. The

other flow conslists of dominant phenocryste of sanidine and

albite with minor oligoclage. These phenocrysts comprise less

than a third of the rock., Hornblende 1s conspicuously missing

from the second flow., Accessory and introduced minerals are

alike in both flows, but the alteration, though similar, is

less marked than in the first flow. Both flows are character-

ized by a felslitic matrix of sanidine and albite micpoliths

and laths.

A suumary of variations from the earller flow to the later
flow indicates the following: change in c¢olor and texture, de-
erease of amygdules, decrsage 1n number of phencorysts, slight
increase of plagicclase feldaspar, and less intense alteration.

Other slldes of the latite flows also reveal slight but
discernible differences. These variations are mineralogic and
textural in nature. 7The latite in the vicinity of the Luna
mine 1s abundantly porphyritic and most closely resembles the
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andesite and basalt flows to the east. Texturally, the rock
has & pllotaxitioc matrix in which aré embedded phenocrysts of
orthoclass, oligoclage, and andesine. Other differences are
noted in the latite exposed in other areas. For example, the
flows examined in the area between the Robins Camp and the
bDonaldson Ranch were found to be somewhat richer in quartz
than elsewhere and in them blotite 1s an important minor con-
stituent. Some flows are markedly porphyritic, more than 50%
of the rock beling composed of phenocrysts; other flows contain
less than 10% phenocrysts.

In general, the guartz-free latites have a more or less
consistent c¢omposition with some variations. None is mega-
scopically flow banded; however, in all the thin sections ex-
amined, subparallel alignment of the feldspar microliths was
noticeable,

Incompletely welded tuffs are scarce within the general
sequence of latite flows. The best exposures occur at the
Luna mline where prospect pits reveal thin tuffs exceptional in
being strikingly banded (Figure 4). The blue-gray rock 1a-part-
ly porous, moderately friable, and dotted with angular quarte
phenocrysts, Petrographically, it containg glass, quarts,
orthoclase, and oligoclagse in a partially devitrified flow-
banded matrix of glass and quartz. Alteration was particularly
intense and produced chlorite, limonite, and caleite. This rock
is apparently more glliclc than other latite rocks in the area.
Thus immediately south of the Donaldson Ranch there are flows
which have the more ususl latite mineralogy but contain micro-

phencorysts of quartz composing 10-15% of the roock.



62

Rhyolite Group

General Summary

The assorted rﬁyolitas of the Apache Hills and 31efra Rica
are by far the mogt sbundant and certainly the most varied of
any of the igneous rocks of the whole district. The varieties
range from an early sequence of borphyritic rhyolite dikes and
s1lls to a later sequence of rhyolite porphyry dikes, flows,
pyroélastics, and felaitas. The sedénd grdup of rhyolites was
preeédad by latite rlﬁws, extruded upon the erosional adbrace
developed on the monzonite stock. Each rhyolite sequence or
facles 1s giveh seﬁarate treatment, the oidént porﬁhyritic
rhyolite having been previously discussed. Apparently, éhe
facies of each such sequence represents at once & time and a
textural unit. The varying rock facles of the second group are

discussed below in chronologic order, the oldest first.
Rhyolite Porphyry

Rhyolite porphyry intrusives usher in the last volcanle
eycle (aside from the Pleistocenes basalts) that affected the
Apache Hills. In general, they ocour as a serles of closely
spaced dikes or plugs tvaveraing the older volcanics and in-
trusives, 1In Apsche Valley & series of dikes comprising two
wide bands outs the preexisting Lsast Chance voloanics. In
the vicinity of the Queens Taste and bund'ﬁines; isclated dikes
and plugs traverse earllier monaonita, quartz monzonite, 1at1te;

and andesite flows. Although contacts are rareiy geen, the
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later age of the rhyolite 1s evidenced by the inclusions of

the other lgneous rocks that it locally contains. The intru-
pive rhyolites are in turn cut or overlain by later rhyolite
and felsites as intruslive bodies, flows, tuffs, and breccias.

Topographically, rhyolite porphyry dikes form low, rounded
and elongated ridges which, though of low relief, are more pro-
nounced than those formed by the surrounding volcanied. Dome-
shaped plugs occur northeagt of the Mairland Mine while an
isolated plug of explosive nature ia situated near the inter-
national border at SW.1/4, NE.1/4, section 24, R,14W., T.29S.
Thin isolated sills and dikes, analogous to these exposed at
the Dalsy mine (Plate 10) occur south and southeast from that
mine, but they are too small to Justify showing on the areal
mAp. . ,

In outerop, rhyolite porphyry presents a great diversity
in color and texture, and to some extent mineralogy. In color
the rock ranges I'rom black through violet to pink, variants of
the latter two being ita most common shades. The weathered
surface is dark and often similar to that developed on the in-
truded voleanics. Texturally, the rock grades from & dense or
very fine grained variety, relatively free from megascopioc
phenocrysta, to one which 1s fine grained &and extremely porphy-
ritic. The phenocrysts invariably include bipyramidal quarts
and gray feldspar. Minute copper-colored biotite books and
black hornblende prisms may or may not bhe present.

Occasionally rhyolite that was bleached white occurs in

close proximity to the more normal violet varilety. This rock
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owes 1ts bleaching to extreme sepriticization and kaéliniaation
of the feldepar, particularly plagloclase. At the Queens Taste
mine, the altered rhyolites have served as localizers for ore
solutions, although in other areas where they are present ore
deposits are lacking.

In thin sectlon, the rhyolite porphyry consists of pheno-
erysts of quarteg, feldspar, hornblende, and biot;te in a fine
grained felsitic gréundmaaa; Phenoorysts averaging 1 to 2 mm.
in diameter account for approximately 504 or more of the rock.
The most abundant phenoccryst is quartz, in many cases corroded.
The feldspar includes euhedral to subhedral sanidine and plagi-
oc¢laae 1n almost equal amounts. The plagiloclase ig alblite for
the most part, though oligoclase rarely occurs. The feldspar,
like quartz, also exhibita marked resorption. Blotlte occurs
in amounts ranging up to 5% of the rock but may be entirely
lacking in some specimens; this holds also for hornblende,
which has the characteristic brown pleochroism of oxyhorn-
blende. Accessory minerals include magnetite, apatite, and
zircon, the latter two commonly causing pleochrole haloes in
bilotite. The matrix is often composed of an almoast unvecog-‘
nigable matte of sanidine microliths and intersertal quartz.
Within a single thin aection the texture of the matrix varies
from completely glassy to holoerystalline. In the matrix of
the latter type minerals can be readlly identilied. Deuteric
aiteration 18 fairly intense and clearly differential for
plagloclase phenoéryats are markedly affected In preference
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to sanidine. The alteration minerals include calcite, chlorite,
sericite, and kaolin, Secondarily introduced minerals are
quarts, piderite, and caloite, .

Felslite

Felsitic rhyolite of singular field appearance and mineral
composition crops out in different places throughout the Apache
Hills and Sierra Ricd and with only ohe exception can be as-
signed to sn sge earlier than the rhyolite flows and pyroolas-
tics., Numerous felsitic dikes and ﬁluge,'mhﬁy too swall to be
indicated on the areal map, ococur 1n£rudihg all the preexisting
sedimentary, voleanlc, and intrusive rocks., In the northern
part of the Apache Hills, they commonly occur as thin dikes
intrusive into lasrger rhyolite porphyry dikes. They have no
topogrephic expression but are marked by bonspieuouu white
sinuous streaks traveraing the enclosing rock.

The felaite 1= generally white to light tan snd uéually
porcelain-like. It is very fine grained and generally non-
porphyritic; but some is porphyritic and contalns rare quarsz
phenocrysts. In many places, the borders of the intrusives
show poorly developed fine and delicate sheeting, further
emphasized by parallel to supbarallel limonite streaks or
bands. Some of the dikes have peculiar minute red spots which,
in part at least, represent limonite pseudomorphs after pyrite.
" In thin section, the matrix texture 1s partly micrographic,
in part spheruiitic. It consists of quartz and sanidine micro-
liths, together with sericite shreds. Phenocrysts up to 1 mm,
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in maximun diameter are present but extremely rare, the only
ones noted belng quartz, sanidine, ulbite, and biotite.
Zircon is an occaslional accessory mineral., Usually those
specimens containing quarts phenqcryata lack phenoerysts of
other minerals. Sericitization of feldspar phenocrysts and
microliths is notable; biotite is similerly affected., Some
of the red spots mentioned above can be attributed to the
limonite staining of sericlte that surrounds feathery spheru-
lites,

Some felsite bodies were the routes for ore solutions
and have in part become mineralized. This is 1llustrated at
the Christmas mine (Plage 16), where veins in the felsite
dikes have been worked for their‘oré content. Some of the
prospects near the Last Chance mine (Plage 14) have minor ore
deposits in the andesite flows presumably genetically related
to the nearby felsite dikes. ‘

Rhyolite Flow

A low gravelly ridge just north of the Donaldson Ranch
and extending southesast toward the Faulkner Ranch 1s slmost
wholly ¢omposed of a thin series of rhyollite flows and two
interbedded latite flows, each three feet thlck., This sequence
of flows directly overlies the older unit of latite and minor
tuffs previocusly described. Overliying the rhyolite flows are

occasional isolated exposures of a subsequently extruded quarts
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latite flow, The rhyolite flows alpo occur as a single expo-
sure covering the Last Chance andesites gouthwest of the
Queens Taste mine. The thickness of the rhyolite flows is
estinated to be 150 to 200 feet.

The freash rook is light blue-gray in color and very fine
grained, It ims marked by delicate, only slightly contorted
flow lines, so fine and so closely spaced that the distance
between each band is about 1 mm, or less. The bands are re-
markably peraistent along the entire length of exposure and
commonly surround and embay minute fragments. The upper few
feet of the flow has more wildely spaced flow lines aﬁd here
the orientation of quartz and feldspar crystals ls more
prnminént'ﬁhanlbbiaw. Quartz stringers occur parallel to the
flow lines. -

Microscopically, the texture ls generally glassy and papr-~
tially devitrified to quartz and feldspar. Elongate clusters
of spherulites 0.1 to 0.2 mm. in diamefnr follow the general
lineation. The rock is aﬁdinnrily non-porphyritic with the
exception of the upper few feet. Phenocrysts averaging 1 mm.
in diameter include partially resorbed quartz, sanidine,
albite, and a few oligoclase individuals. Muscovite is rare
&8 & phenocryet. Pyrite is a common accessory mineral.
Deuterlic minerals include chlorite, serlcite, kaolin, and
epidote in specks. Minerals in the veinleis are chalcedony,
quartz, and calclte; these usually follow the inciplent lines



of frecture offered by the flow lines,.

The Iinterbedded latite flows ocour in isolated beds, two
or three feet thlck, In outerop, they are black to dark
purple in color, fine gralned, but crystalline, and contain
few phenocrysts. They differ from earllier latite flows in
their comparative lack of phenocrysts, somewhat larger grain
sizxe, darker color, and less altered appearance. Mleroacoplie-
nlly,‘phanncrynts compriaa less than a quarter of the rock.
They are embedded in & hypocrystalline groundmass, and are
generally 1 mm, or less in diemeter. They include sanldine
together with alblte and subordinate oligoclase and rare Zoned
plagioclase. Sanidine and plagloclase constitute almost equal
amounts of the total rock. Bilotite flakes, greatly altered,
are less common phenocrysts. Magnetite is the only eccessory
mineral, The matrix is largely glassy except for numerous
~senidine microliths and minute quertz crystals. On the whole
the rock 1s comparatively unaltered and the feldspars are
only slightly and incipilently sericitized, Secondary minerals
include calclte and quartz.

Rhyolite Tufr

Rhyolite tuff is exposed as an igolated band, half & mile
wide at 1ts maximum, east and southeast of the Queens Taste
mine., It is definitely younger than the andesite flows to the
west and oldexr than the rhyollte breceia with which it is in
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direct contact. No direct evidence of the relative age of the
tuff is available but 1t presumably covers the rhyolite flows
to the northwest.

The tuff has & varied physlcal appesrance, At 1%s top,
directly under the breccia, 1t is a paprtly porous, fragmental,
and friable rock which forms & gravelly exposure rather than
& sharp, well delineated outerop. The rock is light colored
and appears altered. Angular pumice and quartz fregments are
abundant. The western borders of the unit are violet in
¢olor, compact, dense, and unaltered. Fragments are scarce
and are usuwally chips derived from rhyolite porphyry dikes.
This section of the unit may be considered & wholly "welded"
tuf'f, while that to the east imx incompletely "welded", In
consequence the western edge hap a scmewhat higher relief due
to its more thorough welding and hence greater resistance to
erosion.

Aside from the above, in thin section, the two varietlies
are similar, They contain varying smounts of assorted frag-
ments (as much 23 4 to 5 mm. in dismeter) of pumice, quarts,
muscovite, blotite, alblte, sanlidine, and Zoned plagioclaﬁe
in a glassy matrix that is partially devitrified and spheru-
litle. The matrix conaist of glasa 5harda, dust, and pumilce
fragments more or lasa enmpreused fused, and devitrified.
The sharda are eaaily ldentified and are uzually narrow,

attenuated, and imperfectly aligned. Some specimens show
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buckling of shreds arcund fragments. Spherulites of 0.1 mm, in
diameter are common. ,

Devitrification in the tuffs is evidenced by fine cristo-
balite fibers growing inward from attenuated sghards and by the
presence of feldapar microliths and specks in the matrix.

Rhyolite Brecola

Two topographically prominent red domes of rhyolite
brecaia form the northern border of the western part of the
Apache HAills. The domes probably represent the orifices
through which the breccla was exploded and extruded., A line
drawn between them can be theoretically extended across
Hechita Valley to the Coyote Hills, the northern group of
hills composing the Little Hatchet Mountains. Along this line
weatward 18 & more or less continuous zone of weakness.

The rhyolite breccis haz aAdeap iron-red c¢olor, and con-
tains abundant includions and fragments of glass, chert, quarts, .
feldapar, and oce¢asional pyrite. Rare spherulltes as much as
half an inch in dlameter are also noted. The dowes are devoid
of flow strucstures except at the outer margins, which possess
ineipient swirling flow lines indicating that the breccila was
somewhat more fluld along its thinner outer borders.

Microscopically examined, the rock 1s composed of more
than 60% phencerysts and fragments in & glassy groundmass
that is incompletely devitrified to guarts. Spherulites
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ocour sporadically. Among the ihélusions are angular and
fractured glass, qﬁartz, panidine, alblte, and considerable
pumice, Such fragments range in size from 0.5 to 1 ma.
Smeller orystals of biotite, plagiociase, and sanidine are
also common. Magnetite, pyrite, and zircon are accessory
minerals. Iron oxide stailning is particularly prevalent and
has deeply colored the glassy groundmass. The phenocrysts
are generally unaffected. The only significant alteration
noted was the’alighﬁ'aerieit;zation of the feldspar phenoc-

oerysts.

Quartz Latite

This unit, only locally developed, represents the last
epoch of Tertlary vuleanism in the Apache Hllls. Isclated
exposures of one or several quartz latite flowg oeccur in the
alluvium overlying the gravelly ridge of rhyolite flows in the
northwestern part of the range. Acturlly, only three outerops
of quarts latite were noted, each less than 50 feet in diameter,
po that thelr appesrance ls somewhat exaggerated on the areal
wap. In the hand specimen the rock is dark violet to black and
finely crystalline and cpntaina numercus feldspar phenocrysts.
uieéopépp;cally_;t ;a‘compaqed of‘phepoaryatnvnh;ch,mgke'up
about 30 co 40% of the roek, anéioééd in & felsitic ground-
mass of parallel to subparallel Feldspar lsths 8nd intersertsl
quarts. The dominant phencerysts, ranging in size from 1 to
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2 mm,., are partly resorbed quarts and euhedral sanidine,
alblte, and rare oligoclase., Zoned plagioclase phenocrysts,
conslisting of andesine cores and alblte rims, are fairly
common. Brown biotite is a rare constituent. Alteration is
pronounced: the feldspars, particularly the plagloclase, are
greatly altered to mericite and caleite. The blotite has heen
severely limonitized. ‘Quartz and ¢alcite have been introduced
since solidification.

Aslde from a larger duartz conteht, the quartz latite
both megascopically and microscoploally closely resembles the
latites interbedded with the underlying rhyolite flow., Al-
though the quarts latite has been classiflied as a separate
unit, it could be Justifiably placed within the eariier rhyo-
1lite group.

Dike Rocks

Humerous dikes are scattered throughout the Apache Hillas
and Sierra Rica. They include ro¢cks that are felsltea,
trachytes, and lamprophyres. Felaltes were discussed in the
section devoted to the rhyolites since thelir relationship with
that group van be definitely established. The othar intrusives
present a more difficult problem for they occur within the
Cretaceous mediments and canmot be sssigned to any apecific
lgnaocus sequence.

Many of the dikes are too short to permit their indlca-
tion on the areal map, All dikes longeﬁ than 50 feet,
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regardless of width, were mapped, even though this involved
pome width exspggeration. Some dikes mapped are only 10 feet
wide or less. Continulty in trend, desplie concealment under
cover was also deemed an important feature, Thus, some of
the felsite dikes half a mile west of the Queens Taste mine
were mapped because of thelr generally continuous trend,

even though many 1ndiv1dﬁa1 exposures are less than 50 feet
in length. | »

Tamprophyres

Only two lamprophyre intrusions are éxpoaed in the Apache
Hills. One is & sinuous 21ll only 5 feet thilck near the Ford
prospect. The other 1s a dike cutting the Red Bed member of
the Howells Ridge formatlon near Border Post No. 38. This
. aike trends southward into Mexico.

The vrocks of the two lamprophyric intrusions resemble
sach other physically. They ars dark greenish-gray, fine
grained and speckled with hornblende needles. Microscoplc-
ally, the sill is composed of black hornblende prisme with
marked brown plecchrolsm and feldspaxr crystals in a felsitic
matte of slender needles of hornblende and feldspar micro-
liths. The feldspar phenocrysts consiast of zZoned plagloclase
with andesine cores and albite or oligoclase rims, Accessory
minerals include magnetite and apatite. The feldspars are
altered to sericite, chlorite,and caleclite. From the point of

view of mineral composition the rock can be considered a
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spessartite.’

The dike rock has & similar matrix of feldspar snd horn-
blende but with less calcle feldspar than in the sill, The
euhedral phenocrysts are primarily alblite and orthoclase with
rare ollgoclase, Hornblende prisms with brown pleochrolam
Rre likewise prominent. Accessories include magnetlite, hema-
tite, and chlorite; feldapars are converted to chlorite,
ealelite, and serlcite. Because of 1ts more felsic composi-
tion this rock can be claaslfied as & vogesite,

Trachyte Porphyry

Trachyte porphyry, presumsbly early Tertlary in age,
ogcurs as thin dikea and sills intruding members of the Howells
Rldge formation, perticularly the upper Limestone~Ssndstone
member. Southeast of the Dalsy mine and immediately west of
the Luna-Hidalgo county line, isolsted dikes and some sills
with a maximum thickness of 1% feet and an average length of
about 50 feet ccour in the above member. The ridge west of
the McKinley fault contains talus fragments of hornblende
trachyte but no definite dikes were noted. Other areas of ex-
posure include mection 7, R.14W., 7.298., where trachyte silis
have intruded Pennsylvanian limestones of the exposed klippe.
No absolute proof exiets as to whether the intrusion was
earlier or later than the thrusting. In the monzonite facies
of the stock, isolated, somewhet rounded xenolithe were ob-
served. Some measured over 100 feet in dilameter. but others

l41114ams, H.L., Turner, F.I., and Gilbert, c.a.'éxgsu),
Petrography, W.H. Freeman and Co., San Francisco, p. 88.
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were only of bouldeb size. They were usually very fine grained
and nonpopphyritic in outcrop, qlthoush in this sectlon altered
phenoocrysts araiabundant. They coulé only be Qist;nguiahed
from the monzonite iIn the field on the basis of thelr nonporphy-
ritic character. Other outcrcﬁs of trachyte are indicated on
the areal map, albhough several leaser dikea have not been .
plotted because many are toa short to be shown on & map of
that scale.

In outcrop two typea or trachyte eould be distinsuiahad.
One occurs in the vioinity of the Apsche mine, where the
trachytic talus remnants are light %o dark green, and very fine
grained, and contain hornblende needles with long dimenaicns
parallel or nearly'so. The other type is characteristically
ﬂ:rk green and aontains epidotized faldapar phenocrysata em-
bedded in a felaitia groundmasa. Hornblende is less common in
the second type. The two types of rcak are mineraloglcally
aimilar‘except for ﬁhe'relative quantity of hoﬁnbleﬁde. |

Mleroscopically, the rock containg & finely granular mass
of suhedral to subhedral phenocryata.or‘albita with subordinate
amounts of orthoclase. The matrix contains higher proportions
of potash feldspar and consists of muﬁh orthoclase with rare
alblite; it hasg 8 diu#inctive trachytle texture with elongated
laths of feldsper parallel or obliquely crossed. Hornblende
in varylng amounts occurs in crystals up to 3 mm. in length
with typlcal amphibole cleavage, polygynthetic twinning,and
green to grneniah-bﬁown pleochroism. The acceasory minerals

include apatite and much magnetite.
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Alteration is very marked and especlially notlceable in
the phenocrysts, partly, perhaps, because thelr quantity is
larger than that of the matrix. Indeed, the alblite and ortho-
¢lase phenocryste are in places so completely changed ag to
be almost beyond recognition; The common feldspar alteration
produets include sericlite, chlorite, caleite, and epidote
(pistacite), the latter two most prevalent. Hornblende is
also commoniy converted to chlorite, hematite, and epidote.
The dominant dark green color of.the rock 18 undoubtedly due

to the pronounéed and intenpe deuteric epidotization.
Keratophyre (Albitiged Trachyte)

A variation of the normal trachyte described above appeara
2% the International mine where three sills, each about 5 to 15
feet in width and 50 feet or less in length, occur in the Red
Beds member of the Howells Ridge formation in the immedlate
vieinity of the International fault (map of International mine,
Plate 11),

The keratophyre exposed there 1s dull green, dense, and
felsiti& and contains prominent phenocrysts of white sltered
feldsapr and occaslional quartg. As seen in thin section the
texture of the matrix is subtrachytic and consists of i1denti-
fiable subparallel feldspar laths of albite and orthoclase 0.1
to 0.2 mm. in length. The ferromagneslian matrix minerals could
not be identified. The phenocrysts range from 1 to 2 mm.; they
compose about half of the rock and consist of albite and oli-
goclase with subordinate orthoclase. Apparently some of the
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oligoclase crystals have been altered snd converted to albite.
Grsins of a ferromagnesian mineral possibly suglte or horn-
blende, are totally chloritized and def'y recognition. Quarts
ocours &8 partlally resorbed phenocrysts but constitutes no
more than 24 of the rock in any sample., Accessory minerals in-
clude much magnetite and rare apstite,

Deuteric and hydrothermal alteration is striking and
chlorite and calcite have replaced any mafic mineral that may
have been originally present. ehioritu in turn has been oxi-
diged to hematite and limonite.. Other slteration processes in-
cliude gericitization and keolinization of the feldspar, mainly
plagioclase,

The alteration pattern in the keratophyre is peculiar in
that epldote is completely lacking whereas in the trachyte it
is very plentiful, This 1s the socle exception to the general-
ization praeviously mmde, that early Tertiary rocks alone are
characterized by epidotization. The keratophyre, doubtless
closely allied to the trachyte in composition and time of
intrusion, would be expected to reflect analogous alteration
conditions. The cause for the complete lack of apldote in
thii instance, evidently involving a change in the alteration
fiuids emsnating from the magma, 18 not apparent.

PLEISTOCENE IGNEOUS ROCKS

Basalt

The youngest igneous rock in the Apache Hllls and northern
Sierra Rica is the basalt flow which caps & {lat-topped mesa
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near the Southern Pacific Rallroad two miles east of Hachita
(Figure 5). Isolated exposures of basalt also c¢rop out in the
alluvium Just north oflthe Donaldson Ranch. The flow lies in
the alluvial gravels mantling the drainage area between the
Apache Hills snd the Cedar Mountaina. It represents the last
event in the igneous history of the reglon and is comparable
in sge and lithology to the "malpais" basalt so widespread
throughout New Mexico.

In outcerop, the baaalt is dark red or brown to black,
cryatalliine, fine grained, nonporphyritic and particularly
vesicular at the top. Some of the vesicles are filled with
chalcedony; others are empty. Mlcroscoplcally, the rock con-
siats of well developed andesine and labradorite laths, usually
aversging 0.3 mm. in length, scattered throughout a matrix of
anhedral to subhedral augite, the whole giving the basalt a
characteristic polkilitic texture. Generally the auglte occura
in large grains up to 1 mm. in diameter, many of which enclose
geveral labradorite crystals. Zoned plagloclase crystals also
appear as rare phenocrysta. Abundant olivine crystals, gener-
ally euhedral but partly corroded, form phenccrysts within the
plagloclase-augite mesh. Accessory minerals include magnetite
and sphene.

The fresh character of the basalt is indicated by the fact
that the plagloclase laths are completely intact and that some
olivine ¢rystals are only slightly altered along the edges to
iddingsite, pleochrolce in brown. For the most part, the olivine

has sharp borders and clearly hexagonal outlines in section.
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QUATERRARY SEDIMENTS

The Apacﬁe Hiils and Silerra Rica céntain many thick de-
poslts of aénd; grévei, and olay.‘ ﬁor the most part«theae are
confined to the wiée piayas between adjacent ranges, notably
Hachita Valley and the Mimbres Baain. The ﬁepéaits in the
centers of the piayéa consiét Qf<aﬁ1ft1ns sand and silt which
may form small dunes against the clumps of maﬁquita and‘other
plants. For a more detalled discussion of phe character cf'
the bolson depbsita, the'éeaderlia reférred tcia.T. Schannesen,
U.S. Geological Survey Water Supply Paper haa, 1918.

The thicknesé of the aediments‘in Hachita valley 18 un-
known but 18 at least more than 800 feet. This figure was ob-
tained from the railrbad well in Hachilta, 1h the center of the
valley, one mile west of the town. The well is confined en-
tirel& to unconsolidated sediments, The thickness of such
sediments 1s varlable, because, although the top of the allu-
vium is a well developed pediment surface, the bottom surface
is highly lrregular insofar as lsolated knolls of Pennsylvanian
and Missigsippian limestone occur in Hachita Valley.

The sediments in the bolsons camnot be'easily distinguished
from the younger alluvium which mantles the playa between the
Apache Hills and Sierra Rica. The areal map (Plate 1) makes no
attempt to distinguish these two kinds of alluvium. As bounda-
ries are largely gradational and definite ages cannot be estab-
lished, the valley fill of the playas, the younger alluvium of

the streams and pediment mantle, and the talus deposits are all
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Figure 4

Flow structure in o welded tuff at @ prospect

The thickness of the

pit of the Luna mine.

bed here

is four feet.

Figure 5

Basalt mesa esast of Hachite
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classified here as Quaternary slluvium. The younger alluvium
consists of boulders and cobdbles of varying siges and degrees
of sphericity, intermlixed with coarse gralned sands and
gravels. Such l1ls the situation in the steeper portions of the
stream valleys, but a progressive reduction in gradient toward
the valley signals a corresponding incresse of finer material
such as sand and silt,.

An approximate measurement of alluvial thickness is given
in Table 1.

LOCAL AND REGIONAL COMPARISONS OF IGNEOUS ROCKS
AND ASSOCIATED MINERALIZATION

Iﬁ should be noted here that the igneous sequence in the
Apache Hills and Slerra Rica conforms to the generalization ex-
pressed by Butler! and others in regard to associsted mineral-
lzation for the western part of the North American continent.
The generalization holds that the Tertlary ignecus rocks fol-
low a tripartite succession; the early Tertiary igneous rocks,
predominantly mafic in character, are succeeded by middle and
late Tertiary intermediste to sillicle intrusives including
monzonite and quartz monzonlite stocks, rhyolite and subordinate
latite. fThese in turn are followed by the mafic rocks of the
Quaternary. Important commerclal mineralization is assoclated
with the intrusion of mid-Tertlary quariz monzonlite and monzo-
nite stocks in the Apeche Hills, which is likewlse the case
not only in other districts of southwestern New Mexlco, but

lgutier, B.S. (1933), Ore deposits of the United States

in their relation to geologic cycles, Econ. Geol., vol. 28,
Pp. 301-308,
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also throughout the Rocky Mountains and Baslin and Range prove
ince of the United States and Mexico. The Apache Hills area
differs somawhat from other nearby localities 4in that it lacks
such early pre-stock minerslization as that at the Ssnta Rita
district, but it has wepk post-stock minerallzation genetically
_related to rhyolite porphyry intrusives, Such later mineral-

ization is of an age comparable to that in other local mining
districts (Table 2).

GEOLOGIC STRUCTURE
INTRODUGCTION

The Apache Hills and Sierra Rica, though physiographically
two well separated ranges, are geologlcally closely similar in
stratigraphy and structure. The major difference hetween the
two 18 one of vulcanism and the amount of regional thrusting.
In general, the Slerra Rice represents the aouthernhlimh of a
me jor anticline, the axis of which trends northwest salong the
foot of Doyle Peak and then wesy toward the Ocoldental mines
where the axis 13 exposed on the surface lmmediately north of
Border Post No. 41. The Apache Hills represent the northward
limd of this anticline with the distinct possibility that fur-
ther gentle folds occur in the valley between the two ranges.
This probability is furthered by the anticline and myncline ex-
posed Jjust north of the Apache fault.

This 18 a compact area with a large succession of struc~
tural events, some of which on a minor scale reflect broad
regional influences whereas others are of strictly local sig-

nificance. In addition to the folds mentioned above, other
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structural features include high angle normal and reverse
faults, thrusts, tear faults, flssure faults related to the
emplacement of the composite stock, and normal vein fissures.
The geologic map shows that all the structural features are
characterized by one of two directions - west-northwest and
north-northeast. The longer direction of thé stock as well aa
the strikes of the smaller ore bearing fissures illustrate this

grouping. As a corollary, all the avallable evidence in re- 'Z

o

gargd to the major structures apparently indlcates that, with
'the exception of the Apache and Indlan faults, the west-north-

west ones appear to be earlier.
FOLDING

Deformation of the rocks of the Apache Hills and 81érra
Rica has produced three major long~trending folds - the
Océidental anticline at the base of 'the Slerra Ricas, and the
Mairland syncline and the Dalsy antieiine ncfth‘of the Apache

fault. The last two are definitely asymmetric and the whis £ e

Occidental anticline 1s apparently aimilar although its asymme-‘dtk
try 1s only exposed at the western portion. In addition there

is nminor drag folding. All the availlable evidence points to

the fact that the folding in this area marks the earliest local
expression of the Laramide orogeny, probably poagdating the in-

trusion of dlorite and quartz diorite, as evidenced by the
E.N‘" “fE

diorite sill northeast of Mairland mine, which wag folded along

with_the enclosing sediments. Thus the foldins may be sald to /\

have occurred in the interim between the intrusion of dloritic

o

- ,9;:"“"{” et B - Dl T
wgc 9, .?A'\,,&:f R '}"L f‘"oQ/ f‘*—r T,‘ : ’p‘{ )
N L L

of

y j' o N %‘,_,,.’v‘ T ’ {; {’n,p - Lt W ST

w0



85

rocks and the intrusion of the composite stock. Accordingly
these folds represent the earliest tangential lLaramian pres-
sures affecting the Apache Hillme.

The axis of the Dalsy anticline, the northernmost of the
three folds, has a sinuous trend. from a shallow draw Immediate-
1y north of Border Post No., 39, curving westward toward the
Luna~Hidalgo c¢ounty line, where it is abruptly cut off by the
County fault. The westward continuation of the fold axis oc-
curs south of the Daisy mine where erosion has followed the
axis in a shallow alluvial~covered draw, To the west, the axis
is terminated by rhyolite dikes 1ntﬁuded along the crest and
what is also probably the nose of the anticline.

The anticline is falrly regular wlth no minor folds super-
imposed on the 1imbs. The plunge of the fold appears to be to
the west as Indicsted by the convergence of the Oyster Limestone
‘member east of Border Post No. 39 and the local convergence of

individual Orbitolina.rich limestone beds north of that post.

The fold shown in the Dalsy mine sgction suggests a convergence
of the 3Skunk Ranch fanglomerate, agein indicative of a westward
Plunge. |

The Mairlsnd syncline, of small amplitude and length, is
abruptly terminated on lts eastern end by faultling and on the
west by an intrusive rhyolite dome. No clear plunge directioniz? (?
‘13 indicated but it should be the converse of that of the

assoclated anticlines. An gggiﬁiggmﬁiunge is also uuggasted by

the fact that the thick section of the Limestone-~Sandstone
menber eapt of the terminating fault 1e not synclinally folded



but has & falrly constant southward dlp expressive of the
southern limb of the Daisy anticline which would indicate
termination of the syncline prior to fgulting. The synceline
probably extended westward along the range as the sediments
have a northern dip characterlstic of the‘southorn 1imb,

The Occidental anticline which accounts for the geologic
continulty of the two ranges 1s only expoggﬁ\dggt'np?tp qr ﬁ:%%%i}iﬂ
Border Post No. 41. It seems probable ‘that 1ts axis is parallel .- 7.

\,«,v'w\ P TM '“a(?
to the foot of the Slerra Rica.  This would account for the ., ».: ..°

A e, o

geologic conﬁinuity of the formations across Apache Valley. The . *7°
rocks south of the antlclinal axis represent the southern limb %
{Sierra Rica) while the rocks south of the Mairland syncline
repreéent i1ts northern limb. Other minor folds probably occur
between these two major folds. For example, the volecanics have

a northward dip near the Big Shiner mine, but & southward dip

at the Quartz prospect., An anticlinal axis probebly passes be-

tween these two areas. Accordingly, Apache Valley would repre-

sent an area of siructural weakness with numerous fissures able

to provide sccess to rising rhyolite intrusives. The plunge of

the Oceidental anticline 1s inferred fo be weatward as chlefly
evidenced by the outorop pattarn"of-the*ﬂurbett formation., In

the Sierra Rica, it strikes approximately NO0O°W whereas north-

ward the strike gradually turng toward the north. This change
evidently signifies s shift toward the nose of the antiocline

and apparently confirms the directlion of plunge determined for

the Dalay anticline.
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Sediments domed by elther ligneous intrusions or faultis
are prevelent throughout the region, particularly in the vi-
cinity of the Apache-Chapo mining area (Plates 2 and 3).
Numerous porphyritle rhyolite dlikes caused drag folds in the
sediments immediately adjacent to them. At the Indian fault,
sediments with a general dip of 15-20° N. have been up-ended
by intrusions resulting in a dip of 25-36° S. Favorable loci
-of ore deposition were created at the oreats and troughs of
these folds.

Drég folding of beds by faulting is noted in acme of the
minoy faults near the Chapo mine. In mény places these faults
have closely assoclated ore or tactite gones. Meny of the
major faults in the two ranges have produced upfolded sediments.
Two examples include the McKinley and International faults, both
of which are mineralized; in both the assoclatlion between ore
deposition and upwarped sediments is clear. A more striking
1llustration of drag folding 1s seen in the western Slerra Ricea
where Paleozole thrust sheets have warped the underlying Corbett

beds, as well shown on the southwest slopes of Doyle Peak.

FAULTING

General Discussion

The Apache Hills contaln two major normal faults parallgl
with the general west-northweat extent of the range. They in-
clude the Apache fault and the Indian fault. Other normal
faults like the McKinley, Chapo, Mairland, County, International,

and others, trend more or less perpendicular or at & high angle
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to the major faults. Faults trending similarly occur in the
northeastern section of the Sierra Rica. The western hills of
the Sierra Rica are composed of two major thrust sheets, now
partialliy eroded, which seemingly refléat a horigontal dis~
placement of many miles, Minor thrusting ocours in the-Apaahe
Hills east of the Apache mine (Plate 2) and Jjust northeast of
_ Border Post No. 39. Numerous tear faults of small horizontal
displacement like those at the International mine (Plate 11)
are common throughout the two ranges. Usually each of these
faults has a2 strike slip of only a few feet and the fault or
the displacement is too small to be indlcated on the areal
mAD.

At least flve separate phases of faulting are recognized,
starting from those that took place after the folding but be-
fore the stock-like intrusions to those of the late Tertiary
(iate Pliocene ?), Thrusts that brought the Paleozoic sedi-
ments atop the folded Lower Cretaceous orthoquartzites and E»%%wﬂc?

limestones represent the first stage. These resulted from th

same Laramian tangentisl pressures that were responsible for i

folding. Followlng the faults of thls stage, virtuslly all
other faulting is of the normal or high angle reverse type,
suggesting a change from tangentiai to tensional atresses. &
The second stage i1s alpo manifested by the Indian fault along
which the quartz monzonite and later porphyritic rhyolite
Adikes were Aintruded., The Doyle fault in the esatern Sierra
Rica also poasibly belongs to this stage. The third stage 1s

represented by faults trending north to northeast, some of
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which were originally tenslonal fractures assodiated with the
intrusion of the stock. The ore deposits of the Apache-Chapo
Mining District and probably those of the Occldental and Inter-
nstional mines were formed In fissures of this stage. Short
transverse faults cutting the mineralized faults reflect a re-
gurrence of faulting toward the close of this vein-forming
stage. The fourth major episode is the upheaval of the Apsche
Hills along the Apache fault, & dlsplacement similar to the é?

~ Basin and Range type. Concomitant with this stageféée the ¢
parallel normal faults of small throw and step-like pattern

in the eastern block of the Apache Hills (section E-E' of
Plate 1). Small tear faults and the reverse fault in the same
area probably indicate stresses assoclated with this period of
frfaulting. The youngest stage 1s represented by the fault
northwest of the Luna mine which occurred after the rhyolite
flows and breeciﬁs had been deposited. It is definitely local
in extent and mey well be due to slumplng rather than to tec-

tonic stressses.

Thrusting

Low angle thrust sheets of klippen exposed in the western
edge of the Silerra Rica overlie the‘corbatt orthoquartzites
(Figure 6). Doyle Peak represents a double thrust, for a
Permian klippe is overlain by & Pennsylvanian klippe (Pigure 7).
Both have a southwestward dipping sole (section C-~-C' of Plate 1).
The age of the thrust cannot be definitely ﬁsaigned. At hest, it
postdated the folding and antedated the rhyollite porphyry
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intrusion, as indicated by the folded condlition of the under-
lying Corbett formetion and by the isclated klippe in secatlon
7, R.I4W,., T.298. which is cut by rhyolite dikes,

Normal Faulting

The Indian fault can be traced from & point west of the
Apache mine where 1% 1s abruptly cut by the Marathon fault to
& point east of the Chapo mine where it lg again abruptly ter—‘
minated, this time by the Malirland fault. Along its entire
length the fault 1s well marked by & prominent breccla zone
which c¢ontains various rock fragments depending upon the sur-
rounding rocks. FPFor the most part 1t contains silica-cemented
taotite fragments (garnet, epildote, and diopside) together with
asaorted chips of sedimente snd intrusives. The limestone side
of the fault is usually sllicated and bears ore.

The Indian fault is evidently the fissure along which the
stock had risen and which subsequently provided egress for the
rhyolite dikes. The displacement along the fault cannot be
determined as the thickness of sedliments overlying the stock
upon its intrusion is not known.

The McKinley fault, Chapo fault, and others representative
of the third stage of faulting are in part relasted Lo The stock.
Such Tisgures were probably channels for silicate and ore solu-
tions and gltes of ore deposition. Followlng ore deposition,
further adjustment produced small displacements. The figures
for these displacements can be acourately determined in some

places. For example, the Chapo fault has a throw of 150 feet;
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Figure 6
View looking sowthwest from Doyle Peak, demon-
strating the thrust of Pennsylvanian limestones
{right) over the Cerbett formation (left) in the

northwest part of the Sierra Rica.

Figure ¥ :
Thrusting ot Doyle Peak: Wigw SINRE toword the
west side of Doyle Peck IPEIRY BEISive Pgan.
sylvenian timestone  svarlying PormiBn red beds.
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this is 1llustrated by the fact that Just west of the fault, _
the same Rudlistld Limestone member that 1ls exposed on the sur-
face to the east, occura near the bottom of the Chapo shaft,
180 feet below the surface. The presence of the fault here is
also indicated by the absence of tremolitized limestone eaat
of the fault and its striking continuity to the west. The
Mairland fault has a verticsl displacement of about 400 feet;
this figure 1s derived from the fact that to the west of the
faﬁlt the contact of the Rudistid Limestone member and Lime-
stone-Sandstone member is exposed at an elevation of approxi-
mately 5,000 feet, whereas to the east the pame unit forms a
prominent cliff at about 5,400 feet.

In the northeastern Sierra Rica, conditiona are analogous
but on & smaller scale than those in the Apache Hills. The
Doyle fault trending west-northwest and the similarly trending
tactite veins of the Occidental Mines (Plate §) are offset by
northeast faults. The Doyle fault involves a stratigraphile
separation of sbout 900 to 1,000 feet which 1s the thickness
of the missing Orbitolina Limestone member. The vertical dis-
placement in the younger faulta cannot be determined. The
horizontal separation on the Oceclidental fault 1s approximately
1,500 feet.

The International fault ls partially mineralized both in
the United States and along its continuation into Mexico, As
is obvious from the map, Plate 1, nelther horizontal ndr vertical

diaplacement can be determined.
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The QOyster fault is indiceted by a slight horigontal dia-
placement at its southern extension; to the north, the only
indication of this fault 1s the noticeable change in strike
across the alluvium separating the two blocks.

The County fault, covered entirely by alluvium, has been
inferred from the contrasting lithology on either silde. 'To the
west are exposed the Limestone-Sandstone beds and to the east
the Orbitolina and Rudlstid Limestone members. The horlzontal
separation is about 7,500 feet, of which the vertical component
is estimated to be 2 mggigpm of about 1,200 feet, in view of the
thickness exposed east of the fault.

' The McKinley fault is lmportant structurally and slsc from
the point of view of oreAdepoaition. It is a fault of small
horizontal separation, to Judge by 1ts c¢ross-cutting relation-
ship with the Indian fault, Like the Indlan fault, it has
acted as & gulding fissure along which the composite stock and
other intrusives have been introduced; 1t has also beern mineral-
ized. One striking feature of the fault 1s that it has acted
as 2 barrier to silicating and ore solutlona, for west of the
fault, with the exception of the Indlan fault continuation,
tactite and ore velns are conspicuously scarce or lacking. The
MeKinley and related faults were apparently responsible for the
upllift and subsequent present exposure of the quartz diorite
plugs in the immediate vicinity of the fault. This 1s par-
ticularly probable in the northern section of the fault.

East of the McKinley fault, a&long the southern fromt of

the Apache Hills between the Apache and Chapo mines, numerous
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faults of small displacement are falrly abundant. The dis-
placement of each haa a greater horizontal than vertical com-
ponent, for the beds on elther slde of the faults are similar
and topographic elevations are about the same. These fissures
are radial to the stock and tenslonal in origin, and may be
compared to the radilal pattern developed around intrusives and
domes where upward vertlcal pressures were origlnally dominant.

The Apache fault has a sinuoug and continuous trend along
the base of the Apache Hills and can be traced by differences
in topography and lithology. For much of its lengih 1t is
"marked by bands of masaive, resistant quartz ten feet wilde
(Figure 8). "Horses" of sedimentary rocks within the fault
trace Were cccasionally noted, as east of the Mairland mine
where blocks of sandstone are enclosed by quartz velns.

Asgociated faults and fissures related to the Apache fault
are noted in the eastern block of the Apache Hills whereby
parallel step faulte have repeatedly elevated the massive c¢liff-
rforming Rudistid Iimestone member (Figure 9). The minor thrust
in this ares 1s evidently related to the step faulting and ls
probably due o a local compressional adjustment to the major
tensional forces affecting the region at that time (Figure 10).
Quartz~filled fractures parallel with the Apache fault south of
the Apache mine may also illustrate & genetic relation (Plate
2).

The vertical displacement along the fault ls estimated to
be about 2,500 feet (section C-C' of Plate 1), in general ac-
cord with the relief on elther side of the fault, taking into
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aceount subpequent erosion. The displacement along the fault
was probably not uniform so that variations from the above
figure are to be expected. |

The dating of the major fault ls somewhat obscure but 1t
appears probable that the last large movement occurred during
and after the eruption and intrusion of the rhyollte sequence
which would date the fault as late Miocene or Pliocene (?).
This is indicated by the exposure of rh&olite on elther side
of the fault, and bylthe abrupt termination of .1solated mongo-
nite pluga on the northern side of the fault, Probably fault-
ing became amctive as vulecanism subsided. Furthermore, 1t 1s
believed that a zone of weakness extends from the rhyolite
breccis domeg on the northern fringe of the Apache Hills to
the Coyote Hills (the northern termination of the Little
Hatchet Mountains) which c¢an well be considered a concomitant
of the Basin and Range type of faulting exemplifled by the
Apache fault. It seems likely, too, that the Mlocene or
Pliocene (%) movement was not the first or last expression of
uplift. The preagg&ﬂgg 1solated fanglomerate outerops through-
out the range 13 evidence that upwarping, possibly operative
glong thils fault, cccurred Iin the late Cretaceous and was per-
haps of some influence in preceding periods, accounting for
nondeposition of certain sedimeﬁta. Possibly there were simi-
lar recurrent movements of more recent origin. Recent faulting

of Pleistocene and later gravels in the Rio Grande Basin In New
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Figure 8

Midway between the Apache ond Chapo mines.

A quartz vein dslinsotes the Apache fault. In the
foreground is a small plug of quartz monzonite;
in the background are ondesite flows,

Rudistid Limestone

v g e e

Figure 9
Step-faulting in the eastern Apache Hills

affecting the Rudistid Limestone member ond
the Orbitolina Limestone member. View looking
northwest from the International mine.
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Figure 10

View looking north from Border Post No.39 toward ;

a minor thrust fault. Note the drag folding of

the thin beds of the Orbitolina Limestone member_'

against the foult plane.
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* Mexlco attests to the perslstence in time of such strueturea.l

Although the Apache fault has a more westerly trend than
is cheracteristic for the Basin and Range type of faults its
remarkable continulty from its northern end in the mapped area
pouthward into Mexico and beyond suggesis a genetic similarity
to faults of that type. Other facts pointing toward the'aame
conclusion are its steep dip with vertical dinplacement and the
sharp lithologic and topographic contrast on opposite sides of
the fault throughout much of 1%s course.

Relation of Hineralizgtion to Faulting

In regard to mineralization, structures relegated to the
second and third eplsodes of faulting contain the major'ore
deposits of the ranges. These faults may be conaidered pre-
mineral in origin. With minor exceptions all other faults are
post-mineral., The exceptions include the minor ore-filled
fissures at the Big Shiner mining area, the Luna mine, the
Christmas mine, and the Queens Taste mine, all of which are
agpoclated with the intrusion of rhyolite porphyry or related
felsites. ‘

REGIONAL COMPARISON OF STRUCTURAL RELATIONS

The Apache Hllls and Sierra Rlca generally conform to the
regional structure pattern of southwest New Mexico (Pigure 11):
lcallaghan, Eugene (1953), Basin and Range structure in

southwest New Mexico, GQuidebook, Uth Field Conference, New
Mexico Geol. Soc¢., p. 117.
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the major folds and faults and notably the thrusts, possesges

a west to northwest trend characterisﬁic of this part of the
ptate. In particular the trend resembles that which occurs in
the region to the east end north rather than that to the west
at the New Mexico-Arizona line, where a north-south attitude

is more dominant. In that reapect, the Apache Hills apparent-
1y represent & zone of structural transition in which both ten-~
sional and compressional forces have undergone a slight but

noticeable shif't in direction.

GEOLOGIC HISTORY

The exposed rocks of the Apache Hills and Sierra Rica un~-
doubtedly overlle Paleozoic rocks, including Pennsylvanian and
Permian sectlione. A thick section of autochthonous Permian og-
curs in the Blg Hautchet Mountains. However in the region under
discusgion, regional history commences in the early Cretaceous.
During that time, southwest New Mexlco and southeast Arlzona
were at or near the head of the southeast-trending and plunging
geosyncline that continued through central northern Mexico and
was separated from the site of Gulf Coast deposition by the
Coahuila platform. Deposition had been initiated in the
"autogeoaygcline”l in the Jurassic and continued throughout the
Cretaceous. Jurassic and Lower Cretaceous sedimenta comprise a
aection generally over two miles in thickness and consist of
limestones with basal and marginal orthoquartzites.? The lack

1Kay, a.M, (1951), North American geosynclines, Geol. Soc.
Amer. Mem. 48, p. 62.

2Ibid, p. 62.
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Figure t. Tectonic relations of Apache Hills ond Sierra Rica to

southwest New Mexico and southeast Arizona (Base map:

Tectonic map of the United States, 1944)
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of Jurassic sediments In southwest New Mexico indiecates that
the area was a highland during this time and most probably
during the Trilassic as well,

In the early Cretaceous, however, the sea encroached upon
the present position of the Apache Hills and Slerra Rica. Both
the Howells Ridge and Corbett formations reflect marine and}
shallow water environments. Even the Red Beds member, the l
oldest unit of the Howells Ridge formation, demonstrates thesge
conditions as sandy and clayey matter are Intermixed with oc-
casional thin beds of limestone indicative of near-shore depo-
sition. Off-shore sedimentation continued throughout Howells
Ridge time. The Oyater Limestone member illusirates deposition
in shallow and turbulent marine waters in which sandy material
was still an important detrital constituent. The Orbltolina
and Rudistid Limestone members represent conditions wherelin the
marine waters were completely free of clastic detritus or else
these limestones were deposited a sufficlient distance {rom the
shore line ito be uncontaminated. This condition did not persist
"to0 long since the overlylng Limestone-Sandatone member contalns
Orbitolina-rich 11ﬁes%ones end interbedded orthoquartzites and
slltatones, Arenaceous and subordinate argillaceous debris
characterize the upper half of the Lower Cretaceous and prob-
ably indicate a retreat of the sea, resulting in shallow, marine
conditiona whereby the detritus has been severely washed and
generally reworked, producing well-worn, rounded, anlt frosted
quartz grailns. The Corbett formation may be considered a mar-

ginel facies of the geosyncline, debris having been derived
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from & more diatantlaaurce than was thé case with the other
pandy beds, | |

In the late Cretageous, withdrawal nf the gea, probably
due to uplift of the Apache Hills and Siarra Rica, resulted
in the deposition of the skunk Ranch fanglomerate upon the
erosion surface developed on the undarlyins Mesozoic and
Paleozole rocks, The uplift was great enough to expose
Pennsylvanlan 11mestoqes, boulders of which are included in
the formation. o - -

late Cretaeeons or early Tertiary vulcanism, presumebly
affilinted with the Lnramide orogeny, then affected the two
ranges. The first 1ndicaticn of this was the 1ntroduction of
the Last Chance volcanles extruded upop.the eroded surfaces
of the Lower Qretaceouéxsedimanta. An acourate detailing of
gequences 1z A1fficult but in general, after dlorite and
quarts aiérites were 1n€£uded, the beds, ﬁothlvolc&nic and
sedimentary, were subjected to tangential pressures which form-
ed the folds previocusly described; Deformation continued with
the thrusting of Palea#oic sediments from an unknown source
upon the folded indigenous roaks.

Subsequent to thia'deformation, igneous rocks Iintruded
the anticlinal creats snd limbs In the western Apache Hills
forming various structures, notably & stock ofAmixed composl-
tion, Metasomatism and mineralization of the surrounding
sediments probably started before the resulting stock had com-
pletely cooled and continued after the assoclated dikes and

sills were intruded, Fissures radlal to the stock developed
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during its emplacement and served as channels for {1lling and
metasomatism, In part by ore solutions. Lesser displacements
occurred after mineralization.

A period of relative quiescence was then succeeded by
another period of vulcanism commencing in the Miocene (?) in
which latite flows were extruded and later covered by rhyolite
flows, tuffs, and breccia. Profuse intrusion of rhyolite por-
phyry earlier than its equivalent flows introduced a second
period of mineralization, but thls was weaker than the first.
It was followed by a majJor perlod of faulting in which the
Apache Hills were uplifteé to their present state. Volcanic
action had a brief resurgence in the Plelstocene with the out-
pouring of basalt flows, similar to those that have continued

into the Recent epoch in other parts of New Mexico.

CONTACT METAMORPHISM
INTRODUCTION

Much attentlon was given by the author to the contact
me tamorphic relations expressed on the southwest slopes of the
Apache Hills, where a contact aurecle of limited size is ex-
posed. It waes hoped that thls deposit, though of amall aresl
extent, would shed some light on certaln questions about thils
phenomenon long raised by geologists. During the course of the
field work, other features were also observed which have re-

ceived little attention elsewhere,
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TERMINOLOGY

The term contact metamorphism as used here 1s all-em-
bracing, referring to changes which rocks adjacent to intru-
sive masses have undergone as a result of intrusion. The altera-
tion is two fold in nature. One phase is purely thermal meta-
morphism, whereby the loas of heat from the intrusion is re-
sponsible for the baking and recrystallization of the surround-
ing rocks. Iﬁ this phase, also called isochemical metamorphism:l
the bulk chemical composition of the rock is unaffected since
there is no migration of material into the rock. A second phase,
to which some restrict the term "contact metasomatism" and which
others call allochemical metamorphism,z is characﬁerized by
fluids, generally considered pneumatolytic, emanating from a
source within the crystallizing magma or from an independent
source, and responsible for the formation of new minerals elther
by reaction with previously recrystallized rocks or by deposi~
ficn from solution at high temperature. In this phase, there
is 2 change in the bulk chemical composition, since the fluidas
may account for substantial addition and removal of matter from
the rocks.

Although the first phase precedes the second phase chrono-
logically, the later effects of contact metasomation may com-
pletely obliterate any vestiges of purely thermal origin.

lRankama,Kalervo, and Sahama, Th., G. (1950), Geochemistry,
Univ. of Chicage Press, Chicago, p. 250.

21bid, p. 250.
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The new minerals formed may be composed wholly or in part
of elements foreign to the country rocks and may occur as re-
placement masses or in veins, Usually the minerals thus de-
posited are sllicates ta whileh the term tactite or skarn is
applied, the term taatite 1s preferable as skarn nmore speciric~

ully refers $o a garnet-epidetawpyroxene roek.l
LOCATION AND OQCCURRENCE

The distribution of the contact metamorphéaed zone is
indicated on the areal geologic map, Flate 1. A more detalled
study 1is ahown on Plates 2 and 3. The genergl geologic metting
is one'in which the Apache Hills composlte stock, consisting
in part of a late quartﬁ monzonite facles, has intruded the
Limestone-Sandstone memher of thé Howells Ridge formation and
is directly or indirectly responsible for the alteration of the
- pediments., The effects of the quartz monzonite intrusion con-
_sist of recrystallization of thé sediments followed by a late
introduction of flulds which metamorphosed and metasomatized the
rocks. Toward the end of this process, rhyulife dikes were intruded
into the sedimentary succession and along the contact between the
sediments and the stock. As 1llustrated in the lsat two plates,
the metamorphic effects extend outward from the sediment-rhyo-
lite conteet to the.abrupt termination of the sediments at the
Apache fault. The contact zone forms an aureole approximately

3;!%388, F.L. (1918)’ Tectite, Amer,. Jour, 3e¢l., vol, 1‘8’
Pe .
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1,000 feet wide and two miles long extending Ifrom the Chapo
mine to the McKinley fault. Vest of the fault, an even thieker

section has been matamorphosed.
— " Contact metamorphic features are also noted at the
Occidental mines (Plate 9) where tactite and ore minerals rill

prominent fissures in limestone., This occurrence 1s all the

(r
more unusual since there are no assoclated intrusives viaible, Bo.

T AP e B PSRBT T 1 o i s gt
with the exceptlon of thin trachyte s81lls which are not apt to ?I:?..T:e
T o A e N o~
have been a causal faator in this type of mineralizetion. ?x!.mi.»:’:“"‘!‘Aj 7
frn grme

lar tactlte veins, in many places of great length and aeeminglybﬁvfmthe,
4l e e

unrelated to intrusiona, have been reported by Jacob1 FPOM  torlns? vibug wpt

\‘M T owe.fp
Calera, a2 small mining camp in Chlhuahua, Mexico, -\¢4uab

_
wAE

SEDIMENTARY SEQUENCE INVOLVED

The sedimentary sequence included within the contact aure-

ole between the'uoxinlay and Malirland faults is as follows:

Stratigraphic top of section

Thickness

Limestone-rhyolite breccla 20-50 feet
“Indian fault
Limestone, tremolitized; contains

occaglonal arglllacecus lenses 15
Impure, slightly calcareous shale;

occasional arenaceous lenses ‘ o
Interbedded shales and sandstones,
. minor thin limestones, and

conglomerates $00

Total hes

Rudistid Limestone member

1Jacob, Leonard, Jr. (1954), Personal communication.
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Features peculiar to thls sequence include 1) the lentic-

ular and intertonguing nature of the beds and 2) the remarkable
persistence with which thermal and metasomatic alteration maylex-
tend parallel to the stratification. The lenticular nature of some
of the beds is exemplified by the lensg of massive recrystallized
limeatone confined to the area sround the open cut of the Apache
mine - a type of limestone not found elsewhere in the distriect.
The ooccurrence of thin conglomerate and 1imeatone lenses near the
Chapo mine also illustrates the inhomogeneity of some sedimentary
units. The persistence of alteration parallel to the beds is il-
lustrated by the limestone abutting against the Indian fault
which has been tremolitized and otherwlse sil%cﬁted, accounting
for a mineral asaemblage that continues i;;;;;;iy unchanged fronm
the Indlan shaft to the Chapo fault, a dimtance of about two miles,

At elther extreme, subseguent faulting and erosion have removed

the bed from the observed sedimentary sequence.
MINERALOGY

The metamorphosed rocks of the Apache-Chapo mining distriet
possess a varlety of silicates and other minerals characteristic
of a contact zone., The minerals below are all post-dlagenetic
in origin and are grouped according to their formulae as listed
in Dana's Textbook of Mineralogy, 1950 edition.

Silicates

Actinolite (Caz(Mg,Fe)s(OH)2(S14011)2). The mineral occurs

microscoplically in shale and limestone as light to dark green fi-

bers assoclated with hornblende and dlopslde. In many cases, it
is limonitized.
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Aluminous hornblende (CasNa(Mg,Fe,Al)s(A1,S3)4031)2(0H)s,
This mineral oceurs widely but 1s confined to the impure cal-

careous shales south of the contact breeccila, It occcurs as
wedge-ghaped microscopic porphyroblasts or with dlopside in a
polkiloblastic manney suggesting the élteration of pyroxene to
hornblende. The hornblende noted here is strikingly different
from that found in the igneous rocks. It has green to bluish-
green pleochrolsm and zic of 22°.26%, In some cames, it is
apparently pargasite or edenite as shown by 1lbs occwrrence,
assoclation, and positive optlec sipgn,.

Andalusite (A158105). Andalusite was only noted micro-

scopleally in elose assoclation w;th cordlerite, both ocour-
ring within an arglllacesus lens in the tremolltized limestone
bed, It usually has a well developed diamond-shaped outiine,
Chlanstolite, a variety of andaluzite observed 1n<the same lens,
has wavy extinction, and the characteristic central figure of
8 cross csused by carbonsceous impurities and rapild crystalli.-
zation.
Chlorite (HS(Mg,Fe)sAl2S13018). Chlorite occurs as an
alteratlon product of the feldspars and ferromiagnesian minerals.
Cordierite ((Mg,Pe)sAluSic018). This appears with an-

dalusite in an argillacecusz leng in the tremolitized limestone
bed and also in arglllites that are some distance from the
c¢ontaet, The mineral forms mieroscopice porphyroblasts that
commonly contain sillimanite and dark smudgy unidentified

inclusions.
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Diopside (Ca,Mg(5103)2). A pure diopside, apparently not

gontaminated with iron, 1s observed mleroscopleally in the
limestone adjacent to the intrusion, Iron-rich dlopside or
hedenbergite occurs strikingly in a prospect plt- -in shale along
a fault Just west of Indian Draw. It was distinguished from diop~
pide by ite greater specifie gravity and larger extinetlion angle.
Here, it is exposed in grayish-green bhladed crystals up to six
inches in length. The edges of the crystals have been altered
to actinolite and chlorite, It aleo forms mieroscople porphyro-
blasts in the impure shale unit. Several minerals apparently
intermediate between diopside and hedenbergite were only noted
in thin section, particularly in the impure shale bed. Qf these,
two varieties are common, which are apparently salite and ferro-
sallite. One is coarsely cerystalline, with low second order bire-
fringence, and Zac of 38°-44°, The second occurs as isolated
orystals with green pleochrolsm, low first order birefringence,
and Za e of U5°.48°, variastions in physicsl properties are not
infrequent and may be due %o the introduction of aluminum and
its replacement of c¢alelum or magneslum or both., In some cases,
the mineral may be more accurately termed an aluminous auglte.
Epidote. The several varieties of epldote ldentifled in-
clude:
Pistacite - mCaz(Al,0H)A12(5404)3 or nCa2{¥Fe,OH)Pez2(S104)3
Piedmontite- Ca2(Al,0H)(A1,Mn)2(S104)3

Allanite - analagous to pistaclte but with cerium and other
rare earth elements

Zolgite - Cap(Al,0H)A12(S5104)3
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Most of the epldote 1s of the pistacite variety. Plsta-
clte 13 falrly wldespread and occurs megascopically as green
stubby prisms, sclcular needles, or granules. It is invardably
assocliated with andradite and dlopside in skarn zones, and in
other minlng centers the world over it 1s an important con-
stituent of tactite veins. Mleroscopleally, plstacite shows
yellow to green pleochroism, high relief, and parallel extinc-
tion., It is commonly & late mineral replacing silicates formed
earlier. The other minerals of the epldote group are only noted
in thin section and are very rare. Pledmontite and allanite
resemble plstacite, but the pleochrolsm of the former 1s violet
and the latter brown, Pledmontite was seen in a garnet-epldote
vein and allanlite in a metamorphosed shale, Zolslte was ob-
served in sediments west of the Apache mine associated with
grossularite, It usually occurs in thin prisms or minute
columnar fragments of high relief and blue anomalous polariza-
tion colors, Clinozolelte was not observed.

Forsterite(MgzS8104), The mineral is of minor occurrence

and was only observed in part of a metamorphosed shale bed where
it forms altered crystals together with dlopside, tremolite,

and spinel in a matrix of chloritized ortheclase and albite.

In thin section, forsterite has an elongated hexagonal outline
and appears in remnants of high relief. The interiors of the
eryatals are so altered as to be almost completely antigorite
while the rims are corroded to dark brown pleochroic smudges,

probably lddingsite.
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Feldspars (K,Na,Ca)Al81208). Orthoclase and albite are
important constituents of all metamorphosed shales, Microcline
wag noted in one such shale, but 4t was 80 rare thal it prob-
ably represents a residue of the original sediment, unaffected
by metamorphic¢ action. Plagloclase was only observed in minor
amounts, the maejor share having been altered to epidote and
chlorite,

Garnet. Both andradite (CagFe2(5104)3) and grossularite
(Ca3Al2(810)4)3) are found though optical and chemical tests
indlecate that andradite is the only garnet mineral in the rocks
east of the McKinley fault. Andradite, ranging in color from
brown to green to ysllow, generally occurs in well developed
dodecahedral crystals. It mey also be granular or massive;
the massive habdbit ls prominent close %o the contact at the
Indian fault., Crystals are noted mostly in calcite and more
. rarely in quartz veins near the contaot or several hundred feet
from it. In thin section, 1ii possemses excellent zoning of the
dodecahedral type and 1ls commonly birefringent even in the core.
Andradite was readily distinguished from grossularite, which
it 80 closely resembles, by the fact that andradite fuses to
& magnetic globule; it alsc has a higher refractive index and
greater specific gravity than grossularite. Secondary alteration
has resulted in the coanrsion of andradite to chlorite and
less commonly to idocrase.

Grossularite is only found mieroscopieally in the re-
cryatallized rocks west of the MoKinley fault. It occurs as
minute poorly developed zoned crystals 0.1 to 0.2 mn in size
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- in arglllaceous limestones. It generally has & dusty ap-
pearance which would signify a falrly rapid crystallization,
Mica (HpK(Al,Mg,Fe)3A13(S104)3). Microscopic plates of
brown pleochroic biotite and of muscovite are common in shales.
Prebnite (HzCa2Al2(S8103)4. Though of rare occurrence,
prehnite was noted in sheaf-llke aggregates as cavity flllings

in a metasomatized zone,

LY

Pyrophyllite(HpAls(S103) 4. ryrophyliite, in radiating
¢lusters of white transparent short needles, was observed in a
chloritized argillite from the dump surrounding the Apache mine.
1t was evidently found in a lower working, now inaccessible,
and was also noted in & micro-velnlet cutting epidoté.

Seapolite (CaC03°302A1251208 to NaCle3NaAlS1308). Seapo-

lite 18 extremely rare, It was ldentified mleroscoplcally from
a veln in a tactlte zone at the Chapo mine.
S8illimanite (A128105), This mineral is confined to shales

or shaly limestones; 1t occurs rarely, usually as clusters of
needles or in isolated fibers with short transverse fractures.

Sphene (CaTiSi0z). This is a minor but common constituent

of both impure shale and limestone units. It is readily identi-~
fled by its twinned appearance, rhombic outline, and high re-
1lief.,

Tremolite (CapMgs(OH)2(S104)3). In the limestone unit,

tremolite malkes up concretionsry masses up to one foolt in
dlameter, composed of radiatling and criss~crossing white tremo~
lite needles and filbers surrounded and in part traversed by a
black oxidized andradite-epidote »im, The second, distinet

mode of oceurrence ls as an alteration product dfter diopside
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from which 1t can be dimtinguished by lower relief.
Wollastonite (CaSi03) .8hort fibers of this mineral were

only observed in some argillaceous limestones west of the

Apache mine, assoclated wlth grossularite and zolsite.

Phosphates

gpatite (cas(F,01)(POgl3! Widely distrihuted, conapic-

uous, well cerystalllzed hexagonal prisms or croas-seotiona of
apatite are found in tactite zonea and velns, It 1s also par-
tieularly prominent in the gquartz diorite plﬁga in the viein-
ity of the Chapo mine.

Halldesn

Fluorite (CaF2). Some crystals of violet-colored cubie

fluorite were noted on the dump surrounding the Indlan shaft.
Many of the taetite velns contain notable microscopic amounts
of colorless fluorite genérally confined to fractures, It 1s
apparently later than andradite and epldote but earlier than

the iron oxide minerals.
Oxldes

Bismutite (Bi203). The only compound of bismuth, bismutite,

was observed in some specimens from the dump around the Apache,
shaft BismuTite s &« ¢ a'hs ma‘f@? —_ bk 3m17‘€

E!-s’“.,n{\ V{ . \'\

Table l«gg«g L:;w 1« S Loedod 1”2! E
Hematite or specularite {Fe203). This most abundant iron oxide,

in the contaet aureole, occurs in thin isolated plates or groups

of plates that are lustrous and have a brown to black color.
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It is invariably assoclated with calclite veins and tactite
minerals. A large concentration of massive hematite was ob-
served in a limestone lens east of the Apache shaft.

Magnetite (Fez04). In the region here described, this is

a common mineral assoelated with the tactite zones,

Quartz (8102). The mineral occurs in reerystallized sand-

stone and in post-orve velns that cut both asillcates and sulildes,
The quartz usually fills fissures and faults normal to the trend
of the béds‘ Along thie Apache fault end associated fissures in
porphyritie rhyolite, it 1is also massive. Bome of the quartz in
the later faults is Jasper.,

Spinel (MgAl204). An iron-magnesium spinel (pleonaste) 1is

ublgquitous in most of the metamorphosed sediments, in which 1t

is characterized by dark green to black color and by lsotroplsm.

Carbonates

Calcite(Cal03) . Several types of post-diagenetic calcite

are noted in the eontact aureole. One represents recrystalllza-
tion in place, producing a massive limestone composed of perfect
rhombic erystsls. The second type iz in the recrystallized
limestone adjacent to the Indian fault in which caleite grains
have been enlarged and twinned. A third variety is in velns

that contain tactite minerals, oxides, and sulfides. It 18 also
found in post-ore faults and flssures. Much of the recrystal.
lized calcite fluoresces pink as contrasted with the green

fluorescence of vein caleite,
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Tungatates

Bcheslite (CaWOy). Scheelite could only be identified in

the field by its blue-white calcr under the fluoreseent lamp.
Its oceurrence is vnried: 1) at the COchiae vein, 1t is re-
stricted to.quartﬁ veins cutting slileifled ahale in association
with copper oxides; 2) it is fairly widespread in quartz vein-
lets traversing chlopitized shale; 3) 1t forms pods in the mas-
sive recrystallized limestones; snd 4) at the Chapo mine, it

ccours in calcite velns with magnetite.

Sulfides

Chalcopyrite (CuFeSz). aymost invariably chalcopyrite ac-

companies andradite-epldote veins. It also ocours with other
sulfides in veins cutting metamorphosed sediments particularly
at the Apache mine. |

galena (PbS). This i1s a common mineral found with other
sulfides and silicates at the Indian ghaft and the proapects
east of Squaw Creek. It is also in the underground workings of

the Apache mine, notably on the 70-foot level.

Pyrite (PeS2}. mniw 1s ubiquitous in all the sediments

&nd hes probably formed In many cases under purely thermal
conditions from the resction of iron oxide and sulfur origlin-

ally présent. It is also common in tactlte velns.

Sphalerite (ZnS). This is closely associated with galena.
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Native Metals

gold {Au) and siliver (Ag). These elements were not ob-

served but aassays prove that they are present.

METAMORPHISM IN THE CONTACT AURECLE

Succesnsion of Phases

The general successlion of events that occurs during the
contact metamorphic processes is believed to begin with the
erystallization of magmas upon intruslon into a sedimentary
sequence; with thls comes a loss of neat to the surrounding
country rocks and baking and recprystellizing of the latter.,
Further solidification produces a hilgh partial vapor pressure
in the resldusl liquid, resulting in the escape of gaseous
components into the country rocks, thereby causing metasoma-
tism. Among the pneumatolytic gases, water ls the primary
constituent; this cooled and condensed to an agquecus solution
responsible for the precipitatlon of hydrothermal minerala.l

Thus two main phases of metamorphism sire noted in the
district. Purely thermal or 1gqqhem1ca1 metamorphism has af-
fected the sediments and some of the igneous rocks in varying
degrees. Allochemical metamorphlsm, has also affected the con-
tact areas, but there is 8 distinct lack of metasomatic sili-~
cates, oxides, and sulfldes west of the McKinley fault. It
appears that this fault served both as a channel for meta-
somatizing solutions and &8s a barrier in preventing solutions

lﬂamherg, Hans (1952), Origin of metemorphic and meta-
somatlic rocks, Unlv. of Chicago Press, Chlcago, p. 171,
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- from penetrating the rocks to the wesat, with the exceptlon of
thoge in the immediate vicinity of cross fractures. This
strongly suggests that the majﬁr component of movement of
metasomatizing solutlions was lateral or at least that the fauld
extended to such depths that no deaﬁer metasgggfifing solution

1T T Teeefo M be e

was able to cross 1t and then move upward, <ff ' P> Tecfd e
LR "fj ot 2

Some of the mineraloglical changes in the sediments can be

g

ascribed td pneﬁmafélytie oy hydrothermal metasomatism or to
pore solutions heated bylthe magﬁa circulating through the
sediments. The effects of the laat m;y be confused with some
phase of metasomatism, particularly if there 1s a remoblliza-
tion of elsments leading to eventual precipltation in a forelign
area. For example, the chloritization of andradite in lime-
atone may reagult in the deposltion of chlorite in an adjacent
area. The conversion of an anhydrous mineral to a hydrous
mineral, such as the uralitization of a pyroxene, concomitant
with the introduction of aluminum, iron, and other!alementa
into the amphibole lattice, may be due solely to hydrothermal
action or to the dual effect of heated pore solutions succeeded
by the entrance of magmatic watera. In some cases, however,
diatinction# as to the mode of ion transfer can be applied.

The presence of epldote due to alteration of anorthite sug-
gests hydrothermal metamorphism with water as thé transporting
agent, wheress the occurrence of epidote with andradite, hema~

B—J ‘\J‘L'(‘“:‘?
tite, and halide minerals in typical tactite zones is believed

e e b o i e AATS T

to indicate, at least, initial pneumatolytic transport.
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In general, the effects of contact metamorphism, whether
isochemical or allochemical, wilthin the invaded rocks 1is
governed by & number of factors such as the temperature of the
magma at the timﬁ”of 1ntruaion,'the‘conrining pressure (hydro-

static pressure), the chemical activity of the solutions perco-| >’ <°°°

lating through the rocks, the chemical and physical constitu- h
tion of the invaded rocks, and the structural relations neces-
sary for the tranafer of héat and fluids. In the district here
described these were exceedlngly variable and difficult indeed

%0 generslize,

Temperature

" The tempersture of metamorphic reactions in nature can
only be estimated since the effect of certain variables, ‘
especlially water, upon available experimental and celculeted
results, are not quantitatively known. Clrculating pore solu-
tions, compdaed of water, carbon dloxide, and dissolved elements
(which may act es a free phase or as primary catalysts in the
reaction and rgcrystallizution of existing minerals) will cause
a particular reaction at a glven pressure to be lower than that

of a pure phaae.l

The occurrence of low water pressure in re-

latlion to rock pressure wlll cause reactions to take place at

lower temperatures. For example, in the reaction forsterite

+ talc = enstatite + vapor, at 500 bars rock pressure and 220
1Weeku, W.F. (1955), A thermochemical study of eguilibrium

during metamorphism of slliceous carbonate rocks, Jour. Geol.,
vol, » P 254,
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bars pressure, forsterite and talc will react at a temperature
that is 20° less than if the two pressures were equal.1 of

course, temperature differences of so small an order, whlle

suggestive, do not greatly affect quantitatively the rangaa ﬁj:“
et e ssiptmsa e+ 3 . a rettop o b4 ;

that are generally estimated for these reactions. They merely *“;”%“

reflect the fact that there are such erfecta. et

The upper range of the temperature of formation of the
silicetes In the contact zone is belleved tn‘lie in the range
from 450° to $50° ¢ which 1B considered to reflect the upper
part of the amphibolite facies or the lower part of the
pyroxene-hornfels facles. This takes into account recent work,
partlcularly by Yoder,z’B on the lmportance of water in the
metamorphic process. The complexlty of temperature determina- , .
tion is eﬁphasized by tremolite which ipg present in different 7
mineral assoclations 1ln different rocks according to 1ts mode

B
o VT A .

of formation, e.g., tremolite is produced elther during initial e
1sochemical metamorphlism by the reaction of lime, silica, and
magnesia or by the alteration of mafic minerals, such as
diopside., It is belleved that the high temperatures requlred
for the development of silicates is primarily derived from the
metasomatizing fluids emanating I'rom the quartz monzonite magma
and that the numerous dikes throughout the sedlimentary sequence
yoder, H.8. (1955), Role of water in metamorphism, Crust
of the earth, Geol. Soc. Amer. Sp. Paper 62, p. 515.
21b1d, pp. 505-524,

3Yoder, H.S. (1952), MgO~Alz03-S10p-Hz0 system and the
related metamorphic facies, Amer. Jowr. Sci., Bowen volume,
pp' 569"627 )
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were too small to have any effect on the country rocks. Ll
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The temperature of formation of the sulfides is also pre-

aumed to be hilgh, a&s evidenced by the association of chalco-

b tees
pyrite and sphalerite which occur in typical replacement tex- . -
MWM e g / r{..-_—z. a.,,_,"-j
tures along the Indian rault. Chalcopyrite and sphalerite ‘fﬁ?“ '

Tt e "“"&J K
form homogeneocus aolid solutions at high temperature and unwfq Apere remt
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The occurrence of high temperature slillicates far removed

vi"-

from the contact aureole suggests more than 8 mere temperature
decline in the system from the silicate to the sulfide stage. ;7
It 18 probable that the Influx of hot flulds was of a pulsating -
nature resulting in a rise and fall of the temperature several ,

times, rather then a simple rise and subsequent decline.

Isochemical Metamorphlism

General

In the purely thermal stage, temperature appears to be
the primary factor affecting the nature of the resulting miner-
al assemblage. Pressure has little bearing in this connection
but is a factor when a gaseous phase occurs, as in the libera-
tion of carbon dioxide upon recrystallization of an Impure
l1imestone to a calc-~silicate rock. Rapid evolutlon of carbon
dloxide is common in contact zones and the ensulng development
of high carbon dioxlde pressures during progresaive decarbona-
tion of calcareous rocks may result in minerals that ere

lBuarger, N.W. (1934), The unmixing of chalcopyrite from
sphalerite, Amer. Miner, vol. 19, pp. 525-530.
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apparently anomalous in ¢ertaln mineral assemblages. The
atabillity of the calcium and magneslium sillicates thus formed
would depend on & low partilal pressure of carbon dloxide. An
illustration of this is the formatlion of diopside from & lime-
magnesia-gilica rock (es In the impure.limestone bed at the
Apache mine) that would have been retarded or even inhibited
by increasing pressure of carbon dloxide evolved during the
reactions. Increased concentration of carbon dloxide would

have resulted in the formation of carbonates. However, siruc-

tural features generally provide avenues of escape for the 4
s v hate \ﬂv\r‘*@' . I {»t:!w e Bttt g I F e art ; A’ e
TH}( Vg-—"h t( Torm  an ta J-fm -e--’fgwﬂ . %MMWZ‘ Q)fu et [ }4! -
gases. 7 IR }; i w Bt mgh g B & ) T N e re-oled a.
JOU'-P ‘Wc/""’ '

The pransfer of heat from the intrusion during this phase
“of the metamorphic proceass l1s probably accomplished by gases
and other vapors emanating from the stock since the conduc-
tivity of rocks and the resulting rate of conductlion is too
low %o sccount for the recrystaliizatian of rocks so far re-
moved from the source of heat. -In addition, much of the heat
gould be carried by carbon dloxide which was released in large
- quantities by the initial metamorphlic reactions in limestone.
The heat was applled by {flulds rather than by conduction; this
conclusion 1s reached since it is probable that metamorphism [
occurred after the quartz monzonite had partially cooled, Mf‘
¥urthermore, fluld transgport 1s necessary ln order to account
bror the fact that some parts of the contact aureocle are more
intensely affected than those closer to the igneocus contact.

During this period of chemical reconstitution, it is be-

lileved that the metamorphosed rocks remalned essentlally solid



122

as evidenced by the similar thickness of beds within and out-
side of the contact aureole. Reactions involving recrystal-
lization and recombination of ions in the affected rocks are
generally thought to occur in the solid state though probably
facilitated by aqueous pore solutions circulating through the
sediments. The‘migration of ions along structural dlsorders
of various magnitudes Including mingral Interstices, crystal

boundaries, or even through solidas, has been suggested by some
&A\ wla ?
:)-« ey :-r'

best, this process 1s insignificant under the usual conditions

workers in the field, but it is 5393235}g;gg;;ggggm§ggt, at

of contact metamorphism. Measurements of diffusion in sili-
cates indicate that the rate of transfer in solids of this
typg are much too slow to produce extensive changes even in
the time avallable during the metamorphlce eyclea.l Horeover,
the prevalent occurrence of water in the host rock and the
invading rock provides an effective agent for the transport of
heat and material. The activity of water in isochemical meta-
morphism is indicated by the occurrence of hydroxyl-bearing
minersls and by the larger width of aureocles around the more
aqueous acidic intrusions than around mafic ones. Investiga-
tione by Yoder? further emphasize the role of water for it 1is
demonstrated that in an aqueous environment at 600° ¢ and
15,000 1ba/1n2, almost every mineral characteristic of thermal
luaaon, Brian (1954), The geochemistry of metamorphic
processes, The earth as a plane, Univ. of Chlcago Press, 7
Chicage, p. 290. e .

Yoder, H.S. (1952), Mg0-Alp03-810p-Hp0 systems end the

relgted metamorphic facles, Amer. Jour. Sci., Bowen volume,
p. 615,
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metamorphism may be produced, irreaspective of temperature. E?

-

Zoning of sllicateg is a feature common Yo contact meta- Me, ~mT
el I;- C,a.!cm
morphic halos although this concept cannot be readlily applied ot

\ . M"”
32 ¢4, Gy
¢

to the distrlct here discusaed. The development of silicates
in concentric zones 1is primarily dependent upon the availa-
bility of fiasures to provide access for the transfer of heat,
the variation in temperature from the contact outward, the
duration of metamorphism, and the composition of the affected
bed. d{snerally, the concentric zones are characterized by a
successlion of silicetes expressive of the temperature gradient
at the time of metamorphism and are most recognizable where
the temperature gradlent outward from the intrusion haa af-
fected similar beds (ideally those where the strike is perpen-
dicular to the igneous contact) and has produced different
minerals at varying distences from the contact. In the Apache-
Chapo district, accession of material during the metasomatle
stage, the thin bedded character of the sediments, the strike
of the beds parallel to the contact, their varying lithology
along the strike, and the varying bulk water contents of the
beds makes 1t difficult to ascertaln a zoning relation. De-
spite these deterrents, however, some examples were ncted of
evidences for temperature decllne outward from the source.,

In the trench jJust northeast of the Apache shaft, the shale
beds closest to the contact contain cordierite and blotlite
whereas the argillites to the south, exposed at the north end
of the open cut have undergone mostly mineral recrystalliza-

tion and enlargement but without the evolution of new minerals.
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Similarly, the impure shale unit closer to the contact gener-
ally contains larger and more abundant pyroxene porphyroblasts
than the same unit away from the contact, At the 1936 shaft,
however, specimens from the dump contain an abundance of
tactite minerals and again in the underground workings north
of the open cut, andradite-epldote velns cutting silicified
shale were observed (Figure 12). East of the Chapo fault,
tactite veins, outlined by the position of the workings, oc-
cur in the quartz diorite plugs and sediments an appreclable
distance from the contact whereas the sandstone beds close to
the contact are merely recrystalllzed. If zoning were a
pervasive feature of this area, then tactite mineralization
would normally be expected only close to the contact where

the temberatnrea are presumably higher, though structural con-
trol ﬁight make the zones snomalously asymmetrical as at
Leadville.1’2 Certainly, then, any concept of zoning as ap-

op 120 17 e P b el

lied here is vague.
P & e Gy b i

Effects on Sedimentary Rocks

The sedliments within the contact aureocle generally behave

according to the classic recrystallization theorles of Harker3

l10ughlin, G.F., and Behre, C.H., Jr. (1934), Zoning of
ore deposits in and adjoining the Leadville dlstrict, Colorado,
Beon. Geol., vol. 29, pp. 241-242,

2pehre, C.H., Jr. (1953), Geology and ore deposits of the
west slope of the Mosquito Range, U.S. Geol. Survey Prof.
Paper 235, p. 89.

3Harker, Alfreda (1939), Metamorphism, Methuen and Co.,
London.
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Figure I2. Skefch of tactite vejns in chamber at 50 level of Apache mine
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and they can be distinguished according to grades as developed

in Eakola's clasgification of metamorphic facies.l Clogest to

theﬂiggggginn, belleved to be the source of heat, the sediments | r.

o A
apparently conform to the upper limit of the amphibollite raoiealﬁf:&;f
and indicate an ares of moderately high temperatures and low 33‘19“7”

. % -'~n.j
pressures, More diatantly rrom the contacb, they agree with |17 ‘e
PRI ,,g,..,wu

the critical mineral assemblages developed 1n rocks of the L ot

epidote-amphibolite facles, as confirmed by the lack of ealciwﬁw o]
plagioclase, the presence of large amounts of chlorite, the g
instabllity of pyroxene, and the stabllity of epidote or
golsite in preference %o anorthite. Exact temperatures can-
not be assigned to either of the two faclerm as the presence of
agirculating pore solutlions could induce the formsation of meta-~
morphic minerals at a much lower temperature than would normal-
1y be expected. A temperature of approximately 500° C has been
suggested for the amphibolite'facies.z

The mineral assemblages of the lmpure calcareous units in
the Apsache~Chapo distirict reflect the low temperature end of
Bowen's series> in which the metamorphism of siliceous lime-
stones and dolomites is postulated to exhlbit thirteen succes-~
sive reactions or steps in order of lncreasing temperature,

1Turmr, F.J. (1948), Minaraiogical and structural evolu-~
;ﬁ?"5355§?° metamorphic rocks, Geol. Soc. Amer. Mem. 30,

2parth, T.F.W. (1952), Theoretical petrology, John Wiley
and Sons Inc., New York, p. 343.

3Bowen, N.L. (1940), Progressive metamorphism of a siliceous
limestone and dolomite, Jour. Geol., vol. 4B, p. 257.
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resulting in the formation of ten minerals, as follows: tremo-
lite, forsterite, diopside, periciase, wollastonite, monticel-~
lite, ackermanite, spurrite, merwinite, and larnite. In addi-

1 and garnet is

tion, tale 18 belleved to precede tremolite,
commonly associated with the dlopside zone.a- As far as can be
determined in this distrlct, there 1s no evidence that meta-
morphlism went beyond the wollastonite stage which is usually
~the highest grade achieved in contact aureolas around granit-
1¢ to intermedlate intrusives. Moreover, there is no evidence
that periclase was ever produced by partial dissocistlon of
dolomite, since the supply of magnesia was probably exhausted
by the previous steps of alteration. IJIn this regard, recent
experimental daeta indicate that perhaps steps 4 and 5 of
Bowen's serles should be reversed, since Harker and Tuttle3
have demonstrated that at carbon dloxide pressures between
5,000 and 40,000 pui, calcite and quartz react to form wollas-
tonite about 100° to 150° C below that at which periclese is
formed. These pressures corresponding to depths of 4,400 to
35,000 feet probably represent the extreme ranges between which
metamorphism ocourred in this srea.

lpitley, €.E. (1948), Earlier stages in the metamorphism
of siliceous dolomites, Miner. Mag., vol. 28, pp. 272-276.

ZEakola, Permti (1922), On contacot phenomens between
gneiss and limestone in western Massachusetts, Jour. Geol,,
vol. 30, p. 283.

3Harker, R.I., and Tuttle, O.F. (1956), Experimental data
on the Pgg, - T curve for the unlvariant reaction:

calecite + quartz = wollastonite + COp, Amer. Jour. 3ci.,
vol. 2514, P 2“90 '
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Additional reversals are suggesated by the almost complete
absence of forsterite and corresponding abundance of diopside
in the contact aurecle. According to weeka,l the formation of
diopside generally occurs before forsterite mailnly because of
the general presence of water, in which case more complex re-
actlions involving tremolite take plece. In these reactlions,
relative reactlon temperatures based upon the heats of forma-
tion, in addition to other thermo-chemical data, suggest that
diopside occurs before forsterite. When this happens, the
formation of diopaide will not leave suffilcient magnesls to
produce forsterite Bince diopside has almost the same Ca/Ng
ratlo as the original sediment.z Thus forsterite in assocl.
ation with dlopside, like the occurrences in some of the local
shale beds, indlicates that magnesia has been 1ntrodﬁced.

Evidence for the format{on of tale, the initial step in
the metamorphism of siliceous limestone, 1s also lacking.

Even Af it was originally produced, 1t could presumably form
tremolite according to the equation: talc + quartz + calcite
= tremolite + water 4 carbon dioxide.

The mineral assemblage within the ilmpure 1imestone immedi-
ately south of the 1imea€onewrhyoiite breccla zone conforms to
the pettern of metamorphism described for the upper part of
the temperature range corresponding to the amphibolite facles
or the lower part of the temperature range of the pyroxene-

1weeks; W.F. (1956}, Heats of formation of metamorphic
minerals in the system Ca0-Mg0-8102 - Hp0 and thelr petro-

logical significance, Jour. Geol. vol. 65, p. 470.
®Weeks, op cit, p. 261.



129

hornfels facies., The sediment appears to be transitional
between the two facles since caleite appears to have bheen
the stable phase rather than wollastonite.

" The limestone unit ls characterized by tremolite rather
than actinolite probably because of the lack of Terrous iron
in the sediment. With the exceptlion of metasomatle silicates,
the mineral assemblage has been developed by the interactlon
of calecium oxide, magregla, and sllica under conditions of
rising temperature, Tremolitizatlon typifiee this unit and
has resulted in consplicuous nodules and concretlons reaching
almost & foot in diameter (FPigure 13). They are embadded in a
recrystallized calcite groundmass. In some specimens, the
source of silica for the tremolite 1s obviously indigenous in
that 1t 1g derived from nearby microscopic chert lenses and
stringers (Pigure 14)., In others, 1t is apparently introduced,
in aolutions,\as 1t were, possibly from the alteration of alu-
minous rocks and minerals below the area now exposed. In this
case, the prominently developed epidotization of the monzonite

porphyry may have liberated sufficlient silica. The low per-

7
~centage of gilica (Table 3) likewise indicates its introduction kij '

into the sediment. Occaslonally the amphibole 1s actinolite,
as was noted at the easternmost prospect of the Apache mine
division (Plate 2). Other minerals assoclated with tremolite
include diopside and sphene. The latter, found in well devel-
oped rhombz of high rellef, is most prevalent in some of the
more shaly 1enﬁea of the limestone. It was probably formed by

the resction of calclte, silleca, and titanlum oxilde. The
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iFigure I3. Thin section of tremolite concretion west of the V-E Day
shaft composed of tremolite prisms cut by tactite vsins. A few diop-
“side crystals are embedded in recrystallized calcite (Nicols crossed,

'l. diameter 4.4 mm ).
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. Figure 14. Thin section of tremolitized limestone gast of Squuw.Creok !
illustrating an indigenous source of silica for the development of .

tremolite (Nicols crossed, diameter 1.45 mm),
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titanium oxide may be derived from rutile {commonly a minor
constituent of argillaceous beds) or from minerals such as
amphibole and pyroxene in which TiOa substltutes for other
elements. In the cases here found some of the Ti0, may have
been introduced. The occurrence of andradite and epidote with
the above sulte of minerals can be attributed to metasomatle L&j'?
actlion. -

The férmation of tremolite, the initial step noted in the
metamorphism of the limestone unit must have occwrred in a8
hydrous envircnment, since forsterite would have developed in a
dry environment. Further reactlion of tremolite, calclte, and
s8llica resulted in the formation of diopalde and involved re~
placement of tremolite by dlopside. This reactlon was the
higheat temperature phase attalined during the metamorphic cycle
of this bed. Perhaps, minersls lIndicatlive of a higher meta-
morphic grade were formed in this unit, but, with silica in
‘excess, only tremolite and diopside are the stable minerals.

All the reactlions involved caused the llberation of carbon
dioxide and its eventual release to the outer margine of the
contact aureole through the numercous fractures and flissures
" traversing the unit.

Mineral assemblages apparently characteristic of higher
temperatures than those above were noted in arglllaceous lenses
within the limeestone which have been recrystallized to andalu-~
slte, cordierite, and plagloclase., Andaluslte 1a commonly of
the chigsstolite varlety. Cordierite generally contains en-

closed sillimanite needles (Figure 15). Sillimanite can be
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developed from the reaction of quartz with elther nmuscovite or
biotite., However, when muscovlite becomes unstable in resaction
with quartz at 600° to T00° ¢, orthoclase is the associlated
mineral; the reaction between biotite and quartz at somewhat
lower temperatures, about 550° €, produces cordierite.l

These relations can perhaps best be expressed in an ACF
diagram, this being used to describe a triangular composition
diagram in which the apices represent three chemical components
~ Alp04, Ca0, &nd (Feo;ﬂgo) - which to & large extent control
the mineral development in many metamorphic rocks. The assem-
blage desgcribed lies in the upper triangie in the ACF diagranm
for pelitic rocks which contain excess silica and are deficient
in potash (Figure 17). A hydrous environment is also neces-
sary. Any potash present may crystallize as orthoclase or

albite. In this high-temperature, nonpotasslce, and relatively ?“ﬁjﬁjf

o

lime~free environment, andalusite and cordierite are generally
the stable constltuents; conversely muscovité and blotite are
& stable combination.

Isolated parts of these lenses contain spinel in assocl-
ation with andalusite and cordierite. This assemblage further
indicates the heterogeneity of the unit since the mineralogy
generally raflects the metamorphlism of a sediment rich in
magnesia and deficient in silica.

Certaln deductlions may be made concerning the temperature
gradlient immedistely followlng intrusion. It seems apparent

1Yodar, H.8., and Eugster, H.P. (1055), Synthetic and
natural muscovites, Geochim. et Cosmochim., acta 8, p. 263.
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that the rise of temperature wes rather rapid but did not
reach any high extremes (except in isolated areas as shown
above) since tremolite occurs in abundance in contrast with
diopside which was only noted microscopically, l.e., the rise
in temperature had barely arrived at the point where diopsilde
could develop. Moreover, the rapidity of the elevation of
temperature is demonstrated by the formatlon of chiastollite
which 1s usually considered a product of incomplete and rapid
erystallization in which there was insufficlent time to elimi-~
nate the carbonaceous impuritlies. Similar crystallizing condi-
tions prevall for the slillimanlite needles incorporated within
the cordierite porphyroblasts.

The sediments west of the McKinley fault illustrate condl-~
tions of lsochemical metamorphism free from complexities at-
tributable to later metssomatlsm. In some of the arglillaceous
limestones close to the stock, the mineral assemblage developed
illustrates features of chemical recomblnation in & sediment
devoid of mggneuia'and with a relatively low silica content.
Individual beds contain crystals of grossularite, wollastonite,
and zoisife in a matrix of quartz, caleite, and altered feldspar
shreds (Figure 16). All the crystals are small and average
about 0.1 to 0.2 mm. in diameter. This development represents
& simple reconstitution of the calcarecus and aluminous material
&3 indlcated by the assemblage illustrated in the upper right
triangle of the ACF dlagram (Figure 18). Temperatures were
evidently high enough to allow for the reaction of quartz and

calcite to form wollastonite. The temperature of reaction



on  andradite
ca calcite

c¢h chigstolite

co cordierite

Gz quartz

. Figure 15. Thin section of orgillocecus lens within the tremolitized lime-

stons west of the Chapo foult. It contains chiastolite with the charactar-
. istic “iron-cross” extinction, cordierite with included sillimanite needles, and

chioritized andradite. The recrystallized colcite matrix contains cbundant
quortz (Nicols crossed, diameter 1.45 mm).

ca caicite:

go  grossularite
Gz quartz

wo  wollastonite

zZ0  zZoisite

Figure 16. Thin section of orgillacecus limestone west of the McKinley fault
. confdning zoisite and minute grossularite crystals {shoded) and wollastenite
- needies (Nicols crossed, diemeter .45 mm).
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Andgalusite

Anorthite ._ Cordierite

Grossdlarite

Calcite Diopside Anthophyllite

Figure 17
ACF diagram for argillaceous rocks with

excess Si0, and KyO deficient
Barth,1952,p.342).
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Calcite

: Aly03 . Quartz
Figure ' 18 '

| ACF diagram fer Ca0Q-Si0,-Al,Ox sysfem,
COz in excess (Turner,i948, p. 74).
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ranges between 280° and 850° O; however, this depends upon the
partial pressure of carbon dloxlde, i.e., 1f the pressure 1s

low due to escape of gas, then wollastonite may form at lower
tempeéatures.l( The middle range of the two temperature extremes
is belleved to be the most probable for this reaction. Excess
calcite in combination with available silica and the anorthite
component of feldspar reacted to form grossularite at similar
temperatures suggestive of a stable assoclation representative
of the pyroxene-hornfels facles. At these high temperatures,
anorthite will be totally lacking.

) Although the mineral assemblage reflects a so-called high
grade of metamorphism, the presence of zolslte indlcates an :
#djustmant of the mineral sequence to a lower temperature.
Zolsite may have resulted from the interaction of anorthite,
excess calelteé, and water. In this case, the formation of
zolslte may be attributed to the saussuritization of feldspar
whereby the anorthite component 1ls acted upon by water, either
connate or from an extraneous source, thus liberating lime,
silica, and alumina, which recomblned to form zolsite. PFerric
iron may also enter into the reactlon, forming plstacite rather
than zolsite,

The impure shale unit has an interesting mineralogy and
generally illustrates the effect of isochemical metamorphiem.
However, the effects of circulating pore solutions or hydro-
thermal solutions or both account for the fact that the original

lnanielason, Allan (1950), Das calc1t-Wollaatonitgleichgewicht,
Geochim. et Cosmochim., acts 1, pp. 55-69.
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mineralogy, once indlcative of the amphibollte facles, ia now
representative of a somewhat lower grade. The unit is usually
green colored, very fine grained, and masasive, although bedding
was ocoasionally noted in thin sections. ﬁieroncopically, the
sediment consists of porphyroblasts of badly altered diopaide
and ocoasional hedenbergite in a matrix of feldspar now so
heavily chloritized as to be almost unldentifisble. The feld-
spar was probably originally orthoclase and plagloclase. lesser
quantities of actinolite and recrystallized gquartz and calcite
viere also observed. The ACPF diagram for this facles showa that
the nmineral assemblage developed through the interadtion of
alumina, lime, and magnesis in the presence of éxeeas slllca
and potash. lsince potash wes excessive, andalusite and cordl-
erite were prevented from developing, and orthoclase could
crystallize within the three phese assemblage (as shown in the
shaded triangle of Figure 19),

Diopside has undergone two different alterations, In one,
the reaction with water and carbon dioxide at lowered tempera-
ture has resulted in the formation of tremolite which occurs as
needles and prisms in replacement fashion along the outer edges
of diopside crystals. Analogous slteration of hedenberglite has
resulted in the development of actinolite. The second altera-
tion process, presumably under the influence of hydrothermal
solutions, promoted the conversion of diopside to aluminous
augite whereby silica 1s replaced by aluminum (Figure 21). To
compensate for the valency change thereby produced, aluminum
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1 Since the ions in-

may also enter the magnesium position.
volved in thls substitution are of a comparable size, there 1is
no apparent distortion in the resulting crystal, Further sub-
stitution in an aqueous environment has caused the formation
of aluminous hornblende. As the crystal structure of horn-
blende allows it %o literally act like a sieve, it 1is mqsﬁ
probable that many elements have entered its structure and
altered ites composition. Certain thin sections point to the
replacenent of lime by soda causing the formatlon of pargasite.
In addition, the hydroxyl radical may be replaced by fluorine,
As in pyroxene, aluminum replaces both silicon and iron, and
magnesium.z The alumina for aluminous pyroxene and hornblende
is probably derived from the breakdown of the anorthite mole-
cule of plagloclese feldapar in areas removed from the sedi-
ment. Excess alumina has doubtless been utilized in the de-~
velopment of chlorite,

The latest alteration proceas affecting the sediment is
the conversion of ferromagnesian porphyroblasts and the feld.
aper matrix to chlorite. Hydrothermal solutlons are assumed to
be responsible for the ﬁeéompoaition. The lime released during
chloritization has become fixed as calecite probably by reaction
with carbon dioxide derived from the silication of the adjacent

limestone unit.

<

lﬂamberg, op cit, p. 65.

3mason, Brian (1952), Principles of geochemiatry, John
Wiley and Sons, Inc., New York, p. 108.
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Since the composition of most argillites is markedly
heterogeneous, minor amounts of minerals not in complete agree-
ment with the common mineral assemblage of the above shale unit
were observed. Some of the shale beds closer to the contact in
the western part of the Chapo mine dlvisilon characteristic of

an impure marly sediment deflcient in silics are composed :zifpg;ij

primarily of & diopside-forsterite-spinel assemblage. There‘xj,' }wa&
AT ' 4

forsterite cocecurs as rellets almost wholly converted to antigo«‘@;¢wri

Y-S

rite and posslibly brucite which 18 bellieved to develop in the ijihff
ooy

presence of water vapor at temperatures generally below L400°C -
’ ¢

end at pressures varying between 2000 and 40,000 psi.l Spinel ,L,}:;;,,;A
iz noted in black or dark green isotrople eryatals. Orthoclase ‘i‘—"a‘

Y

e
A W

-

or plagloclase, which compose the altered groundmsss, can exist
as an additional mineral in equilibrium with the above assemb-
lage., Minerals of lesser sbundance scattered throughout the bed
and attributed to purely thermal origiﬁ include magnetlte and
pyrite. Minerals apparently of metasomatic origin include apatite,
fluorite, andradite, and hematlte. The principal three-phase
‘mineral assemblage with calelte 1s indicated in the shaded tri-
angular area of an ACF dlagram (Figure 20).

Further evidence of the heterogenelty of the shale unit
is afforded by some of the other beds which demonatrate the
recrystallization of constituents under temperature conditions
- leas extreme {han those ¢loser to the igneous contact. The
shale stratum exposed at the trench north of the open cut

lpowen, N.L., and Tuttle, O0.F. (1949), The system
Mg0-8102-H20, Geol., Soc. Amer, Bull, 60, p. 452,
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Muscovite

Anorthite

. Biotite

Calcite Diopside Actinolite  Anthophyltite

Figure 19
ACF diagram for argillaceous rocks
with excess Si0;, and K,0
( Turner, 1948, p.78).

Al, 0,

Anorthite Spinel

Calcite Diopside Forsterite

Figure 20

| ACF diagram for silica-deficient rock
; containing calcite in Ca0-MgO-AlOz-
‘ Si0, system (Turner, 1948,p.75).
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sontains epidote, cordierite, and biotlte porphyroblasts, to-
gether with quartz, orthoclase, alblte, and oligoclase. The
occurrence of cordierite gnd biotite suggests the interaction
of quartz, alumina, and msgnesla in a potassic environment.
The presence of epldote agaln Iindicates the breakdown of
anorthite in contact with clreulating solutions. As thls bed
is nearly contiguous with other shale beds or-the game unit
that contain altered diopside, 1t is probable that during
uralitization there was accession of water, while lime, silica,
alumina, and iron were released which reacted with minerals in
gitu. Those constltuents that were in exceas were probably
then remobilized and transported where they reacted with
plagloclase to form epidote.l As such, the reaction may be
used ag a gulde to temperature. Equilibrium dlagrams indicate
that when plagloclase in contact with alkaline solutions 1is
cooled to 400° ¢, epidote will start to form. Furthermore,
the plagioclase of composition 20 An (approximating oligo-
clase) 18 in equilibrium with epidote at 300° .2

Shales directly to the south have been relatively un-
affected and generally reflect a wineral agsenmblage character-
istic of the intermediate green schist facles. Interpreta-
tions of the temperature involved in the reactions occurring
in this area are complicated by the presence of sbundant
hydrous minerals, the production of which 18 primarlly governed

1Harpum, J.R. (1954), FPormation of epidote in Tanganykia,
geol. Soc. Amer. Bull. 65, p. 1085.

2sarth, op cit, p. 285.
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by the prevalling water pressure. The overlying arglllite at
the north face of the open cut conslsts of & mozaloc of minute
recrystallized quartz, calcite, and orthoclase grains sur-
rounded by sericite shreds and chlorite. Minor bilotite and
recognizable crystals of potassium micae were slso noted and
probably formed from the chlorite, sericite, and iron of the
original sediment. The underlying argillite contains recrystal-
lized orthoclase and plagloclase in a fine gralned undifferen-
tiated groundmass of sericite and chlorite. In this locale,

it seems apparent that the effect of temperature elevation was
insufficlent to cause other than minor recombination of sub-
stances, although recrystalllzation could proceed to completlion
ap indicated by the marmorization of limestone to calcite.

The interbedded sandstone unit has suffered little meta-
morphism other than the recrystallization of quartz grains al-
though the iﬁteraction of minor smounts of caloite, chlorite,
and kaolin with quartz has resulted in the development of epl-
dote, blotite, anguggégggmlgigura 22). Limestone beda withinw:£;:§;i
this unit have been solely recrystallized and accordingly ii:;;;k}
coarsened in grain. Calcareous shale beds, particularly at S X
the Chapo mine, have been subjected to intense metasomatiem
resulting in the development of mineralization with andradite,

epidote, iron oxide, and chalcopyrite.
Effects on Igneous Rocks

Igneous rocks intrusive into the sedimentary successlon

have also been metamarphoaed. In almoat all of the obperved
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Figure 21 . Thin section of impure shale west of the Indion Drawa

containing dicpside porphyroblasts in part converted to olumincus

di diopside or alumin-

hb aluminous horn-

pyroxene and aluminous hornblende. The groundmass is heavily chicr. -

tized, obliterating the criginal feldspar laths (Nicols crossed, diam-
eter 1.45 mm).
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Figure 22. Thin section of sandstone bed west of Chapo fault and just

north of the Apache fault. it is composed of interlocking quartz grains
- illustrative of recrystallization. Other minerals include intersertal epidote,
- spinel, chlorite,and sphene (Nicol: crossed, diameter 1.45 mmj.
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specimens and outcrops quartz diorlie 1ls strongly epldotized;
however, thls may reflect original deuteric alteration rather
than that caused by subsequent metasomatism. ACalcite, perhaps
derived from the'original alteration of plagloclase has been
recrystallized. Velnlets of garnet, epldote, magnetite, specu-
larite, and aluminous hornblende are common (Figure 23). Apa-
tite and sphene, though minor constituents, are abundant enough
to suggest the Introduction of fluorine, phosphorus, iime,

and titanlum.

Monzonlte dikes and plugs wlithin the contact aureole are
strongly epidotized and velned with quartz. The matrix is
coarse gralned due to recrystallization, & factor which dis-
tingulshes 1t from the monzonite north of the Indian fault.

Rhyolite dikes and sills south of the Indian fault are
singularly unaffected by isochemical metamorphism. Also,
these lntrusives, as well as the others mentioned above, have
had no metamorphic effect upon the surrounding rocks, probably’
because there was not enough heat generated relative to thelr
small areal extent. Rhyollte, however, i3 influenced by meta-
somatism. Some isolated sills east of the V-E Day Shaft con-
tain epldote velnlets of megascoplce size.

Evidence of metamorphic effectes wlthin the rocks on the
lgnecus side of the contact 18 not notlceable in outerop.
Quartz monzonite was only altered at its outer, chilled margin
to judge by the fact that in some thin sectﬁx&yepidéte veinlets
are found containing associlated magnetite (Figure 24).



ab  albite

ap ~ apatite
ep epidote
mg  magnetite

or orthoclase

Figure 23.Thin section of quartz diorite  porphyry ;.vesf of rhe Chapo
fautt. Veinlets of epidote are cut by magnetite, Apatite, apparently earlier

than magnetite, is associated with epidote although seemingly later.
Its introduced noture is evident. Orthoclasé has been partially albitized

( Nicols crossed, diameter 1.45 mm} '

bi  biotite

ep epidote

mg magnetite
or orthociase
pl  plagiociase

qz quariz

Figure 24. Thin section of the southern chilled murgin of quartz monzonite
porphyry west of the Chapo fault. The section contains orthoclase, greatly
‘sericitized, plagioclase, biotite, and resorbed quartz phenccrysts in o very
fine grained matrix. An epidote-magnetite veinlet traverses an orthoclose
phenocryst (Micels crossed, diameter 1.45 mm). '
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The porphyritic rhyolite dlke intruded between the stock
and the sediment similarly shows a lack of feaﬁg{ﬁa attributable

to purely thermal metamorphism. The mineralogy, as aeen 1n thin (?

sections, is of the eontact metaanmatic type. These alides, to~

getﬁEF‘iIfﬁ“”%buctural and textural relations vislble In the
outerop suggest that the porphyritic rhyolite was intruded some-
time toward the end of the metasomatic periocd, This 1s vall-
dated, on the one hand, by the limestone-rhyolite breccia which
consists of quartz-cemented fragments of rhyolite, limestone,
shale, tactite minerals, and monzonite and quartz monzonite;
some of which are shown in Figure 25. On the other hand, the
rhyolite immediately north of the breccia zone at the Indlan
shaft contains microveinlets of garnet and epidote (Figure 26).

Allochemical Metamorphism

A Review of the Process

The allochemlical metamorphic or contact metamorphic stage
is generally belleved to be due to an exchange of ions between
minerals of solid rocks and extraneous flulds. These may
- elther be aqueous or gaseous and are usually rich in elements
that are deficlent in the magma.l The migration of these fiulds
and the g;paeqnent metasomatism 18 seemingly highest when there
is a great contrast in temperature or chemlcal composition be~
tween the intrusion and the swurrounding rocks. These condlticss
are adequately fulfilled in the gquartz-monzonite-limestone zone

1Lodochnikov, W.N. (1336}, Serpentine and serpentinite der

Iltschirlagerstatte, U.S.S.R. Central Geol. Prosp. Inst., Trans.
38 (English abst.). Wheet  pn plueeni e § bt
B W{mw_«e o bsgmred ]
T T Ay by
w bl “-’\e B A L S
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Figure 25. Thin section of limestone-rhyolite breccia just north of the
Indian shaft, The section shows the cementation and replacement of

of quartzose shale fragments, andradite, epidote, and calcite by
vein auartz (Nicols crossed, diameter 4.4 mm).

al allanite
ga garnet

1 limonite

. Figure 26, Thin section of porphyritic rhyolite dike intrusive into the stock
- east of the V-E Day shaft. A string of garnet crystals (of unidentified nat-
. ure) apparently confined to a fracture fraverses the rock. Associated

. minute quartz crystals, glass,and sericite shreds (Nicols crossed,diameter 145mm).

minerals include allanite, with brown plecchroism, and limonite presumably
derived from the oxidation of hematite or magnetite. The motrix consists of
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here discussed. _

The reactions between the solld rocks and the introduced
fluids is often conceived in terms of mobility.l This 1s £
exemplifiied by the lmpure llmestone unit south of the Indlan
fault, containing relatively immobile components (such as
Ca0, §510p, and A1203) subjected only to diffusion tranafer
over minute distances and reacted upon by a solution of mo-
bile components {HnO, CO2, MgO, PeO, and the like) which have
relatively constant concentrations. The formation of the
andradite-epidote tactite zZone in the tremolitized limestone

would then be due to a simultaneous adjustment hetween the

immoblile constituents and the mobile constituents. The vari- ; ﬂ::iMST
c;..-ﬂ’” . i Tt

ations in final composition of the tactite zone is thus caused% ———s
g

by the addition and subtraction of elements of different mo- [, . . .

e
bility. Moreover, it 1s also probable that differences of f;; t@ﬁhh

; .
we) 2, 11500 tav
N N

temperature and pressure were not necessary to produce this

e £

<

mineral assemblage, although the temperatures were probably ¢if&~TL5A
£ T
SRR

higher near the source of the altering solutions. . ”Z;war¢
Ay |

v

It is difficult“to infer the temperature and pressure

conditions of an open system similar to that described above

namely because the same mineral sssemblage may result from

dissimilar reactions that occur at different temperatures,

generally lower than those determined under ideal laboratory

conditions. The formation of a metasomatic mineral sulte

probably takes ﬁlace under the very lowest pressure and temper+ i, ..

ature within the stabllity fleld of the respective minerals. o
1Korzh1naky, D.A. (lylt5), Formation of contact deposits,

Acad.)Sci. U.8.8.R. Bull., Ser. Gecl. 3, pp. 12~33 (English
abst.).
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The degree of metasomatlsm within the contact aureole 1ls [
largely determined by (1) structural avenues (including pore 0 b
spaces) for the solutions, (2) composition of the solutions,
(3) temperature and pressure of the solutions, snd (4) litho- |
logie and chemical character of the invaded rocks. Other
eontributory factors include surface phenomena such as sur-
face tension of the solution against the various minerals and
the shape and size of the mineral grains.l The prevalence of fls-
sures and fractures through which the flulds may gain entrance
to the country rock is evidgnced by the intense metasomatlsm
that the sediments have undergone in thelvicinity of major
structural weaknesses auch as the Indlan and Chapo faults,
Iitersally every tactlie zone in the area can be attributed to
some sort of structural break. It is moat probable that frac-
turing controlled all phases of metamorphism except perhaps
the early recombination and recerystallization of the thermal
metamorphic stage. The Influence of temperature and pressure
1s important insofar as it affects the chemical potentials of
the reactants which in turn determine to some extent the field
of stability of the resulting mineral assemblage.Z In general
a2 higher temperature increases the solubility of s0lids in
solution thereby enlarging the metasomatic effect. The third
factor mentioned is illustrated by the fact that close to the
contact the more chemlically activé llmestone unit is almost
completely replaced by tactite and garnetite masses whereas

" lyerhoogen, Jean (1948), Geologlcal significance of sur-
face tension, Jour.Geol., vol. 56, p. 210,

Zrurner, ®,J., and Verhoogen (1951),Igneous and metamorphic
petrology, McGraw-Hill Book Co. Inc., New York, p. 37.
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the less active shales and sandstonesa have only been slightly
altered and the metasomatic silicates where present are con-
fined to veins. Perhaps the reason why limestone 1s more
readlily replaced in this asituation 1s that it has suffered
more crumbling and brecciation and therefore is more acces-
sible to introduced solutions. Murthermore, the confinement
of tactite zones to limestones rather than to other beds may
be due to its greater susceptibllity to thermal activation.l
An additional factor governing the extent and intensity
of metasomatism is the degree of closure, as an open system
allows for considerable and repeated introduction of waterlal
into the system and the concomltant liberation of volatiles
out of the system. Thils factor is obvicusly related to struc-

tural features and to the amount of aedimantary QOVer. .
fpo td6 - 15 LeeTad Q_,W,,mwjé\ i
\..A/'fw"‘"”“"—-\-"f‘ e j.e“’ grom ( "3""“*&)“‘7) f - ,_,} \-.'f.)f&

Effects in the Contact Aureole

Following the intrusion of the composite stock and its
subsequent loss of heat to the surrounding rocks, the magma
solidified with the separation of solutlons containing veri.
oug associated components. The latter tended to concentrate
along the margina of the magma chamber where the temperature
and pressure were loweat. Some of the water may have been .
derived from the sedimentary host rocks in that the heating Do o ¢
effect of the magma raised the water pressure causing its

diffusion into the magma.z These marginal sclutions are
A Lo e

Comewt f -

J

lswllivan, E.J. (1957), Heat snd temperature in ore | ... . .
deposition, Econ. Geol., vol. 52, p. 20. w\ruﬁ(t,.v “j

P e
axannsdy, G.C. (1955), Some aspects of the role of water -wmﬁu:D
in rock melts, crust of the earth, (leocl. Soc. Amer. Sp.
Paper 62, p. ﬁg
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belleved to have remained in the eous state il the pressure

[

yo
wag low or 1n.{?9_1&3uidqatate_;f the pressure was high.l It
iz generally hei3 that the early formed sllicates, particularly

th;;;“Ebar the contac%, resulied from pneumatolysis whereas the
oxides and sulfides reflect condltions of lowered temperature
and subsequent hydrothermal deposition.

Four distinct stages of allochemical metamorphism are ob-
served in this dlstrict., The varlous stages noted may be caused
by the change in physicel state of the altering solutions, re-
duetion in temperature of these solutions, change in composition
of the tranagressing flulds as the crystallization of the magma
proceeded, or changes in chemical composition due to reactions
between solutions and wall rocks and between the solutions or
other circulating waters.

The_;;rst stage followed close upon or was almost con-
temporaneous with the initial period of intrusion and aubsequent
elevation of temperature. It resulted in the precipitetion of

IJ‘L? ahm s

lapge amounts of andradite, epldote, and hematite. Associated o T4

e e SR

halide minerals (fluorite, apatite, and rare ééapelite), are ¢ AL 5
minor but ubiquitous minerals attributable to a later phase of

this stage. In the tremolitized limestone unit, black oxidized

rims of tactite surround and partially traverse tremollte nod-

ules., East of the Chapo fault¢, shales of ﬁhe interbedded shale

and sandstone unit are heavily metasomatized and many of the

veéling contain scheelite. The tactite velns in the underground

workings of the Apache mine usually contalin associated chalco-

1Turner, op ¢it, p. 110,
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pyrite. Epidote 1s occasionally of the allanite or piedmontite
varilety, indicatlve of the introduction of rare earth earth
elements and manganese respectively. In general, the firat
stage 1s3 marked by a notable Introduection of ferrlc iron., Some
of the element may have been derived from the differentiation
of the magma which would be expected since the lron-rich miner-
als are the firast to crystallize in a magma. However, much of
it may stem from the decomposltlon of ferromagnesian silicates
of surrounding or underlying rocks. In bhoth cases, the iron
was originally in the ferrous state and was subsequently oxi-
dlzed to the ferric state, probably under well aerated condi-
tionse.

The second stage may be referred to as a perlod of oxide
precipitation in which magnetite and lesser amounts of scheel-~
ite are deposlted. This stage, though probably not greatly
separated in time f'rom the previous one, marks a change in the
metagsomatizing solutions in that partly ferrous iron oxide is
much more consplceuous. Some of the maghetite may be a result
of the reduction of hematite by later sulfide solutions. A
chlorite~quartz atage may have preceded the magnetlite stage,
although the evidence for 1%t 1s not entirely convineing. One
of the tactite velins east of the Chapo fault illustrates the
replacement of chlorite by both scheelite and magnetite
(Pigure 27). It 1s bellieved that chlorite developed through
the breakdown of andradite. Moreover, further evidence is af-~
forded by chlorite-quartz veinlets that traverse andradite and

epldote porphyroblasts 1In limestone and shale, although its
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relationshlp to oxides 1s not known in these cases. Also, the
feldspar matrices of shales close to the contact have been al-
most entirely chloritized. It 1s thus possible that a "retro-
~ grade” effect (conversion of pyroxene to amphibole, garnet to
chlorite or idocrase) that have affected the sediments may have
occurred during this period (Figure 28),

Metasomatism closed with the deposition of sulfides
either in open, uncontaminated fissures, as at the Apache mine,
or together with oxldes and silicatesz as at the Chapo mine. A
final minor period of deposition is represented by the otcur-
rence of quartz, calcite, and aragonite in fissures usually
distant from the quartz monzonite contact. Some of the quartz
is of the Jasperoid varlety, suggesting the deposition of
excess iron.

.. warleanm

It 1s generally ?EE}EfEEﬂPhat fhe deposition of tactite
sillcates and oxidé;ﬂfesults from pneumatolytic introduction
whereas fthe occurrence of sulfides and alteration minerals is
caused by hydrothernal activity, albeit in certain cases at a
high temperature. For example, pyrophyllite, noted in some
specimens on the dump arcund the Apache shaft, ls belleved to
be caused by the action of acild solutions upon feldspar in the
presence of excess water at temperatures ranging between 420°C
and 575°C.} At a somewhat lower temperature, the formation of
prehnite due to the effect of hydrothermal solutions upon cale-~
aluminous silicates 1s a further illustratlon.

lRoy, Rustum, and Osborn, E.F. (1954), The system
Al203-5102-H20, Amer., Miner., vol. 39, p. 881,
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cul by magnetite ( Nicols crossed, diameter 1.45 mm).
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Figure 27 .Thin section of tactite zone from a tunnel just east of the
Chapo fault. Chlorite and calcite are cut by scheelite and magnetite
The magnetite has the platy habit characteristic of speécularite thereby
indicating replacement. It is also strongly magnetic. An opatite <rystal is

amphiboie
andradite
caicite
diopside
quartz

idocrase

B T

" Figure 28.Thin section of Ywthite zone im ane of the sheliow shels aerin- '

| east of the Chapo shafl. it illustrates: o) cemversion of undradite e ido-

-~ crase and b) siteratien of diapsise,in pact b aluminous hoernblende.
. The groundmass consists of recrysiaiiined caivite ond vein quertz

. {Nicols erosesd, diameter |.45 mm).
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Heplacement

The metasomatfle selective replacement of the country rocks
in the contact aureole due to the introductlion of flulds prob-
ably involves a volume§f6r~volume change as suggested here by
structural conditions. The form of the.relded sediments
abutting agalnst the qﬁaﬁtz monzonite intrusion is due to tan-
gential presaures operati&e'toward the end of the Cretaceous
period. Comparison with other folds in the central Apache
Hills shows that there was no appreciable flowage and subse-
quent thickening or thinning of beds following the Intrusion of
the composite stock. Metamnrphism in this district apparently
affected the gently folded beds without a2ltering its original
form. Variations in width of outerop and apparent thickness
of beds are due to north-south fault fissures of pre-mineral
origin., |

That material has been introduced in abundance into the
sadimentary rocks surrounding the inirusion can be shown by a
comparison of metasomatized and non-metasomatized portions of
the same bed 28 exemplified by the analyses of the altered and
ﬁnaltered limestone bed that crops out along the Indlian fault
from the McKinley fault to the Chapo fault (Table 3), In the
following paragraphs, an attempt is made to demonstrate quanti-
tative eatimates of gains and losses of various chemlcal com-
pounds according to Lindgren.l

lLindgren, Waldemer (1924), Contact metamorphism at Bingham,
Utah, Geol. Soc. Amer. Bull. 35, pp. 507-534.
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Table 3. Comparative Analyses of Unaltered
&nd Metamorphosed Limestone
(W.H. Herdsman, Edinburgh, United Kingsom, Analyst)

Analysis 1 (unmetamorphosed limestone) Analysis 2 (tactite zone)

8104 5.40 35.46
Alp0g nil 4,13
FeO O.44 2.64
Cal 52.73 32.56
MgO 0.76 ’ 1.2
COx 39.62 g.ga
Cl nil .
¥ - 0.02 0.05
99.34 99.45

The two analyses above are taken from the same limeatone
unit that crops out on the inner edge of the aureole which is
separated from the quartz monzonite stock by a limestone-rhyo-
lite breccila zone. In computing the gains and losses in the
sediment, certain exceptions should be noted. For purposes of
recalculationi, fluorine and chlorine have been omitted from the
quantitative estimates since thelr percentage is too small to
have any significant results, particularly since they can
elther pass through the system or f1ll voids in silicate lat-

tices.

Table 3a. Calculated Mineralogical Composition i~ "

ST ) vl‘/‘f ,mqé‘

Analysis 1 Analysia 2 Lo
calclte 91,33 caleite 7.82
magnesite 1.52 diopside 6.64
siderite 0.70 epldote 29.28
quanrtz 5.40 andradite 38.18
iron oxide 0.37 magnetite 80
hematite - 1.16
99,32 quartez 14,84

101.71
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There is 8 calculated excess of 1.89% in epldote as the
amount of water in the rock was not analyzed. In addition,
there 18 & slight excess of alumina in eplidote because the
composition was determined on the basls of Al:Fe = 3:1. 'The
first analysis is deficient by 2.8% carbon dioxide.
The bulk apecifie gravities of the two analyses (Analysis
1~ 2¢73, Analysis zmmws&szo were obtained by dividing the o

Lot ¥ pakae A BT NS 28 Tz,fv-‘{"
minggg}_ggggpts by the dennities of the individual minerals. *5,~ "

E L.

The fligures thus calculated compare favorably with those ob~ gﬁjixﬁ;

P
_-—..-‘ - b

tained by laboratory determination. The gains and losses in = PR
grams per 100 cuble centimeters were derived by multiplying L

the calculated specific gravity by the several analyses &as-

suning that no expansion or contraction has occurred. Constant

volume of the folded sediments is evidently & valid assumption

in view of 51m11$r thicknesses of beds within and out of the

contact aureole.
T
Table 3b., QOains and losses in Grams/cc

A

Analysis 1 Analysis 2 Differences
AlaOB se sy 13 91 + 13 391
Fel 1.20 8. 89 + T 69
Fe203 1.0) 67.13 + 66.12
Ca0 142,86 103 .92 - 32.94
Mg0 2. 07 14 + 2.07
270.0& 335.09 - 65.05

The tabulation of gains and losses in this case apparent-

ly indicates that the metasomatized zone has galned large
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amounts of silica and ferric oxide, and only moderate amounts
of magnesia, ferrous dxide, and alumina. Correspondingly, there
is 2 large loss of carbon dloxide and lesa of lime in the un
altered portion of the limestone., The considerable transfer of ,
raterial to and from this unit cannot bg_accounted for by local
exchange of material but implles a mass introduction of ions,
notably silica and ferric oxide, from &n external source.

The lack of alumina in the unaltered limestone points
toward i1ts introduction in the formation of the calc-silicate J

minerals. Presumably, alumina is derived from the magma though p!.,“j

the analyses may reflect & chance selection since lateral variﬂ o7

Lo *
ation in the composition of sediments is not uncommon. An ;L”f{

analogous explanation may likewise hold for magnesia. There fﬁadiujf

e DI E
e L
T

e
ever, the removal of lime may have increased the (Mg,Fe)o/cad >  t7

* 'Q‘Jq
ratio to a point where the silicates are now relatively richer (6%%) .

W
in magnesia than normally anticipated. "r;“'hwﬁ
Yournt "

A comparison of analysea from the metasomatized and une o ~77
Jrr

does not appear to be any general addition ofmhiénesia; how

e}
Iy
altered parts of the impure shale unit immediately adjacent to fwg“lﬂn{

et P
the limestone bed discussed above, similarly indicates the f(yﬁfv\,ﬁ

e

mags introduction and removal of chemical compounds. Quanti- ﬁthﬁf

tative relations, analogous to those previously prepared, may ”JWE

also be developed, but consldering the lincompleteness of the

enalyses - 924 or so in both cases - they were not computed.

A glance at Analyses 3 and 4 listed below (Teble 4), indicates " \
A

8 situation in some respects the reverse of that in the lime- ot

stone. Lime, magnesia, and lesser amounts of ferric oxide, et
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carbon dloxide, and alumina have been added whereas silice and
minor amounts of ferrous iron have been removed. It appears
probable that some of the lime added to the shale to form epi-
dote and caleereous amphibole in part compensates for the loss
of lime endured by the adjacent limestone during metamorphism,
The silica lost by the shale can also be partly accounted for
by the numerous gquartz veins that occupy the north-south faults
and fissures. The loss of accompanying ferrous oxide is prcba-
~ bly responsible for the formation of Jasperold veins, some of

which were observed at the eastern edge of the Apache mine

€J~,€ £

N - Rt K -
diviston. 227; _:{J(rjﬁ}! L peintisny reep®
57D & CaD g wwdeso Tt j:::;y
Table 4. Comparative Analyses of Unaltered and Metamorphosed a?

Shale (W.H. Herdsman, Edinburgh, United Kingdom, Analyst)
Anglysis 3 (unaltered shale) Analysis 4 (metamorphoshed shale)

810, 72.02 55.03
Fel 4.93 3.34 (o
Fep04 nil or trace 0.58 No St
Cald 0.62 11.84
MgO 1.16 g.gg
CO2 Nil .
Ccl traces traces
¥ 0.04 0.03
92.1“ 92.76

RELATION OF CONTACT METAMORPHISM TO STRUCTURE

As previously stressed, the avallability of fissures
through which solutions may galn access to the sediments is a
fundamental consideration of the extent of contact metamorphism.

Fractures seem to have controlled all phase of metamorphism



160

with the posaible exception of the early rec¢rystallization,
Moreover, the transfer of heat was undoubtedly facilitated

by fissures and fractures as the conduction of heat through
s8olid rocks probably proceeds at too slow a rate to account
for the wide zone of recrystallized rocka encountered in this
district. The lack of such fractures may be responsible for
the unrecrystallized or only slightly recrystallized rocks
found at various points within the contact aure¢ole. These in-
clude 1solated lenses of limestone and shale close to the ig-
neous contact from which Analyses 1 and 3 were derived.

The fissures and fractures have been primarlily caused by
the rellef of tensional stresses following the intrusion of
quértz monzonite and assocliated porphyritic rhyolite'dikes;
the results were a series of more or less vertical faults
generally normal to the margin of the intrusion., The only
ma jor faults parallel to the stock are the Indian fault and
perhaps the McKinley fault, which cen be considered a counter-
part of the Indian fault at the turn in the margin of the com-
posite stock. Moreover, 1t seems probable that the emplacement
of the atock was a concomitant result of movement along the two

| Ay B

faults, in that the magma roae alang the area bounded by them. .

¥
e o0y 1

#

R Y S e bo¢

In addition, 1t is believed that the magma was at least 7o 7:r

e e ‘f‘:m)
partlally solidifled prior to fracturing and metamorphism, e T,
1"\-! [+ kR s{f
gince the tensional stresses reapongigle for fracturing would R
S
only be operative-after an undetermined periocd of cooling. The -

partial aolidification of the magma was probably followed by

_-—"—"‘—'--—-—...MM,M__,
ﬂ( PS5

subasidence and the formation of normal faults, The source of
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To wrtocton 7 ﬁJ&—:‘ 7
heat and solutions poses another problem. It appears doubtful

e

that the heat after solldificatlon I'rom 80 small an intrusion
gould have been sufficient to appreciably raise the tempera-
ture of the surrounding rocks for distances as much as 1,000
feet away from the igneous contact. It 1s more probable that
upon incomplete conaolidation of ?he magma, the residusl ema-

nations moved to marginal portions of the stock and that

stresses and strajins most pronounced in the border zones pro-
duced pathways for the egreas of these flulds. Where chilled

borders of the 1ntrunion blocked the transfer of heat and

flulds, mineral snomalies could readily have resulted which 4

st ST Y

would account for the presence of uncrystallized calclte and

silica. The lack of alteration of the lens within the lime-
stone unit west of the Chapo fault is probably such a case.

As a genersal rule, the volume and nature of the lntrusive
stock controls the pattern of wetamorphism on a8 regional scele,
but fracturing determines it locally. The effect of such fea-
tures aa faults, breccia, and shear zones 1s particularly
evident. Numerous exaﬁplea may be cilted from this district;
f'or purposes of brevity, the reader ls referred to Plates 2
and 3 where the sbove relations are clearly expressed.

Metasomatic silication is notably prominent in the sedl-

ments immediately adJjacent to the stock since the emplacement

of the magma has created a favorsble breccla zone. In this e
wedt, Tl
location, brecciation is further enhanced by the intrusion of ~Fu

rhyolite dikes between the stock and the sediments. Where the ;‘f“”“”A

R e A et st et e A T,
brecclated rock is limestone, as in this case, the preclpitationhsﬂﬂv

" Yhe bettomioe xw o et Mhﬁ { Ay ad bt
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of introduced minerals is greatly facllitated.

The localization of aulfide‘gpgﬂgasooiated hydrothermal ?
mineralization is probably due to poatuailieate deformation.
This is suggested by the occcurrence of quartz and caleite in
fissures that are believed to have formerly served as channels
for silicate metasomatism. On a smaller scale, intermineral
shattering mey play an Ampeortent role as evidenced by chlorite-
quartz microveinliets traversing andradite and the replacement
of andradite by specular hematite and magnetite along dode-~
cahedpral faces (Figure 29). Although not cbserved here,
sulfides may similarly replace calc-silicate minerals; how-
ever, their rolqmggﬁneumralizers may not be aufficient to cause 'Z
depoaitioﬁjﬂﬂ;;;erally, caiﬁi;e, rather than silicatea is se-
lectively replaced by sulfides. This 1s probably due to the
fact that limestone 1s more amenable to brecciation than
siliceous sediments as shown by the considerable replacement
of the limestone unlt whereas the argillaceocus and arenaceous
gediments are relatively less disturbed and commonly contain
metasomatic silicates confined to veins. Another suggestion

to account for the preferential replacement of limestone during -

' X ‘(ﬁ" K

sulfide mineralization is that calelte has a lower packing in- ‘gfﬁﬁ.”f
»F, J"

dex than any of the silicates e.g., calolite has more open space %j"?.dé
AT e .

through which ions can be dirfused.l : z,giznmﬁ

lpidge, J.D. (1949), Replacement and equating of volume
and weight, Jour. Geol., vol., 57, p. 5486,
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RETROGRADE METAMORPHISM

Contact metamorphiam has probably uccurred during a con-
aiderable but limited period of high temperabure within a much
longer pericd of changing temperature and presaure which_glqaeu =
with the exposure of the rocks at fhs earth's aurface. The
ronkihgggﬁ;;;;;;;%;;gf;;;gégﬁiy not expresaive of the highest
tcmperaturc to which they have been exposed. The process
commences with the intrusion of the stock, at which time the
rocks are subJjJected to an initial wave of high tempegature and
simultaneously or shortly after £h15 there comes a wave of’
agqueous or gaseous sgolutlons. This front‘of advaﬁ¢1ng‘f1u1ds
may precede the advancing high temperature front. Aﬁple evi-
dence of this sequence of events is visible 1q the workings
east of the Chapo fault, where otherwise unaltered sediments
contain pocketis ghd veins of metaaomﬁtic a8llicates, oxides,
and sulfildes.

During this initial peﬁiod of a sharp rise in temperature
and accompanying introduction of material, the metamorphic re-
actions tend to proceed at thelr most rapld rate since physlcal
conditions are such that chemical adjustment of the solid and ;?

fluid phases most_nearly approaehed completion.ltﬂ rednction in
further reaction during the éﬁsuing period of graduslly waning \
temperature is caused by the increaged size of sedimentary

graina and the deposition of minerals in fissures, fractures,

and intergranular spéees, all of which fend to exclude avalla-

ble fluilds and reduce the chemical potential of the country
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rocks. Therefore, the reactions during the cycle of lowered

temperature would be slow and mineral assemblages formed during

the perlod of higher temperatures would be apty to persevere
untll their exposure at the surface.

The second phase is one in which the effect of decreased
temperature and pressure is belleved to be responsible for the |
alteration of silicates formed during the stage of progressive ‘
metamorphism,. Iﬁ 1s termed retrograde metamorphism and 1s

supposedly exemplified by the alteration of garnet to ildocrase. Seny

vkt -' ‘

!

Howé;;;:migaerlhhas demonstrated that this particular alter-
ation may occur durlng the period of rising temperature by
merely varying the bulk water content. It does not seem
probable that during the second phase, there will be sufficlent
time for changes to oeccur since the rates of reactlon are probs-
bly too slow. Moreaver; it is likely that effects formerly

attrlbuted to the retrograde metamorphic stage are caused by { -
™

Logn n
elther changes in water content or by hydrothermal actlvity le*g v alpr

VS FPC »"y"‘

subsequent to the main stage of metamorphism. The so-calledaqvni?i »
....... e

retrograde changes can be compared to the deuteric alterations *ﬁ'*’*~?

_‘M-.).__,__M___ .-

encountered in igneous rocks, which are fundamentally a reault  9

b

R

of hx othermal activity. rather than decreaaed tpmperatura,

It Bk s o § gl P i e o g

although the latter condition i8 2 requisite in some cases.
Sufficient examples of the effect of either circulating pore
gsolutions or hydrothermal solutions in this district have been
previously mentioned, such as the conversion of pyroxene to

hornblende and plagloclase to epldote.

lyoder, 1952, op oit, p. 614,
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‘Until recently, the effect of water in both progressive
and retrograde metamorphism has been somewhat neglected. It
is becoming more and more apparent to geologic investigaitors
that there is probably sufficient water (deri#ed directly from
the magma or from connate water) to accelerate the reactions
of metamorphlsm and to also account for the slightly hydrated
minerals, such as tremolite and actinolite, characteristic of

initlal metamorphic mineral asgemblages.
PARAGENESIS

The paragenetic sequence illustrated below (Table 5) was
determined from numerous megascoplc observations and from some
50 thin and opaque sections. The broader stages reflect a
succession characteristic of most if not all contact metamor-
phic deposits. An early silicate stage is followed by an
intermediate oxide stage in turn concluded by a late sulflde
stage.

Certaln variations naturally arise in regard to the rela-
tive age of some of the minerals. Quartz and calclte occur at
various polnts in the sequence ranging from post-silicate, pre-
sulfide time to post-sulflde time. Hormblende, though locally
in veins, may in part be due to recrystallization and remobil-~
1zation;‘ The formation of pargasite from aluminous hornblende
' indicative of the entrance of soda-rich solutlions is difficult
to aasign to a specific Interval., Bilsmuth, of which only the
oxide bismutite was noted, occurs in the massive recéyatallizea

limestone wlthout any assoclated minerals. The problém is
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noted particularly with chlorite which occurs as an alteration
product after andradite, as andradite pseudomorphs cut by iron
oxide, and in veins traversing hematite.

The sequence has only been determined for those minerals
ascribed to contact metasomatism., Minerals due to earlier
thermal recrystallization such as tremolite, diopaside, sphene,
and spinel have been omitted. However, new minerals, derlved
from the latter by later solutions have been included. One
such example is aluminous hornblende. Garnet and epldote, to-
gether with the halogen-bearing minerals (fluorite, apatite,
and scapolite) represent the earliest introduced minerals
though the three halogen-bearing minerals are generslly later
(Figure 30). Aluminous hornblende occurs in veinlets cutting
tactlite veins., Hematite 1s older than magnetite as strikingly
1llustrated both megascopleally and mlcroscopically by the re-
placement af specularite plates by magnetite. 3cheelite 1s
earlier than the iron oxides as evidenced at the Chapo mine by
the cross-cutting hematite veinlets. The sulfides are later
than the silicates and oxides, thus according with the usual

observations of previous inveatigatora.1’2’3 Chelcopyrite 1is

1Spurr, J.E., Garrey, G.H., and Fenner, C.N. (1912), Study
of a contact metamorphic ore deposit; the Dolores mine at
Matahuala, S.L.P., Mexico, Econ. Geol., vol. 7, pp. 444-484,

aﬂehra, C.H., Jr., Osborn, E.F., and Ralnwater, E.A.
(1936), Contact ore deposition at Calumet, Colorado, Econ.
Geol, 31, pp. 781-804,

3schmitt, H.A. (1939), Geology of the Pewabic mine,
Hanover, New Mexico, Geol. Soc. Amer. Bull. 51, pp. 777-818.
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andradite
calcite
hematite
pyrite

spinel

| Figure 29. Thin section of tactite vein east of Chapo fault, It
| contains andradite which has been replaced and outlined by
- hematite along crystal boundaries and intermineral cleavages
' (Nicols crossed, diameter I. 45 mm).

an andradite
ap apatite

ca calcite

e epidote

! f fluorite

| - |
qz quartz .

[ Figure 30. Thin section of tactite vein from easternmost prospect
of Chapo mine division showing a fluorite veinlet traversing earl-
ier silicates and calcite (Nicols crossed, diameter 1.45 mm).
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8 common late assoclate of tactite zones (Figure 31); with
other sulfides it occurs as cuneiform aplotches in sphalerite
suggestive of exsolution althougn microvelnlets indicate &
later time of deposition which favors attributing the splotches
to replacement. The end gstages of metasomatism are character-
ized by chloritic alteration. Filssure f1lling by quartz, cal-

cite, and aragonite complete the cycle of mineralization.
ORIGIN OF CONTACT METAMORPHISM

Any theory of the origin of these contact metamorphic de-
posits must explain conditions exlstent at the time of thermal
metamorphism, the subsequent nature of the metasomatism, the
~original composition of the altering fluldas and their still
later change, the probable scurce of the solutlons, their rela-
tion to the stock and their affects on the invaded rocks.

As previously mentioned, thermal metamorphism has besen
convantionally plctured in terms of facies of increasing
temperature and pressure whereby varlious minerals are formed
at different pressure and temperature leévels. Neither sbao-
lute temperatures nor the temperature gradient can be deter-
mined because of the presence of circulating pore solutions.

The mecond stage in the process, contaét metasomatlsm,
involves at firet the question of the probable source of the
aolutions. In the Apache Hills, tactite minerals and associl-
.ates ave noted in both the quartz monzonite and rhyolite dikes,

indicating that metasomatism occurred after the stock had been



Figure 31 . Thin section of tactite zone from the dump surrounding

ondradite and magnetite, Chalco-
pyrite occurs along intermineral boundaries ( Nicols crossed, diometer

the (936 shaft. Pyrite has replaced

.45 mm),
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qz-ca

andradite
chalcopyrite
magnetite

pyrite

quartz -calcite
groundmass
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andradite
epldote
fluorite
apatite
scapolite
hornblende
pyrophylllite
hematite
magnetite
scheeiite
bismuth ¢
pyrite ‘
sphalerite
chalcopyrite
galena
chlorite
prehnite
calclte
quartz

aragonite

Table 5. Paragenetic Sequence
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emplaced and at least partially solidified, and that 1t con-
tinued until after the rhyolite had cooled. This suggests thati

the solutions are not derlved from the inbrunian but rather &ﬁ? 5
from gﬂg;arbxwindapendent source, perhaps rrom 2 source near
theﬁ;ontact. In this respect, it would pomssibly be more

loglioal to consider the contact am a localizing fault rather e g T
than attributing the introduced silicates strictly to the 1n~ﬂwﬂﬁww .
trusion. 1In addition, the intrusion of the stock and associ- zf::ti:;:
ated dikes 1s responsible for the development of drag folds, fi::i“»r

and fiassures adjacent, concentric, and r»adial to the stock, fﬂﬁﬁ;fjj:f
which have provided egress for minerallzing solutions. An ex-T::;uai—*b
pansion of this bellef would lead to the generslization that

structural conditions rather than proximity to an intrusive

body is responsible for contact metamorphism. The occurrence

of tactite zones in this area remote rrom a viaibla source Whare ©

1

1ntrq3§zg_§ggthan.nupgorts -thia . suggestion.

The nature of the metasomatizing solutions 1s in doubt.
Any idea must account for thé composition of the flulds, the
high ratioc of ferric to ferrous iron, and the cccurrence of
gpecularite before magnetite., It has long been known that
iron can be transported in the form of chlorides and fluaridea.l
However, there are apparently not enough halogen-bearing con-~
atituents in the foregoing mineral assemblages to account for
the abundance of iron since it presumsbly takes 14 tons of

1001dnchmidt, V.M. (1522), On the metasomatic processes
in silicate rocks, Econ. Geol., vol, 17, p. 108.
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halides to deposit one ton of iron.l Moreover, it is probable
that most of the halogen lons, particularly the chlordde lons,
were not stabilized and could have readily passed out of the
system as the very soluble calcium chloride. It has been sug-
gested, however, that the solutions are aqueous and contain
halide mineralizers® which u6u1d keep the solutions above the
eritical temperature and thus ensble the transportation of
large quantities of materisl, This seems probable in view of
more recent work3 uhich'indicates probahle deposition of iron
oxide when a halogen-rich fluld enters a region of higher water
content or when neutralized by limestone. The analyses of the
me tamorphosed and nonmetamorphosed limemtone and sghale unit,
Tables 3 and 4, show that minor amounts of halides have been
introduced, but certalnly not enough to account for the abundance
of ferric oxide. However, halide ions may be present in suf- '
ficlent but undetermined quantities since fluorine cen be con-
fined to the mlcas and to a lesser extent in the amphiboles
vhere 1t replaces other ions in the crystal lattices, since the
fonic radius of the fluoride ion is zimilar to that of the hy-
droxyl ion. Chlorite, rather than fluoride ions, occur in Ty
amphiboles replacing hydroxyl ions probably because the band

lgesjer, Per (1925) Contact metamorphic processes, Econ.
-Geol,, vol. 20, p. 690,

23chmitt, op oit, p. 801.

3Holser, W.T., and Schneer, C.J. (1953), Deposition of

hiah temperature, nonmagmatic magnetite, abst., Geol. Soc.
Amer. Bull. 64, p. 1435,



173

structure of amphlbole ia better able to accommodate the larger
chloride 1onu.1 Further quantities of fluorine may occur as
elther solid or ligquid inclusions in minerals. 8Solld inclu-
slons would Iinclude fluorite, apatite, or fluorite-rich mleca;
liquid inclusions, probably enriched in fluoride lons, are
abundant in quartz and feldspar. Many halogen compounds are,
of gourse, highly soluble, and especially in the presence of
water, as in volcanic ejecta, might well have been present
originally but later removed.

The high ferric~ferrous ratlo was believed by Butler? and
others to be due to the oxidation of original ferrous iron in
the solution to ferric iron by carbon dioxide released upon

recrystallization of limestone according to the formulae:

3 Pe0 + COp = Feg0y + COp
Pe30y + COz2 = FepOg + CO

The first formula 1s bellesved essentially correct, glven
sufficlent concentration of carbon dioxlde. Lasky3 belleves
that the second reactlion will not occur pince there iz not

enough COp present. Hawley and Robinaonu gtate that the pecond

lcorrens, C.W. (1956), Geochemistry of the halogens,
Physlics and chemlistry of the earth, McGraw-Hill Book Co. Inc.,
New York, p. 224.

3Butler, B.S. (1923), Suggested explanation of the high
ferric oxide content of limestone contact zones, Econ. (eol.,
vol. 18, p. 400.

Stasky, S.G. (1934), Ferric-ferrous vatios in contact
metamorphic deposits, Econ. Geol., vol. 29, p. 495,

uﬁawley, J.E., and Robinson, S.C. (1948), The aupposed
oxidation of Fegﬂ3 by 002, BEcon. Geol., vol. 53, p. 810,
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reaction proceeds to the left and 18 lrreversible at tempera-
tures between 400° C and €00° C where magnetite is the stable
phase. But if the solutions are agueous and above the critical
temperature due to halogens, the iron could be deposited-in the
ferric atate to form the early silicatéﬁ (andradite, epldote)
and hematite. To account for the change from hematite to
wmagnetite deposition, as illustrated in Pigure 26, a change in
the nature of the solutions is necessary particularly in re-
gard to pH values, =ince ferric lron would be precipitated from
an acld oxidizing environment and magnetite from a weakly acid
or alkaline reducing environment. This condition 1s satisfled
by the second equation above proceeding to the left, i.e. after
hematite had formed in an acld oxldizing environment, magnetite
would be precipitated according to the second eguation, the
necessary carbon monoxide derived from the partial reduction of
carbon dioxide by the hydrogen of the original magmatic emans-
tions.

Additiocnal experimental results’ illustrate that at room
temperature and pressure and under well zerated conditions,
when ferrous chloride sclutions react with calclte, the only
iron deposited is of a ferric nature. However, with decreasing
oxygen saturation, the probability of precipitating ferrous
iron increases. Therefore with deareasing oxidation potential,
the ratio of ferrous to ferrlc iron becomes so large that not
even extremely insoluble ferric hydroxide can be precipitated.

lgarrells, R.M., and Dreyer, R.M, (1952), Mechanism of

limestone replacement at low temperatures and pressures,
Geol. 30c¢. Amer. Bull. 63’ P 3“5.
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Masonl gimilarly states that the deposition of ferrous come-
pounds demands a low oxidation potential, In more recent work
derived from thermodynamic oalculations® it 1z shown that in
cooling from & magnetlite-hematite-water equilibrium, there in
8 continual production of excesg oxygen, 8¢ that any magnetite
formed is continually oxidized to hematite. Although the work
by Garrels and Dryer was carriled out at low temperature and
pressure, lt apparently explains the high ferric-ferrous ratio
observed in the Apache-~Chapo Mining District, &nd also the oc-
currence of ferric minerals prilor to ferrous minersls, and in
particular the replacsment of specular hematlte by magnetite.

Thus the solutions which depo&ited the early silicates
were presumably acld in composition and rich in ferxrous iron
and silica. These soclutlons reacted with the calcareous sedi-
ments resulting in the deposition of andradite whereby lime
and carbon dioxide were released. Hematite was also precipi-
tated during this tlime under the conditions previously out-
lined. 3Some of this lime could be eapily fixed in the forma-
tion of epidote. IlLime m;ght glso go into solution as 1t
traveled outward from the contsct in fissures. These soclu-~
tions with excess lime, 1ron, and silica (the last possibly
originally in excess but more probably derived from the sur-
rounding sediments) could then be precipitated to form the

iMason, Brian (1949), Oxidation and reduction in geo-
chemigtry, Jour..Geol., vol. 57, p. 70.

ZBaker, D.R.. (1955), Stebility of magnetite and hematite

& hydrothermal environment from thermcdynamic calculations,
abst., Geol. Soc. Amer. Bull. 66, p. 1528.
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tactite veins of the shales and sandstones. The resulting
alkaline enviromment probably caused the deposition of fluorite
and apatite, both'of‘khieh oacur later than the early sillicates
but esrlier than the ferrous oxldes. At this stage, the solu-
tions minus the halide mineralizers will be weakly acid or alka-
line, a condition whereby ferrous iron would be precipitated,
followed by thé subsequent deposition of sulfides.

ORE_DEPOSITS
INTRODUCTION

- The ore deﬁosits of the two ranges are geographically
separable into two major groups, the Apache~Chapo Mining Digg
trict and the Fremont Mining District. The first has also been
referred to as the Anderamon or Apache #2 Mining District.t
Strangely enough, this grouping slso expresses a general geo- 7

i

loglc relation in that the first of the two groups includes
the Apache and Chapo mines, which are regarded as contact meta-
morphic deposits, whereas the other includes deposits in the
nature of fracture fillings or replacement veins. The mines
and prospects of the Fremont District are listed below and
thelr location is shown on the acéompanying geologlic maps:
Occidental mines (includes the Eagle, Barnett,
American, Doyle or Conevello,
and Napane or Nutshell properties)
International mine (Sierra Rica mine)

INoﬁthrop, S.A. (1942), Minerals of New Mexico, N. Mex.
Univ. Bull, 379; . 370.
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Daisy mine
Queens Taste mine
Big Shiner mining area
Luna mine
Christnas mine
Ford, Quaritz, Vanadium Lead, and Copper Valley prospects
Rattlesnake, Pilck and Shovel, and Casher prospects -
located in the south central Slerra Rica
heyond the ares covered by the geologle
map.
All the mines were visited and detailed pace and compass
maps of the larger workings were made. The Apache and Chapo
mines are treated ae & single unlt because of the contact meta-

morphiam common to both and thelr mutual contiguity.

APACHE-CHAPO MINING DISTRICT
Location

The Apache mine in Hidalgo County, six miles south of
Hachita, 1s reached by a much used road that leads directly
into the former operating area. The Chapo mine 1s 2-1/2 miles
east of the Apache mine and is connected to it by a rutted bub
passable road. The Chapo mine may also be reached directly

over a good road from the lLast Chance mine.

History and Production

The mining records obtained for the two mines pertain al-
most entirely to the Apache mine from which ore was extracted

in commercial amounta for many years. The only proeduction
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information avallable on the Chapo mine 1s that in 1940 some
copper-gold ore was shipped.l This was appavently the only
productlon as indicated by the fact that the workings conslst
of rather shallow shafts, trenches, prospect plts, and a ghaft
180 feet deep from which the shipment mentlioned was probably
mined. The mine is covered by four c¢lalims of unknown location
owned by Fred Brown of Hachita. '

The Apache mine was first operated in the latter part of

the 19th century by chihuahua Indians who carted the ore to
Chihuahua for smelting. The deposit was not worked in earnest
until the beginning of this century when Robert Anderson gained
control of the mine and operated 1t for some yeara; The sig-
nificant dates of productlon are as fellowsa:

1900-1908: Rich horn silver ore (cerargyrite) was
shipped in the early days of the mine's
operation by Robert Anderscon. In later
years, oxldized copper ore rich in cal-
clte and therefore in demand as a flux
wag shipped to the smelfer. As shipped,
the ore contained 3 to 4% of copper,
$1.00-31.50 in gold, and § ounces of
silver per ton.

The following records were obiained from the U.S, Geo-
logical Survey and the U.S. Bureau of Mines "Mineral Resources
of the United States" and the U.S. Bureau of Mines "Mineral

Yearbook":

19,3, Bureau of Mines (1940), Mineral Yearbook.

2Lindgren, Waldemar, Graton, L.C., and Gordon, C,H.,, et al
(1910), Ore deposits of New Mexico, U.S. Geol. Survey Prof.
Paper 68, p. 344,
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1915-1919: Large quantitles of sllver-~copper ore wuilth
bismuth in celclte gangue were shipped.

1927-1929: The Apache Leasing Company shipped 8 cone
siderazble tommage of lime rock averaging
1.5% of copper &nd 1.5 ounces of silver
per ton. In addition, several cars of ore
averaging 12 ounces cf silver and 10% of
lead were shipped.

1936-1938: The mine was controlled by the United States
Smelting Refining and Mining Company. Only
exploration and development work was carried
on.

;g‘ﬂ'

1942: A lessee ah&ppeqqzine ore averaging 30%. V- .o~
1043: A lessee operating the Monarch and Copper Crown

¢laims shipped 200 'tons of copper and 125 tons
of lead ore.

1o44: E.J. Marsten of Colorado Springs, Colorado, oper-
ating the above two ¢laims shipped 230 tons of

lead ore containing 1.0 ounce of gold, 1.3 ounces /27 °%

of sllver, 597 pounds of copper, and 55,000 pounds
of lead.

At present, the mine conapiste of twﬁ ¢laims, the Monarch
and the Copper Crown, both of which are owned by Albert W. Fitch
of Hachita. Other claims indicated on Plate 2 are from the
files of the V.3, Smelting Refining and Mining Company.

Mine Development

The main mine working consists of one major shaft, the
Apache shaft, 360 feet deep, sunk by the Anderson-Apache Mining
Company in 1907. All the worklings were approached from this
shaft and include levels at depths of 50, 70, 100, 150, and 300
feet, the names representing depths below the surface. The
shaft is at present inaccessible. However, the 50-foot and

70~foot levels may be entered by an adit located in the south-
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west corner of the open cut (Plate 4); the same levels and the
100-foot and 150-foot levels are accessible through a shaft et
the north end of thg open eut. This open cut at the Apache
mine represents an area of the mine that caved in 19239. All
levels other than those mentioned sre inaccessible; none of
the levels is timbered, and the argillaceous nature of much of
the country rock makes drift caving common,

Other workings include the 1936 shaft which was sunk to a
depth of 500 feet by the U.3. SBmelting Refining and Mining Com-
pany. Two drifts extend from this shaft. The workings in thie
area are completely separate from those of the Apache shaft. A
map of the driits ia glven In Plute T.

Shafts on the Indlan, Cochise, and McKinley veins were in-
accessible in 1953 and 1954 but these were 2ll apparently
shallow, Smaller prospect pilts and trenches dot the area 1n
the viecinity of the Apache mine and to the east. The V-.E Day
shart, midway between the Apache and Chapo mines, 1s about 75
feet deep but was filled with water in 1954. The Chapo shaft
is 180 feet deep and is used as a well by the Faulkner Ranch.
All the other workings at the Chapo mine are surficilal.

The location and position of sccessible and inaccessible
workings 2t the Apache mine are indicated in Plates, 4, 5, 6, 7,
and 8, The complete extent of underground workings 1s not
definitely known but there are about 7,500 feet of drifts and
crosscuts. This arvea has been extensively prospected and is
marked by 8 great numher of shallow test pits and proaspect

holes and by numerous claim monuments. Every llmonlitlzed or
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other possible ore zone is indicated by an exploratory hole.

Geologx

A composite atock has intruded a part of the Limestone-
Sandstone member of the Howells Ridge formation and ia direct-
ly or indirectly responsible for the development of a gontact
metamorphic type of deposit, Tactlte zones in the limestone
beds near the 4ignecous contact have been mined at the Indian
shaft for thelr sulflde content. Galena, sphalerite, and
associated cerargyrite were extracted. The ore here is local-
ized along the troughs of drag folds created by the intrusion,

The main workings of the Apache orebody, located in the
immediate vicinity of the Apache shaflt, aﬁ& in a mass of inter-
bedded limestones and shales metamorphosed in varying degrees.
The stratigraphic succession exposed at the surfece and in ac-

cessible levels 18 as follows:

Top of section (from the head of the Apache shaft)

Thickness
Gray siliceous ghale 2% feet
Green chloritized shale 20-30
Massive recrystallized limestone 25

Thin interbedded shales and metm-

somatized limestonea. Upper portion

containg some thin recrystallized

limestone lensea. Only the upper 20

feet 1s exposed, but the sequence is

reported to extend to the 500-foot

level. 425
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It should be noted that the maseive recrystallized lime-
gtone bed only occurs in the arer sround the open cut where
it forms an exposure approximately 400 feet long and 150 feet
wide.

Structure

The sediments that crop out from the Indian fault to the
Apache fault in the area of the Apache orebody are expressive
of & gentle anticline indicated by the slight northward dips
near the ignecus contact, the general horigontal attitude at
the open cut, and the gentle gouthward dips reported from the
500~-foot level to the asouth. Superimposed upon this 1s a sys-
tem of north-south and subsidlary east-west Clssure faults.
The major structures controlling ore deposition all have a
more or less northward trend. The most prominent of these ia
the McKinley fault which 18 only slightly mineralized and con-
tains some galena, sphalerite, and chalcopyrite., This nearly
vertical fault forme the eastern and western boundary of the
quartz diorite plug and quartz monzonite stock respectively.
The main Apache orebody is located on the southeast slde of
the fault. The vertical displacement along this fault is
difficult to determine but 1t 1s estimated to be of the order
of 200 to 300 feet. It 1s belleved that this fault is the
companion to the Indian fault but has folloved the curving
boundary of the main intrusion at this polnt. As & result,
though the McKinley fault is apparently later in age, 1t is

probable that both structures were produced simultaneously.
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The east side of the McKinley fault is evidently the upthrown
side, the displacement being of sufficlent magnitude to expose
the atock. -

In addition, it is probable that the McKinley fault served
as the main ore fissure and that trifurcation of the fault
{though the apex is hidden‘by alluvium) as 1t emerges from the
west end of the composite stock, channeled the ore solutions to
their present sits of deposition. These fissures may have also
acted as avenues of egreas for the flulds resgponsible for sili—
cate metasomatism. Furthermore, it is likely that the eastern
figsure of the group of three might have carried the bulk of
mineralizing solutions as evidenced by the relative abundance
of iron oxide contazined within the fissure wallas. This par
ticular fracture ls exposed at the eastern edge of the chamber
on the 50-foot level (Plate 5). The western branch of the
McKinley fault is represented by the Cochise veln which is only
slightly mineralized as compared with the eastern workings.

Fissures and faults of small displacement having a more or
less eastward trend parallel to the Indian fault were noted in
some of the accessible workings., They are generally barren and
contain either yuartr or calclite. These [issures have very
little importance a3 ore localizers. They have however compli-
cated mining procedures slnce mineralized blocks have been
broken up along the strike of the crebody or elevated above the
main drifts, thus necessitating numerous cverhand or underhand

stopesn.
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The displacement along the flssures of both northward and
eagtward tranq is very small, generally less than ten feet,
and in meny cases can be observed in outcrop. This ls particu-
larly noted at the north end of the open cut where s series of
minor step faults occurs (Figure 32). 'Minor faults were also
deen at the entrance to the 50-foot level and also slong that
level (Plate 4). Drag folds created by the faulting have served
a8 locl for ore depospition. The age of the bulk of the fissures
18 definitely pre-mineral although some post-minerzl fracturing
on the 50~foot level was evident; 1t was probably formed ms re-
gult of readjustment subseguent to the Intruslon and accompany-

ing minerallzation.
Minerallzatlion

The orebody that was commercially dev&loped is irregular
in abhape and without aharp definite boundaries. It conslsts
of large and small stringers, shoots, end pods of ore rendomly
distributed throughout the sediments. The bulk of the mining
was in sediments cut by sulfide~filled fractures which are de~
void of tactite minerals, although the sediments contain sili-
cates caused by thermal recrystallization and recombination.
However, metagomatic effects sttributable to an 1lnltial wave
of metamorphism were noted. At the T0~-foot and 1O0~foot levels
(Plate 5),Ioccasional constricted tactite velne contain andra-
dite, epidote, hematite, fluorite, and chalcopyrite. Another
example was observed in the chamber 1mmadiatély north of the

open cut where two tactite veins traverse slliceous shales for
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Figure 32. North end of open cut ot Apache mine. Jagged contact
betwesn the light and dark rocks, both argillites, is due to the
eostward dipping high ongle faults of small displacement.

——— . = - .- — - —
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the length of the working (Flate 5, Pigure 12). Some of the
specimens from the dump around the 1936 Shaft exhibit a simi-
iar tactite mineralogy. In addition, scheellte, cuproschee-
lite, and bismutite (all found in specimens from the dumps).
occur in massive recrystallized limestone. Generally, however,
the sulfides and their oxides that were extracted were free of
centaminating metaaomat@c s8ilicates.

Despite the two different occurrences of the sulfides,
they are probably genetically related. They both represent &
periocd of deposition contemperaneous but somewhat later than
the ailicates and oxides ascribed to contact metamorphilsm,

The assoclation of sulfides with sllicates and oxides at the
heavily metasomatized Indlan fault probably indicates that
fissuring was still active during the time of sulfide deposi-
tion. This fissuring was probably promoted by the intrusion
of porphyritic rhyolite. The silicate-free sulfide velns
prominent on the outer edge of the contact aureole at the
Apache mine probably were deposited as such because meta-

somatism was not intense enough to close every avallable open-

ing.

Ora Qocurrence

It 1s apparent from & study of accesaslble workings and
from reports on inaccessible workingsl that strong mineral-
izatlion is generally conflned to the upper levels in the form

1Ma1110t, E.E., and Walker, R.T. (1936-1938), Files of
the U.S. Smelting Refining and Mining Company.
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of replacement veins, particularly in the calcareous sedliments,
Such veins occurred as far down as 250 feet below the surface;
beyond that depth, the presence of hard sillicif'ied shales and
calcareous shales prevented replacement on any scale. ‘
Mineral zoning, though imperfectly developed, 18 neverw
theless noticeable, There l1ls an apparent eoncantrapion of
tungsten, bismuth, and copper toward the north end of the ore-
body. Lead and ginc mineralization i1s confined to a small zone
to the southeast (Plate 4), Still further to the south, quartz-
calcite veins seemingly predominate. There is a similar sug-
gestion of mineral rzoning in depth, again reflecting a tempera-

ture gradient, since silver-rich ores are concentrated in theffﬁ{'

-
e, Ted e

bl

higher levels of the mine and gold at the lower levels.

The ore zone should not be considered as consisting of &
aingle body of high grade material surrounded by lower grade
ore. Hather, it was & wide mineralized area in which bunches
of high grade copper and copper-silver ore sre found. The
latter type ore was generally restricted to the upper levels
and occurred as replacement veins in limestone and rarely
shale. In later years, this low grade ore with calcite gangue
was worked for its fluxing value. The main copper-silver ore-
body as mined was 450 to 500 feet long and up %o 150 feet in
depth. The development was confined to the eastern branches
of the McKinley fault and there was no ore crogs-cutting to
the western branches where copper ore in a aiiicaeuu gangue
was extracted. These siliceous veins are low in silver, where-

2g the others are rich in silver. Specimens of some of the
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iron oxide zones on the 70-foot level show an average of 12
ounces of silver per ton. Bismuthinite mnd scheelite, where
present, are reported to be nearly everywhere associated with
the copper-silver ore In the massive recrystallized limestone
and the presence of elther mineral generally indicated a high
silver content.

Lead-zinc-sllver ores occur in the shale members where
they vwere extensively mined on the 70-foot level. No effort
was made to trace this mineralized zone below that level into
the more favorahle underlying recrystallized limestone. Simi-
larly, there was no attempt to oross-~cut from the 100-footb
level to intercept the same Zone.

The siliceous copper ores occur in fissures in the sillicl-
fied shales west of the open cut., The Cochise veln 1llustrates
this type of mineralization. The chiel ore minerals include
various copper oxides in a quartz gangue., Gold and sllver
values are almost negligible.

Copper minerals, mostly chalcopyrite, occur in the lower
levels and are aasoclated with tactite minerals in zZones that
have been moderately metasomatized, The ore usually shows
higher gold values bubt lower copper valuea than the higher
levels. A representative asmple from one of the two fissures
on the 500-foot level contains approximately 0.5% of copper
and 1-3 ounces of silver per von, The ore at the lower levels
oscurs in fissures of northward trend and the lack of replace-

ment veins is directly attridbutable Lo the unfavorable rocks,
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Oxidation

All the ore axtraoted frum the Apache orebody has been of
the oxidized variety. The veina are greatly altered and con-
sist mostly of iron coxilde, aither 11mnn1ta or hematite, to-
gether with subordinate amounts of copper, gold, and sllver
values in ; quértn or calcite gangue. The ore in the massive
recrystallized limestone conslsts of partly aiiioiried and
spongy iron oxide, mhlachita, and winor amounts of chrysocolla
and turquoise. The veins are commonly banded and consist 6? a
wide inner area of banded limonite with occasionalvpyrita cubes;
the outer bands are composed of malachite and chrysocolla.,
Between the two there is commonly a band of pyroluaite or some
other manganaaa oxide. An 111ustration of thia ocourrence 1s
presented in ﬁindgren.l

Ap a genersl rule, the dominant oxidized copper mineral
has 2 composition related to.the enclosing rock. However, the
presence of malachite in veins in shale, 838 in the workings
north of the open cut, indlcates the introduction of lime pre-
sumably by circulating waters. Conversely, the occurrence of
chrysocolla in veins in limestone polnts toward the depoaition
of silica. The transfer of these compounds along the veins is
not surprising in view of the abundance of these substances in
this area. In addition, the porous nature of the oxldized
veins permits considerable movement. It has been reported that

following a heavy rainfall on the surface, fissures at the

lLdndgren, et al, op cit, p. 55.
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500-foot level were still dripping five to six hours after the
precipitation.

Other copper oxidation minersals were also cbserved, as at
the Cochise vein where linarite and caledonite, together with
chrysocolla, are the principal ore minerals. At the TO-foot
level, lead and zinc oxidation minerals include cerussite,
angleslte, amithsanita, aurichaleite, and rere ‘hydx'ozincite.
Primary lead and zinc ores were not noted on this level. |
Bismutite and cuproscheelite occur as oxidation products in
veins in limestone. Jarosite occurs with oxidized aulfides at
both the Indian and Apache shafts. QOypsum here forms afcryatal-
line coating over the altered sulfides.

At the Indien shaft, early reportsl state that horn silver
(cerargyrite) was extracted. Only one such specimen was seen
on the dump. Cerargyrite was probably derived from argenti-
ferous galena that was oxidized by descending waters rich in
c¢hlorine, common in arld reglons. 7The preaeneeiof pyrlte great-
1y facllitated the movement of silver which was eventually de-
posited as a sllver chloride. Its insoluble nature accounts for
its presence in the zone of okidation.

Supergene copper sulfldes were not observed in sitﬁ in the
accessible mine workings but apecimens from the dumps surround-
ing the Apache and 1936 shafts indicate the partial replacement
of chalcopyrite by chalecocite and occasionally covellite.

Chalcocite has been reported from the 500-foot level. Moreover,

irindgren, et al, op cit, p. 344,
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two carloads of ore contalning chalcocite rich in gold values
were shipped in 1925 from a winze at the 300-foot level.

The possibility that a thick limestone sectlion and con-~
sequently a rich secondary sulflide zone existed at depth
prompted the U.S. Smelting Refining and Mining Compeny to
attempt sinking a shaft late in 1936. However, the shaft was
abandoned after 500 feet as 1t never penetrated the water table,
which for some unknown resason was at a stlill deeper depth. This
is surprising as all the other wells in the range penetrate the
water table 100 to 200 feet helow the surface., It appears
probable that the water table in this locallty once existed at
a higher level, but only briefly, since chalcopcite is not too
common even at lower depths., Thus the supergene zone may still
exiat below the present workings, possibly at depths between
T00 and 1,000 feet.

Origin

The sulfides deposlted in the Apache orebody are expres-
sive of the last stages of contact metamorphism that has af-
fected this district. Originally thermal metamorphism resulted
in the recrystallization of ahales and the conversion of 11me;
stone to coarsely crystalline caleclite. This was succeeded by
metasomatism whereby silicates were deposited in avallable
fissures and then by several phases of ore minerslization. The
first phase 1s probably represented by the deposition of tung-
sten, bismuth, and gold which reflects the high temperature
stage of hydrothermal deposition. Pyrite was also seemingly
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precipitated during this stage. Chalcopyrite represents the-
second phase of ore deposition, and probably lead and zinc
sulfides together with sllver were precipitated simultaneously
or slightly preceded the copper mineralization. The last
phase. of hydrothermel activity is typified by quartz velns
which £il1]l the Apache fault and flssures parallel to it. These
may contain gold or silver although no ore minerals were ob-
served 1in outerop or reported from available assays.

The chlef factors responsible for localizing the ore are
the faults ;nd fissures roughly parallel to the quartz monzo-~
nite intruslion. The location of the Apache orebody 1s near the
projected intersection of the two faults bordering the intru-

glon where a general zone or weakness has been produced.

FREMONT MINING DISTRICT
Introduction

The ore deposits of the Fremont Distrlct are of two types -
(1) quartz veins in fractures traversing limestone, orthoquartz-
ite, or variocus igneous rocks such as rhyollite, basalt, and
andesite and (2) replacement veins in limestone. In the former,
the velns commonly have north-northeast trends with a dip
ranging from almost vertical in the limestone to about 60° in
the igneous rocks. In many cases, the veins are stained black
chiefly by hydrated lron oxides or by pyrolusite, psilomelane,
manganite, or other manganese oxlides. The occasional occur-
rence of malachite imparts & green color to the vein. The un-

oxldized vein minerals include chalcopyrite, galena, pyrite,
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and sphalerite. The chief value of the ore lies in galena
which is apparently argentiferous.

The replacement veins, primarily exemplified by the
Occidental mines, seems to have no preferred trends but rather
have followed the most easily replaced beds. There are two
ma jor types of replacement veins, both oxidized. One 1s rich
in quartz, limonite-stained, and malachite-bearing. The second
type is charscterized by its rare malachite and relative abund-
ance of galena or sphalerite or dboth in a calclite gangue. Both
types locally contain sphalerite, chalcopyrite, and galena.

Occidaptal Mines
Location

The Occldental mines are located ln the northeast purt of
the Sierra Rica (i1.e., in the southeastern part of the area
shown on Plate 1) and mey be reached by a feint branching road
half a mile east of the Doyle Well. It i1s also scceasible via
the Jeep road parallel with the international boundary.

History and Production

The Oceidental mines includes numerous shafts (all in-
accessible), trenches, and prospects which have been recorded
under various names. With the exception of the w11§er prop~

erty, the names given on Plate 7 were taken from Lindgren.l

lrindgren, et al, op cit, p. 345.
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Production values for the various propertles are from the same
source and are as [ollows:

Eagle mine - 404 lead and 20 ounces of silver per ton
in a 200 ton shipment prior to 1906.

Barnett property - a reported value of 204 copper, 15
ouncea of sllver, and 5 ounces of gold
per ton. '

Doyle or Conevello property - &n analysls of specimens
from the dump shows 20% zinc, 104 lead and
some sllver. -

American property - & reported value of 4% copper and
10 ounces of silver per ton.

No values are reported for the Napane mine (formerly
called the Nutshell mine). Although several carloads of
copper ore were shipped from one of the abhove properties in
1912 and 1913, the last known cperation occurred in 1953 when
Cari Wilder of Deming extracted an unknown quantity of lead-
ginc ore from the Napane mine., In the eastern end of the area
shown on Plate 7 uranium was discovered by a group of Deming
people, 3ix clalms were staked covering the area from the
border weatward for 3,000 feet and 1,800 feet north of Border
Post No, #1. Assessment work was done in 1955 but ore has not

been shipped to date.
Geology

The rocks in the area (Plate 9) consist of interbedded
oyster-rich limestones and orthoquartzites which have been
folded to form the Occidental anticline in the northeast corner

of the area mapped. In the western section, a major fault, the
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Occidental fault, brings the younger Orbitolins member against
the Oyster Limestone., The beds generally have & west to north-
west strike and dip 20° to 25° southwest. Thin trachyte sills
were 2lso observed.

The Napane mine consigts of a few prospect holes and shal-
low, insccessible inclined shafts of unknown depth in a2 cherty
bed of the Oyster Limestone member. 7The deposit is a replace-
ment by galena, sphalerite (of typilecal “"blackJjack" color), -

. pyrite, and minor chalcopyrite in & rhomble calecite gangue with
subordinate sliderite. In opaque section the paragenesis is as
follows: sphalerite (early), galena, pyrite, and chalcopyrite
(late). The succession of the last two minerals may be re-
versed. Both gaslena and chalcopyrlte ocour as blebs in
sphalerite suggestive of exsolution but chalcopyrite also oc-
curs in crossg-cutting velinlets.

Prospect holesa to the east consist of barren quartz veins
elther heavlly limonitized or lead-bearing quartz veins stained
with manganese or iron. The lead has been oxidized to cerusite,
The shaft in the same general area contains crystalline smithson-
ite and calcite. Uranium minerallzation conslsats .of minor
amounte of green sutunite embedded in massive but slightly limo-
nitized quartz velns developed along a minor fault. The autun-
1te fluoresces a bright apple-green. Black quartz crystals are
2 common agsoclate. Cholice samples of the vein ran as high as
.219 uranium or thorium although & check of the vein by a Gelger

counter 4id not reveal any concentrated areas of yradloactive
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mineralization. In general, the concentration appeared to be
fairly localized, '

The Doyle property is developed by two shafts, each 30-40
feet deep, which contaln partlally oxidized galena, calcite,
and minor quartz in a replacement vein. Mineralization is
probably associated with the nearby minor fault.

. The American property consists of two shallow prospect
holes. The northern one exposes a heavily manganese-stained
quartz vein. The southern working is a tunnel about 30 feet
long containing a vertical replacement zone of chalcopyrite in
a quartz gangue. The vein has been oxldized to hematite and
limonite; it is a8lso manganese-atalned,

The workings on the Barnett property consist of a shaft
100 feet deep, now inasccessible, and a few minor workings to
the west. The mineralogy 1s similsar to that of the rest of the
area. At the shaft and the trench immediately to the easnt,
chalcopyrite cceours with andradlite and magnetite in a calglte
gangue. The persistent fissure between the Barnett and Eagle
mine 1is composed of a felted mass of gray radial tremolite
fibers in & matrix of quartz and calcite., Under the microscope
sphene, apatite, and epidote can also be recognized (Pigure 33).
With the exception of the adjacent trachyte sill, there are no
nearby igneous rocks even 1n the asouthern extension of the
Sierra Rica, to which could be atiributed this type of mineral-
ization so generally characteristlc of contact metamorphic de-
posits. It would thus appear that the sillcating solutions are
derived from an independent source although the possibility of



197

\ ap apatite !
: ep epidote '
9z quartz '

sh  sphene ?

tr  tremolite

,* Figure 33.Thin section of tactite vein of Occidental mings between the
Eaogle ond Bornett properties. The vein contains radial tremolite needles
and prisms,epidote,sphcne, ond apatite (Nicols crossed, diameter 1.45 mm).
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an intrusive body at depth cannot be ruled out. .

Oxtdation 18 very marked and has produced such minerals as
chrysocolla, malachite, agurite,-and minor amounts of atacamite.
The occurrence of chrysocolla with calclte gangue 1s analogous
to that of the Apsche-Chapo District and Indlcates a substantial
introduction of silica from circulating waters,

The Esgle mine workings consist of two shallow shafts, two
tunnels of small extent, and a few progpect holes and trenches.
Lindgranl reporte that the northern shaft is 30 feet deep and
contalns limonitized replacement veins of quartz and calcite
with a few stringers of galena, partlally oxidized to cerusite;
the southern shaft i8 40 feet deep and at the bottom, a bed,
two feet thilck, has been replaced by galena with small amounts
of guartz-calclite gangue. Lindgren describes an eastward trend-
iug drift, 35 feet long, following the widening orebody; at the
face there iz a thickneas of five to six feet of solld galena.
The workings have obviously been eitended since the above was
reported for specimens around the dump also contaln chalecopyrite
and pyrite assoclated wlth galena, Other workings contaln a

slmilar copper-lead mineralogy. Secondary alteration is very
ipronounced-nnd commonly obscures the primary minerals. Neverthe-
less, the ore has only been partially converted to cerusite,
whereas limonite has developed in abundance, Manganese oxides

are also prevalent.,

1Lindgren, et al, op eit, p. 347.
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Dalsy Mine

» Location

The naisy mine is located in the north central part of the
Apache Killé and sbout 1-1/2 mliles aouthqést of the Queens Taste
mine, It ias acceassible over a faint road éhat leads from the

base of the rhyolite breccila dome east of the Faulkner Ranch.
History and Production

The deposit is covered by two patented claims belonging to
the bave Whnley Egtate, whose heirg af ﬁresent reside in Denming.
The last known operation in which ore was extracted occurred
about 1908, The shipment assayed 18% of coﬁpar, 18 ounces of
silver, and $1.00 to $5.00 in geold, according to Lindgren.l

Scheellte has heen reyortedz but was not seen by the author.
Geoclogy

The country rock consists of the Rudlstid Limestone member
disconformably overlain by thin bouldery beds of the Skunk Ranch
fanglomerate (Plate 10). Thin rh&olite porphyry iuntrusions are
also present but have no apparent relhtion to'ore deposition,
The mineralization consists of fissure fiilings and iz primarily
confined to faults trending norbheaét. These are probably pre-
mineral faults in which strike-slip displaeément is the chief

component, Other loci of deposition include older but minor

liindgren, et al, op cit, p. 347.
2Northrop, op ¢it, p. 272.
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Parallel and oblique velin fissures and bedding plane velns, the
latter largely replacements. The mineralogy is allke in &1l the
deposlts and consists of chalcopyrite and pyrite in a calclite
and quartz gangue, Oxidation minerals include malachite, azu-
rite, chrysocolla, jaroslte, hematite, limonite, copper pitch,
and pyrolusite, Other minerals that have been reported include
primary bismuth, and secondary tenorite.

The workings at the mine are relatively shallow. The
deepest shaft is about 50 feet deep but most workings are less
than 25 reet‘belom the surface. The ore 1s generally confined
to velus two or three feet thick which plnch and swell., The
total production could not have exceeded $10,000.

International Mine

Location

The International mine (shown on the Victorio quadrangle
as the Slerrs Rica mines) is located in the extreme south-
western corner of Luna County Just north of the international
boundary between Border Posts Nos. 38 and 39, It is accessible
e¢lther by a falnt rutted road southeast {rom Vietorio or by the

road paralleling the border fence,
History and Production

The Tirst mining here was in 1880 by Volney Rector who
intermittently operated the mine for some 20 years. The mine
produced about 50 tons of lead-silver ore valued at $25 per

ton, All shipments were made prior to 1889. Further production
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records are vague; the U.3. Bureau of Mines "Mlneral Resources
of the United States" lists a small production of lead-gilver
ore in 1917 and in the period 1924-26, Further production oc-
curred in 1940 and 1941 when M.V. Eaves of Lordsburg shipped
about 95 tons of ore to the International Smelter at El Paso.
Accordling to the settlement sheets for those two years, the
ore averaged 21.32% of lead, and 4.1 ounces of silver. A ship-
ment of 65 tons late in 1941 showed an average value of 20.4%
of lead, 4.2 ounces of silver, and 0,01 ounces of gold. A few
carloads of ore were also shipped in 1947 by M.V. Eaves. The
present owner is Joseph Deckert of Deming. The mine consists

¢f two claims, the Keno and the Keno Extension.
Geology and Mine Description

The ore deposit is locallzed along & normel fault that
strikes approximately N.30°E. and has a dip ranging from
vertical to slightly northwest (Plate 11). 'The mineralized
International fault is cut by numercus and younger post-ore
tear faults of small displacement. The sediments of the foot-
wall are part of the Red Beds member of the Howells Ridge
formation., They consist of an eastward-sgtriking, northward-
dipping serles of red shales, siltstones, and limestone con-
glomerate. The hanging wall in the southern part of the area
is composed of the same unlit; however, this unlit shows 1ntér~
tonguing relatlionships and almost wedges out completely near
the maln shaft. This 18 probably a sedimentary rather than

a structural change since lateral lithologle changes were
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noted in other parts of the unit. The hanging wall side of the
fault is drag-folded and is bounded along its entire length by
a reddish-gray, partially silicified sandstone which 1is over-
lain by oyster-rich limestones In the northern part of the
area, Keratophyre sllls are intrusive into the lower unit,

The fault is mineralized up to a point Just north of the
wain shaft. Supposedly it continues as a mineralized vein for
zome 3,000 feet into Mexico where 1t is reported to have
higher values. 7The veln occupying the fault ranges from three
to ten feet in width and consists of banded massive quartz con-
talning various ore tenors. At the 100-foot shaft near the
international boundary, the ore iz in a limonitic quartz gangue
with scatliered amounts of galena, chalcopyrite, and the oxlda-
tion minerals malachlite and cerusite, The ore at this shaft
supposedly averaged 108 of copper and 60 ounces of gillver per
ton but this 1ls unconfirmed.. It is similarly reported that the
ore 1s richer In gold and sllver on the Mexlcan side.

At the northernmost shaft, 250 feet deep, the development
work conslsts of a drift on the 60-foot level that is 65 feet
long and trends southwest along the quartz veln., A winze was
sunk from the end of the drift and a crosscut was driven from
the winze., An ore zone 27 feet wlde was expoged in the cross-
cut and assay values list 108 of lead, 0.5% of copper, 3 ounces
of silver and traces of gold.l Ore from the dump surrounding
thlis shaft contains galena and ninor amounts of chalcopyrite

lhorzman, C.W. (1948), Report on the International and
Luns mines, unpublished manuscript,
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and ﬁyrite in a8 massive quartz gangue. The pame ppecimens almo
possens chlorite and slderite as post-ore alteration minerals.
Cerusite, limonite, and pyrolusite represent the oxidation ef-
fects, Silver valﬁes at thls shaft were eilther derived from
argentiferous galena or from the chloride cerargyrite. A shal-
low shaft between the two described above 1is 80 feet deep, One
carload of ore shipped from this working assayed 30% of lead

and 7 ounces of sllver,

Queens Taste Mine

Location

The mine asrea is about 1-1/2 miles southeast of the inter-
gection with & road, recently opened by bulldozer, that leads
from the hamlet of Continental to the Faulkner Raunch. From
Continental to thiz road intersection is 2-1/2 miles. |

History and Production

No trusiworthy data on the history, development, or pro-
duction of this mine could he found, The only production rec-
ord available 1s in the U.S. Bureau of Mines "Mineral Yearbook"
for 1930, 1931, 1937, and 1949 and ia dubious: 1in each of these
& few tons of lead-silver ore were reported to have been shipped
from the "Lead Queen Mine" of the Fremont District. The last
work at the mine was in 1950 and 1951 when Percy lLarsen of

Hachita did some asseasment woprlk.
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Geclogy and Mine description

The nine (Plate 12) ecn#igtn of numerous prospect pits aﬁd
shafts opened in quartz velns in rhyolite and andesite por-
phyry. Most of the shafts are very shallow; the deepest, about
TO feet deep, 18 in the extreme northeast corner of the mine
area, The major production seems to have been derived from
this sectlion.

With a few exceptions, all the veins have a northeast trend
and dip southeast about 60°, The exceptions have a westerly
trend and are not minerallzed, thus conforming to the previous
geperalization that such velns are chlefly barren.

The rocks include pluge and dikes of rhyclite porphyry and
flows and dikes of andesite and basalt porphyry. The oldest of
guch rocks 1s andesite; 1t la intruded by dikes of basalt and
by the stlll younger rhyolite porphyry which contains inclusions
of andesite. The maflic rocks &are a part of the Last Chance vol-
canics. The rhyolite intrusions probably occurred in st least
two different stages, for in places the domin#nt violet rhyolite
porphyry contains large lnclusions 6? rhyolitic composition
having a atrikingly different color., REoth types are younger
than andesite and basalt. _

The violet rhyolite is altered in places to a white-colored,
"hleached" variety, characterized by intense and almost complete
conversion of plagioclame to pericite and kmsolin. Sanldine has
been similarly affected but to a lesser degree, Other altera-
tion effects include chloritization of hornblende and hlotite,
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The ore velns range‘from two to ten feet in width. They
are all of the fracture-filling type and thelr oxidized parts
are characterized by malachite, much limonite, and soﬁe pyro-
lusite or related manganese oxides or hydroxides. Specimens
from the dumps surrounding some of the deeper shafts contain
galena and disseminuted pyrite and chalcopyrite, the pyrite
usually in part converted to limonite pseudomorphs. The
galena is argentiferous and occurs &3 clusters of cubes in &
eryptocryetalline gquartz gangue. All of the ore specimens
examined were relatively low in galena, although occasional
ones contained as much a& 10 to 15% of lead.,

Wall rock alteration 1s very common slong most of the
velns, chloritization being most dominant and commonly confined
to the ore shoots traversing the quartz vein, Other alteration
minerals include calcite, siderlite, and a type of quartz lintro-~
duced later, The chlorite 1s the earllieat alteration mineral,
for in some of the velns the wall rock alteration zone has
chlorite brecclia fragments cemented by calcite and siderite,
The alteration ls later than the minerallzation,

The mineralization assoclated with the intrusion of the
rhyolite is localized at three different places, One 1s along
the contact between the bleached rhyolite and the violet
rhyolite. In one variety, the alteration contact is very
gradual and the ore vein usually occurs in the bleached rhyolite.
Mineralization was rather lean and the mining activity was con-
fined to the prospect and very shallow test plts, Ore speci-

mens from these velns contalin only sparsely dlsseminated galena



206

and chalcopyrite.

The second place of mineralization i1s along basalt dikes
intrusive into the andesite porphyry. 7The veins in this group
seem t0 have been the most productive as estimated by the depth
of the shafts and the comparative richness of the ore in them,
This is illustrated at the northeast group of workings where
th&Aminins seems to be the most intense.

The third locus of minerallzation 1s in quartz velus
cutting either andesite or violet rhyollite., Mineralization
is very slight with the exception of galena cubes and oxidlzed

minerals.

Blg Shiner Mining Area

Location

The Bilg Shiner area 1s southwest of the Chapo mine and is
easlly reached by & partially graded road, readlly accessible
from the direction of the last Chance mine,

History and Production

The mines in this area include the Bilg Shiner mine, the
Last Chance mine, The Malrland mine, besides unnamed numerous
shallow shafts and prospect holea (Plate 13). Production
records are scarce and vague. About 80 tons of copper-silver
ore were shipped from the Last Chance mine in 1948 and an un-
known amount in 194Q. Approximately a carload of lead-silver
ore was extracted from the Mairland mine in 1950. Productlon

figures are lacking for the other mines,
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Lest Chance Mine

The workings (Plate 13) at the Last Chance mine consist
of & 250-foot shaft and some prospect holea, The ore deposits
are locallzed in more or less steeply-dipping east-west frac-
tures in rhyeclite porphyry dikes that are intrusive into the
andesites and basalte of the Last Chance volcanics. The fia-
sures are quartz filled and in addition contain disseminations
of galena, pyrite, chalcopyrite, snd rare sphalerite. Oxida-
tion has produced malachite, limonite, and smithsonite. Alter-
ation of the volcanics 1s assoclated wlth the lntrusion of the
rhyolite but is esarlier as the dikes contaln altered volcanic
fragments. The slteration minerals include abundant chlorite
and lesser amounts of llimonite, calclte, siderite, and second-
ary quartz., Chlorite has also locally given the rhyolite a
green color indlecating that chloritlzation contlinued after the
rhyolite was intruded, Shallow workings east of the shaft con-
tain chlorite alteration zones together wlth some manganese
stains, The two holes to the southeast expose an ore gzone
aimilar in composition to that of the shaft.

A section of a specimen of ore from the shaft shows the
following paragenesis: pyrite (early), galena, sphalerite,
and chalcopyrite (late) - the latter as cuneiform blebs in
sphalerite,

Big Shiner Mine

Operations at the Big 3hiner mine consist of one shallow,

timbered, and inclined shaft and an even shallower vertical
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shaft to the west, The ore in the first shaft is localized
along a chloritized part of the volcanies, occurring in a
quartz-illed rraafure zone, flve feet wide, between chloritized
and unaltered andesite. The ore minerals aﬁe well crystallized
marmatic aphalerite, chalcdpyrite, and galena cubes. Oxidation
has caused the formation of malachite and of smithsonite in
well develdped curved rhombic plates. No analysis‘of the ore
was avallable but an estimation of grade from the specimens on
the dump would be about 10% of zine, 5% of copper, and 2% of
lead.

Mairland Mine

The Mairland mine 1is composed of a steeply sloplng in-~
¢lined shaft about 60 feet deeﬁ, that follows a quartz vein
two to three feet thick. The veln has an east-wept trend and
is localized in andesite or basalt. The mineralization con-
sists of galena, chalcopyrite, and pyrite In a crystalline

quartz matrix. Malachlte stains are also present.
Prospects

A few shallow holes approximately N.30Q°E. of the Last
Chance shaft contain sphalerite and slderlite in quartz veins
and veinlets assoclated with chloritized zones in andesite,
The trench to the east exposes a quariz vein locallzed along
the contsct between a felslte dike, forming the footwall, and
andesite, The ore zone Is about two feet wide and includes

" disseminations of galena, pyrite, and sphalerite,



209

The workinges Jjust northeast of the Big Shiner mine conslat
of shallow Iinclined pits that follow a quartz vein in an altered
andeglte; the alteration is & result of sericitization of plagl-~
oclase, Minerallization in the veln includes chalcopyrite and
minor galena, Oxldation has resulted in the formation of mala-

chite, azurite, chrysocolla, and some bornlte.

Luna Mine

Locatlon

The Luna mine {Plate 15) is in the north central part of
the Apache Hills about a quarter of a mlle east of the Faulkner
Ranch, It is easily reached by roads from Hachlts, from
Continental, and from & road that takes off from the airplane
bescon on State Highway 9.

History and Production

-The mine conslsts of four c¢laims, the Lobo Nos. 1, 2, 3,
and 4, The only known production occurred in the 1940's when
M.V. Eaves of Lordeburg shipped 11 tons of ore which averaged
15% of lead, 16% of zinc, and 4,5 ounces of silver. At present,
the mine 13 owned by Richard Faulkner,

Geology and Mine Description

The mine has a shaft 150 feet deep. A tunnel northeast of
the shaf't, about 50 feet liong, designed to intersect the shaft,

wag never complieted,
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Quartz velns in latlte porphyry flows have greatly chlori-
tized margins. These account for the mineralization. Ore
minerals, however, are not everhwhere assoclated with these
alteration zones, which in addition to chlorite also contain
caleite, quartz, and slderite; these replace feldspar. The
metalllc minerals galena, sphalerite, pyrite, chalcopyrite,
and copper oxides are later than the quartz of the velns but
earlier than the alteration minerals. Chlorite and slderite
veinlets t{raverse the ore minerals.

The rocks here are mainly latitic flows, These are slight-
ly faulted to the west. A thin unaltered and faulted rhyolite
porphyry dike is apparently unrelated to the minerallzation,
The main sulfide concentration is noted at the shaft but paral-

lel fissures cccur to the north and south.

Christmas Mine

Location

The Christmas mine (Plate 16) is located on the northwest
fiank of the Apache Hills about five miles from Hachita. It
iz reached by a poor trall that beginsg two miles from the lnter-
section with the Apache mine-Hachita road.

History

The mine is covered by two claims, the Gelger and Gelger
No, 2, It was operated by Albert Fiteh of Hachlta but produc-
tion records and assays were not available, From indications of

the dumps, one carload of ore, at most, was shipped.



211
Geclogy and Mine Description

The mine is developed by an inclined stope 100 feet long,
15 feet wide, and about 30 to 40 feet deep on the incliue,
Qther shallow worklings occur north and south of the stope.

The ore veins strike approximately north-gouth and dip |
westward. They are confined to a felsite dike that Craverses
the outer marglin of the monzonite porphyry facles of the com-
poaite stock. Thg ore zone at the stope is 5 to 15 feet wide
and conslsts of closely fractured, quartz-filled velns and
velnlets containing galena cubes, sphalerite, pyrite, and
chalcopyrite, Mineralization l1s weak and the ore content
probably does not exceed 5% of lead and 5% of zine, 7The felsite
adjacent to the ore gzone ig bleached by intense kaolinlzation.
The metallic minerals have only been slightly oxidized to
malachite and chrysocolla. Limonite pseudomorphs after pyrite
are common. Manganese staining and addition of ferruginous
guartz are noticeable. Other workings show a simllar fracture
and alteration pattern though chlorite is more evident, The

alteration minerals are later than the ore,

Prospects

The Ford prospect about two miles northwest of the Inter-
national mine is composed of two shallow vertical plts each
about 15 feet deep, The clalms were staked and are stlll owned
by Alton Ford of the Hatehet Ranch. The mineralization consists

of calcite replgcements in cyster-rich limestone. Metallle
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minerals include galena and sphalerite, Oxidation ls very
marked; where galena and sphalerite are contiguous, sphalerite
is reduced or missing and its only vestige is the outline of
i1ts crystal furm,

The Vanadium Lead prospect is about live miles southwest
of the Doyle Well and consists of one claim staked in 1948 by
James Hililer and others of liachita. The claim contains a shal-
low prospect hole in bedrock, an orthoquartzite., Mineraliza-
tion occurs in a gquartz zone in an area of chioritized and
brecclated couﬁtry rock, with minor amounts of galena, limo-
nite, and mangenese stains in the cement. |

The Copper Valley (or Silver Valley) prospect 1s about a
mlle northwest of the Vanadium lLead prospect. It consists of
four pits dug in 1919 and 1926 by Michael Wlilcox and others of
Hachita. FProspecting was carried on along iron and manganese-
stained quartz veins in orthoquartzite, The veins trend east
and have a vertical dip. Metallic minerals include galena and
chalcopyrite, partially oxidized to malachite, Vanadlum was
supposedly found here as well as in the Vanadlium Lead prospect,
but no vanadium minerals were observed,

The Quartz prospect southesat of the Last Chance mine in-
cludes three prospect plts developed in andesite flows. Quartz
veins parallel to the bedding contain minor amounts of galena
and pyrite. The prospect was worked by Michael Wilcox in 1937.

The cother prospects listed below are located in the Sierra
Rica. The Rattlesnake prospect, about seven miles southwest of

the Doyle well, 1s reached by & poor road headlng west from the
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well. The workingas consist of one inaccessible shaft of unde-
termined depth and some prospect holes. Some lead-sllver ore
was shipped in 1923.1 The mine was claimed by Edward Flynt of
Hachita early in 1083. Minerallzation occurs in the Limestone-
Sandstone member and consists of quartz veins heavily stained
by manganese and iron. Jarosite, seemingly lead bearing, is a&n
abundant assocliate. No sulfides were noted in any of the frag-
ments on the dump.

The Casher prospect, about & mile northeast of the Rattle-
gnake prospect, consists of a small tunnel In the Rudistid Lime-
stone member following a bedding plane vein composed on calcite
and disseminated galena and pyrlite, Oxidation minerals include
limonite, pyrolusite, and siderlte,

The Pick and Shovel prospect, one-quarter mlle northwest
of the Rattlesnake prospect, consists of a trench 15_feet deep
in the Limestone-Sandstone member. Minor amounts of galena and
pyrite occur in quartz velns.

The Weatherford prospect staked in 1953 by 0llie Weatherford
and others of Hachita 1s located near the international border
about 0.3 miles south of Border Post No. 42, The prospect con-
slsts of a shallow pit in limestone which contains & quartz zone
rich in chrysocolla and limonite. An unconfirmed report holds

that the copper ore averaged about $30 per ton.

SUMMARY OF ORE DEPOSITS
The ore deposits of the Apache Hills and Sierra Rics may

be subdivided into two genetic classes. One class would include

. 1U.S. Buregau of Mines and U.S. Geologlcal Survey, 1023,
Mineral Resources of the Unlted States.
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the Apache-~Chapo Mining District, Occldental mines, the Dalsy
mine, and the International mine. All these are characterizéd
by the following: structures that trend gimilarly and are
usually north to northeast velns and replacement fispures;
mineralogy of the high temperature type: tactite zones at the
first two, scheellite at the Dalsy Mine; a relatlvely high grade
of ore which was operated sporadically; similar gangue minerals;
and a country rock predominantly limestone.

The other ¢lass of mining prospects occurs in Tertiary
igneous flows and 1ls characterized by low grade but generally
simlilar sulfide mineralogy of & spotty and non-persistent char-
acter; close proximity to rhyollte porphyry or felsite intrus-
gives with which the ore is genet;cally related; and similar
gangue and alteration minerals. Abundant siderite and chlo-
rite seem to be representative of the alteration haloes of
thie class of deposits whereas epldote, other silicates, and

carbonates are dominant alteration minerals in the first class.
FUTURE PROSPECTING

The outlook for developing new ore bodles or extending old
ones appears to be brightest in the Apache-Chapo Mining Distriet
and other properties where ore deposition has occurred in lime-
stone. In theme areas structural conﬁrols are most pronounced
and locally fractures and faults antedate the ore. At the
Apache mine a most likely place for ore locallization ig at the
postulated intersection of the Indlan and McKinley faults, It

1s surprising that exploration work was not conducted hitherto
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&t this site. Another promising area lncludea the limestone
adjacent to the Indlan fault which 13 minerallzed at the sur-
face and has only been explored at the Indian shaft. The
tremolitized and aillicated limestone shows no sulfide mineral-
ization elsewhere along i1te length, but the contliguous lime-
atone~rhyolite breccla and the presence of cross-cutting
faults suggest that ore deposition would be present in such an
environment 1f anywhere else. Consldering the assoclation of
chalcopyrite with tactite zones, copper mineralization ls most
likely.

The sediments of the Apache-Chapo mine are part of the
Limestone-3andstone member. A% the Chapo mine, they form a
falirly thin sectlon, underlain by the Rudistlid Limestone member.
Eent of the Chapo fault, recrystallized sandstones appear and
extend to the Indlan fault. These sandstones represent the
lower portion of the Limestone-Sandstone member., At a depth of
500-600 feet drill holes should intersect the underlylng Rudistid
Limestone, which under those favorable structural and lithologlc
conditions might well be the site of ore deposition. In addi-
tion, the beds against the fault will probably be upiurned.
Exploration and development work aloung the entire length of the
Indlan fault should show similar favorable conditions. Fair-
slzed ore bodles might be expected at the intersections of the
Indian fault with major faults trending normal to the Indlan
fault. The trace of these cross-cutting faults, a2 zone of
structural weakness, is invariably the site of an arroyo and

is accordingly covered with recent alluvium that obscures any
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ore deposit present on the surface.

The Occldental, International, and Daisy mines present &
somewhat different problem. The workings in these p#operties
are shallow and do not yleld a good picture of the extent of
mineralization. All possess favorable structures and litholo-
gles ﬁnd many of the worklngs show an apparent increase in ore
grade with depth. This is especially true in regard to the
Occldental mines with which tactite minerals are assoclated
and where many of the workings may be cited as 1llustrious of
increasing grade.

The ore depoﬁita confined to voleanlces and assoclated
with rhyolite may be virtually discounted as reserves; for the
most part, the ore is conrineé to thin quartz veins, occurs in
sporadic irregular shoots, and is commonly of low grade,

In review, then, the best prospects for the'development of
future ore deposits in the Apache Hills anéd Slerra Rica lies in
the Apache-Chapo Minlng Distrlct since ore concentration there

should be of higher tenor, probably reaching commercial grade,
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Plate 13. BIG SHINER MINING AREA
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Plate 15.
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