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GEOLOGY AND ORE DEPOSITS OF THE MAGDALENA MINING DISTRICT,
NEW MEXICO

By G. F. LovearIiN and A. H. KoscaMANN

ABSTRACT

The Magdalena district, in Socorro County, central New
Mexico, is about 65 miles south of Albuquerque and 28 miles
west of Socorro. It comprises Granite Mountain and the
northern part of the Magdalena Range. It has been one of
the more productive mining districts in the State, but owing
to declining prices in lead and zinc and the depletion of the
largest developed ore bodies, its largest mines have been closed
or worked on a small to moderate scale by lessees since 1930.
Its early production was chiefly of lead and silver, but since
the discovery of zinc carbonate ore in 1903 and the erection of
mills to treat sulphide ore a few years later, zinc ore has been
the most valuable product.

Geology—The Magdalena Range and Granite Mountain are
of the Basin and Range type. They consist of westward-tilted
and faulted Carboniferous sedimentary rocks that lie on a
basement of pre-Cambrian rocks and are covered with volcanic
rocks in part if not wholly of Tertiary age.

The oldest pre-Cambrian formations are argillite and schist.
They were invaded successively in pre-Cambrian time by
masses of gabbro and felsite, a granite batholith, and many
diabase dikes. v .

From the end of pre-Cambrian igneous activity until Missis-
sippian time the region was subjected to erosion, which exposed
the granite batholith. On this erosion surface the Kelly lime-
stone, of Mississippian age, was deposited. This formation,
which is 130 feet thick, is the principal ore-bearing formation
of the district. The Sandia formation, of Pennsylvanian age,
with a total thickness of about 550 feet, overlies the Kelly
limestone in apparent conformity, although the two formations
do not represent successive periods of time. The Madera lime-
stone, also of Pennsylvanian age, overlies the Sandia formation
in apparent conformity. During Permian time the Abo sand-
stone was deposited on the Madera limestone, without con-
spicuous angular unconformity, although its basal beds locally
contain Madera pebbles, and it is known that some interval
elapsed between Madera and Abo time.

No Mesozoic rocks are present.

Tertiary(?) rocks are represented almost entirely by flows,
tuffs, and breccias of latite, andesite, and rhyolite, stocks of
granite and monzonite, and dikes of lamprophyre and white
rhyolite. The volcanic rocks within the district are divisible
into two groups, separated by an unconformity. The lower
group comprises relatively local basal members of latite and
andesite, which overlap the sedimentary rocks unconformably
and are overlain by a persistent flow of banded rhyolite, which
in the southern part of the district is overlain by more andesite
and rhyolite. Northwest of the district the banded rhyolite
overlies a Tertiary(?) sandstone and may divide the lower
group into two subgroups. The upper group within the district
includes andesite and a pink rhyolite which are prominent in
the hills west of the main Magdalena Range. South of Kelly

the lower group is cut by a sill of latite porphyry, whose rela-
tion to the upper group is not known. Both groups are cut
by sill-like masses and dikes of a rhyolite porplyry that is
considered the youngest member of the upper group, as it is
separated from the intrusive stocks by a period of pronounced
faulting.

The main granite stock is at the north end of the main range.
As it is almost entirely surrounded by pre-Cambrian rocks
and Quaternary alluvium, its relations to the monzonite stocks
and to structural features are not clear. The sedimentary rocks
are flexed along its concealed western margin, but as they
were somewhat flexed and eroded before the first volcanic
period there is no evidence that the intrusion of the granite
was accompanied by thrusting. It is more likely that intrusion
took place along a zone of weakness related to earlier flexing.

The main stock of monzonite, the Nitt stock, is of irregular
form, and its general position indicates that it was intruded
along a zone weakened by intersecting major faults. Minor
stocks, in and beyond the northwestern part of the district,
are arranged in a zone of north-northwesterly trend in line
with the principal zone of faults along which ore-forming so-
lutions rose. The later facies of monzonite are feldspathic
and granitic, and one of the smaller monzonite stocks is cut
by a granite dike. This evidence suggests that the granite
as a whole is later than the monzonite, but there is no direct
evidence to determine the relative ages of the main stocks of
granite and monzonite.

The lamprophyre and white rhyolite dikes, like the monzonite
stocks, also lie for the most part along the structural zone
of north-northwesterly trend.

Rock alteration—Rock alteration is extensive and of dif-
ferent grades. Pure limestone, particularly the Kelly, adjacent
to the stocks has been replaced by such silicate minerals as
wollastonite, diopside, and garnet (grossularite), which may
have been formed during the late, feldspathic stage of mon-
zonite intrusion; somewhat farther away, along ore zones,
the limestone has been replaced by hedenbergite, garnet (an-
dradite), and platy calcite; and still farther away by immense
masses of jasperoid, which are regarded as equivalent to the
silicates in time but which formed below silicate-forming tem-
peratures. Limestone containing hedenbergite and andradite
was later replaced by specularite and magnetite, and still later
by sulphide ore, which extends far from any intrusive stocks
or centers of mineralization.

Siliceous rocks, both sedimentary and igneous, contain a
little tourmaline and andalusite close to the stocks and much
epidote farther away. Impure limestone is also epidotized.
The siliceous rocks are cut by a few large quartz veins, which are
thought to be equivalent to the jasperoid masses in lime-
stone. Epidotized volcanic rocks are conspicuous in the north-
ern and centra] parts of the district. The epidote varies in
quantity and is accompanied by varying amounts of chlorite, seri-
cite, and calcite. Sericitized rock is most conspicuous where the
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rocks are veined or impregnated with sulphides. In the south-
ern part of the district the voleanic rocks are impregnated
with much red hematite, and some of them coutain conspicuous
amounts of chalcedonic geodes and quartz veinlets. A few
contain small amounts of clay minerals and celadonite, which
are believed to have been formed by rising hot water.

Structure—The principal structural features—homoclinal
faulted masses—were formed in Laramide time. Deformation
began with flexing, expressed by a change of strike from N.
15° W. in the Magdalena Range to N. 30° E. in the Granite
Mountain area. Flexing was accompanied by minor reverse
faulting and followed by the initiation of normal longitudinal
and transverse faulting through gravitative adjustment. The
major longitudinal faults dip eastward. Movement along them
produced essentially vertical faults on their hanging-wall sides
and permitted the settling of intervening wedge-shaped blocks.
The transverse faults mark the north and south boundaries of
subsided blocks. Renewed movement accompanied by pro-
nounced tilting took place along the east-dipping faults after
the first period of volcanic eruption. The second period of
eruption was followed by vertical faulting along well-defined
zones, especially on the west slope of the main range, and
caused renewed movement along vertical faults and associated
east-dipping and transverse faults. The valley west of the
main range was depressed at this time. This stage of vertical
faulting was followed by the intrusion of stocks. The mon-
zonite stocks especially were guided by fault intersections along
the main zone. Subsequent recurrent movements within the
district were small. They afforded openings for the intrusion
of lamprophyre and white rhyolite and the cdeposition of ore.
Movement within the district since ore deposition was trivial,
but it was more conspicuous along the northeast base of the
range.

Physiographic development.—Physiographic development of
the Magdalena Range took place in as many as eight stages
of erosion, each defined clearly or obscurely by remnants of
rock pediments. Three stages, better defined than the others,
are represented by the alluvium-covered pediment at the base
of the range, alluvium-covered and other benches about 200
feet higher, and relatively long spurs and summits about
200 feet still higher, including those on Stendel Ridge. The
second of these three stages was the one in which practically
all of the oxidation of ore took place. Restoration of the
surface that represents the oldest of these three stages shows
that the main Magdalena Range was then continuous with
Granite Mountain, whose summit had just begun to appear
above the pediment. Drainage from the west slope of the
range may once have been into a closed basin, but rapid
erosion of the soft volcanic rocks that filled the valley between
the main range and Granite Mountain permitted the heads of
tributaries of the Rio Grande system to cut westward and
divert drainage from the west slope into its present form.
The different stages of erosion may be correlated with the
varying rates at which the principal tributaries to the Rio
Grande cut their channels through voleanic flows and tuffs
of different hardness; hut the youngest pediment and its
present dissection may be related to a recent fault along
the northeast base of the range.

Economic geology—Ore was discovered in the Magdalena
district in 1866, but so far as known very little ore or bul-
lion was shipped before 1881. From that year to 1939, inclu-
sive, the total value of shipments from Socorro County, which
were mainly from the Magdalena district, was $29,410,112,
Until 1900 the output of the district consisted of lead, with
subordinate silver and a little gold. Then copper became the
principal metal until 1903, when the zinc-carbonate ores were
first recognized. Zinc then became the dominant metal, com-

ing mainly from -carbonate ore until 1908 and thereafter

mainly from complex sulphide ore. The metal output of
Socorro County from 1881 to 1939 comprised $1,690,096 in
gold, 4,039,459 ounces of silver valued at $3,532,705, 11,632,843
pounds of copper valued at $2,292,217, 88,548,427 pounds of
lead valued at $4,513,649, and 233,701,399 pounds of zinc
valued at $17,381,445. Practically all of the lead and zinc
and most of the copper have come from the Magdalena dis-
trict, but most of the silver before 1903 and of the gold
before 1911 came from elsewhere. The district was especially
active during the first World War, reaching its peak of pro-
duction in 1916. Operations almost ceased during the depres-
sion of 1921, and since then the district has been a minor
producer, at times practically dormant. The largest developed
deposits appear to be practically exhausted, but some unex-
plored ground awaits attention whenever economic conditions
justify it.

The mines and prospects lie mainly in three general zones
that trend southward from the principal monzonite stock, but
the output has come almost entirely from replacement de-
posits in the Kelly limestone in the central or main zone. A
small quantity has come from replacement deposits in other
limestones and very little from veins in siliceous rocks.

The primary minerals were deposited at temperatures that
ranged from high to rather low. The high-temperature min-
erals are represented by “contact-metamorphic” silicates that
are present in areas adjacent to intrusive stocks and by
specularite-magnetite aggregates that are closely associated
with minerals formed later at moderate temperatures. The
moderate-temperature minerals are represented by the sul-
phide ores, which are divisible into two groups of deposits
that represent the hotter and cooler parts of the mesothermal
range. The first group is characterized by massive sulphides
with siliceous gangue. It includes the largest ore bodies and
lies mostly along the northern part of the Kelly-Graphic fault
zone, which is also the main ore zone; but other members of
the same group are present in the southern part of the same
zone, along the Waldo fault of the western zone, and in the
limestone inclusion in.the Tertiary (?) granite at the Hard-
scrabble mine. The second group, characterized by barite
and fluorite accompanying massive to disseminated sulphides,
includes all the other deposits of the main zone and the ores
of all the other zones, both in limestones and siliceous rocks.
It is largely associated with enormous masses of barren jas-
peroid, which replaced limestone during a presulphide stage
of deposition and may be an outlying equivalent of the high-
temperature or contact-metamorphic silicates.

The three ore zones south of the main monzonite stock,
correspond to major zones or groups of faults. Deposits in
other parts of the district are too small and scattered to be
correlated with well-defined zones. The largest deposits have
replaced limestone, mainly along networks of minor faults,
fissures, and bedding planes that have been subjected to ten-
sional movements in the main ore zone. The smaller deposits
have similar structural relations, although those in si}iceou's
rocks have replaced only the immediate walls of fissures and
therefore maintain a veinlike rather than blanketlike form.

The original ores are classified according to mineral compo-
sition as pyritic (of no present value), pyritic copper, zine,
lead, and mixed sulphide or zinc-lead. The pyritic copper ores
are practically confined to the basal members of the Kelly
limestone in the Nitt, Graphic-Waldo (Ozark), and Kelly
mines. The reason for this restricted distribution is not clear. -
The zinc, lead, and mixed-sulphide ores are present through-
out the Kelly limestone but mainly above the basal members.
The xpixed ores predominate, and the zinc ores, which differ
from them mainly in the ratio of zinc blende to galena, form
local lenticular shoots, some close to the main monzonite stock
and others far from it. The lead ores in part form similar but
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much smaller shoots and in part larger masses of originally
mixed sulphide ore from which the zinc blende and part or
all of the pyrite and chalcopyrite have been leached. Chal-
copyrite also forms small streaks of high-grade ore that has
little value except as the original sources of certain oxidized
copper ores. The silver and gold contents of unenriched sul-
phide ores are very small, and enriched sulphides in shoots
approaching commercial size are exceptional.

The ores are believed to have been derived from the same
deep sources as the intrusive stocks and the later lamprophyre
dikes. Three local centers of mineralization along the main ore
zone are recognized—the Graphic fault block, the northeastern
part of the Kelly block, and the Young America and adjoin-
ing faults in the southern part of the district. The first two
account for the bulk of the district’s output. Other centers
i the main Magdalena Range are indicated along the Waldo
fault west of the Graphic block, the Vindicator fault, which is
a continuation of the main ore zone north of the main mon-
zonite stock, and the Hardscrabble mine. Another center, east
of Granite Mountain, is obscurely indicated by the presence of
high-temperature minerals.

Processes of oxidation have produced iron and iron-
manganese oxides in small to rather large masses but of no
commercial value; oxidized copper ores, some of unusually high
grade, and associated enriched sulphide ore; lead carbonate
and zinc carbonate, which constituted the main output of the
district until 1906; and gold and silver ores in a few high-
grade bunches. As the processes of oxidation and sulphide
enrichment were generally similar to those of the Leadville
district, Colo., which have been fully described,' only a summary
account of them is presented in this report.

Oxidation and enrichment took place, for the most part, dur-
ing the development of an old pediment surface, called pedi-
ment D in the section on physiographic development. They
were limited by local ground-water tables, which in turn were
controlled by major faults that served as barriers to
underground circulation. .

Mines accessible to the authors are described in as much
detail as available data permit. Although the principal mines
of the district have been practically exhausted under present
economic conditions, it is understood that an appreciable re-
serve of mill ore is still available whenever the outlook for the
zine market is sufficiently favorable. There is also a con-
siderable undeveloped area in the southern part of the dis-
trict, where the Kelly limestone along the west side of the main
fault zone deserves exploration. The future of the district is
largely dependent on the results of such exploration.

The ground beneath Hardscrabble Valley, north of the main
monzonite stock, is also entitled to further consideration, as
the ground-water level there is remarkably deep and the Kelly
limestone, if adequately replaced by ore, can be mined without
excessive pumping. West of the Waldo fault the Kelly lime-
stone is so deeply buried and the probable quantity of water
to be handled so great that there is little to encourage deep
development. In the Granite Mountain area also, the shallow
ground-water level and the small size of the scattered prospects
offer little promise of important discoveries.

INTRODUCTION
FIELD WORK AND ACKNOWLEDGMENTS
~ Subsequent to the publication in 1910 of Professional

Paper 68, The ore deposits of New Mexico, the United
States Geological Survey had planned a detailed study
1 Emmons, 8. F., Ivving, J. D., and Loughlin, G. F., Geology and ore

deposits of the Leadville district, Colo.: U. 8, Geol. Survey Prof. Paper
148, pp. 248-272, 1927,

of the Magdalena district, and G. F. Loughlin was
assigned to the work. In the fall of 1915 he made a
preliminary visit to the district, mainly to study mine
workings that were soon likely to become inaccessible.
A year later he began a detailed study of the district,
but the war activities of the Geological Survey and
the consequent shifting of its personnel during and
after 1917 made it necessary to transfer-Mr. Loughlin
to administrative work, where the demands upon his
time prevented his completing the report on the
district.

In 1928 the newly organized New Mexico Bureau of
Mines and Mineral Resources undertook to finish the
work. Activity in the district had greatly declined,
but the complexity of the geology and its bearing on
possible ore reserves justified the completion of the
work for both scientific and commercial purposes.
During July and August of that year Messrs. A. H.
Koschmann and V. T. Stringfield, then connected with
that organization, restudied the area mapped by Mr.
Loughlin, whose maps and other data were placed at
their disposal. During June and July 1929 Mr.
Koschmann, assisted by Merz Black and Gordon Wells,
mapped the geology of the area north of parallel 34°
07’ and the strip west of meridian 107° 13’, and Black
mapped the topography of this area. Mr. Loughlin
spent about 8 weeks in the field during 1928 and 1929
with the members of the State Bureau reviewing the
essential features of the geology.

During the field season of 1916 W. O. Hotchkiss
spent 3 weeks in the district tracing formation con-
tacts underneath the alluvium, especially that of the
monzonite, by means of the dip needle. In the sum-
mer of 1928 Messrs. Don E. Wilson and F. G. Boucher,
of the State Bureau, checked a few topegraphic details,
and Messrs. Koschmann and Stringfield revisited the
field several times after the regular field seasons of
1928 and 1929 to check questionable points in geology
as the report progressed. S. G. Lasky, then of the
State Bureau, studied the Nitt mine in 1929 and spent
the winter of 1929-30 in Washington assisting Mr.
Loughlin in the study of ores and the preparation of
mine maps and descriptions. Several chemical analy-
ses were made by the State Bureau and are duly
accredited in the text.

Help of various kinds has been received from several
persons both in the field and in the office, and the au-
thors are indeed grateful for this assistance. They are
especially indebted to the late C. T. Brown and Philip
B. Argall, and to J. A. Macdonald, John A. Weir, Paul
B. Moore, Ian D. Mactavish, V. Carl Grubnau, F. H.
Gordon, Sim Exter, B. A. Statz, G. L. Brooks, and Roy
Stendel, who generously gave of their time and sup-
plied many of the mine maps; also to C. M. Glasgow,
superintendent in 1915-16 of the Kelly mine and Mr.
Pressler, superintenden in 1915 and Philip H. Argall,
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superintendent in 1916 and later, of the Graphic-Waldo
(Ozark) mine; also to C. S. Ross, W. T. Schaller, C. F.
Park, Jr., and M. N. Short, of the United States Geolog-
ical Survey, who kindly determined several minerals,
discussed some of the problems involved, and critically
read parts of the manuscript, and to T. B. Nolan, who
critically read the entire manuscript.
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GEOGRAPHY

LOCATION OF THE AREA

The Magdalena district lies in Socorro County in
the central part of New Mexico about 65 miles south
of Albuquerque and 28 miles west of Socorro (see pl.
1). It possesses features typical of the Basin and
Range province and lies in the southeast extension of
that province.® The area included within the district
that has been mapped in detail (pl. 2) contains the
north end of the main Magdalena Range and, to the

3 Fenneman, N. M., Physical divisions of the United States, map pub-
lished by U. 8. Geol. Survey, ed. 1930.
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northward, Granite Mountain and its eastern foothills.
A western member of the range, separated from.the
main part by a broad valley of northerly trend, lies
about 2 miles west of the area and includes Magdalena
Mountain (pl. 3, 4). This is also called Picture
Mountain, because the distribution of talus and brush
on its northeast slope resembles the profile of a human
head. The area studied is about 7.2 miles long and
ranges in width from 2.7 miles in the north-central
part to 2.17 miles in the northern and southern parts,
thus covering about 17 square miles.

The main productive area is on the west slope of
the main range, but considerable prospecting has also
been done in the outlying northern and northwestern
parts of the district in the Granite Mountain area.
The principal mines are in an area of about 8 square
miles in which the town of Kelly, near the base of the -
range, is centrally located. South of the main pro-
ducing area the Magdalena district adjoins the Water
Canyon and Hop Canyon districts, from which small
intermittent shipments have been made.

Magdalena, the principal settlement, lies about 3
miles northwest of Kelly and about 2 miles west of
the area mapped, on the east-west State highway that
leads westward from Socorro across the San Agustin
Plains and Datil Mountains. The terminus of a
branch of the Atchison, Topeka & Santa Fe Railroad
that leaves the main Albuquerque-El Paso line at
Socorro, Magdalena constitutes the main shipping
point for ore as well as for cattle and sheep from an
extensive grazing country. A spur track from this
branch extends to a loading point for ore nearly 114
miles due west of Kelly.

RELIEF

The major features of relief are the Magdalena
Range (pl. 3, B) and Granite Mountain, which are
bounded by bedrock floors (pediments) and alluvial
plains on the east and west.

The Magdalena Range, like typical ranges of the
Great Basin, has a northward trend and consists of
tilted and faulted sedimentary and volcanic rocks on
a pre-Cambrian basement. The stratified rocks as a
whole form the western slope of the range, and their
westerly dip largely determines the western slope of
the range, as shown in plates 4 and 5, B. The eastern
side of the range consists mainly of pre-Cambrian
granite. Its slopes are decidedly more steep and
rugged and are cut by gulches that head abruptly
along the crest of the range. The mapped area
ranges in altitude from 6,025 feet at its northeast -
corner, along La Jenze Creek, to 9,650 feet at the
southeast corner on the crest of the range, but sum-
mits of volcanic rock beyond the south limit of the
area are considerably higher. The crest of the range,
characterized largely by cliffs of silicified limestone, is
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gently undulating. The upper western slope is also
comparatively gentle in the southern part of the area
mapped, owing to the low angle of dip of the strata,
and is good' grazing land; but the lower slopes are
deeply cut by dry gulches.

Directly north of the Magdalena Range, but sepa-
rated from it by a hroad gap, is Granite Mountain,
which reaches an altitude of 7,200 feet. Its crest is
composed of rhyolite porphyry and latite and at the
highest point intrusive andesite. The Paleozoic sedi-
mentary rocks with some volcanic rocks form the low
foothills to the east, and intrusive and extrusive rocks
with some Tertiary (?) sandstone form the low hills on
the west.

VALLEYS AND DRAINAGE

The largest valley within the area studied is the
transverse valley of northeasterly trend that separates
the main range from Granite Mountain and connects
the broad lowlands to the west and east of the dis-
trict, as shown on plate 1. South branches of this
transverse valley include the valley between the main
range and Stendel Ridge, which will hereafter be re-
ferred to as Hardscrabble Valley after the abandoned
Hardscrabble Camp which is located in it (pl. 2),
and the longitudinal valley that separates the main
range from Magdalena Mountain and is mostly just
west of the area mapped. Both of these valleys are
in downfaulted areas.

There are no permanent streams in the area mapped.
Runoff from rains and cloudbursts in excess of that
which is absorbed by the alluviam is disposed of by
La Jenze Creek (pls. 1 and 2). This creek heads in

the southern part of the Gallina Mountains, in general
flows eastward, passing north of Granite Mountain,
and enters the Rio Salado, which is in turn tributary
to the Rio Grande. Its chief tributary within the
district is the arroyo that extends along the south and
east sides of the Granite Mountain area and has one
branch heading at the south end of Harscrabble
Valley. '

Although there are no permanent streams in the
area, the abundant shaly beds and voleanic rocks
maintain a shallow circulation of ground water that
emerges in intermittent springs either at the outcrop
of some impervious bed or where a fault along the
western foothills affords escape to water that has
traveled downward along westward-dipping beds.
North Camp was favored by a permanent spring that
rose along a large though obscure fault until the tap-
ping of the fault on level 10 of the Kelly mine di-
verted the flow. Springs at the head of Patterson
Canyon are sufficient to maintain a small stream for
a considerable part of the year, and in Hop Canyon,
south of the area mapped, water is-sufficient to sup-
ply Magdalena, except in prolonged dry seasons, as
in the early summer of 1928, when the town had to de-
pend upon water pumped from the lower levels of the
Graphic-Waldo (Ozark) mine. Kelly obtains its
water from the extensive workings of the Germany
mine.

CLIMATE

The climate of the district is rather mild and is
very pleasant during the summer. The following table
summarizes the climatic conditions at Magdalena.

Temperature and precipitation at Magdalena, N. Mex.!

[Altitude at Magdalena, 6,556 feet]

Length
oé recor;i January Fgl:?l March | April May June July | August Se%t:rm- October N%‘g;m' 'D?:F Year
years
Temperature (° F.): "
ROTAES. LU Coeth a0t TR0 o e 20 33.5 37.2 43.0 49.2 53.0 67.8 70.4 67.9 62. 1 52.3 41.1 32.4 51.2
Average maximum. _ 20 46.8 51.0 57.6 64.8 74.2 84.2 83.9 8L.5 76.3 66.9 55.5 4.7 65. 6
Average minimum___ 20 20.2 23.3 . 28.4 33.7 41.8 51.6 56.9 54.3 47.9 37.7 26.7 20.2 36.9
EAEhesh o 20 70 78 84 89 91 102 102 95 93 86 78 68 102
Towest. ;- cocoziis 20 -5 -3 0 1 19 22 45 34 20 11 —4 —21 =21
Precipitation (inches):?
Average snowfall .________________ 22 3.1 4.8 2.7 11 o | 20 .0 .0 @k .6 2.5 6.2 21.1
Averagerainfall. ... _____ 28 .60 .4 .61 1.02 3 53! 73 2.90 2.58 1.28 .88 .62 .65 12.84

1T. 8. Dept. Agr., Weather Bur., Climatic summary of the United States [from the establishment of station to 1930, inclusive], sec. 27, Northwestern New Mexico, pp. 12

17, 18-19, 1933.

2 Maximum annual precipitation, 23.84 inches in 1914; minimum annual precipitation, 4.25 inches in 1922; maximum monthly precipitation, 11.70 inches in July 1914.

Extreme temperatures are unusual, and the daily
and seasonal variations are moderate. The relative
humidity is low and, with the aid of an occasional
gentle breeze, mitigates the heat of the few hot days.
The evenings are usually cool and pleasant. As in
other parts of the Rocky Mountain belt, relatively
strong winds prevail for about 6 to 8 weeks in spring.

The precipitation is not abundant, but this region

has a well-defined rainy season, which usually comes
in July and August. During this season daily showers
at noon and early in the afternoon are common. On
the west slope of the range precipitation is probably
greater than that shown in the table. The tempera-
ture in winter is sufficiently low for snow to cover the
range, and the upper northern and protected slopes
may be white from early fall to late spring.
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VEGETATION

The upper slopes support small clusters of yellow
pine, which attain heights of 30 feet or more, but the
most abundant trees are the pifion or nut pine, the
Rocky Mountain juniper or ‘“cedar,” the alligator
juniper, and mountain mahogany. The alligator juni-
per attains a maximum diameter of 3 feet and a height
of more than 15 feet, and the mountain mahogany in
favored places also attains a height of 15 feet. Tall
aspens and other trees are thickly clustered in Patter-
son Canyon near the spring. The upper, northern and
more moist slopes are thickly covered with oak brush
and “thorn bushes” or with short grass, which affords
grazing, especially on shaly ground. On the lower,
more arid slopes sagebrush and cactus, including the
cane cactus, and species of flat-leaved and melon-shaped
prickly pear are prominent, together with Spanish
bayonet and soapweed.

GEOLOGY

The geologic formations of the district comprise
four main groups—sedimentary and igneous rocks of
‘pre-Cambrian age; limestones, shales, and quartzites
of Carboniferous age; extrusive and intrusive igneous
rocks probably of early and middle Tertiary age; and
landslides and alluvial deposits of Pleistocene to Recent
age. A little Tertiary (?) sandstone is present south-
west; of Granite Mountain. The bedrock formations
have been tilted and thoroughly broken into fault
blocks, and their surface distribution is accordingly
complex in detail. But with few exceptions the pre-
Cambrian rocks form the east slope of the main Mag-
dalena Range and a few small areas on the west slope,
the Carboniferous sedimentary rocks cover most of the
main west slope, and the Tertiary(?) igneous rocks
form the foothills as well as the lower western slope
in the south part of the district. Farther south the
Tertiary(?) rocks extend eastward across the summit
of the range. In the Granite Mountain area in the
northern part of the district pre-Cambrian rocks are
limited to a few small outcrops at the eastern end of
the exposed bedrock, the Carboniferous rocks are con-
fined to the low hills farther west, and the Tertiary (?)
rocks form the higher hills in the central and western
part, including Granite Mountain itself.

PRE-CAMBRIAN ROCKS

Pre-Cambrian rocks form the basement of the dis-
trict. As the oldest rocks that overlie them in the
district are of Mississippian age, their pre-Cambrian
age cannot be proved, but it is inferred because of
their general structural similarity to pre-Cambrian
rocks elsewhere in the State. They include in the
order of relative age, argillite and schist, early gabbro
or diabase, felsite or aporhyolite, granite, and late
diabase. Of these the granite is exposed over the

greatest area. An outstanding feature of these rocks
is their regional impregnation by green biotite asso-
ciated with smaller amounts of chlorite, hastingsite,
epidote, zircon, allanite, apatite, and magnetite and
rarely with fluorite. Solutions depositing these min-
erals mark the final episode of pre-Cambrian activity
in the district and will be discussed at the end of this
section.

ARGILLITE (“GREENSTONE”) AND SCHIST
DISTRIBUTION AND STRUCTURE

The rocks included under the heading “argillite and
schist” on plate 2 comprise argillite and hornblende
and mica schists. These rocks and the early gabbro,
which is intrusive into them, have been locally called
“greenstone” and have been described by Gordon as
“greenstone schists.”* The argillite forms several
small to fair-sized areas chiefly on the west slope in
the main range from the vicinity of the Hardscrabble
mine to the southeast corner of the district. All these
areas represent upthrown fault blocks, although this

. relation is not so evident in the northernmost area as

in the others. Gordon states ® that “greenstone” is also
exposed north of Water Canyon on the east slope of
the range, beyond the south limit of the area mapped.

The mica and hornblende schists crop out on the
north end of the Magdalena Range and on the east
side of the Granite Mountain area. They are also
found as small inclusions in the granite. Their rela-
tions with the more abundantly exposed argillite have
not been determined, but it seems reasonable to regard
them as roughly equivalent in age. The argillite and
schist are clearly the oldest rocks of the district, as
they are cut by all the pre-Cambrian igneous rocks,
which also contain many inclusions of argillite and
schists. Such inclusions are well-shown in both the
gabbro and granite east of Kelly.

The argillite in general strikes northward and dips
vertically or steeply to the east. In the southernmost
exposure it strikes N. 20° E., in the exposure northeast
of Kelly N. 25° W., at the Graphic tunnel N. 2°-16° W,
and east of Hardscrabble Camp N. 25°-30° E. There
is no evidence of local folding, and the different ex-
posures are regarded as parts of one thick formation,
neither the top nor the bottom of which is defined. The
thickness exposed in any one area may be as much as
2,000 feet. ;

Where considerably sheared along premineral faults,
the argillite is converted into sericite schist. The best
exposures of schist, however, are at the north base of
the main range and across the valley at the east end of
the bedrock exposures in the northern or Granite Moun-
tain area. At both places the schist is similar in atti-

4 Lindgren, Waldemar, Graton, L., C., and Gordon, C. H., The ore de-

posits of New Mexico* U. S, Geol. Survey Prof, Paper 68, pp. 243-245,
1910.
5 Idem, p. 245,
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tude to the argillite; in the first exposure it strikes
N. 25° E. and dips 87° E., and in the second it strikes
N.3° W. and dips 43° E. The schist, like the argillite,
is cut by granite, pegmatite, and diabase, but the expo-
sures are too few to permit a clear explanation of its
higher degree of metamorphism. It is also locally
sheared and faulted.

LITHOLOGY

The typical argillite is prevailingly rather light
greenish gray, fine-grained to microgranular, and rather
thin bedded. Local varieties are dark gray. Weath-
ered surfaces show distinct banding of relatively light
and dark layers, mostly less than an inch thick. Cross
bedding on a small scale is commonly present. The
mineral grains are too small to be identified without a
miscroscope, but the rock has a distinetly siliceous ap-
pearance in contrast with the darker-green gabbro and
diabase. It is free from cleavage but full of small
intersecting fractures, and thus weathers into small
angular blocks. At the southern exposure, where shat-
tering along a strong fault zone is excessive, these
blocks are so small that the local talus resembles
crushed stone. Much of the argillite in this area is
bleached and silicified and forms cliffs and pinnacles.
The argillite close to the monzonite contact near the
Graphic tunnel is also bleached and has the appearance
of hornfels.

Microscopic study indicates that the principal miner-
als are quartz and sericite, with smaller amounts of
orthoclase, green biotite, and chlorite. In some speci-
mens. clear quartz and feldspar in irregular grains are
as much as 0.06 millimeter in diameter; but in others,
which contain less mica, they are only 0.01 millimeter
in diameter, indicating that the larger size is probably
a result of recrystallization. Some quartz and ortho-
clase grains are clear, but other orthoclase grains and
even some of the quartz grains are largely or even
wholly replaced by sericite. Biotite and chlorite that
is probably derived from biotite form evenly dis-
tributed small flakes and, together with a little epidote,
also form veinlets, which will be discussed later. The
minor constituents are magnetite, plagioclase, apatite,
zircon, and locally calcite that forms small irregular
patches.

The schist, which is micaceous with the exception of
a small inclusion of hornblende schist 1n granite near
the Anchor mine, ranges from banded siliceous rock in
the exposure on the north end of Magdalena Range to a
very schistose sericitic rock in the Granite Mountain
area. Thesiliceous variety consists of alternating light-
gray layers one-fourth of an inch thick and thinner
brown and green layers. Its weathered surfaces show
distinet cross bedding.. In thin section it consists
mainly of quartz, orthoclase, chlorite, and muscovite,
with minor amounts of magnetite, zircon, and rutile.
The quartz and orthoclase grains are irregular and

interlocked and have a maximum diameter of 0.02 mil-
limeter but average much less. The quartz grains are
free from strain. The orthoclase grains are in part
clear and in part sericitized. Chlorite and muscovite
with associated magnetite are segregated in rather
poorly defined bands and account for the brown and
green layers of the rocks. The zircon grains are rather
abundant and well-rounded. Rutile forms radiating
needles in chlorite.

The sericitic schist is silvery gray and finely foli-
ated. Quartz grains are visible on surfaces across the
foliation. In thin section irregular interlocking
grains of quartz with oriented muscovite predominate,
and biotite, magnetite, chlorite, apatite, and rutile are
accessory. The quartz has strain shadows, which in-
dicate shearing subsequent to the crystallization of the
schist. : ; :

GABBRO

DISTRIBUTION AND OCCURRENCE

Altered gabbro or coarse-grained diabase that is in-
trusive into the argillite but older than the granite has
been mapped in several areas. The largest mass and
the one showing age relations best is that just northeast
of Kelly. This mass is bounded in part by faults, so
its original outline cannot be readily interpreted; but
its western boundary, which roughly parallels the
strike of the argillite, and its northerly trend suggests
that it is a sill-like mass intruded before the argillite
was upturned. It is doubtless continuous beneath the
overlying rocks with the smaller areas on the slope to
the east. The exposure 2,000 feet northeast of the
Graphic tunnel is an altered dike 250 feet thick, of
northwest trend. It is cut off on the northwest by
monzonite and on the southeast by faults, but it may
be continuous underneath the Pennsylvanian forma-
tions with the remnant of a much larger dike exposed
just east of the crest of the range.

LITHOLOGY

The gabbro is very similar, except in coarseness of
grain, to the diabase that forms dikes in granite. On
fresh surfaces it is dark green to black but on weathered
surfaces is bleached to gray. Cleavage surfaces of a
dark prismatic mineral can be recognized. A thin
section of the altered gabbro dike northeast of the
Graphic tunnel shows a confusing mass of plagioclase
and uralitic hornblende with accessory green biotite,
magnetite, leucoxene, apatite, chlorite, epidote, and
some calcite. The plagioclase forms about 70 to 90
percent of the rock and consists of microgranular
oligoclase in laths 2 to 3 millimeters long Much of it
is untwinned, but some grains still show twinning and
zoning of the original more calcic plagioclase, which
has been altered to oligoclase. Much of the oligoclase
is peppered with fine-grained magnetite, which may
represent iron enclosed in the original plagioclase or
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MAP OF REGION SURROUNDING THE MAGDALENA DISTRICT, SHOWING GENERAL GEOLOGIC FEATURES.

Inset shows the location in New Mexico of the area represented by plate 1. In section A-A’, pC represents pre-Cambrian; C, Carboniferous strata; Tv, Tertiary voleanic rocks; I'r, a resistant pink rhyolite; Tsf, the
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A. KELLY, MAGDALENA MOUNTAIN, AND ELEPHANT BUTTE, LOOKING WEST FROM DUMP OF JUANITA TUNNEL.

Magdalena Mountain, in right middle ground, is also called Picture Mountain because the round patch of talus surrounded by brush on the northeast slope resembles the profile of a human head. The mountain is capped
with pink rhyolite, which merges into the dike that forms the high cliff on the east slope. The dike strikes north, parallel to the plane of the picture. The horizontal layers to the left of the dike represent the glassy
top of the upper andesite. The same formations constitute Elephant Butte, on the extreme left, and the hill in the southwest corner of the distvict (see pl. 2). The low mounds in the valley between Magdalena
Mountain and Elephant Butte are remnants of pediments equivalent to the lower pediments within the district.

B. NORTHERN PART OF MAGDALENA RANGE, LOOKING EAST FROM MAGDALENA MOUNTAIN.

Shows west-sloping spurs and foothills with a broad alluvium-covered rock plain or pediment in the foreground. Town of Kelly in center.
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introduced during alteration. The uralitic hornblende
forms roughly rectangular grains as much as 2 milli-
meters in length and, together with enclosed grains of
magnetite, may be secondary after augite. Much
hornblende is also found in microscopic needles that
impregnate the plagioclase. Leucoxene forms irregu-
lar graing as much as 2 millimeters long and evidently
represents original grains of ilmenite.

FELSITE
DISTRIBUTION AND OCCURRENCE

Felsite (aporhyolite) is found principally in a tri-
angular area east of Hardscrabble Camp, but small
areas of it are also found just northeast of Oak Spring
and near the extreme southeast corner of the district;
and a few dikes, or faulted parts of one dike, cut the
argillite and gabbro near the Germany mines, east of
Kelly. The southernmost mass is too poorly exposed
to deserve further attention.

The two northernmost masses are evidently parts of
an intrusive plug in argillite partly concealed by a
cover of Kelly limestone, which there, as elsewhere,
rests on a nearly plane erosion surface. The contact
of this plug with argillite is nearly vertical, and 1its
intrusive character is best shown near the 7,700-foot
contour where small obscure felsite dikes of east-north-
east trend, too small to be shown on plate 2, cut the
argillite. Inclusions of argillite, some of considerable
size, are found near the tunnel at the 7,600-foot contour
in the west-central part of the felsite mass, and other
remnants of argillite are found close to the contact
with overlying limestone along its south boundary.
The main felsite mass is cut off on the east by pre-
Cambrian granite, which is clearly intrusive into the
felsite, although the contact is nearly horizontal. The
northernmost part of the felsite is cut by Tertiary (%)
granite, and along the southwest it is cut by Tertiary
(?) monzonite.

As the steep to vertical contacts between the felsite
mass and argillite are nearly at right angles to the
strike of the upturned argillite beds, the sequence of
the felsite intrusion and of the upturning is obscure;
but, as the relations of felsite and argillite to the pre-
Cambrian granite are identical, the intrusion of the
felsite before upturning seems likely. :

LITHOLOGY

The fresh felsite is dark purplish to black, dense to
extremely fine grained, and finely porphyritic; but
along the veins on the 8,721-foot summit north of the
Ambrosia mine it is bleached almost white. Oun
weathered surfaces it bleaches to light gray and locally
to pale pink. Its appearance on both fresh and weath-
ered surfaces is much like the argillite, but it can be
distinguished by its porphyritic texture and by the
absence of banding, which is usually present in the

200889—42——2

argillite. Its phenocrysts:are feldspar and quartz in
grains as large as 3 millimeters in diameter.

Thin sections show phenocrysts of quartz, oligoclase,
and perthitic orthoclase embedded in a microgranular
groundmass of feldspar and quartz. The quartz
phenocrysts are in general well-rounded by resorption
and show embayments and reaction rims. They are
also much fractured and are sealed with fine-grained
quartz. They show strain shadows, and in some sec-
tions the greater part of the quartz phenocrysts have
been recrystallized into mosaics. The oligoclase is
much sericitized in most sections and is the only feld-
spar present among the phenocrysts in some sections.
In others orthoclase, clouded with dustlike particles and
less sericitized than the plagioclase, is the only feldspar.

The groundmass is a very fine grained mosaic. The
principal minerals are quartz and feldspar with acces-
sory apatite, ilmenite, magnetite, and very little zircon.
In some sections the groundmass is much sericitized
and silicified. It is crisscrossed by many veinlets that .
contain green biotite, chlorite, iron oxide, apatite, and
gericite. Green biotite is also disseminated and in local
segregations. Apatite forms irregular grains associ-
ated with green biotite and magnetite and is distinctly
secondary. Epidote is very scarce.

The local dominance of plagioclase phenocrysts sug-
gests that the original rock was dacite, at least in part;
but the uncertainty as to whether most of the irom,
magnesia, and titanium, as well as some silica, have
been largely introduced or merely rearranged renders
an exact classification impossible. So the rock is desig-
nated by the field name felsite rather than aporhyolite

or apodacite.
GRANITE

DISTRIBUTION AND OCCURRENCE

The pre-Cambrian granite covers the largest surface
of any formation in the district and closely resembles
pre-Cambrian granite found elsewhere in New Mexico.®
It forms the east slope of the main Magdalena Range
from the extreme north end southward beyond the
limits shown on plate 2, and small patches of it have
been uncovered in fault blocks on the west slope by
erosion of the Carboniferous rocks. The westernmost
exposure is near the Germany mines, east of Kelly.
None is found in the Granite Mountain area.

The relations of the granite to argillite, schist, gab-
bro, and felsite are shown to be intrusive, although
locally the presence of fine-grained granite near the
finely granular facies of the felsite at first gives the
impression that the two rocks grade into each other.
The northern outcrop of schist is cut by a poorly ex-
posed pegmatite dike composed of white albite, quartz,
and small flakes of mica, the only granite pegmatite
found in the district. Aplitic stringers cut the gabbro
dike northeast of the Graphic tunnel, and inclusons of

8 Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., The ore de-

posits of New Mexico: U. S. Geol. Survey Prof. Paper 68, p. 247, 1910.
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argillite and gabbro are found in the granite that
forms part of the pre-Cambrian block east of Kelly.

Small dikes of granite, one of which is shown on
plate 5, 4, cut the argillite in the southeastern part of
the district and are cut off sharply at the basal contact
of the Kelly limestone. These dikes are relatively
coarse grained, some grains being as much as 6 milli-
meters in/ diameter. The dikes have a maximum width
of 4 feet, but most of them are only a few inches wide
and are parallel to the banding in the argillite. South
of the Germany mines a dike of fine-grained granite
or aplite about 40, feet thick extends beside a diabase
dike in gabbro.

The contact of the granite with the older rocks is
remarkably regular on the whole, although many short
apophyses extend upward from its general level.
Along the northern part of the range the contact along
the east edge of the felsite is nearly horizontal, and
scattered exposures of the contact with older rocks on
the west slope near Kelly and in the southern part of
the district indicate a westerly slope approximating the
dip of the younger sedimentary rocks. (See pls. 4
andis; Ao o

The abundant fractures in the granite belong to
three principal sets—one of northerly trend, one of
northeasterly trend, and one about parallel to the upper
contact. The more conspicuous fractures of the north-
trending set dip east, about normal to the upper gran-
ite contract, and in many places they are so closely
spaced as to form sheeted zones, which when viewed
from a neighboring spur strongly resemble an east-
dipping stratified rock. The plane to slightly curving
steep, east slopes of spurs in the ‘main granite area
have resulted from erosion along these fractures. The
more conspicuous fractures of the northeast-trending
set dip steeply to moderately northwestward, but frac-
tures with southeasterly dips are conspicuous in places.
Gulches of northeasterly trend have been formed by
erosion along this set. The set parallel to the upper
contact is not so conspicuous on the east side of the
range, as it has large angles to most of the slopes and
is obscured by debris; but some of the slopes on the
east sides of north-trending gulches are evidently con-
trolled by it. Fractures of westerly and northwesterly
trends are also present and coincide with the prevailing
trends of pre-Cambrian diabase dikes and some of the
transverse gulches. Besides these sets there are many
minor fractures that break the granite into small blocks
of various shapes.

Some fracturing obviously took place in pre-Cam-
brian time, as some fractures are filled with pre-Cam-
brian diabase dikes; but intense fracturing also took
place during the disturbances that produced faults in
Laramide and Tertiary (?) time (pp. 57-73). Many of
the more conspicuous fractures are so closely associated
with clearly defined faults cutting the Carboniferous

rocks that they are consistently correlated with those
faults. The set that parallels the top of the granite.
however, suggests that it may have been formed in pre-
Cambrian time in the same way as the nearly horizontal
fractures in granite quarries—by expansion in response
to the decrease of load through erosion or in response
to superficial temperature changes. FErosion along
such fractures may account for the smooth granite sur-
face on which the Kelly limestone rests. The minor
fractures, which have no apparent relation to fractures
in overlying limestone, suggest at once that the granite
surface was much fractured before the limestone was
deposited; but deformation of massive granite may
produce minor fractures that do not extend into ad-
jacent bedded limestone. In short, the only fractures
that can be called pre-Cambrian with any assurance are
those that contain diabase dikes and veinlets of min-
erals attributed to deposition at the end of pre-Cam-
brian igneous activity (see pp. 12-13). .

This failure to recognize different fracture sets of
pre-Cambrian age, especially any that have been called
primary joints by Cloos " adds to the difficulty of recog-
nizing the form of the granite mass and the process
of its intrusion. Its contacts with older pre-Cambrian
rocks imply that the upper surface of the granite was
determined by fractures (the “Q” joints of Cloos ®)
nearly at right angles to the upturned bedding of the
argillite. This regularity of contact, together with the
scarcity of granite dikes or apophyses that extend up-
ward into the older rocks, suggest that the granite has
a sill-like or tack-shaped form;® but the failure to
find a floor to the granite mass weakens this suggestion.
As the granite mass, so far as known, forms the entire
east slope of the range, it is apparently very thick; but,
owing to steplike downfaulting to the east, its appar-
ent thickness is somewhat exaggerated. Further
speculation should be deferred until a much larger area
has been carefully studied.

LITHOLOGY

The pre-Cambrian granite is prevailingly pink and
fine grained, even a long way from its intrusive con-
tacts, although it contains some small, rather coarse
grained patches near those contacts. On the lower
slopes east and southeast of Tip Top Mountain its
grain is not quite so fine. On weathered surfaces it
has faded to pinkish gray and may even be stained
yellow and buff, and some weathered surfaces have a
resemblance to feldspathic sandstone. It consists
essentially of pink feldspar and colorless quartz with
small to negligible amounts of biotite in small, dark,

7 Cloos, Ernst, in Balk, Robert, Primary structure in granite massives :
Geol. Soc. America Bull., vol. 36, pp. 679-696, 1925,

8 ITdem, p. 686.

9 Chamberlin, R. T., Whittling down the batholiths : Geol. Soc. America
Bull.,, vol. 38, p. 109, 1927; Pan-Am. Geologist, vol. 47, p. 65, 1927.

Chamberlin, R. T., and Link, T. A, The theory of laterally spreading
batholiths : Jour. Geology, vol. 35, pp. 319-352, 1927,
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knotty aggregates. Biotite is almost entirely absent
at the north end of the range, where the granite ex-
posed ig close to its pre-Cambrian roof, but is more
conspicuous in the central part of the district, where
the roof and uppermost part of the granite have been
removed. Because of the fineness of grain, scarcity of
biotite, and abundance of fractures, the granite char-
acteristically weathers into sharply angular blocks, in
marked contrast with the coarser-grained Tertiary { %)
granite, which weathers into spheroidal blocks, as
shown on plate 17. On the lower, eastern slopes, where
the pre-Cambrian granite is not so fine grained, its
weathered fragments have somewhat rounded corners
but still maintain a marked contrast with the
weathered Tertiary (%) granite.

The microscope shows the essential constitutents to
be quartz and microperthitic -orthoclase, in large part
micrographically intergrown, as shown on plate 6, 4.
Albite-oligoclase amounts to less than 5 percent of the
rock. Conspicuous in the rock are secondary green
biotite and several minor minerals, which are discussed
below.

Only a few quartz and microperthite grains are free
from micrographic intergrowth. The independent
quartz grains are irregular-to rounded, 1 millimeter
and less in diameter, and many have undulatory extine-
tion. In places quartz forms clusters, as if remnants
of quartzite. Quartz is apparently the earliest of the
minerals. It forms rounded inclusions in the albite-
oligoclase as well as in the microperthite; and in the
quartz clusters the grains are commonly separated and
some are even cut and partly replaced by interstitial
microperthite, as shown on plate 6, B. The amount of
replacement in this granite is not evident. Graphic
intergrowths of quartz and albite are believed by
Gilluly * to be a product of replacement in the albite
granite near Sparta, Oreg., and the clusters of quartz
with interstitial microperthite likewise suggest that the
pre-Cambrian granite at Magdalena is a product in
part at least of replacement of some earlier quartzose
rock. No such rock, however, was recognized in the
pre-Cambrian rocks within the district.

A striking feature of the granite is the secondary
green biotite, which occurs disseminated, in clusters of
small flakes, in veinlets, and in stringers that are in-
terstitial to quartz and feldspar. In only one section
was pale-brown biotite found, and it also occurs in
clusters. Many of the clusters grade into veinlets.
Biotite is commonly in association with magnetite,
and some clusters and veinlets also contain one or more
of the following minerals: hastingsite, apatite, zircon,
epidote, allanite, calcite, and fluorite. Hastingsite is
commonly present though scant. The mode of occur-
rence of biotite and its associates in veinlets and clus-
ters and the absence of any trace of a former ferro-

10 Gilluly, James, Replacement origin of the albite granite near Sparta,
Oreg. : U. 8. Geol. Survey Prof. Paper 175-C, pp. 72-73, 1933.

magnesian mineral show that they are secondary
rather than original constituents. One thin section
showed a cluster of biotite flakes replaced by a network
of iron oxide and muscovite.

A thin section from an aplite dike shows the aplite
to be similar to the main mass of granite and to con-
sist chiefly of quartz in irregular grains and in poorly
developed graphic intergrowth wth microperthite.
However, the primary minerals have been largely re-
placed by secondary quartz, which forms rosettes of
radiating structure and has produced a well-developed
micrographic intergrowth of quartz and feldspar that
now predominates throughout the rock. The radial
quartz is accompanied by green biotite and a small
amount of calcite. A quartz veinlet that cuts the
rosettes has been itself fractured and recemented by
biotite and a noteworthy amount of calcite. (See pl.
6, C'.) Sericite is present only in negligible quantities.

The replacement of quartz by feldspars, the pres-
ence of clusters and veinlets of green biotite, hasting-
site, epidote, allanite, calcite, and apatite, and the re-
placement of aplite by quartz, largely grouped in
rosettes, which in turn were subsequently fractured
and recemented by biotite and calcite, are clear evi-
dence of partial replacement and probably profound
alteration of the original granite. The clusters and
veinlets of green biotite and associated minerals in
the argillite and felsite, and, to anticipate, in the dia-
base dikes that cut the granite, as well as in the gran-
ite, show that this kind of hydrothermal alteration
was regional rather than formational. This regional
alteration will be discussed after the diabase has been
described. :

CHEMICAL COMPOSITION AND CLASSIFICATION

A chemical analysis of a sample of the pre-Cambrian
granite from the head of Anchor Canyon, south of its
contact with the Tertiary (%) granite, is recorded
below. In the quantitative -classification it corre-
sponds to 1.3.1.2., but the amount of secondary changes
in the rock prevents a definite classification. The high
silica content is expressed mineralogically by the un-
usually large amount of quartz, and the large amount
of ferric iron is accounted for by the green biotite and
associated magnetite. The titania (TiO,) is also prob-
ably present chiefly in the biotite. The high ratio
of potash to soda reflects the marked predominance
of orthoclase microperthite over albite-oligoclase.

Analysis of pre-Cambrian granite
[A. R. Ferguson, analyst, New Mexico School of Mines, 1929]
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DIABASE

DISTRIBUTION AND OCCURRENCE

A large group of diabase dikes with a general west-
erly trend is present on the east slope of the range and
also in the small areas of pre-Cambrian rocks east- of
Kelly. There are other small groups with dominant
westerly trends near the Hardscrabble mine, in the
north end of the range, and near the southeast corner of
the district. Diabase that cuts schist is exposed in the
arroyo on the east side of the Granite Mountain area.
The main group of dikes lies transversely to the strike
of the argillite and presumably to the major axis of
the domed or upwarped area from which the pre-
Cambrian cover of the granite was largely removed
before the deposition of Carboniferous rocks.

The prevalence of debris in the pre-Cambrian areas
renders it difficult to trace the diabase dikes for any
considerable distance, or tc correlate exposures on op-
posite sides of faults; nevertheless, the discontinuity of
some of the larger dikes is remarkable, especially that
of the largest dike found. This dike is about 4,000

feet south-southeast of Tip Top Mountain. It is 200

feet thick and can be traced eastward for a few hun-
dred feet from its contact with the overlying Kelly
limestone without appreciably diminishing its width,
but all traces of it abruptly disappear. Its possible
westward continuation through granite on the west
slope of the range may be concealed by debris, and it
may be represented by the remnants of dikes in the
small pre-Cambrian areas east and northeast of Kelly.
Such a correlation would help to show the amounts
of heave or horizontal offset along intervening faults,
but the evidence is too meager to be reliable.

LITHOLOGY

The diabase comprises coarse-grained and fine-
grained varieties, both of which in a few dikes have
been sheared into chlorite schist. Both varieties form
small as well as large dikes and have no apparent
regularity in distribution. The coarse-grained diabase
is dark greenish gray, and none of its minerals are
identifiable megascopically on unweathered surfaces,
although dark-green prismatic cleavage surfaces of a
hornblendic mineral are conspicuous. On weathered
surfaces the bleaching of altered or replaced feldspar
brings out the diabasic texture except where alteration
is extreme. The fine-grained variety is grayish black
to greenish gray, and the darker facies shows minute
glistening cleavage surfaces of biotite.

Thin sections show that the dikes are almost com-
pletely altered. In the specimen apparently least al-
tered, collected on the blunt east spur of the peak east-
southeast of Tip Top Mountain, the microscopic dia-
basic texture is distinet; but plagioclase is represented
mainly by albite-oligoclase in well-developed twinned
laths up to 2 millimeters long. It is intercrystallized

with hornblende and in part replaced by it; the horn-
blende in turn is in part chloritized. More commonly
the diabase consists of a confusing mass of green horn-
blende, with smaller amounts of chlorite, epidote, and
zoisite, granular aggregates and ramifying veinlets of
albite, and leucoxene. The diabase shows only small
scattered remnants of the original pyroxene and ilmen-
ite and the usual unaffected crystals of apatite and zir-
con. Sericite was prominent in only one thin section.
Green biotite, similar to that in the other pre-Cambrian
rocks, was present in another. The thoroughly sheared
dikes consist mainly of chlorite, with irregular stringers
of sericite and quartz. Impregnating grains and vein-
lets of quartz and calcite have been noted in some thin
sections. A thin section of the grayish-black, fine-
grained diabase consists essentially of zoisite, green
biotite, chlorite, hornblende, and epidote, with only a
scattering of granular feldspar, probably albite, il-
menite replaced by leucoxene, and probably quartz.
This rock is distinctly different both megascopically
and microscopically from the diabase dikes and may be
an altered pre-Cambrian lamprophyre dike.

The green biotite in these rocks is also of interest.
It is disseminated in two of the specimens studied and
shows no evidence of its age relations to the other
minerals; but its green color is indicative of its rela-
tionship to the green biotite found in the other pre-
Cambrian rocks and, in view of the association of epi-
dote with the biotite in the granite, it is probable that
the epidote and zoisite in the diabase, as well as the
general alteration of the diabase, are contemporaneous
with the biotite.

BIOTITIZATION OF THE PRE-CAMBRIAN ROCKS

A striking feature of the pre-Cambrian rocks of the
district is the general presence of green biotite in vein-
lets as well as in disseminated grains. The biotite and
associated minerals are probably secondary in origin.
The presence of this biotite in all of the pre-Cambrian
rocks and its absence from the Paleozoic and Ter-
tiary (%) formations show that it was formed in pre-
Cambrian time, and its unusual but uniform character
points to its probable development at one time, after
the intrusion of diabase. It is most commonly asso-
ciated directly with magnetite, but in the granite it is
also accompanied by hastingsite, epidote, zircon, al-
lanite, and apatite and rarely by fluorite. Apatite
associated with green biotite and magnetite was un-
usually abundant in one section of felsite. Chlorite,
which is also abundant in the felsite and argillite, may
represent altered biotite. In the argillite and felsite
the especially common mineral is sericite, and in the
gabbro and diabase the common secondary products
are epidote and zoisite.

Development of green biotite in so many different
kinds of rock evidently required uniformity of tem-
perature, pressure, and composition of the source ma-
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terial. These rocks in general show mno signs of
dynamic metamorphism, other than the conversion of
a few diabase dikes into chlorite schist; the biotite is
therefore to be attributed to solutions that acted under
uniform physical conditions throughout the area. To
the unaided eye the granite and felsite appear un-
altered except along Tertiary (?) veins. Allanite,
hastingsite, zircon, apatite, and fluorite in association
with biotite are commonly ascribed to a higher tem-
perature of deposition than the common hydrothermal
minerals. Biotitization is one of the common modes
of rock alteration in the Engels mining district, Cali-
fornia,”* and its origin is similarly ascribed. Knopf
and Anderson *? point out that rocks in which biotite,
actinolite, and plagioclase have formed metasomati-
cally “are bound to look fresh and unaltered.” Judg-
ing from the wide distribution of the green biotite in
the Magdalena district, these high-temperature solu-
tions under great pressure permeated even the most
minute cracks and thoroughly soaked the country rock.
The biotite and associated minerals are therefore found
in veinlets, clusters with small apophyses. and dissemi-
nated grains that have replaced the primary minerals.
Furthermore, the distribution of the disseminated and
clustered biotite is irregular (pls. 7, B, ) and in
marked contrast to the primary biotite of ordinary
granite. Nowhere in the granite was residual material
such as spongy iron oxide found to show the former
presence of original ferromagnesian minerals, and it is
not very likely that residual iron oxide could have been
completely removed. The evidence as u whole, there-
fore, clearly indicates the secondary origin of the green
biotite and associated minerals.

Whether other secondary minerals disseminated
through the rocks, but not found with the biotite in
veins and clusters, are contemporaneous with the bio-
tite is not certain. It seems probable that the compo-
sition of the solutions that first deposited the veinlets
and clusters of biotite and associated minerals was
sufficiently changed by reaction with the original rock
minerals to produce different groups of disseminated
secondary minerals, depending upon the character of
the permeated country rock; thus in argillite and
felsite the most abundant disseminated secondary min-
eral is sericite, whereas in the gabbro and diabase the
most abundant are epidote and zoisite. These dissem-
inated minerals may also be interpreted as the prod-
ucts of an earlier stage of hydrothermal alteration
from that represented by the biotite. The evidence
of their relations to the biotite is not conclusive, but
the association of epidote with the biotite in veins at
least suggests that the silicate veinlets and the dissem-
inated secondary minerals are contemporaneous.

1 Knopf, Adolph, and Anderson, C. A., The Engels copper deposits,

California : Econ. Geology, vol. 25, pp. 14-35, 1930.
12 Idem, p. 33.

,sedimentary rocks.

local granites.”

In the gabbro and diabase it was evidently horn-
blende, in which the biotite is enclosed, and chlorite
that furnished most of the constituents for the devel-
opment of biotite except potash, which must have been
introduced ; in the granite, and perhaps in the argillite
and felsite also, the bulk of all the constituents of
biotite must have been introduced. The presence of
hastingsite and of the quartz rosettes and veinlets in
the aplite dikes indicates that the high-temperature
solutions introducing these constituents probably rep-
resented the final stage of the pre-Cambrian igneous
activity.

CORRELATION

The pre-Cambrian rocks and their succession in the
Magdalena Range are so similar, except perhaps in de-
gree of metamorphism, to those found in other parts
of the State and in the Front Range of Colorado that
there can be little question of their direct correlation.
Lindgren, Graton, and Gordon ** found in their inves-
tigation covering the State that the oldest rocks every-
where are sedimentary and include quartzite, mica
schist, limestone, and slate. They also feport * that
some of the “greenstone schist” or argillite in the
Magdalena district was “derived from apparently tut-
faceous” sediments, but in our microscopic work we
have not recognized pre-Cambrian rocks of tuffaceous
origin. They suggested correlation with the quartzitic
Pinal schists of southeastern Arizona. Tentative cor-
relation may also be made with the Idaho Springs
formation of the Front Range of Colorado,”® which
has a similar range in composition.

The early gabbro of the Magdalena district may
correspond in age to the Swandyke hornblende gneiss
of Colorado,® which, according to Lovering, repre-
sents originally gabbroic and basaltic rocks in part at
least intrusive into the Idaho Springs formation, al-
though it may also represent originally calcareous
The felsite is not so readily cor-
related. Metamorphosed volcanic rocks of rhyolitic
character are present in the Gunnison River series of
Colorado, but they are older than the basic rocks of
the series, whereas the reverse order holds at
Magdalena.

Regional metamorphism in Colorado was accom-
panied by the early stages of granitic intrusion, which
was followed in turn by the main batholithic intrusion
of Pike’s Peak and equivalent granites and later more
On the basis of general structural

1 Lindgren, Waldemar, Graton, 1. C., and Gordon, C. H., The ore de-
posits of New Mexico: U. S. Geol. Survey Prof. Paper 68, pp. 26-29,
1911401.dem, p. 245. :

15 Lovering, T. 8., The geologic history of the Front Range, Colo.:
Colorado Sci. Soc. Proc., vol. 12, No. 4, pp. 64—65, 1929.

16 Lovering, T. S., op. cit., pp. 65—66 ; Geology and ore deposits of the
Montezuma quadrangle, Colo.: U. 8. Geol. Survey Prof. Paper 178, pp.
10-11, 1935. Colorado geologic map, U. 8. Geol. Survey, 1935.

17 Tovering, T. 8., The geologic history of the Front Range, Colo.;
Colorado Sci. Soc. Proc., vol. 12, No. 4, pp. 67-74, 1929,
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evidence, the granite at Magdalena is more nearly
equivalent to these local granites, which were intruded
in the zone of fracture after regional metamorphism
had ceased, although they contributed in some degree
to the injection of the older rocks with granitic ma-
terial. The almost negligible amount of typical schist
in the Magdalena district implies that the district
could have been only on the outskirts of an area of
intense regional metamorphism.

Diabase dikes with structural relations similar to
those in the Magdalena district are found in the
Cripple Creek district of Colorado,’® and Gruner *
reports late “basic” dikes intruding the pre-Cambrian
granite in the southern part of the Taos Range,
N. Mex.

The metamorphosing influence of the granite was
not extreme and may have been masked in part by
later metamorphism. Only in the northern part of
the district, where the argillite has been converted
into schist and cut by pegmatite, has pre-Cambrian
metamorphism been strong. Comparison with other
pre-Cambriah areas, notably the Front Range of Colo-
rado,” suggests that the local granite intruded into
the zone of fracture represents the latest stage of a

complex cycle of metamorphism and batholithic intru-

sion. Final adjustments after the granite intrusion
produced profound fractures normal to the top of the
granite and admitted the diabase dikes. The subse-
quent biotitization of all pre-Cambrian rocks marked
the latest expression of pre-Cambrian activity.

CARBONIFEROUS SYSTEM

By V. T. STrRINGFIELD, A. H. KoscEMANN, and G. F. LoucHLIN

Although older Paleozoic sedimentary rocks are
widespread in southern New Mexico, only the Carbon-
iferous system is represented in the Magdalena dis-
trict. During pre-Carboniferous time the surrounding
region was evidently subjected to continuous erosion;
and the pre-Cambrian rocks were worn down to a
nearly level surface, upon which the Carboniferous
rocks were deposited. These rocks comprise four
formations—the Kelly limestone, of Mississippian age;
the Sandia formation and Madera limestone, of Penn-
sylvanian age; and the Abo sandstone, of Permian age

(pl. 8).

KELLY LIMESTONE (MISSISSIPPIAN)

The Kelly limestone, originally called the “Graphic-
Kelly limestone” by Herrick,* after the two leading

8 Lindgren, Waldemar, and Ransome, F. L., Geology and gold deposits
of the Cripple Creek district, Colo.: U. S. Geol. Survey Prof. Paper 54,
p. 56, 1906,

*® Gruner, J. W., Geologic reconnaissance of the southern part of
the Taos Range, N. Mex.: Jour. Geology, vol. 28, pp. 731-742, 1920.

2 Lovering, T. 8., op. cit., pp. 61-74.

2 Herrick, C. L., Laws of formation of New Mexico mountain ranges :
Am. Geologist, vol. 33, p. 311, 1904.

mines of the district, was later renamed the Kelly
limestone by Gordon,” after the town of Kelly. It is
by far the most productive ore zone in the district.
It is from 90 to 135 feet thick, but this variation in
thicknessis due, in large part at least, to bedding faults
that commonly escape recognition except in mine work-
ings. The Kelly limestone rests directly upon the very
gently undulating pre-Cambrian surface, as shown in
figure 1.
DISTRIBUTION

The Kelly limestone is exposed almost continuously
in two narrow sinuous bands along the crest and the
upper western slope of the Magdalena Range from the
southeast corner of the district to the Ambrosia mine,
near the north end of the range. Where the overlying
rocks have been removed these bands broaden into dip-
slope areas of considerable width. A shorter broken
band crops out in the group of small downfaulted
blocks in the upper eastern slope due east of Kelly;
and small exposures, which represent the most produc-
tive part of the formation, are scattered along the
western slope between the Juanita and Graphic-Waldo
mines. A large metamorphosed block is enclosed in
Tertiary (?) granite at the Hardscrabble mine, and
one rather large mass is poorly exposed near the east
side of the Granite Mountain area.

The Kelly limestone for the most part is a light
bluish-gray, medium- to coarse-grained, thick-bedded,
high-calcium limestone with a persistent bed of dense
argillaceous limestone in its middle part known as the
“silver pipe” or “indicator,” because of- its close asso-
ciation with ore shoots. The name has also come to
signify a dense or microgranular texture and has been
applied to thinner, less persistent beds both above and
below the original “silver pipe.” The importance of
the Kelly limestone as an ore zone has led to its sub-
division into beds that may be readily recognized and
followed underground, within a single mine, though
some may not persist from one mine to another.
These subdivisions are represented. in figure 1. Al-
though the Kelly limestone ranges from 90 to 135 feet
in thickness, in most places it exceeds 110 feet. The
unusually reduced thickness of 90 feet in the Traylor
shaft reported by C. M. Glasgow, superintendent of
the Kelly mine in 1916, may be related to a bedding
fault. The basal beds, from 6 to 16 feet in aggregate
thickness, are characterized by grains and small peb-
bles mostly of quartz, with some of pink feldspar,
argillite, and gabbro or diabase. In places they con-
tain sufficient detrital epidote to have a distinct green
color. They are best exposed along the crest of the
range east and northeast of Kelly, where the very
base, which rests on granite and locally on diabase
dikes is commonly represented by a bed of pink
m Waldemar, Graton, L. C.,, and Gordon, C. H,, The ore

deposits of New Mexico; U. 8. Geol. Survey Prof. Paper 68, p. 229,
1910; Am. Jour. Sci,, 4th ser., vol. 24, pp. 62-63, 807, 1907.
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Ficure 1.—Columnar sections showing variations in character and thickness of the Kelly limestone.

felspathic sandstone 3 or 4 feet thick overlain by a
greenish to dark-gray bed 2 feet thick. Thin beds of
limestone alternate with sandy or pebbly beds between
these very basal beds and the overlying continuous
limestone. At some places, notably the 9,389-foot peak
in the southeastern part of the area and at Oak Spring,
in the northern part of the range, the basal beds are
almost pure limestone; but in the Nitt mine the basal
bed is quartzite from 2 to 6 feet thick. In the prin-
cipal mines of the district the basal beds rest on ar-
gillite, but where the basal beds are dark gray and
fine-grained the contact with argillite is obscure. The
constituents of the basal beds are not of strictly local
origin, as large fragments of pink feldspar, charac-
teristic of coarse-grained or porphyritic granite, and
pebbles of argillite and diabase have been found di-
rectly above fine-grained granite, and fragments of
dark-colored rock may be absent directly above
argillite, gabbro, and diabase.

The limestone above the basal beds is mainly bluish
gray and medium-grained and is sometimes called the
“lower crystalline” limestone. Beds with conspicuous
crinoid stems and chert lenses are exceptional. In the
Kelly mine (fig. 1) the typical “lower crystalline” lime-
stone is immediately underlain by a nearly white fine-
grained bed called the “marbleized lime,” which con-
tains scattered glistening calcite grains, and this in

turn by a discolored bed called the “pinto lime.” The
“lower crystalline” limestone also commonly contains
in its lower part one or more dense, lithographic lentic-
ular beds, sometimes called “lower silver pipe.” The
“lower crystalline” limestone is overlain by the main
“silver pipe,” which is of similar dense texture and
from 4 to 8 feet thick. The lower two-thirds of the
“silver pipe” is dark gray to nearly black but weathers
nearly white or buff; the upper third is light gray to
white on both fresh and weathered surfaces. Single
layers range from a few inches to 2 feet in thickness.
Locally the dense, lithographic texture is not well-de-
veloped, but on the whole the “silver pipe” is the most
reliable horizon marker in the district, especially un-
derground. The “upper crystalline” limestone, above
the “silver pipe,” is bluish gray, prevailingly medium-
to coarse-grained, and cherty. The coarser-grained
beds consist largely of fragments of crinoid stems, and
the uppermost of them are remarkably thin, giving
weathered outcrops a platy appearance. This platy
structure has rendered the uppermost beds especially
permeable and replaceable by gangue and ore minerals.
Single beds range from an inch to 2 feet in thickness,
and the chert lenses and nodules are as much as 6 inches
thick and several feet long. This upper member also
contains thin lenticular beds of dense limestone, which
are sometimes called the “upper silver pipe.”
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From Tip Top Mountain southward the Kelly lime-
stone has been extensively silicified (see pl. 28, 4 and
B,and pp. 53-54). Silicification is most persistent in the
upper beds but may also be present just below the
“silver pipe” and in a few places near the base. At
a few places near the southeast corner of the district
practically the entire thickness is silicified.

The lower half of the Kelly limestone mass enclosed
in Tertiary (?) granite at the Hardscrabble mine has
been bleached, thoroughly recrystallized, and in part
replaced by garnet and other silicates. It is also re-
placed by silicates in the vicinity of Oak Spring, near
the east contact of the main monzonite mass, and above
the breast of the Linchburg tunnel, south of Kelly.

The one exposure in the Granite Mountain area is
obscured by faulting and a thin covering of weathered
debris. The “silver pipe” is exposed in a trench near
the north end of the outcrop, and the silicified basal
heds are doubtfully recognized along the contact with
pre-Cambrian schist.

The Kelly limestone throughout the area, except the
layers known locally as “silver pipe,” appears to be es-
sentially a calcareous formation with little or no dolo-
mite present and a very little insoluble residue. Mic-
roscopic study of the residue from the “upper crystal-
line” limestone member from the Stonewall tunnel
shows it to consist of minute doubly terminated quartz
crystals; and the residue from an unreplaced remnant
from the third level of the Kelly mine consists of
kaolinic material, irregular quartz grains, sericite, and
pyrite. All these minerals are attributable to min-
eralizing solutions and are of no value in stratigraphic
correlation. Chemical tests of the “silver pipe” and
microscopic study of its insoluble residue show it to
be an impure dolomitic limestone containing consid-
erable claylike material.

AGE AND CORRELATION

Although fragments of crinoid stems are abundant
in some beds and small fragments of other fossils are
numerous in places, identifiable index fossils in the
Kelly limestone are disappointingly few. Ome small
poorly preserved lot, from the very base of the lime-
stone was tentatively regarded by the late Dr. G. H.
Girty as early Mississippian. Another lot, also poorly
preserved, from the top of the limestone was insuffi-
cient to show whether the upper part was of the same
age or appreciably younger. The fossils listed below
have been identified by Dr. Girty.

Lot 6817. Base of Kelly limestone close by fault, southeast
of Young America mine:

Stenopora? sp.
Schizophoria? sp.
Schuchertella aff. S. chemun-

Spirifer sp.
Composita? sp.
Leptodesma? sp.

gensis Myalina? sp.
Camarotoechia aff. C. chou- | Naticopsis aff. N. carleyana
teauensis ;

MAGDALENA - MINING DISTRICT,

NEW MEXICO

Lot 6818. Top of Kelly limestone, crest of main ridge, 1,200
feet south-southeast of Tip Top Mountain :
Triplophyllum sp. Spirifer aff. S. pellaensis
Cyathaxonia? sp. Spirifer aff. S. missouriensis
Rhipidomella aff, R. dubia Composita? sp.

Of these Dr. Girty says:

The faunas as represented by these two small lots are mark-
edly unlike, thus suggesting a marked difference in age. These
faunas contain so little that is identifiable or distinctive that a
definite correlation cannot be made with known Mississippian
faunas of the West. Thus, their relative ages in geologic time
cannot be determined by reference to other faunas that are
better known. Incidentally, as just implied, neither of these
faunas-is closely related to that of the Lake Valley limestone,
which they might be expected to resemble. Indeed, from our
present inadequate knowledge, the fauna of the Kelly limestone
is rather strikingly different from the fauna of the Lake Valley
limestone, though it is not necessarily of a different geologic age.

One fossil plant (lot 7984) was collected from the
sinuous band of Kelly limestone east of the Germany
mine and was determined by the late Dr. David White
as Asterocalamites scrobiculatus, a Mississippian species.

MAGDALENA GROUP (PENNSYLVANIAN)

The name Magdalena group was introduced by
Gordon # in 1907 to represent the Pennsylvanian rocks
in the Magdalena Mountains.

These rocks, which comprise limestones, shales, and
quartzites, have an averefge total thickness of about 850
feet, although the thickness of single members varies
considerably, as shown on plate 9. They rest upon the
Kelly limestone with apparent conformity but are very
probably separated from the Kelly by a considerable
interval of late Mississippian time. They are uncon-
formably overlain by the Abo sandstone, of Permian
age,?* throughout much of New Mexico, although no
good exposure of an angular unconformity has been
found in the Magdalena district.

The Magdalena group is divided into two formatlons,
the Sandia formation below and the Madera limestone

above.
SANDIA FORMATION

The Sandia formation was named by Herrick # in
1900, after the Sandia Mountains, Bernalillo County,
N. Mex., where it was first studied. The name was
applied to the shales, limestones, and sandstones that
constitute approximately the lower half of the Magda-

2 Gordon, C. H., Jour. Geology, vol. 15, pp. 805-816, 1907 ; op. cit.
(Prof. Paper 68), p. 231.

2t Lee, W. T., and Girty, G. H., The Manzano group of the Rio Grande
Valley, N. Mex. : U. 8. Geol. Survey Bull. 389, p. 13, 1909.  Lee, W. T,
General stratigraphic break between Pennsylvanian and Permian in
western America : Geol. Soc. America Bull., vol. 28, pp. 169-170, 1917 ;
Notes on Manzano group : Am. Jour. Sci.,, 5th ser., vol. 4, p. 325, 1920.
-Darton, N. H., “Red Beds” and associated formations in New Mexico :
U. S. Geol. Survey Bull. 794, pp. 20-28, 1928,

2 Herrick, C. L., The geology of the white sands of New Mexico,
Jour. Geology, vol. 8, p. 115, 1900 ; The Coal Measure forest near So-
corro, New Mexico, vol. 12, pp. 237-251, 1904 ; Laws of formation of
New Mexico mountain ranges, Am. Geologist, vol. 33, p. 310, 1904.
Herrick, C. L., and Bendrat, T. A., Identification of an Ohio coal meas-
ures horizon in New Mexico : Am. Geologist, vol. 25, p. 235, 1900. Gor-
don, C. H,, in op. cit. (Prof, Paper 68), pp. 232, 234, 235,



GEOLOGICAL SURVEY PROFESSIONAL PAPER 200 PLATE 5

1. CLIFF OF SILICIFIED KELLY LIMESTONE RESTING ON ARGILLITE, WHICH IS CUT BY A GRANITE DIKE.

The dike. shown beside man in lower left corner, is cut off abruptly by the limestone. Head of north branch of Patterson Canyon.

B. WEST SLOPE OF MAGDALENA RANGE, SHOWING ITS RELATIONS TO DIPS OF SEDIMENTARY ROCKS.

Pre-Cambrian granite in foreground overlain by west-dipping Kelly limestone (light-gray). East slope of western ridge consists of Sandia formation; its crest and west slope
consist of west-dipping Madera limestone. “Looking north from crest of range N. 80° E. from Kelly.



GEOLOGICAL SURVEY PROFESSIONAL PAPER 200 PLATE 6

A. PHOTOMICROGRAPH OF PRE-CAMBRIAN GRANITE.

T'he rock consists essentially of quartz (q) and microperthitic orthoclase (or), which are in large part micrographically intergrown. Green biotite, with magnetite, apatite,
zircon, allanite, epidote, hastingsite, calcite, and fluorite, is present in certain black areas. Crossed nicols.

B. PRE-CAMBRIAN GRANITE SHOWING SOMEWHAT ROUNDED C.QUARTZ VEIN CUTTING APLITE, AND IN TURN BEING REPLACED
QUARTZ GRAINS EMBAYED BY INTERSTITIAL MICROPERTHITE. BY AN IRREGULAR VEINLET OF BIOTITE AND CALCITE (?).
Plagioclase with included quartz remnants is shown in lower left corner. Plain light.

Crossed nicols.
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lena group in Socorro and Bernalillo Counties. Al-
though the formation consists largely of shale, several
members of limestone and quartzite are present.

The formation is exposed along the crest and upper
west slope of the Magdalena Range in a broad belt
that extends northward from the south boundary of
the district to a point half a mile south of the Hard-
scrabble mine. Faulted outliers of this belt are prom-
inent along the lower west slope between the Kelly and
the Graphic tunnels, and isolated outerops are present
at the east base of Stendel Ridge and at the Vindicator
mine. A shorter belt on the east slope of the range,
due east of Kelly, represents the most complete and
diversified, though not the thickest, section of the
formation in the district. The Sandia also forms the
low hills in the eastern part of the Granite Mountain
area. Gordon?* gives the approximate thickness as
600 feet, which accords closely with our measurements
in the main range; but in the Granite Mountain area,
only 3 miles away, the apparent thickness, which is
doubtless considerably exaggerated by strike faults, is
about 2,300 feet. The exposures there are poor and
afford little opportunity to estimate the amount of
faulting, but different members of the formation are
clearly much thicker than in the main range. The
features described below indicate that sedimentation
during Sandia time took place under near-shore con-
ditions, which favored the thickening and thinning of
beds within short distances.

We have divided the formation into six members,
which, beginning with the oldest, are designated lower
quartzite, lower limestone, middle quartzite, shale,
upper limestone, and upper quartzite. The members
vary considerably in thickness, and the smaller of
them are lenticular and locally absent. The geologic
age of the Sandia formation and the overlying Madera
limestone is discussed on pages 19-20.

Lower quartzite member—The lower quartzite is a
persistent member of the formation in the main range,
but in the Granite Mountain area it is either absent
or has been concealed by strike faults. It consists of
gray, greenish-gray, and brown quartzite with subor-
dinate interbedded shale and limestone. It is, for the
most part, about 90 feet thick, but the exposure on the
east slope is apparently 165 feet, although concealed
strike faults may reduce that total to 130 feet. Its
character varies considerably as shown on plate 9.
In some outcrops it appears to be almost entirely
- quartzite, as shaly beds are cencealed beneath quartzite
debris, but where exposures are most continuous con-
siderable shale is interbedded with quartzite, and in
some places thin limestone beds are present. The shale
and limestone beds are locally silicified.

The quartzite beds range in texture from fine to
coarse-grained and in places become conglomeratic

28 Gordon, C. H., in op. cit. (Prof. Paper 68), p. 246.

and contain many pebbles of quartz as much as an inch
in diameter. Their cementing material is in part cal-
careous and in part siliceous. In general they have a
greater color variation than the quartzite beds in
higher members of the formation. They are notably
resistant to erosion and tend to form ridges and dip
slopes. : :

The only fossils found in the quartzite beds of this
member are a few plant remains (lot 7985). They
were determined by Dr. David White to be the species
Lepidodendron clypeatum, which he described as a
“Pottsville species and essentially confined to the mid-
dle andl upper Pottsville.” Invertebrate fossils (lot
63804) collected from a shaly bed near the top of the
lower quartzite south of Tip Top tunnel were deter-
mined by Dr. Girty and are shown in the list on
page 20.

Lower limestone member—The lower limestone
member, which persists throughout the extent of the
formation except where eroded in the southeast part
of the district, is predominantly medium-grained
bluish-gray argillaceous limestone with subordinate
amounts of shale and quartzite (pl. 9). Typical vari-
eties of limestone are nodular or lenticularly banded
with mottled weathered surfaces, rather coarse grained
with many fossil fragments, and thin-bedded with thin
layers and partings of black shale. West of the Am-
brosia mine, where the coarser-grained variety has
been metamorphosed to a white crystalline limestone,
it closely resembles the similarly altered Kelly lime-
stone nearby. The approximate total thickness of this
member is 65 feet throughout much of the range but
exceeds 80 feet near the head of Kelly Gulch, south
of Tip Top Mountain. In Kelly Gulch and on the
east slope of the range the contact of the lower lime-
stone with the lower quartzite appears unconformable,
as the contact is undulating; but the bedding is not
sufficiently distinet to show its true relation to the
undulating contact.

The lower part of the limestone especially is also
characterized by thin, very fossilliferous, shaly beds,
in which species of Productus are prominent. TFossils
from this member have been identified by Dr. Girty
and are listed on page 20.

Middle quartzite member.—In some places a brown
to gray, medium- to coarse-grained, lenticular bed of
quartzite with a maximum thickness of about 18 feet
separates the lower limestone member from the shale
above. It has been mapped, wherever distinct, as the
middle quartzite member. One lens about 100 feet
wide in the outecrop and 1,000 feet long is exposed
near Tip Top tunnel. Near its south end it is sepa-
rated from shale by a thin limestone bed that farther
south and in the Kelly mine cannot be sepa-
rated from the lower limestone. Another quartzite
lens caps the range between two faults near the south-
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east corner of the district. Its outecrop is approxi-
mately 1,000 feet long and 500 feet wide. There are
other exposures on the east side of the range and on
the west slope about 1,000 feet southwest of the Mistle-
toe mine and about 1,500 feet southeast of the Graphic
tunnel. No coresponding quartzite has been found
in the Granite Mountain area.

Shale member—The shale member, which consti-
tutes more than half of the Sandia formation, is about
300 feet thick in the main range, and about 1,100 feet
thick in the Granite Mountain area. It is overlain
either by the upper limestone or upper quartzite mem-
bers or, where these are missing, by the Madera lime-
stone. It is predominantly blue or black and in part
highly carbonaceous, with several interbedded layers
of limestone and quartzite. On the east slope of the
range its upper 100 feet consists dominantly of thin-
bedded limestone, whose quantity elsewhere may have
been underestimated because of poor exposure. The
quartzite beds are fine-grained to pebbly and some are
cross-bedded and ripple-marked. In the Granite
Mountain area the shale appears to be more siliceous
than in the main range but has fewer beds of coarse-
grained quartzite and limestone. Sections of the shale
member are given on plate 9. The bleached metamor-
phosed shale near the Sleeper tunnel so closely re-
sembles the bleached pre-Cambrian argillite, against
which it is faulted, that the two are not readily
distinguished.

Fossils collected from the shale member and identified
by G. H. Girty are listed on page 20.

Stein and Ringlund ** report the following plant
fossils from the shale, which were identified by David
White:

Neuropteris aldrichi (Lesquereux); ferns repre-
sented by rachises, species not determinable; Zepido-
phyllum Tucidum (Lesquereux); Sigillaria sp.; Cor-
daites sp. Concerning the age of these, David White
stated : 2® “The forms represented are characteristic of
the Pottsville group and leave no doubt as to the age
of the beds from which they were obtained.”

Upper limestone member—The upper limestone
member, which is bluish-gray and medium-grained, is
lenticular. It has been mapped in only four places—
just north of Kelly, 1,000 feet southeast of the Young
America mine, on the east slope of the main range,
and in the Granite Mountain area. North of Kelly the
bed reaches a thickness of 30 feet and is characterized
by spherical concentric algal growths as much as 2
inches in diameter. West of the Paschal shaft it lies
on shale, but to the north and south it forms lenses
in the upper quartzite. A thin bed of it forms a dip
slope southeast of the Young America mine. Fossils
collected from it and identified by G. H. Girty are

27 Stein, Paul, and Ringlund, Soren, 'Geology and ore deposits of Kelly,

N. Mex., unpublished thesis, New Mexico School of Mines, 1913,
28 Tdem.

listed on page 20. A little further south algal lime-
stone similar to that north of Kelly is present in the
upper quartzite member along the Water Canyon trail
just northeast of the Grand Ledge tunnel. The algal
limestone appears to have originally contained small
limestone pebbles, around which the algal growths de-
veloped in concretionary fashion. This concretionary
structure has not been found in other parts of the
district.

The upper limestone member on the east slope is
thin-bedded, and its lower boundary and total thick-
ness must be arbitrarily determined. About 70 feet
below its top, which is marked by quartzite, it is cut by
a fault with a dip-slip of 85 feet, which exaggerates its
thickness by that amount. The thin-bedded limestone
is underlain by 26 feet of alternating beds of shale and
limestone, 8 feet of pebbly quartzite, and 100 feet of
thin-bedded black limestone that appears to be locally
equivalent to the upper part of the shale member. The
entire thickness of 200 feet or more could be as con-
sistently mapped in a unit as some of the other mem-
bers have been, but the drawing of the boundary 70 to
100 feet below the top maintains a more uniform thick-
ness for the shale member.

The bed in the Granite Mountain area has an
apparent thickness of more than 400 feet.

Upper quartzite member—The upper quartzite mem-
ber, composed of gray quartzite beds with interbedded
shale and limestone, is also lenticular and has a maxi-
mum thickness of about 65 feet in the main range.
It appears to rest unconformably on the upper lime-
stone in some places and should perhaps be regarded
as the basal member of the overlying Madera lime-
stone; but, because of the numerous thin quartzite beds
that characterize the Sandia formation, this quartzite
member is also included in it. The quartzite beds are
thicker near the base and upper part of the member;
they constitute about 30 feet of the total thickness of
the member, each stratum having a thickness of about
15 feet.

In the Granite Mountain area the upper quartzite,
like the lower members, has an abnormal thickness.. It
is cream-colored to white and well-sorted in contrast
to the less pure beds in the main range.

MADERA LIMESTONE

The Madera limestone is evidently named after the
town of La Madera, on the east slope of the Sandia
Mountains. Herrick 2 states that the town “seems to
be upon a plateau of limestone,” but he did not definitely
name the formation. Keyes?® was the first to apply
the name to the “upper part of the great limestone
formation—the blue to gray beds,” in the Sandia Moun-

2 Herrick, C. L., The Geology of the San Pedro and Albuquerque dis- -
tricts : New Mexico Univ. Bull,, vol. 1, p. 104, 1899.

3 Keyes, C. R., Geology and underground water conditions of the Jor-
nado Del Muerto, N. Mex.: U. S. Geol. Survey Water-Supply Paper 123,
p- 22, 1905.
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tains, but he went no further in defining it. Later
Gordon * adopted the name and says that “overlying
the Sandia beds in Socorro and Bernalillo Counties is
a dark-blue limestone, for the most part in thick beds
alternating with other thin shaly beds and blue shale.”

The Madera limestone is almost continuously present
on the upper west slope of the range from the south
end of the district as far north as the Ambrosia mine.
Between Kelly and the Nitt mine it is the most promi-
nent rock along the lower slope, and farther north it
is exposed along the east edge of the valley at Hard-
scrabble Camp. It also forms a prominent band along
the higher foothills of the Granite Mountain area. Ex-
posures near the Nitt mine and at Hardscrabble Camp
are considerably metamorphosed; but those near the
Nitt mine are continuous with the unaltered rock, and
some of the less altered beds near Hardscrabble Camp
are identified by the presence of Fusulina.

The limestone includes two members that have not
been separated on the geologic map. Approximately
the lower 300 feet consists of relatively thin bedded
bluish-black limestone with some thin beds of bluish-
gray fissile shale and gray, medium-grained quartzite.
These lower beds are somewhat similar in general char-
acter to those of the Sandia formation and could con-
sistently be included in that formation, but, as lime-
stone beds dominate and are continuous upward with
a much greater thickness of limestone, they have been
assigned to the Madera limestone; furthermore, the
upper quartzite member of the Sandia formation marks
a convenient horizon for the arbitrary drawing of the
formation boundary. The gradational relations of the
two formations accord with those elsewhere in central
New Mexico. The dominant, upper member, at least
300 feet thick, is characterized by bluish-gray fine to
rather coarse grained, massive limestone beds, which
form cliffs as high as 10 feet. The irregular grain of
some of its beds is caused by patches and veinlets of
dolomite. Other beds have streaks and lenticular bands
of yellow argillaceous material, and a few contain gray

to black chert nodules as much as 8 inches in diameter,
These cliff-forming beds alternate with subordinate

thin-bedded, mottled, shaly limestone and a few thin
lenses of gray shale, gray to brown quartzite, and lime-
stone conglomerate. Prominent lenses of limestone
conglomerate as much as 500 feet in length and 15 feet
in thickness have been mapped near the base of this
member at three places north and northeast of Kelly.
They contain pebbles of quartzite and Madera lime-
stone and grade into thin quartzite beds. They lie
in distinct unconformity on typical Madera limestone
beds and evidently mark repeated uplift and erosion
between stages of limestone deposition. In the south-
ernmost, part of the district the highest beds are mottled
and shaly and are stained reddish by material derived

3 Gordon, C. H., Notes on the Pennsylvanian formations in the Rio
Grande Valley, N. Mex. : Jour. Geology, vol. 15, pp. 805-816, 1907.

from the overlying Abo sandstone. Where meta-
morphosed near the monzonite stock, the Madera lime-
stone is either colored green by diopside and epidote
or is bleached to a white crystalline rock not distin-
guishable from other metamorphic limestone in the
district.

The true thickness of the Madera limestone cannot
be determined within the district, and a composite
estimate may be misleading because of faults and the
unconformable contact with the overlying Abo sand-
stone. The top of the limestone has been eroded north
of Kelly. To the south it is marked by a sill of
latite-porphyry intruded between it and the Abo sand-
stone, with only a few small scattered patches of the
sandstone on the underside of the sill. One of these
is at Kelly, where the base of the limestone is also
exposed, and the calculated thickness is about 360 feet
without allowance for possible minor faults. The base
and top are both exposed just south of Chihuahua
Gulch, but the irregularity of the dip and the presence
of faults would render an estimate of thickness still
more uncertain. Its thickness is apparently between
200 and 400 feet. The mass on Tip Top Mountain,
even though its top has been removed, apparently ex-
ceeds 600 feet in thickness and may be as much as
1,000 feet thick, but the apparent thickness there is
probably exaggerated by concealed strike faults.

Fossils collected at several places in the Madera
limestone have been determined by G. H. Girty and are
listed on page 20.

AGE OF THE MAGDALENA GROUP

Fossil plant remains (lot 7985) found in the lower
quartzite member of the Sandia formation were deter-
mined by David White to be the species Lepidoden-
dron clypeatum, which he describes as a “Pottsville
species and essentially confined to the middle and
upper Pottsville.” Plant remains were also found in
the shale member by Stein and Ringlund ®* which
David White determined as “Neuropteris aldrichi
(Lesquereux) ; ferns represented by rachises, species not
determinable; Lepidophyllum lucidum (Lesquereux) ;
Sigillaria sp.; Cordaites sp.” Also, according to
White, these fossils are “characteristic of the Potts-
ville group and leave no doubt as to the age of the
beds from which they were obtained.”

With the exception of the fusulinids the invertebrate
fossils listed on page 20 afford little basis for separat-
ing the Madera and Sandia formations. According to
G. H. Girty:

Lot 6800 stands out as something rather distinct from the
other collections made in the Madera limestone and scarcely

more distinet from the collections having their source in the
Sandia formation. Apart from thig lot, which colors the com-

posite fauna, the Madera limestone apparently does not differ

2 Stein, Paul, and Ringlund, Soren, Geology and ore deposits of Kelly,
N. Mex., unpublished thesis, New Mexico School of Mines, 1913.
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much in its fauna from the Sandia formation. A few species
in each formation are peculiar to it, so far as our records go,
but not many of these are suggestive of an older age for the
Sandia and a younger age for the Madera, though such sug-
gestion is not wholly wanting. I am tentatively regarding
the Sandia formation as of Pottsville age, but I am tentatively
regarding the Madera limestone as post-Pottsville, although
this last needs corroboration.

Specimens of fusulinids from the upper Madera
strata were submitted to Mr. John W. Skinner,* who
has determined them as an
“undescribed species of Triticites which show a close relation-
ship to Triticites ventricosus (Meek and Hayden). Their gen-

eral aspect is suggestive of upper Pennsylvanian age, probably
upper Wabaunsee.”

Invertebrate fossils in the Sandia formation and Madera
limestone

[Numbers refer to different lots collected at places shown below] -

Invertebrate fossils in the Sandia formation and Madera
limestone—Continued

Sandia formation

s Madera
Fossils Lower Lower Upper lime-
quartz- lime- Shale lime- stone

ite stone stone

Spirifer rockymontanus var
Spirifer rockymontanus._ _ . _
Spirifer triplicatus .. __ .. ______.
Spirifer triplicatus var. . ___
Spirifer triplicatus? . ...
Spivifer nespy S S@iEge et o o
Spirifer s

Punctispirifer kentuckyensis__._
Punctispirifer kentuckyensis?.__|_
Punctispirifer sp._._ . __..__.._.
Squamularia perplexa..

Composita subtilita.__.._._____

Compositasp._ ... ___
Cleiothuridina perosl

Hustedia aft. H. mise
Hustedia mormoni.___
Hustedia n. sp.?
Edmondia? sp .
Leda aff. L. mee

7.

Sandia formation

G Madera
Fossils Lower | Lower Upper lime-
quartz- lime- Shale lime- stone

ite stone stone

Fusulinid, genus undetermined ..
Triplophyllum sp_. ... _______.
Cyathophyllum subcaespitosum?
Lophophyllum profundum_ _ . __
Campophyllum torquium .. .
Campophyllum torquium?
Campophyllum? sp__ __
Clisiophyllum sp__.
Azxophyllum rude?_
Syringopora sp-_
Aulopora? sp- .

Michelinia euwneae.. _________
Hydreionocrinus acanthophorus?|______ "~
Fistulipora sp
ARBOYDPRT S22 L aeu s IO ORy et i
Tabulipora aﬁ' T carbomaria.. |- | oo

WA P P R AT ST A N 5,6, 8
RRenentellaBY . s s 2t AR SR 3,5, 6,8
SaE il s O R e KRS AVDES S N 3,5,6,8

Rhombopora sp...
Prismopor2 Shi sl Nl y i pe o i ik
Crystodtotya, Spos - SN s st i
Oriholeles’sp. -0 0 s Wi apiehie e iflns
Derbya crassa__
Derbya crassa?_.__.______
Chonetes aff. C. arkansanus_ .| . . __
Chonetes mesolobus_ .. _______| ______ __
CRanefes sp .= 0o 0ol e 1

Productus (Linoproductus)

Productus aff. P. inflatus.
Productus coloradoensis.
Productus coloradoensis? - 4
Productus nolani? _____________
Productus semistriatus?_ ___.____| _________
Productus semireticulatus. - ..__|__________
Productus semireticulatus? . | _________
Productus aff. P. gallatinensis_ | _________
Productus aff. P. morrowensis_ .| _________

Productus (Juresania) nebras-

Repetwar - e s I 2 i o ST SR M T e LA
Productus (Juresania) nebras-
! ¥ T L e R e SR S i 7 11

Productus (Pustula) aff. P.
watlacianus. . L . ool ]
Productus (Pustula) n. sp-
Productus (Avonia) sp.____
Marginifera ingrata_ .. . _
Marginifera splendens.
Marginifera muricala._ .
Marginifera muricata? __
Marginifera n. sp. aff.
splendens._
Marginifere? sp. S
Marginiferasp.....__.____
Schizophoria aff. S. texana..
Spirifer cameratus. ____
Spirifer cameratus? . _
Spirifer aft. S. gorei____
Spirifer opimus var. len:
ghlig S L R

33 Personal communication.

- Griffithidessp ... .. ______._____

P tis? Sp..
Muyalina perniformis?
Auwculopecten sp___
Aviculcpecten n. sp_ _
Deltopecten occidental;
Streblogteria sp
Lima sp

lerotomuna ¥
Pleurotomaria? sp
Bucanopsis sp- ...
Patellostium sp. .
Euphemites carbo:
Euphemites carbonarius? s
Schizostoma catilloides. .
Diaphorostoma peoriense?
Naticopsis Sp- ... ___
Naticopsis? sp-
Meekospira? sp._
Platyceras occiden
Platyceras occidentale?_
Eotrochus sp_______

. Lot 6804, from a shaly bed near top of the lower quartzite

member south of Tip Top tunnel.

Lot 6805, about 100 feet east of Woodland mine.

Lots 6904, 6906, and 6907, east of Mistletoe tunnel on west

side of range.

Lot 6811, about 1,000 feet northeast of Cimarron tunnel.

Lot 6825, about 700 feet northeast of Cimarron tunnel.

Lots 6828 and 6829, about 700 to 1,000 feet south of Tip

Top tunnel on west side of gulch.

. Lot 6810, on spur with saddle on east slope of range east

of Kelly.

8. Lot 6807, near north end of lower limestone exposure on
east slope of range due east of Kelly.

9. Lot 6809, just east of Paschal shaft.

0. Lot 6816, from thin-bedded limestone just below quartzite
bed at first bend in road southwest of fork in Tip Top
road.

11. Lot 6808, west of Young America mine.

12. Lots 6820 and 6823, west and north of Tri-Bullion mill.

13. Lot 6827, 500 to 800 feet southwest of Tip Top tunnel.

14. Lot 6803, 1,000 feet southeast of Young America mine.

15. Lot 6822, Basal shaly bed in gulch 700 feet west of Paschal

shaft.

16. Lot 6824, 500 feet north of Cimarron tunnel.

17. Lot 6800, 800 to 1,000 feet northwest of Tri-Bullion mill.

18. Lot 6802, 600 to 700 feet west of Tri-Bullion mill.

19. Lot 6821, 700 feet west-northwest of Tri-Bullion mill.

20. Lots 6812 and 6815, west-southwest of Grand Ledge tunnel.

21. Lot 6826, 800 feet- west of Tip Top tunnel.

22. Lot 6905, about 100 feet north of Mistletoe tunnel.

oy e o
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ABO SANDSTONE (PERMIAN)

The youngest Paleozoic formation in the Magdalena
district is the Abo sandstone, the lowest member of the
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Manzano group, of Permian age® It unconformably
overlies the Madera limestone. Although the Abo and
Madera formations are in contact at only a few places,
because of faults and of the intervening sill of por-
phyritic latite, there is apparently little angular dis-
cordance between them. The unconformable relation
is most strongly suggested near the south boundary of
the district, where the Abo sandstone overlies a beveled
surface of the Madera limestone that slopes 24° W.,
whereas the Madera strata dip 17° W. The uncon-
formity has been recognized in other parts of the
State.?> Darton ¢ states that “in most places the Abo
formation appears to lie unconformably on the Magda-
lena group, but the nature, duration, and extent of the
hiatus are not known.” The Abo, in turn, is uncon-
formably overlain by Tertiary volcanic rocks.

The Abo sandstone, which is exposed at intervals
from Kelly southward, consists of dark-red to locally
gray fine- to coarse-grained shaly sandstone beds,
mostly less than a foot thick, which alternate with
dark-brown to red or locally green sandy shales. The
red color is bleached to light gray along quartz veins
and to gray or greenish gray in occasional baked inclu-
sions in the adjoining sill of porphyritic latite. In
some places the sandstone grades into sandy shale
along the bedding. Cross bedding, ripple marks, and
mud cracks are common. Locally the basal bed is a
limestone conglomerate, the limestone pebbles of which
were apparently derived from the underlying Madera
limestone. However, near the south end of the district
the basal bed is arkose with prominent pink feldspar
grains.

- The maximum thickness of the Abo sandstone within
the district is about 175 feet, but most of the sections
studied are less than 100 feet thick. The thickest is at
the 7,800-foot hill just south of Mistletoe Gulch. One
of the best exposures, just south of the old aerial
tramway near Patterson Canyon, is represented below ;
however, it is in fault contact with porphyritic latite
and the basal beds are not exposed.

Section of Abo sandstone south of the old aerial tramway
near Patterson Canyon
Feet
Sandstone, pale red; overlain unconformably by andesite__ 25
Sandstone, red, fine-grained, with fragments of light-green

and gray sandstone Lepem R
Sandstone, red, ferruginous, micaceous; irregular bedding

planes 2 to 4 feet apart, partly weathered to thinly bedded

material. Cross bedding on large and small scale______ 18

% Herrick, C. L., Geology of the white sands of New Mexico: Jour.
Geology, vol. 8, pp. 112-128, 1900 ; also New Mexico Univ. Bull.,, vol. 2,
pp. 1-17, 1900. Lee, W. T., and Girty, G. H, The Manzano group of the
Rio Grande Valley : U. 8. Geol. Survey Bull. 389, pp. 10-13, 1909.

% Herrick, C. L., A coal-measure forest near Socorro, New Mexico :
Jour. Geology, vol. 12, p. 244, 1904 ; Lee, W. T., Note on the Red Beds
of the Rio Grande region in central New Mexico : Jour. Geology, vol. 15,
pp. 52-58, 1907 ; Lee, W. T., and Girty, G. H., The Manzano group of
the Rio Grande Valley, New Mexico: U. 8. Geol. Survey Bull. 389, pp.
12-13, and 39, 1909.

% Darton, N. H., “Red Beds” and associated rormations in New Mex-
ico: U. S. Geol. Survey Bull. 794, p. 20, 1928,

Section of Abo sandstone south of the old aerial tramwey
near Patterson Canyon—Continued
3 Feet
Pebbly sandstone containing fragments of the light and
dark-red members up to 4 inches in diameter; weathers

to irregular surface 6
Sandstone, red, coarse-grained, micaceous, with calcite
veinlets 5! 2
Sandstone, red to brown, weathers to thin irregular beds;
grades into a red arenaceous shale : 15
72

The age of the Abo sandstone was formerly believed
to be Pennsylvanian,®” although Herrick ** originally
believed the lower member of the Manzano group to be
Permian and the upper members younger. Its age is
now established as Permian.*

The following fossils from the Abo sandstone have
been identified by Dr. Girty:

Lot 6801.
contact:

On trail just south of district close to basal

Fusulina secalica.
Derbya aff. D. multistriata.

' Marginifera splendens.

Pustula symmetrica?
Composita subtilita.

Of these, Dr. Girty makes the following comment:

Qualified by the fact that this lot contains only 5 species, this
fauna marks a distinct departure from the Madera collections,
though perhaps no more of a departure than lot 6800, which
is proper to the Madera. Its stratigraphic position together
with certain suggestions contained in the fauna itself seem to
make it advisable to class the horizon of lot 6801 as basal
Red Beds.

A fossil plant horizon was found in the saddle just
north of the old aerial tramway. Probably the same
stratigraphic horizon is exposed to the northwest in
the southeast corner of sec. 1, T. 3 S.,, R. 4 W.
Specimens in lot 7983 were determined by David White
as species of “Walchia, intermediate between Walchia
piniformis and Walchia hypnoides”; another species
of “Walchia that is probably undescribed,” and “a
small fragment that is possibly referable to Walchia
piniformis.”? Darton * reports that G. E. Anderson
“collected a slab of red sandstone #* that showed a fine
impression of a plant, on which David White has
furnished the following report:

The fossil plant on the slab of red sandstone from the Abo
formation near Kelly, N. Mex., was considerably worn and
slightly macerated before fossilization, and some of the criteria
essential for its absolute paleontologic determination are lack-
ing. However, it appears to be a representative of the Callipteris

37 Lee, W. T., and Girty, G. H., op. cit., pp. 12, 16-17.

3 Herrick, C. L., op cit. (Jour Geology), pp 112-128 and (New Mexico
Univ. Bull.) pp. 1-17.

3 Lee, W. T., General stratigraphic break between Pennsylvanian and
Permian in western America : Geol. Soc. America Bull., vol. 28, pp. 169—
170, 1917 ; Notes on Manzano group: Am. Jour. Sci., 5th ser., vol. 4,
p. 325, 1920. Darton, N. H., “Red Beds” and associated formations in
New Mexico : U. 8. Geol. Survey Bull. 794, pp. 16-28, 1928,

“ Darton, N H., op. cit., p. 137.

4 Lost in the New Mexico School of Mines fire in 1928.
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group, of distinctly Permian type, and probably belongs to the
genus Glenopteris, described from the Wellington shale, which
in Kansas is considerably above the base of the Permian.
Though the evidence is not conclusive, because the identification

is somewhat uncertain, it is probable that this is a Permian
plant.

TERTIARY (?) SEDIMENTARY ROCKS

Along the west edge of the Granite Mountain area
are a few small exposures of gray fine- to medium-
grained sandstone of probable Tertiary age. Similar
sandstone, however, has been found, by reconnaissance,
to be rather extensively distributed in the Bear Moun-
tains to the west and north of the area. There are
many inclusions of it, ranging from an inch to tens of
feet in diameter, in the adjoining Tertiary (?) granite.

The prevailing gray color is locally modified by buft
and brown banding, especially next to joints. The
constituent grains are well-rounded to subangular and
consist almost entirely of quartz. They are poorly
cemented in the unaltered rock, but the inclusions in
the granite and the sandstone near the contact have been
hardened and in part converted into quartzite.

In general the sandstone is much fractured so that
its bedding and structure are obscured, but an expo-
sure in the arroyo about 3,200 feet east and 600 feet
south of the northwest corner of sec. 14, T. 2 S., R. 4
W., shows it to have at least locally a strike of N. 7°
W. and a dip of 62° W. This steep dip, which is much
greater than the general dip of the underlying volcanic
rocks, is undoubtedly due to local drag produced by
faulting, which may also account for the excessive
fracturing of the sandstone.

The age of the sandstone cannot be closely defined.
It is older than the granite, as shown by the numerous
inclusions in the granite, but nowhere within the dis-
trict is it in contact with the volcanic rocks. Just
northwest of the district, however, it is clearly overlain
by banded rhyolite, and as it dips westward it appar-
ently overlies the older volcanic rocks, which also dip
westward. Winchester 2 described a formation in the
Alamosa Creek Valley about 12 miles northwest of the
district as “consisting of a series of tuffs, rhyolites, sand-
stones, and conglomerates, which is probably of late
Tertiary age, although no fossils were found that lend
evidence for this assumption.” This formation he
named the Datil formation, as it is the most prominent
component of the Datil Mountains, in the southern
part of the region that he studied. It seems probable
that the sandstone in the northwest corner of the Mag-
dalena district is to be correlated with the sedimentary
members of the Datil formation, as it is similarly asso-
ciated with volcanic formations and is found in hills
that are the southern extension of the Bear Mountains
of the Alamosa district.

42 Winchester, D. H. Geology of Alamosa Creek Valley, Socorro
County, N. Mex.: U. 8. Geol. Survey Bull. 716, p. 4, 1921.

MAGDALENA MINING DISTRICT, NEW MEXICO °

QUATERNARY SYSTEM

The Quaternary formations of the district include
landslides, alluvium, and talus. The oldest of them
may be of Pleistocene or even Pliocene age, but there
is no basis for distinguishing between Pleistocene and
Recent deposits.

LANDSLIDES

The landslides, reduced to mere remnants by erosion,
are mainly confined to the southern part of the district,
where they cap a few spurs and upper slopes of sedi-
mentary and volcanic rocks. The most pronounced
areas are immediately north and south of the Young
America mine. One just south of Patterson Canyon
is almost surrounded by a high bench of alluvium.

The landslides consist of Carboniferous debris. The
one south of Patterson Canyon is made up essentially
of large blocks of Madera limestone and Abo sand-
stone, but those farther up the slope to the east con-
tain also blocks from the Sandia and Kelly formations.
Some boulders are as much as 100 feet long and 25 feet
thick, and some may be even larger. A prospect shaft
30 feet deep has been sunk in a block of cherty Kelly
limestone, and about 4,000 feet east of South Camp a
1,200-foot tunnel has been driven in landslide material.
A small amount of ore was mined by F. A. Gordon
from a block in the slide south of Patterson Canyon.

Scars indicating the breaking away of a landslide
are still recognizable near the crest of the range,
especially in the Kelly limestone in the vicinity of the
Young America and Woodland mines. The landslides
probably took place during a period when relief was
greater than at present and undercutting and over-
steepening were prevalent. It is quite probable that
the erosion of downfaulted shale beds west of those
mines permitted rocks to the east of the main fault zone
to break away and to slide down the dips of shale layers
at the base and top of the Kelly limestone. Subsequent
erosion has deepened the transverse gulches, leaving
landslide debris as caps to the spurs, but has not repro-
duced conditions favorable to the recurrence of
appreciable landslides.

ALLUVIUM

Alluvium flanks the western slope of the range and
completely surrounds the Granite Mountain area.
Within the district it is represented by fans that
spread over a gentle rock slope and grade into valley
fill. The covering of the rock slope ranges in thick-
ness from a veneer, as is well shown just west of
Kelly and south of Stendel Ridge, to 125 feet or more.
Tt consists of angular to rounded pebbles, cobbles, and
small boulders that have accumulated intermittently
over a considerable time. The older accumulations, -
which range in altitude from 7,225 to 7,850 feet on
the west slope of the range and from 7,900 to 8,275
feet on the east slope, have been considerably eroded
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and in places only remnants of them are left; but

where they have been protected from erosion they
grade imperceptibly into the more recent accumula-
tions. An attempt to show them separately on the
map has therefore been abandoned.

TALUS

The only areas of talus shown on the geologic map
are those on the east slope of Granite Mountain, where
the talus is sufficient to conceal considerable bedrock
and thereby seriously interferes with the interpretation
of local structural features. The talus, where not in
contact with exposed bedrock, grades into alluvium,
and its boundaries have therefore been drawn rather
arbitrarily.

TERTIARY (?) EFFUSIVE IGNEOUS ROCKS
GENERAL STATEMENT

The effusive rocks of the district—Ilatites, andesites,
and rhyolites—are found in the foothills and lower
slopes on the west: side of the main range of the belt
of Paleozoic sedimentary formations. In the Granite
Mountain area they predominate, but here also they are
found west of the sedimentary formations.

GRANITE MOUNTAIN AREA
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The different formations represented on the geologic
map can in general be distinguished by their character-
istic colors or textures and have been named accord-
ingly. They trend northward and have a general dip
of 25°-30° W., but locally they dip as much as 50° W.
or, as shown by the pink rhyolite, as little as 10° W.

Figure 2 shows the sequence and relative ages of
the formations in each part of the district. It also
expresses the restricted distribution and probable in-
terfingering and overlapping of the lower formations,
which were derived from at least two centers of erup-
tion probably beyond the limits of the area studied.
It is only by means of the banded rhyolite, which is
present throughout the district, that the sequences in
different parts of the district have been correlated.
The earliest eruptions evidently took place in the
northern part of the region. The large volume of py-
roclastic material shows that the eruptions were chiefly
violent, but the mode of extrusion, whether by fissure
or by central eruption, is nowhere shown within the
district.

The volcanic rocks, on the basis of local geologic
structure, are divisible into an earlier and a later group,

STENDEL RIDGE AND WEST

whose eruptions were separated by a period of fault-
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FIGURE 2.—Sequence of effusive igneous rocks and associated rhyolite sills in the Magdalena district
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ing, tilting, and erosion, but the earlier group may be
divided into two subgroups separated by a stage of
erosion and sedimentation. Rocks of the earlier group
include the latites, lower andesites, and the banded
and red rhyolites. The lower members of this group
overlapped southward on an irregular erosion surface
of somewhat deformed Carboniferous rocks, and south
of Kelly they interfinger with or are overlain by the
purple andesite, which was evidently erupted from a
different center. In the Granite Mountain area the
eruption of upper latite was separated from that of
banded rhyolite by a substage of erosion and sedimen-
tation represented by Tertiary (%) sandstone which is
well-exposed west of Granite Mountain beyond the
area represented on plate 2. Winchester*® describes
interbedded sedimentary and volcanic rocks in the val-
ley of Alamosa Creek to the northwest, where the
sedimentary rock is more prominent and may represent
a greater interruption to the volcanic sequence than it
does in the Magdalena district. In the southernmost
part of the district, however, the banded rhyolite and
the underlying andesites are in apparent conformity.
The members of the earlier group, both below and
above the sandstone horizon, dip from 30° to 50° west-
ward and appear to be conformable throughout, but any
angular discordance in dip that might be correlated
with this substage is obscured by a large sill of rhyo-
lite porphyry that was introduced along the contact
between the upper latite and the overlying rocks.
South of Kelly the rocks of the earlier group are cut
by a sill of latite porphyry.

Members of the later group include white felsite tuffs
in the Granite Mountain area and the upper andesite
and pink rhyolite south and west of Kelly. These
members dip westward at very low angles and overlie
members of the older group unconformably. The un-
conformity in the Granite Mountain area is distinct.
In the southwest part of the district the pink rhyolite
overlaps the upper andesite eastward and northward
onto the more steeply dipping red andesite and red
rhyolite, but the relation between the upper andesite
and the older volcanic rocks is obscure.

The later group also is cut by sill-like masses and
dikes of rhyolite porphyry identical with that in the
large sill within the earlier group. This porphyry,
therefore, is clearly the latest member of the volecanic
series, but it may conveniently be included in the later
group, as it was intruded before the major period of
disturbance that separated the volcanic period as a
whole from the later periods during which stocks of
granite and monzonite were intruded and ore deposits
were formed. s '

The volcanic rocks of the main Magdalena Range are
limited to the lower western slope. They gradually

43 Winchester, D. E., Geology of Alamosa Creek Valley, Socorro
County, N. Mex.: U. 8. Geol. Survey Bull. 716, pp. 4-5 and 9-10, 1921,

extend up the slope as they are followed southward,
reaching the crest a little beyond the south boundary of
the district; and from there they cover the entire range
for a distance of 20 miles.** This distribution, to-
gether with the thickness and dips of the volcanic rocks
within the district, leaves no doubt that the voleanic
rocks at least of the first stage once covered the entire
district. ‘

The volcanic rocks are considerably altered, and the
original character in some has been destroyed. Inso-
far as possible, however, the original minerals are
noted. Because of the altered character of the rocks
the classification of each must necessarily be based on a
microscopic study. The alteration products are in-
cluded in the rock descriptions, but the interpretation
and significance of the alterations are discussed in the
section on rock alteration.

LOWER LATITE TUFF

The lower latite, the oldest and least extensive of the
Tertiary (?) volcanic rocks, marks the beginning of
volcanism within the district. It is found only east
of Granite Mountain in a narrow irregular band of
northerly trend that covers about 20 acres. It rests
unconformably on the Madera limestone, with the ex-
ception of its southernmost outcrop, which overlies
shale of the Sandia formation. Its exposures are so
poor that nowhere can its strike and dip or thickness
be accurately determined, but as the overlying andesite
dips about 30° W., the dip of the latite is inferred to
be similar; and its thickness is estimated to be about
500 feet.

The rock is greenish gray and appears minutely
porphyritic because of the abundant grains of white
and pale-pink feldspar, which average about 1 milli-
meter in diameter, and the green specks of epidote.
No dark mineral can be recognized. Crystal frag-
ments, as shown in thin section, are estimated to con-
stitute from 50 to 70 percent of the rock. Their di-
ameters attain a maximum of 2 millimeters but are
more commonly 1 millimeter or less. They have the
random distribution characteristic of a crystal tuff
and are embedded in a matrix too fine grained to be
positively identified. Most of the fragments are pla-
gioclase and orthoclase, but a few are felsite. Quartz
forms small irregular grains and scattered bunches that
are probably secondary. Typical grains of magnetite,
apatite, and zircon are also present. Ferromagnesian
minerals are now represented by chlorite full of fine-
grained magnetite.

Other secondary products are epidote and calcite,
and in one section sericite. Orthoclase, which appears
as typical microperthite, and plagioclase are partly

4 Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., The ore de-
posits of New Mexico : U. S. Geol. Survey Prof. Paper 68, p. 248, 1910.
Darton, N. H., “Red beds” and associated formations in New Mexico :

U. 8. Geol. Survey Bull. 794, p. 136, 1928 ; Geologic map of New Mexico ;
U. S. Geol. Survey, 1928,
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A. LAMELLAR STRUCTURE IN WEATHERED LATITE TUFF ON THE EAST SLOPE OF GRANITE MOUNTAIN.

The sheeting dips about 10° W., whereas joints dip steeply to the east. La Jenze Creek is seen on the right. Nipple Mountain, to the north, lies outside the area mapped.

A% 27)

B. PHOTOMICROGRAPH OF PRE-CAMBRIAN GRANITE. SHOWING
PLAGIOCLASE- AND OTHER SALIC MINERALS PARTLY RE-
PLACED BY GREEN BIOTITE AND HASTINGSITE (DARK
AREAS). C. RAMIFYING VEINLETS OF BIOTITE PARTLY ALTERED TO

CHLORITE (DARK AREAS) AND CALCITE REPLACING FELDSPAR

IN PRE-CAMBRIAN GRANITE.

Minute veinlets are especially common along cleavage cracks in feldspar. Plain

1ght.

Crossed nicols.
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System Series Group Formation Section of rocks 'I‘h(i‘%es Character of rock
Quaternary. 0-100+ | Alluvium, talus, and landslide material; chiefly coarse and angular.
{ Gray sandstone, poorly ted bedded with Tertiary (?) volcanic rocks; underlain by
Tertiary () Datil (7). 0-100:+ upper latite and overlain by banded rhyolite. Found only in Granite Mountl’;ln area.
Permian. Monzano. Abo sandstone. 0-1754 | Chiefly red sandstone with some interbedded red shaly sandstone and red sandy shale.
Madera limestone. 6004 | Massive limestone, rather thin bedded in lower part, with some interbedded shale and quartz-
ite, especially near base; also contains a few lenses of limestone conglomerate.
E
1 i
| |
! |
| |
|
5 & ’
: | & l
= ‘ =
g Pennsylvanian, | 5
5 [t a8 &)
S it g o E
5, |
xS : Upper quartzite. 0-65 Quartzite with interbedded shale and limestone.
|
Upper limestone. Limestone.

Middle quartzite. 018 | Quartzite. i o T
‘,. [ e LS

| | Lower limestone. 65-t | Limestone with interbedded shale and quartzite.

Lower quartzite. 904 | Quartzite with interbedded shale.

1304 | Qray crystalline limestone with “silver pipe” near middie; conglomerate at base in places.

5 Mississippian. Kelly limestone.

Argillite, schist, felsite, gabbro, and granite, cut by diabase dikes.

GENERALIZED COLUMNAR SECTION OF SEDIMENTARY ROCKS IN MAGDALENA RANGE.

20088942 (Face p. 24)
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COLUMNAR SECTIONS SHOWING THE VARIATIONS IN CHARACTER AND THICKNESS OF THE KELLY LIMESTONE, THE $ \NDIA FORMATION, AND PART OF THE MADERA LIMESTONE.
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replaced with irregular blebs of albite. The abundant
epidote, which accounts for the greenish color of the
rock, forms irregular grains or radiating bunches up
to 2 millimeters in diameter and occasional well-formed
crystals. It indiscriminately replaces both the crystal
fragments and matrix. Calcite in irregular masses up
to 5 millimeters in diameter is found mainly in the
matrix, but it also replaces in part some crystal frag-
ments. Sericite partly replaces the feldspar. The
matrix may consist in part of quartz and other second-
ary products.

LOWER ANDESITE

The lower andesite, like the lower latite tuff, is found
only in the low hills east of Granite Mountain, where
it covers about 70 acres. Its northernmost exposure is
west of its general trend and has evidently been offset
along concealed faults, as suggested on plate 2. The
northernmost part lies on the lower latite tuff, but the
southernmost part overlaps onto shale of the Sandia
formation. In places white rhyolite has been intruded
along the lower contact, probably in the form of sills.
The lower andesite is overlain by the upper latite. It
consists chiefly of tuff with a few interbedded flows or
sills and is about 750 feet thick. The tuft is sheeted,
whereas the flows or sills are massive and are 2 to 3
feet thick. The tuffs and flows strike a little west of
north and dip about 30° W. The dip is considerably
less than that of the limestone and shale to the east
and clearly marks an angular unconformity.

The lower andesite as a whole is more variable in
appearance than the latites both below and above it.
The tuffs are dark green and differ in color from all
the other andesites of the district. Only occasional
fragments can be seen with the unaided eye. Some of
the flows also are green and resemble the nonporphyri-
tic lamprophyre dikes, but others near the middle of
the formation are dark purple where fresh and dark
gray where weathered. The texture of the flows
ranges from nonporphyritic in the green to decidedly

porphyritic in the dark-purple flows, whose prismatic

phenocrysts, which are as much as 7 millimeters in
length, are altered to a black material embedded in a
dense groundmass. Green specks of epidote are
common.

The tuffs, as seen in thin section, consist chiefly of
two kinds of rock fragments, a small amount of inter-
stitial epidote and calcite, and smaller amounts of
quartz and chlorite. The most common fragments are
andesite with rare altered feldspar phenocrysts in a
felty, very fine grained groundmass. They are only
slightly replaced by epidote and calcite. Less com-
mon are somewhat coarser and more altered fragments
that consist of an intimate intergrowth of altered feld-
spar, quartz, epidote, calcite, and chlorite. A few
fragments of altered hornblende are present and are
now represented by chlorite, quartz, and calcite.

200889—42——3

The purple rock, as shown in thin section, originally
consisted of brown hornblende phenocrysts in a micro-
granular groundmass of plagioclase laths and is there-
fore called hornblende andesite. The hornblende
phenocrysts have been in part replaced by chlorite and
in part by pseudomorphous rims of fine-grained hema-
tite with cores of calcite, chlorite, and quartz, and
represent the black prismatic phenocrysts seen mega-
scopically. The plagioclase laths in the groundmass
are considerably altered to sericite and calcite. Small
aggregates of secondary quartz and abundantly scat-
tered grains of hematite, epidote, and chlorite are also
present.

UPPER LATITE

The upper latite forms the east slope of Granite
Mountain, where it rests on the lower andesite, and
the eastern portion and crest of Stendel Ridge, where
its rests uncomformably on shale on the Sandia forma-
tion. It is overlain by the rhyolite porphyry sill,
which so closely resembles the-latite on weathered sur-
faces that it can be distinguished only by its abundance
of large quartz phenocrysts. For this reason the con-
tact between the upper latite and rhyolite porphyry
is somewhat arbitrary where exposures are poor. The
upper latite consists mainly of tuffs and breccias, with
a massive, interbedded flow near the top of the forma-
tion on Stendel Ridge. This flow and a mass of coarse,
purple breccia on Granite Mountain have been mapped
as distinct members of the formation. The upper
latite is probably the oldest volcanic formation in the
main range, but its age relation to the purple ande-
site to the south is not known (see fig. 2). Its average
dip is about 30° W., and its minimum calculated thick-
ness is 1,200 feet on Granite Mountain and 1,200 to
1400 feet on Stendel Ridge. The flow and the tuffs
are not easily distinguished from each other on fresh
surfaces, but in weathered outerops the tuffs and brec-
cias show a distinct lamellar structure (pl. 7, 4) in
which individual layers are an inch or more thick,
whereas the flows are massive.

Tuff and breccia—On Stendel Ridge the basal 15
feet consists chiefly of angular and some rounded
fragments of the underlying limestone, shale, quartzite,
and grains of feldspar and quartz derived from pre-
Cambrian granite. These grains locally give this basal
bed the appearance of rhyolite tuff. The matrix of
this bed consists of tuff, which in places has been so
much altered to epidote that it is yellowish green.
Above this basal bed is a massive gray tuff, which is
greenish on a weathered surface, has a uniform texture,
and is so crowded with crystals that it appears more
like a fine-grained crystalline rock. It probably repre-
sents a sorted material from which the finer ash parti-
cles were removed either by wind action during the
eruption or by the more rapid descent of the heavier
crystal fragments. The ecrystals consist chiefly of
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white plagioclase with an occasional pink orthoclase
grain and scattered little specks of a black mineral.

Most of the tuffs of the upper latite are purplish
gray, with a greenish tone on altered surfaces. At
the 7,410-foot peak on Stendel Ridge they are bleached
white. They resemble porphyry but their fragmental
character can be recognized by the large number of
chilled latite fragments, and their tuffaceous character
is especially shown by their lamellar structure on a
weathered surface and locally by beds or lenses of
breccia. The crystal fragments are mostly less than
3 millimeters in diameter but may be as much as 7
millimeters. They consist of white plagioclase and pink
orthoclase and a black ferromagnesian mineral.

The purple breccia member is well exposed on the
south slope of Granite Mountain. This apparently
thick zone can be traced to the north for only a short
distance before it pinches out. Farther north just to
the east of the peak are two horizons of purple breccia
with a few scattered quartzite fragments, and similar
rock is exposed on the northeast side of the mountain.
These exposures are very probably local lenses, for
none can be traced very far; yet locally they have a
thickness of 25 feet and more, and because of their
color are striking features. The breccia consists of
fragments up to 2 inches in diameter, many of which
are well-rounded, and simulates a conglomerate. The
fragments consist of whitish felsitic fragments em-
bedded in a purple to blue matrix.

One thin section of the lower tuff consists of about
70 percent of feldspar fragments, many of which have
partial crystal outlines, and only a few fragments of
latite. The feldspar fragments consist largely of
oligoclase-andesine and a few grains of orthoclase and
are considerably replaced by sericite and calcite. The
original matrix, which consisted of extremely fine-
grained material, is now largely replaced by chlorite,
sericite, and calcite. Most of the chlorite contains
small magnetite grains, especially around the borders.
A few small detrital grains of quartz, apatite, magne-
tite, and zircon are present, together with a little
secondary quartz.

Thin sections show most of the tuffs to consist ap-
proximately of 30 to 40 percent of crystal fragments
and 60 to 70 percent of matrix. The fragments are
predominantly of plagioclase, but a few are of ortho-
clase, and some are “ghosts” of a ferromagnesian min-
eral. The plagioclase (oligoclase-andesine) forms
rectangular to irregular grains and is somewhat re-
placed by sericite, calcite, and some epidote. The
original ferromagnesian minerals, chiefly biotite but
probably also hornblende, are now marked by local
segregations of fine-grained iron oxide with chlorite
and sericite. Quartz is partly in single grains about
1 millimeter in diameter, but most of it forms scattered
fine-grained aggregates up to 0.3 millimeter in diam-

eter, which show undulatory extinction and are prob-
ably secondary. Magnetite, apatite, and zircon are
the minor accessory minerals. The matrix consists of
a light-brownish microfelsitic material of low bire-
fringence that seems to be chiefly orthoclase. Calcite
associated with secondary quartz forms irregular
patches 2 millimeters in diameter that are irregularly
scattered through the matrix.

Flow.—The latite flow on Stendel Ridge is dark
purplish where fresh, but more commonly it is altered
to gray or greenish gray. It is porphyritic and re-
sembles the rhyolite porphyry of the intrusive rocks,
but quartz phenocrysts are absent. Feldspar, in crys-
tals mostly less than 2 millimeters in diameter, is the
predominant mineral ; but a smaller amount of altered
biotite is also present, some grains of which are dull,
scaly, and of hexagonal outline. The groundmass is
dense and flintlike.

Thin sections show the flow to be very porphyritic.
The phenocrysts constitute from 30 to 40 percent of
the rock, and of these the feldspars constitute about 75
percent and biotite, augite, and a little hornblende
about 25 percent. The feldspar is chiefly oligoclase-
andesine, with an occasional grain of orthoclase. The
oligoclase-andesine = forms rectangular to irregular
grains, many of which are rounded and embayed owing
to resorption. A few grains are zoned, and others
have been in part replaced by a later feldspar of lower
refringence, probably albite, which forms veinlets and
irregular stringers in these plagioclase grains. In
most sections the feldspar is slightly altered to sericite
and calcite and has occasional epidote grains, but in a
specimen collected from the small outerop south of the
Waldo tunnel the plagioclase has been almost com-
pletely replaced by sericite and calcite. One section
had a few rounded and embayed orthoclase grains.

Biotite is the most common of the ferromagnesium
minerals. It is partly or completely resorbed and is
thus not readily recognized megascopically. The partly
resorbed crystals contain fine-grained magnetite along
their borders and cleavage planes, and those completely
resorbed are represented chiefly by pseudomorphous
areas of fine-grained magnetite with interspersed chlo-
rite, quartz, and epidote, and in one section by musco-
vite. Augite, like the other phenocrysts, has undergone
partial resorption. and replacement by calcite and
quartz. Some grains are clouded with dustlike inclu-
sions of iron oxide. Hornblende is absent in most
sections, but a little brown hornblende is present in a
specimen taken near the crest of the 7,562-foot hill on
Stendel Ridge. Magnetite, apatite, and titanite are
the minor accessory minerals. The groundmass is
cryptocrystalline to microgranular, unlike that typical
of andesite, and probably contains considerable ortho-
clase. On the basis of the texture the rock is classed
as a latite.
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PURPLE ANDESITE

The purple andesite forms the basal volcanic forma-
tion south of Kelly. In most places it lies on the Abo
sandstone, in others on the Madera limestone, and in
still others it is separated from the sedimentary rocks
by the latite porphyry sill that extends southward from
Kelly. It is overlain by the banded rhyolite at the
south end of the district, where its contact is well-ex-
posed ; but in the low hills between Patterson Canyon
and Kelly it is in fault contact with some of the younger
volcanic rocks. It consists chiefly of tuffs and breccias
with some flow material near the top. 'The lower por-
tion is a rather coarse breccia, locally containing many
well-rounded fragments of the Madera and Abo forma-
tions as much as 5 inches in diameter and well-rounded
fragments of andesite, some of which are a foot in
diameter. The coarse layers are lenticular and are in-
terbedded with layers of tuff. The formation has an
estimated thickness of 1,200 feet.

The purple andesite presents some variations in ap-
pearance, but with few exceptions its purple color is
characteristic. Locally its color may grade into a lav-
ender or bluish tint, and at the contact with the Abo
sandstone it is red. The flow material near the top
of the formation is gray. Texturally the rock appears
porphyritic with white tabular plagicclase crystals,
most of which are less than 8 millimeters in diameter,
and a less prominent black prismatic mineral embedded
in a dense purple matrix.

Thin sections of the flow material are variable. The
phenocrysts constitute as much as 30 percent of the
rock and consist of plagioclase and an altered ferromag-
nesian mineral. The plagioclase ranges from sodic
oligoclase to andesine. It is partly replaced by calcite
in most sections and by albite in others. The ferro-
magnesian mineral has been completely altered to fine-
grained pseudomorphous iron oxide, which retains the
original mineral outline and suggests hornblende (pl.
10, B). The cores of the pseudomorphs may consist of
calcite and quartz impregnated with iron oxide. Aug-
ite has been observed in only one thin section and is
partly replaced by calcite and quartz. The groundmass
in some varieties is cryptocrystalline, showing micro-
spherulites and a mesh of hematite needles (pl. 10, 4),
which probably represent resorbed and oxidized am-
phibole.
but is distinctly limited to the groundmass. In other
varieties the groundmass is trachytic, and in still others

it is microgranular and consists of short plagioclase

laths bordered and in part replaced by albite. Second-
ary iron oxides disseminated through the groundmass
somewhat obscure it. Aggregates of quartz (all prob-
ably secondary), varying amounts of calcite, epidote,
and an occasional small flake of pale-green chlorite are
also present. Apatite and zircon are the minor acces-
sory minerals.

This mesh does not penetrate the phenocrysts -

The tuffs, as seen in thin section, consist of andesite
fragments and crystal fragments which are chiefly of
oligoclase and an altered ferromagnesian mineral, with
minor amounts of orthoclase, embedded in an extremely
fine grained matrix. The character of the matrix is
obscured somewhat by calcite and by iron oxide, which
is especially common along the borders of the fragments.
The oligoclase fragments are only slightly replaced by
sericite and calcite, but the original ferromagnesian
mineral whose outlines are like those of hornblende
is now represented only by aggregates composed of a
chloritic mineral, with or without sericite, calcite, and
quartz with a border of hematite. Quartz is variable
in amount, and most of it is probably secondary. It
occurs in small grains 1 millimeter in diameter, but more
commonly it forms mosaics with undulatory extinction
or irregular chalcedonic patches. Apatite, magnetite,
and zircon are the minor accessory minerals.

The andesite fragments are commonly unaltered and
are in sharp contrast with the altered tuffaceous
matrix. They consist of porphyritic andesite with a
felty to trachytic groundmass. The phenocrysts are
plagioclase crystals as much as 1.2 millimeters in length
and ferromagnesian minerals now completely altered to
muscovite with or without calcite and smaller amounts
of quartz; but their original outlines, marked by iron
oxide, resemble those of biotite, hornblende, and less
clearly augite.

BANDED RHYOLITE

The banded rhyolite, the only prominent banded vol- |-
canic rock in the district, is the most widely distributed
of the effusive rocks. It forms a discontinuous narrow
band about 4 miles long and is the only formation that
extends from the south end of the district into the cen-
tral area and thus permits the determination of the
relative age of the formations in the two parts of the
district with respect to each other (fig. 2). A small
exposure occurs at the north base of the range just east
of Anchor Canyon and 2 miles northeast of the main
mass, and extensive masses are found west of the Granite
Mountain area and in the hills north of La Jenze Creek.

West of Granite Mountain it overlies the Tertiary (%)
sandstone unconformably. In the central part of the
district it is separated from underlying latite or andesite
by the sill of rhyolite porphyry, and in the southern
part it overlies the purple andesite. The strike of its
banding in general conforms to the strike of the region.
The angle of dip is approximately 30° to 40°, but
locally, as west of Kelly, it may be 50°. The thickness
of the formation ranges between 250 and 400 feet in
the southern part of the region and apparently be-
tween 675 and 875 feet west of Stendel Ridge, although
the thickness may be exaggerated by concealed faults.

The banded rhyolite consists almost entirely of flow
material characterized by =alternating layers or thin
lenses of hard dark-colored and soft light-colored finely
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porphyritic rhyolite. Its prevailing colors are shades
of gray and pink, but at the south end of the district it
is purplish red and becomes redder toward its contact
with the overlying red andesite. The layers consist of
dense flintlike groundmasses containing thinly scat-
tered crystals of orthoclase, biotite, and a little quartz
mostly less than 2 millimeters in diameter. The band-
ing is intensified, especially in the southern area, by
thin lenses of gray finely granular quartz up to 5 inches
in length. In the gray facies in general, and in the
upper portion of the red facies, these lenses are mostly
less than a quarter of an inch long and give the
weathered surface a “knotty” appearance.

In thin section the rock is variable. The red facies
with a number of “knots” shows only a few phenocrysts
of orthoclase, which have been partly replaced by
mosaics of quartz. Quartz phenocrysts are rare and
small, usually less than 0.1 millimeter in diameter.
They are irregularly distributed and are embayed by
partial resorption. Remains of probable biotite are
marked by a few fine-grained aggregates of quartz
surrounded by rims of iron oxide. The lenses and
knots consist of very fine grained quartz, which is free
from the iron oxide dust that clouds the matrix and
accounts for its red color. Several lenses and stringers
consist of radial growths of brownish cryptocrystalline
material. These radial growths have an index of
‘refraction less than that of Canada balsam and proba-
bly are intergrowths of potash feldspar and cristo-
balite.#* They usually contain crystallized quartz at
the center and occasionally at the edge. It is evident
that the lenses are secondary and probably fill vesicles
of an original pumice. The groundmass is microfelsi-
tic fo glassy and is streaked by the unequal distribution
of iron-oxide dust.

The gray facies north of Kelly consists of a slightly

~porphyritic rock containing a few phenocrysts of
clouded orthoclase and partly resorbed biotite. Flow
structure is well-developed in the cryptocrystalline to
microgranular groundmass sprinkled with iron-oxide
-dust. Irregular streaks and aggregates of fine-grained
quartz are common. Included in the rock are several
finely sericitized rhyolite fragments that contain quartz
and orthoclase phenocrysts. Apatite and zircon are
minor accessory minerals.

The tuff at the base of the banded rhyolite is strati-
fied and has the general appearance of a sedimentary
rock. It is whitish to yellowish gray and in places is
streaked and banded by limonite stains. It ranges in
texture from fine-grained and chalky to distinctly
fragmental. Quartz and orthoclase with chalcedony
and opal are the only recognizable minerals. They are
accompanied by fragments of a whitish-gray to green
felsitic rock as much as half an inch in diameter.

Under the microscope the fine-grained tuff does not

4 Ross, C. S., oral communication.

appear very different from the gray flow rock except
for the absence of banding and the presence of con-
siderable sericite. From a rock composed chiefly of
siall glass fragments in a minutely granular matrix
the tuff grades into one in which fragments of rhyolite
and orthoclase constitute approximately 35 percent.
Plagioclase was noted in only one thin section. Biotite
is extremely scarce. Secondary minerals are most com-
mon in the more pseudoporphyritic and fragmental
varieties. The principal secondary minerals are seri-
cite and quartz, accompanied by considerable caleite in
cne thin section and by veinlets of quartz in others.
Iimonite pseudomorphs after pyrite are disseminated
through only one section, although limonite staining is
present in others.

RED ANDESITE ~

The red andesite, which is restricted to the area south
of Kelly, directly overlies the banded rhyolite near the
southwest corner of the district. In the foothills south
of Kelly it has been so faulted against older rocks or
partly covered by alluvium that its lower contact is
not exposed. It is in general overlain by the pink
rhyolite, the youngest of the effusive rocks in the south-
ern part of the district, but in the foothills just north
of South camp it is apparently conformably overlain
by the red rhyolite. However, the contact is not exten-
sive and is in general so obscured by debris that the
relation is indefinite. South of South Camp the red
andesite and the upper andesite form opposite banks
of a gully, but their contact is concealed by debris. It
is regarded, however, as an unconformity and is more
fully discussed on page 29. The red andesite consists
of 'interbedded flows and tuffs, although the tuffs are
found chieflly at its base. One of the basal beds 4
to 6 feet thick is whitish gray. The formation dips
30° or less westward, and it ranges in thickness from
about 500 to 800 feet.

The red andesite presents considerable variation in
appearance. The type rock has the appearance of red
hematite, and its texture is thoroughly dense or only
slightly porphyritic. It grades into a reddish-gray or
a purplish-gray facies, in which black altered pheno- -
crysts are few and average about 1 millimeter in diame-
ter. Some of the flows are dark gray and scoriaceous
at the top, and where their smaller vesicles are filled
with calcite or chalecedony they are distinctly amyg-
daloidal.

In thin section the typical red nonporphyritic ande-
site (pl. 10, €') consists mainly of small lath-shaped
andesine crystals in a dark-red matrix thoroughly im-
pregnated with iron oxide. It also contains many
small round cavities, most of them less than 0.1 milli-
meter in diameter, that are filled with chalcedony, but
some are filled mainly with calcite and others with
quartz mosaics. The largest vesicles (pl. 11, B) are
filled with calcite and lined with chalcedony from
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which a few prismatic quartz crystals have grown in-
ward. Calcite may also form irregular streaks and
patches. Phenocrysts of a ferromagnesian mineral—
augite or hornblende—have been altered and are now
represented by pseudomorphs of red iron oxide and
chalcedony.

In the porphyritic facies the original phenocrysts
whose outlines suggest hornblende are represented by
shells of iron oxide filled with chalcedony. They are
most common in the scoriaceous facies, but even there
they constitute less than 5 percent of the rock. The
groundmass is felty to trachytic and consists of plagio-
clase laths 0.2 millimeter and less in length. Minute
grains of iron oxide are peppered through the ground-
mass. The trachytic variety is much silicified with
fine-grained quartz mosaics interstitial to the feldspar
laths. In an andesite near the top of the formation
secondary calcite is bordered by a green mineral, prob-
ably celadonite. This mineral, which is better developed
in the upper andesite, is described on page 30.

RED RHYOLITE

An altered rock, tentatively determined as red rhy-
olite, is confined to three low hills north of South
Camp. It somewhat resembles the red andesite but
is paler and more purplish red and is more distinctly
silicified. It contains thinly scattered phenocrysts of
feldspar and biotite less than 1 millimeter in diameter
but no phenocrysts of quartz, although small cavity
fillings of quartz resemble phenocrysts. It is much
fractured and recemented by quartz veinlets in places,
and some of the quartz crystals that line cavities are
topped by small, tabular barite crystals. Quartz vein-
lets lined with red iron oxide are also conspicuous.

In some thin sections phenocrysts of orthoclase and
biotite are practically absent and in others they con-
stitute as much as 20 percent of the rock. The ortho-
clase is unaltered in part, but some crystals are
considerably replaced by a clay mineral of the mont-
morillonite-beidellite group. Some grains of similar
outline but completely replaced by a clay mineral and
quartz may represent plagioclase. Some biotite shreds
are slightly resorbed and have the usual border of
iron oxide. In some places ghosts of former crystals
whose outlines suggest hornblende have been com-
pletely altered to a mixture of yellow or brown clay
and chalcedony coated with iron oxide.

The groundmass ranges from glassy to granular and
is usually clouded with “dust,” the larger particles of
which are recognizable as iron oxide. In the coarser-
grained varieties orthoclase can be recognized. Quartz
veinlets are common, and quartz also occurs in small
aggregates and disseminated irregular grains, some of
which appear to be secondary and some primary. The
tentative recognition of primary quartz together with
the dominance of orthoclase among the phenocrysts

justifies the field designation of the rock as rhyolite,
although identity is obscured by the amount of
secondary quartz.

The red rhyolite evidently overlies the red andesite
in essential conformity and is capped in one place by
the pink rhyolite. Although its relations to the pink
rhyolite are obscured to some extent by faulting, the
red rhyolite was evidently beveled by erosion before
the eruption of the pink rhyolite, which rests on red
andesite a short distance east and north of the larger
exposure of red rhyolite. No contact between the red
rhyolite and the upper andesite is exposed, but the red
rhyolite is believed to be the older, because of its con-
formable relation with the red andesite, which, as
shown below, appears to be unconformably overlain by
the upper andesite.

The thickness of the red rhyolite is not determinable,
for nowhere in the district is its upper and lower con-
tact exposed in the same outcrop; nor is its angle of
dip known. But assuming an angle of dip of 30°,
shown by the red andesite to the south, the red rhy-
olite has a minimum thickness of 400 feet.

UPPER ANDESITE

The upper andesite, which is exposed in the extreme
southwest corner of the district, extends a considerable
distance to the west and northwest and constitutes the
lower parts of Magdalena Mountain and Elephant
Butte (pl. 3, 4), just beyond the west boundary of the
district. It is also red but distinctly different from
the red andesite previously described, as it contains
abundant well-defined phenoerysts of plagioclase,
biotite, and augite.

The upper andesite consists chiefly of flow material
but includes some tuff. In the extreme southwest cor-
ner of the district the upper andesite has a platy or
lamellar structure similar to that in the tuffs of the
other formations in the district. Its minimum thick-
ness is estimated at 300 feet, but its maximum thickness
is probably much greater.

The structural relations of the upper andesite are in
part obscure. The eastern boundary discordantly cuts
off the adjacent banded rhyolite and red andesite along
a gulch bottom and is so nearly straight as to suggest
a fault, but at no place was the contact with these rocks
actually seen. At the head of this gulch, however, the
pink rhyolite conformably overlies the glassy top of the
upper andesite and continues eastward over the red
andesite without being displaced. If, therefore, a fault
could have separated the upper andesite from the older
rocks, it must have formed before the eruption of the
pink rhyolite. It should have dropped the glassy top
of the upper andesite to the west, and erosion should
then have completely removed the upper andesite from
the area east of the supposed fault without removing
even the glassy top on the west. An alternative view
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is that the red andesite and banded rhyolite had been
previously eroded to a steep slope, perhaps along a
fault, and that the upper andesite later banked up
against the slope. The pink rhyolite was erupted so
soon afterwards that it flowed conformably over the
glassy top of the upper andesite, overlapping eastward
onto the erosion surface of the red andesite. This
interpretation is illustrated in plate 4 (sec. G-G”).

The upper andesite varies somewhat in appearance.
The type rock is light brick red, similar to the red
andesite, but is distinguished by abundant phenocrysts
of glassy to white plagioclase, 2 to 4 millimeters long,
black biotite, and pyroxene crystals 1.5 millimeters in
diameter. Furthermore, it is characterized by an
abundance of chalcedony geodes from a fraction of an
inch to 3 inches in diameter, fragments of which form
a distinctive feature of the weathered surface. Al-
though its megascopic appearance and its content of fer-
romagnesian minerals differ somewhat from place to
place, the upper andesite is not readily divisible in the
field into separate flows.

As seen in thin section the upper andesite ranges from
a hypersthene andesite to a hypersthene-augite andesite,
and in the glassy top of the formation biotite and brown
hornblende are also present. Phenocrysts form as much
as 25 percent of the rock, and of these the most com-
mon is plagioclase (labradorite), which occurs in well-
formed and tabular crystals conspicuously larger than
the ferromagnesian phenocrysts (see pl. 11, 4). The
feldspar phenocrysts are zoned and comparatively
clear, but many are in part replaced by calcite and by
stringers of a pale-brown mineral of the montmorillo-
nite-beidellite group, which lie along cleavage cracks and
also form central blotches. This mineral will be dis-
cussed more fully below. j

The most common of the ferromagnesian minerals
has been completely replaced by fine-grained aggregates
of celadonite with borders of hematite, but the outlines
of the original crystals are well-defined and their square
cross sections with truncated corners strongly suggest
that the original mineral was hypersihene. Few of
them are more than 5 millimeters long.

In the lower part of the formation the altered hy-
persthene was the only primary ferromagnesian mineral
represented, but in the middle and upper part augite
is also present. In contrast to the other pyroxene it
is unaltered and forms crystals up to 1 millimeter in
length. Still higher, in the glassy facies just below
the pink rhyolite, deep-brown and reddish-brown bio-
tite is present. In one thin sectioniron oxide associated
with secondary quartz may represent resorbed biotite or
hornblende. Bunches and streaks of fine-grained sec-
ondary quartz and geodes of chalcedony are common in
some places. The minor accessory minerals are mag-
netite and apatite.

The groundmass is trachytic and consists of small
feldspar laths in a brown glassy to cryptocrystalline

matrix. Minute grains of red iron oxide are dissemi-
nated through the groundmass. ,

The eastern part of the upper andesite just below the
pink rhyolite is a gray porphyritic glass of pitchstone,
in places somewhat devitrified, with phenocrysts of
glassy plagioclase (andesine), biotite, brown hornblende,
and less commonly augite and altered hypersthene.
Similar rock is abundantly exposed at the top of the
andesite in Elephant Butte, just to the west of the dis-
trict, and black andesite obsidian occupies the same
position in Magdalena Mountain, just to the north of
Elephant Butte. The glassy groundmass of the gray
pitchstone shows perlitic cracks, and that of the black
rock at Magdalena Mountain is full of radiating
trichites. Irregular patches and microgeodes of zeo-
lites with cores of opal and some chalcedony are com-
mon in the gray pitchstone (pl. 11, ).

Alteration products that are conspicuous microscopic
features of the upper andesite and are present to aminor

“degree in the underlying volcanic rocks deserve special

comment. The most abundant of these have the gen-
eral properties of the montmorillonite-beidellite group
of minerals. The mineral replacing the plagioclase is
pale coffee brown and forms micaceous and exceedingly
fine grained aggregates. The same or a similar mineral
has also replaced some of the feldspar and hornblende
(?) phenocrysts in the red rhyolite. In some thin sec-
tions hypersthene also has been replaced by a dark-
brown, fibrous mineral of strong pleochroism, whose
indices of refraction range from about 1.52 to 1.58.
Intergrown with the brown fibers is a very small amount
of green fibers, suggesting the possibility that the aggre-
gate consists of two minerals with birefringences less
than those recorded.

Other thin sections show a mineral that is similar,
but it is pale green and slightly pleochroic. The habit
of the aggregates is that of serpentine, but the bire-
fringence suggests clay minerals, probably rich in the
nontronite molecule.*

The dark-green mineral with fibrous habit that re-
places hypersthene a short distance below the top of
the upper andesite has indices of refraction, moder-
ately high birefringence, and pleochroism that agree
with those of celadonite. Some hypersthene crystals
are entirely replaced by this mineral, whereas in others
hematite fills the original transverse cracks and the
celadonite fibers or plates lie on both sides normal tc
the hematite-filled crack. In still others the celado-
nitic material encloses a pale coffee-brown opal whose
index of refraction is 1.420. Besides forming pseudo-
morphs after hypersthene, the celadonitic material also
forms ringlets (pl. 12, 4) and wormlike streaks in the
groundmasses of both the upper and the red andesites.
In the glassy top of the upper andesite it also sur-
rounds small growths of zeolites and opal, and in the

4 Ross, C. 8., and Kerr, P, F., The clay minerals and their identity :
Jour. Sed. Petrology, vol. 1, p. 60, 1931,
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crystalline groundmass it surrounds ecalcite and in-
clusions of groundmass in calcite.

These replacement minerals are the result of a selec-
tive process, for although hypersthene has been com-
pletely replaced and plagioclase partly replaced, augite
and biotite remain unaltered. These minerals are
usually regarded as the products of normal weathering,
but, as the groundmass is fresh and the rock does not
show the usual signs of weathering, they are believed to
be a product of hot solutions.

The two partial chemical analyses presented in col-
ums 1 and 2 below express the results of alteration.
The high silica content, compared with that of the
average andesite in column 3, may be attributed to the
development of quartz. The high content of ferric
oxide and almost negligible amount of ferrous oxide
express the development of hematite, and perhaps
celadonite and nontronite, at the expense of hyper-
sthene. The low content of magnesia also reflects the
replacement of hypersthene. The percentages of lime
. are not indicative, as the deposition of calcite tends
to offset any removal of lime during alteration of
plagioclase to montmorillonite or similar minerals.

Partial analyses of upper andesite and average andesite

1 2 3
S e e 64.93 | 63.41 | 59.59
e T 542 | 4.63 3.33
SR R NI .49 .41 814
e R T P TS .95 . 36 2.75
R SRR G SR R 3.64 | 421 5. 80

1. Upper andesite 2,000 feet due south of South Camp; A. R.
Ferguson, analyst.

2. Upper andesite from extreme southwest corner of district;
A. R. Ferguson, analyst.

3. Average of 87 samples of andesite; Daly, R. A., Igneous
rocks and their origin, p. 26, New York, 1914.

PINK RHYOLITE

The pink rhyolite forms the crest of the high spur
in the southwest corner of the district and caps some
of the low hills south and west of Kelly. It also caps
Elephant Butte and Magdalena Mountain, west of the
area mapped. At Magdalena Mountain (pl. 3, 4) the
capping flow connects with a dike of northerly trend
that forms the east cliff face of the mountain. For
the most part the pink rhyolite lies directly on the
red andesite, but at South Camp it caps the red rhy-
olite and in the extreme southwest corner it covers the
upper andesite. These relations together with its
relatively low angle of dip—about 10° W.—indicate
an unconformity at its base. Bleached tuffs at the
base of the pink rhyolite on the low isolated hill west
of Kelly have an abnormal dip of 65° W. The thick-
ness of the pink rhyolite within the district is about
400 feet, but its total thickness may be much greater.
The pink rhyolite is the youngest of the effusive rocks

with the possible exception of the white felsite tuffs
in the northwest part of the district. It is cut, how-
ever, in the low hills southwest of Kelly by the rhy-
olite porphyry, which is among the oldest of the
Tertiary (?) intrusive rocks.

The pink rhyolite comprises a lower member of tuft
and a dominant upper member of one or more flows.
Unquestioned tuff is found in the low isolated hill
west-northwest of Kelly. Its lower portion is well-
bedded and resembles cream-colored sandstone where
not appreciably altered, but the greater part of it is
bleached and peppered with rust spots. Where fresh
the flows are massive, but where considerably weathered
they have a pronounced platy structure; and in places
they contain so many inclusions they are not readily
distinguished from tuff. In the extreme south end of
the district the rhyolite contains many elongated cavi-
ties up to 2 inches in length. The cavities have their
long axes uniformly oriented, giving the rock a some-
what banded appearance, but marked flow structure
is absent. :

The type rock of the flows where fresh is mostly
pink or purplish pink and locally red, but weathered
surfaces are somewhat faded. It has a dense to finely
porous groundmass with thinly scattered phenocrysts
of orthoclase, quartz, and very little biotite that con-
stitute 5 to 10 percent of the rock. The orthoclase
phenocrysts are white to glassy and are as much ag
2 millimeters in length. The quartz phenocrysts,
which are thinly scattered colorless to smoky grains
about 1 millimeter in diameter, distinguish the pink
rock from the other effusive rocks, although minute
aggregates of secondary quartz in the red rhyolite so
resemble the quartz phenocrysts in the pink rhyolite as
to be misleading.

In thin section the phenocrysts of orthoclase and
quartz are shown to be commonly rounded and re-
sorbed. The orthoclase is locally a little sericitized
along cleavage cracks. A few shreds of unaltered
biotite are present, but the biotite is mainly altered to
pseudomorphic areas of fine-grained quartz and
sericite. j

The groundmass is cryptocrystalline to very finely
crystalline and somewhat vesicular. In places it is
partly impregnated with secondary quartz and
chalcedony. Cryptocrystalline to fibrous chalcedony
commonly fills or lines vesicles, and fine aggregates im-
pregnate the groundmass.

The typical tuff consists of crystal fragments of
quartz, orthoclase, a few plagioclase grains, and frag-
ments of rhyolite embedded in a very fine grained matrix
whose low birefringence corresponds to that of quartz
and orthoclase. The crystal fragments average about
1 millimeter in diameter. The tuff is roughly stratified,
fragments being more common in some layers than in
others. The more lamellar beds are seen in thin section
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to consist of dark brown pumice fragments of rounded
and cusplike outlines and a few crystal fragments in an
extremely fine grained sericitized matrix.

WHITE FELSITE TUFF

Remnants of bleached sheeted tuff beds flank the
north end of the lower andesite hills east of Granite
Mountain. They are light greenish gray and weather
to light gray or white. They contain thinly scattered
fragments of feldspar up to 4 millimeters in diameter
and conspicuous fragments of dull-green material.

In thin section the tuff is seen to consist mainly of
altered glass fragments, many of which are crescentic
and cuspate. Crystal fragments of albite-oligoclase, a
few orthoclase grains, a few minute crystals of zircon,
and altered rock fragments are also present. The cres-
centic and cuspate fragments are now replaced by min-
erals of the montmorillonite-beidellite group. The
matrix appears microfelsitic and locally contains con-
siderable chalcedony. Because of alteration and the
large amount of original glass fragments the true char-
acter of the rock is unknown, and it is therefore given
the noncommittal name felsite tuff.

The tuff dips at very low angles and is separated
from the underlying effusive rocks by a considerable
angular unconformity. It therefore corresponds in its
structural relations to the bleached tuff at the base of
the pink rhyolite; but it is too isolated and too differ-
ent in composition to be correlated with it. Its color
also suggests a close relation to the white rhyolite

dikes, the youngest intrusive rock in the district, but

it differs from them in containing a preponderance of
plagioclase and no quartz fragments. Its distribution
on an erosion surface of relatively low altitude sug-
gests that it was extruded after the other volcanic rocks
had been tilted and eroded to the extent that the relief
of the Granite Mountain area was almost as moderate
as it is at present. It may be, therefore, that the white
felsite tuff is the youngest igneous rock in the district.

TERTIARY (?) INTRUSIVE IGNEOUS ROCKS
GENERAL STATEMENT

The Tertiary (?) intrusive igneous rocks, insofar as
relative ages can be determined within the district,
are younger than all the effusive rocks, with the possi-
ble exception of the felsite tuff, and are divisible into
three groups. The earliest group comprises sills and
dikes of latite poryphyry and rhyolite porphyry, which
were intruded before the main period of faulting and
are therefore closely related in time to the effusive
rocks. The second group includes stocks of monzonite
and granite, which followed the main period of fault-
ing, and may have been localized at the intersections of
main fault systems. The small stocks of andesite on
Granite Mountain and the sill-like mass on Stendel
Ridge may also belong to this group. The third group
includes dikes of lamprophyre and white rhyolite,

which cut the stocks and older rocks and are the most
closely related in time and structural relations to the
ore deposits of the district. The rhyolite porphyry
of the first group and the members of the third group
extend throughout the length of the district, although
they are most conspicuous north of Kelly and in the
Granite Mountain area. The stocks are in the main
range north of Kelly and at Granite Mountain. The
stocks of monzonite and granite in the main range are
in contact locally with metamorphosed limestone. Al-
though no stocks are exposed south of Kelly, the pres-
ence of metamorphic minerals in limestone along a
major fault zone in the Linchburg tunnel 2 miles south
of Kelly suggests that there be another stock in that
vicinity at no great depth. Mouzonite is also exposed
at the north base of Magdalena Mountain, but its
extent has not been. determined.

The relative ages of members of any one group can-
not all be determined ; for example, the latite porphyry
and rhyolite porphyry of the first group have not been
found in contact, nor has the main monzonite stock
been found in contact with the granite stock, although
a dike of granite cuts typical monzonite in a minor
stock. The presence of late granitic facies in the mon-
zonite also suggests that the granite stock may be
relatively late. The andesite stock at Granite Moun-
tain cuts the rhyolite porphyry of the first group, and
the sill-like mass at Stendel Ridge is cut by monzonite;
but the relations of either andesite body to the main
period of faulting have not been determined, and it
therefore is not definitely known whether these in-
trusive andesites are the youngest members of the first
group or the oldest members of the second. In the
third group the dikes of lamprophyre are cut by those
of white rhyolite, which therefore is the youngest
igneous rock in the district with the possible exception
of the felsite tuff.

LATITE PORPHYRY

The latite porphyry occurs almost entirely as a
much-faulted sill that extends southward from Kelly
beyond the south limit of the district. It separates
the Madera limestone from the Abo sandstone or from
the purple andesite where the sandstone is locally ab-
sent. The small areas surrounded by sandstone near
the Linchburg tunnel evidently represent the top of
this sill, and the still smaller areas a little farther
north incude a short dike that has branched from the
top of the sill. Along Mistletoe Gulch west of the
sandstone area a small dike has intruded the overlying
purple andesite, and a little farther west another
mass that is poorly exposed appears to represent a
second sill intruded within or at the base of the red
andesite. A small dike was also found in the southern-
most workings of the South Juanita mine. The main
sill varies in thickness. Just south of the Mistletoe
mill it is only about 30 feet thick, although its broad
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exposures nearly parallel to its dip give the impression
of a much greater thickness; a little farther west down
Mistletoe Gulch its thickness exceeds 100 feet, and near
the south end of the district it apparently exceeds 300
feet. s
The latite porphyry is greenish gray with local
darker-gray, purplish, and pinkish colors. ~Its more
weathered outerops are stained brown and are pitted
from the weathering out of biotite phenocrysts. It has
a dense groundmass with 10 to 20 percent of pheno-
crysts, chiefly of plagioclase and biotite. A few micro-
phenocrysts of orthoclase and quartz, rather conspicu-
ous apatite crystals associated with biotite and mag-
netite, and a few zircon crystals are identifiable in thin
section. The plagioclase (albite-oligoclase) is so
thoroughly replaced by sericite, calcite, and a probable
clay mineral that its original composition can only
rarely be determined. The biotite has been bleached
and is partly replaced by calcite and chlorite impreg-
nated with iron-oxide specks and rutile needles or, in
some places, with calcite, sericite, and chlorite. The
extremely fine grained groundmass probably consists of
orthoclase, plagioclase, and quartz, but it is impreg-
nated with calcite, sericite, quartz, and brown specks
of iron oxide.
: LATITE DIKES
Besides the main sill and associated dikes of latite
porphyry, a few dikes of similar but not identical com-
position have been noted. They have not been corre-
lated with any of the larger intrusive masses. Only
three have been mapped—one in argillite southwest
of the Sleeper tunnel, one in argillite and gabbro south-
west of the Germany mines, and one in the latite on
Stendel Ridge. They are greenish gray, fine-grained,
and porphyritic. Their phenocrysts, which are about
1 millimeter in length and constitute about 30 percent
of the whole, include altered plagioclase and chloritized
minerals. In thin section the plagioclase is consider-
ably replaced by aggregates of sericite, epidote, calcite,
and chlorite. The original ferromagnesian minerals,
whose outlines imply hornblende and probably biotite,
have been entirely changed to chlorite or aggregates
of chlorite, epidote, calcite, and hematite. The
groundmass consists of a felty to microgranular mass
of feldspar prisms and irregular grains 0.1 millimeter
long, small irregular elongate grains of chlorite, and
interstitial quartz. Quartz also forms aggregates that
are clearly secondary. Hematite, apatite, and zircon
are the minor minerals.

RHYOLITE PORPHYRY

TYPICAL FACIES
The rhyolite porphyry, called granite porphyry by
Gordon,* is the most widely distributed of the Tertiary
(?) formations in the district. It is present at inter-

4 Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., The ore de-
posits of New Mexico: U. 8. Geol. Survey Prof. Paper 68, p. 248, 1910.

vals along a broken belt of northerly trend on the west
foothills of the main range and the upper slopes of
Granite Mountain and continues at least 2 miles farther
north. Most of its exposures are probably parts of
one originally continuous sill-like mass, which lies be-
tween the upper latite and the banded rhyolite, but the
smaller exposures south of Kelly include a dike and a
sill-like mass in pink rhyolite. Identical rhyolite
porphyry also occurs extensively in the Lemitar Moun-
tains about 12 miles to the east. A magnetic variety
caps three conical summits on Stendel Ridge, two at
the southeast end and one at the northwest end. Be-
cause of their magnetic properties, which may inter-
fere with surveying, and because of their alteration,
which has obscured their identity, these three masses
are separately indicated on the map and will be de-
scribed separately after the description of the normal
rhyolite.

The sill-like character of the main mass is best shown
around North Camp and on Stendel Ridge. Near
North Camp the top of the sill cuts across the flow
structure of the overlying banded rhyolites at very small
angles, although the sill has a gentle westerly dip similar
to that of the flow. Its base is concealed by faults and
alluvium at North Camp but is approximately indicated
by the small outcrop of underlying latite in the first
gulch south of North Camp. On Stendel Ridge the
base cuts across the platy layers of the underlying latite
tuff at small angles, although the contact is not clearly
defined. On Granite Mountain, which has apparently
derived its name erroneously from the rhyolite por-
phyry, the relations are very obscure. The rough
banding there even suggests an effusive origin, although
the poorly defined sheeted structure accords with a sill-
like form. There is no sharp line of demarcation here
between the rhyolite porphyry and the upper latite, as
the occurrence of quartz in the upper part of the upper
latite gives an apparent gradational effect. The struc-
tural position of the rhyolite porphyry, however, be-
tween the latite and the banded rhyolite that is just
west of Granite Mountain is the same as it is farther
south, and adequate exposures would probably prove its
intrusive character.

The rhyolite porphyry sill has a minimum thickness
of about 400 feet at the North Camp, 800 feet on Stendel
Ridge, and about 1,400 feet on Granite Mountain, but
at no place is the full thickness exposed.

The rhyolite porphyry is purplish red on the whole,
but fresh varieties with a glassy to microcrystalline
groundmass are deep purple to blue. Where it is hy-

-drothermally altered its weathered surfaces are gray

and pitted and irregularly stained by iron oxide. Its
groundmass is dense or microgranular, and phenocrysts
of plagioclase, orthoclase, quartz, and biotite constitute
30 or 40 percent of it. Abundant large phenocrysts of
clear to smoky quartz as much as 3 millimeters in diam-
eter distinguish this rock from all others of the dis-
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trict. Pink orthoclase, though variable in quantity, is
the dominant feldspar, and with white to gray plagio-
clase it forms crystals up to 5 millimeters in length.
Biotite, though subordinate, is conspicuous, especially
just north of the railroad, where it occurs in abundant
well-formed six-sided plates, which have weathered to
a bronze color. The rhyolite porphyry contains many
fragments of dark-purple, dense rock that are thought
to represent an early, quickly chilled variety of the
same intrusive mass.

In thin section the phenocrysts are all appreciably
resorbed (pl. 12, B). Thin shreds of biotite are largely
replaced by dustlike aggregates of hematite, and the
larger biotite grains are fringed with hematite which
in the more altered grains is accompanied by chlorite,
quartz, and rarely muscovite. The oligoclase-andesine
is most commonly unaltered, but in places it is largely
replaced by albite and sericite. The orthoclase, which
is somewhat microperthitic, is little altered. The
groundmass is microfelsitic to microgranular and in
places has a faint flow structure. It consists essentially
of untwinned feldspar, probably orthoclase, and quartz
and in the altered facies may be considerably impreg-
nated by calcite, which is scarce in the phenocrysts.
Secondary quartz forms small aggregates in the ground-
mass of the more altered varieties. The minor acces-
sories are magnetite, apatite, titanite, and zircon.

According to Gordon * “a partial analysis of this
rock was made in the laboratory of the Survey by
George Steiger, with the following results: SiO,, 69.32;
Ca0, 0.53; Na,O, 2.45; K,0, 5.54.” The rock is rather
typical of rhyolite, although the ratio of potash to soda
is a [ittle higher than in the average rhyolite.

MAGNETIC FACIES

The three masses of rhyolite porphyry that cap sum-
mits on Stendel Ridge largely resemble the neighbor-
ing rhyolite porphyry, but rock that more closely re-
sembles monzonite is intimately associated with them.
They differ from typical rhyolite porphyry or monzon-
ite in their ability to deflect a compassneedle. Compass
readings made from these summits and checked by fore-
sights and backsights were from 6° to 10° too far to
the east. Fragments on the surfaces of the summits
commonly have a polarity, one end attracting and the
other repelling the compass needle. Notwithstanding
this magnetic property, there is nothing in the mineral
composition of the rock to account for it, and it may be
attributable to some local abnormality in the earth’s
magnetic lines. Some fragments on these summits,
however, are not magnetic but resemble the rhyolite
poryhyry and feldspathic and porphyritic facies of
monzonite so closely that near the northwest end of
Stendel Ridge, where these rocks adjoin the magnetic
rock, only arbitrary boundaries can be drawn. At sev-

48 Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., The ore
deposits of New Mexico : U. S. Geol. Survey Prof. Paper 68, p. 248, 1910.

eral places typical monzonite and magnetic porphyry
seem to grade texturally and mineralogically into each
other, although their exact relations are obscured by
debris.

The two masses of magnetic cap rock at the south-
east end of Stendel Ridge have striking resemblances,
and the westerly slope of their lower contacts prompts
the suggestion that they are isolated remnants of the
rhyolite porphyry sill that has been somewhat invaded
by dikelets of feldspathic monzonite porphyry. The
underlying monzonite has a fine-grained or chilled
facies at its contact with the cap rock and is therefore
regarded as the younger of the two. Both the monzon-
ite and the cap rock contain dikelets and irregular
“patches” of feldspathic monzonite or monzonite por-
phyry, but structural details are obscured by debris.
If the magnetic cap rock is tentatively correlated with
the rhyolite porphyry, the main mass of monzonite may
be regarded as having been intruded along or parallel
to the base of the sill; but the contact of the two
magnetic masses with members of the upper latite
is too steep to indicate a sill-like relation, and the mass
is so far east of the main sill of rhyolite porphyry
that such a correlation would require an offset of
800 to 1,000 feet along a fault that was later obliter-
ated by the intruding monzonite. Such an interpre-
tation, though obviously very speculative, is consistent
with structural evidence as a whole, which indicates
that a former major transverse fault zone crossed the
area now occupied by the monzonite. Little or no
faulting would be required to account for the rhyolitic
facies of the magnetic rock at the north end of the
ridge.

From what we know both of local evidence and of
the processes involved in the intrusion of the mon_
zonitic stocks of the district, we interpret the origin
of the magnetic cap rock as follows: The rhyolite por-
phyry was first cut by the monzonite stock. Late in-
trusions and emanations from the stock formed felds-
pathic dikelets and impregnated both rocks near their
mutual contact with monzonitic material, so that the
original contact in most places was obscured if not
destroyed. Several facies without clear-cut relations
were formed that range from the original normal rocks
to such uncommon extremes as feldspathic quartz mon-
zonite porphyry and a porphyritic granophyre contain-
ing plagioclase phenocrysts.

In appearance the magnetic rock is much like the rhy-
olite porphyry except that large quartz grains are less
conspicuous. It ranges in color from a light gray, which
is the more common, to a dark bluish gray. It is dis-
tinctly porphyritic, with a dense microgranular ground-
mass; but in places it is so crowded with crystals that
it appears granular. This rather typical facies grades
into a less porphyritic rock and, apparently at least,
into nonporphyritic monzonite. White to gray plagio-
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clase, pink orthoclase, thinly scattered quartz, a few
grains of bronze-colored mica, and specks of a black
mineral can be recognized. Dense, dark-purple in-
clusions similar to those in the rhyolite porphyry are
common in some places.

The magnetic rock varies considerably both in com-
position and texture, as seen under the microscope.
In general it is distinctly porphyritic (pl. 12, ©).
Some thin sections show the phenocrysts to be so
abundant that the groundmass is merely interstitial,
whereas others show them to form less than 50 percent
of the rock. The phenocrysts in general show con-
siderable resorption. Those in specimens -collected
at the south end of Stendel Ridge consist of calcic
andesine, orthoclase, augite, and biotite, with a little
irregularly scattered quartz. Andesine in irregular
and rectangular grains up to 2 millimeters long pre-
dominates over orthoclase, and in one thin section no
orthoclase was noted. The plagioclase phenocrysts in
the lower part of the formation are commonly
zoned; in many thin sections the plagioclase is bor-
dered by narrow rims of orthoclase (pl. 12, D) and in
part irregularly replaced by orthoclase. Orthoclase
forms irregular grains up to 3 millimeters in length.
It is commonly clouded along its borders and cleavage
cracks, but its cores are clear, suggesting that the
clouding is a secondary feature. Quartz phenocrysts
are rare.

The ferromagnesian minerals vary in amount and
kind. They comprise augite, biotite, and locally a
little hornblende. No hypersthene was found. Thin
sections from the upper part of the formation have
only a few scattered flakes of partly to completely re-
sorbed biotite with very few or no augite phenocrysts.
Fresh, pale-brown, fine-grained biotite is locally pres-
ent in patches of micropegmatite and is believed to be
later than the other ferromagnesian minerals. Lower
in the formation augite is the dominant ferromag-
nesian mineral, and it occurs both as phenocrysts up
to 0.7 millimeter in length and as microlites in the
groundmass. Biotite, where partly resorbed, is marked
by a border of segregated magnetite and augite micro-
lites (pl. 13, €') or, where completely resorbed, by
pseudomorphous areas of magnetite and fine-grained
augite, with untwinned feldspar. The microlites, be-
sides being especially bunched along the borders of
partly resorbed biotite flakes where they are associated
with fine-grained magnetite, are scattered throughout
the groundmass. Whether or not all this granular
augite in the groundmass is a result of the resorption

of biotite, as is believed of the augite microlites in the -

groundmass of some andesites,* is not certain; but
there can be little question concerning that bordering
and replacing biotite. Primary hornblende is scarce

49 Washington, H. 8., The magmatic alteration of hornblende and bio-
tite : Jour. Geology, vol. 4, pp. 270—276, 1896.

and is very pale brown. Magnetite, apatite, and zir-
con, which are the accessory minerals, occur in typical
crystals. In one thin section from the southernmost
exposure what appears to be a secondary green to
orange pleochroic serpentine is sparingly scattered in
small irregular grains and shreds and pseudomorphs
through the rock, and some of it partly surrounds
augite.

The groundmass is microgranular and consists
chiefly of orthoclase with smaller amounts of quartz
and the augite microlites already mentioned. In some
thin sections quartz is very scarce and in others is
present only in small amounts of micropegmatite.

The magnetic rhyolite porphyry from the north
summit of Stendel Ridge is dominantly a feldspathic
facies. It consists chiefly of cloudy microperthite
phenocrysts with some oligoclase and an interstitial
groundmass that is partly micrographic. Calcite and
chlorite are relatively abundant in the interstitial
material. Aggregates of finely granular magnetite
with some chlorite suggests resorbed and altered bio-
tite. The feldspar phenocrysts are slightly sericitized.
This rock approaches the Tertiary (?) granite in
mineralogical composition and texture.

HORNBLENDE ANDESITE

The hornblende andesite is found on Stendel Ridge,
where it forms. three small outcrops—one a small oval
mass that is apparently intrusive into the rhyolite
porphyry, another a sill intruded into latite tuff, and
the third a small triangular block with obscure rela-
tions but evidently younger than the latite flow and
older than the monzonite. The third exposure may
be a part of the sill; if so, it was detached and lifted
during the intrusion of the monzonite.

The hornblende andesite is dark purple with a dense
to glassy groundmass in which small phenocrysts of
white to colorless plagioclase and hornblende pseudo-
morphs are thickly distributed (pl. 13, B). The pla-
gioclase (andesine) crystals—in general less than 1
millimeter and rarely as much as 2 millimeters long—
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