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ABSTRACT

The Langmuir Laboratory is located approximately
17 miles west of Socorro in the Mapgdalena Mountalns.
The lithologic units include andesite flows, a rhyolite
flow, welded ash-flow tuffs of varying composition, air-
fall tuffs, minor amounts of sandstone, a laharic brec-
cia, and a minor amount of Recent alluvium. Extensive
faulting tends to obscure some of the lithologic rela-
tionships. The major faults trend either N 330 W,
109 W, N 1On150 L, or W 1@ 1, They dip steeply to
the west and the southeast; one is nearly vertical.
The lithologic units are moderately altered by late
stage hematitization, carbonitization, silicification,
and srgillization. The radium content of the major
lithic units is¢ esgentially independent of rock type.
This may be a result of leaching of uranium by carbonate-
bearing solutions during hydrothermal alteraticon or of
regional varlations in uranium content of igneous rocks.
Radium values in the rocks analyzed average 0.31 x 10“6
ppm for the andesites and 0.40 x 10"6 ppm for the rhy-
olites., DRadicactlive sources cannot be related to
individuael mineral specles. The Purple Rhyolite does
contain metamict zircon crystals, however most of the
radiozctivity appears to be randomly aistributed in the

groundmass of the rock.
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'GEOLOGY OF THE AREA AROUND THE
LANGMUIR LABORATORY, MAGDALENA MOUNTAINS
SOCORRO COURTY, NEW HEXICO

INTRODUCTION

Purpose

The purpose of this thesis is to study the geology
of the South Baldy~~Sawmill Canyon area of the Magdalena
Mountains in central New Mexico (sec figure 1). The
Irving Langmalr Atmospheric Physics Laboratory of the
New Mexiéo Institute of Mining and Technology is situated
on the crest of the range about one mile socuth of South
Baldy Peak. The particular interest of the laboratory
is the study of thunderstorms. Radon-222 emanations
around the laboratory also have been closely studied by
one of the atmospheric physics groups. The geology and
petrology of the area was studied in order to delineate

possible radium distributions in the various rock types

Radon-222 is the principal davghter product of radium-
226, and thus the radium comtent of the rocks is critical

to an understanding of radon emanation.
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Location and Accessibility

The region studied 1is located in the south-central
portion of the Magdalena Mountains, Socorro County, New
Mexico. Langmuir Laboratory is 30.9 miles by road from
Socorro. By alr this region is approximately 17 miles
west and south of Socorro.and 10 miles southeast of the
tovn of Magdalena. The area studied lies within an area
bounded by longitudes 107° 07¢ 30" and 107° 12' 30",
and latitudes 33° 57' 30" and 34° 00! 00",

The Water Canyon Road to Langmuir Laboratory makes
the‘ar@a accessible to vehicles. This road is reached
by driving west on U.S. Highway 60 from Socorro. Two

foot trails skirt the area studied. On the west 1s the

Hardy Canvoni Trail which continues north along the crest
y LT

of the mountains to North Baldy. On the east is the

Sawmill Cenyon Trail.

Methods of Study

The base map for the area studied is the United
States Department of Interior, Geological Survey unpub-
lished topographic map of the South Baldy Quadrangle,
Socorro County, New Mexico, 7% minute series, scale
1:24,000, The pertinent section of the map was enlarged
four times to a scale of 500 feet per inch for mapping
purpoées. The field work was done during the summer of
196%. Thunderstorms were particularly frequent from the

end of July through August, and interfered with field




work. Fog prevented field work early in September,
Outcrop positions were determlned in one of three ways,
or by a combination of methods. A Brunton compass was
used for triangulstion and for compass traverses to the
outcrops. A compass traverse was done only when there
were.no landmerks visible for triangulation. The third
method was to use a bearing on one visible landmark in
conjunction with an elevation reading on an aircraft
altimeter. The altimeter was also used in determining
the heights of wverious outcrops.

In the laboratory, fifty-five thin sections were
gtudied as well as the corresponding hand specimens. Thin
section identifications are based upon works by Carrigy
and Mellon (1964); Deer, Howie, and Zussman (1962);
Heinrich (19%8); and Kerr (1999). Plagioclase compo-
sitions were determined mainly by the Fouqué method
and occasionally by the Michel-Lévy method. Mineralogic
composition percentages are visual estimates. Petro-
logical classifications follow those of Williams, Turner,
and Gilbert (195%). The radium content of the volcanic
units was determined by a modified version of the
proceedure described by Rosholt (1957) (see page 55 of °

thesis).

Previous Work
The only previous work which mentions specifically

the geology near Langmulr Laboratory is the roadlog



(Rudding and Gross, 1963) for field trip 10 of the 1963
New Mexico Geological Society field conference. Geologlce
studies have been made of the Magdalenz Mining District
(Loughlin and Koschmann, 1942; and Titley, 1959) and other
districts in the Magdalena Mountains (Lasky, 1932). The
Water Canyon area was the subject of a master's thesis
(Kalish, 1953) and has also been studied by students in
the New Mexico Institute of Mining and Technology's

summer field geology course. In a brief survey of the
Cenozoic volcanic rocks of Socorro County Weber (1963)

cites exposures in the Magdalena Mountains.

Topography and Drainage

The Magdalena Mountains have precipitous relief.
The highest elevation, South Baldy Pesk, 1s 10,780 feet
above sea level. To the west of the peak slopes exceed
1900 feet per mile in the first mile; to the east the
relief is‘not so abrupt. About five miles northeast, the
elevation of the mouth of Water Canyon is only slightly
gréater than 6000 feet, Within the ares mapped, elevations
range from 8400 feet in Sawmill Canyon to 10,630 feet at
Langmuir Laboratory and 10,780. feet at South Baldyj; the
relief averages 2500 feet per mile. Twenty-to fifty- |
foot c¢liffs in stair-step fashion are common. Bast of
the léboratory a cliff averaging 200 feet in height is
the most prominent feature.

The genersl drainage pattern is radial from the ridge



connecting South Baldy and the labératory. Some of the
streams are feult controlled; for example, Water Canyon
in the region studied by Kalish. Sawmill Canyon is also
controlled to some extent by faulting. In the region
examined the only flowing water observed was in Sawmill
Capyon immediately above and below the dam (see plate I),
at the spring by the old Forest Service cabin on the south
side of South Baldy, and at the spring south of the labo-
ratory at an elevation of about 9300 feet., The stream in
Sawmill Canyon may be described as a perennlal interrupted
stream. TFrom a few hundred feet below the Forest Service
cabin spring to a few hundred feet above the dam there

is only intermittent, influent flow.

Climate and Vegetation

The climate of the South Baldy-Langmuir Laboratory
area 1is cool with many thunderstorms during the summer
and snow in the winter, Weather déta has been recorded
since July, 1962. Table 1 lists the temperature ranges

and total precipitation recorded during this period of

Table 1. Temperature & Precipitation Data, 1962-1967

temperature °F 1967 1966 1965 _196% 1943 1942

maximum 76 82, 77 79 80 %
mean maximum L8.6 £0 L9 48,6 50,8 64
minimum -6 oy -8 -6. ~10 *

mean minimum 31.0 31 31 29.3 3.7 36
R ouly throuegh December .

total precip- ) N

itation 18.67 16.74% 23,56 16,92 18.15 12.78

(inches)




of five and a half years at the laboratory. During 1967

approximately one-fourth of thé total precipitation was

snow; there was a light snowfall on May 31. Approx-

imately ten inches of precipitation fell in June, July,

and August. Table 2 summarizes the data for summer, 1967,
Table 2. Temperature & Precipitation Data

summer 1967
Temperature ©I June Jul August
£

maximum 72 70 72

mean maximumn 61 69 63

minimun 28 40 38

mean minimun L1 17 5
Precipitation

(inches) 1.93 3,81 L, 3

. In the Magdalena Mountains the vegetation ranges
from the cholla, prickly pear, and yucca of the Upper
Sonoran Zone (Kalish, 1953) in the lower foothills to
the Hudsonian life zone around Socuth Baldy Peak. Wind-
swept spruce grows on South Baldy snd on the ridge south
to the laboratory mixed aspen-spruce~fir forest occurs
along the slopes below the wind swept ridges. Evergreen

species noted are Englemamn Spruce (Picea engelmanni Parry),

Blue Spruce (Pices pungens Engelm.), Douglas Fir (Pseudo-

tsuga taxifolia), Limber Pine (Pipus flexilis), and Ponder-

osa or Yellow Pine (Pinus ponderosa) (Little, 1950).

naking Aspen (Populus tremuloides) is extensive around
£ p

the laboratory and the top of the mountain. The groves

extend down old talus slides. Gambel Oak (Quercus gambelii)

was observed on the slope south of the laboratory at an

elevation of 9200 feet, and also in Sawmill Canyon.

7




Mountain Mahogany and chokecherry shrubs were also observe
ed, Thus, within the area mapped the vegetation types
generally belong to the Canadian and Hudsonian life zones
(Little, 1950). Sunny, well-drained slopes often had a
small cactus of the hedgehog variety. In the sunny meadows
wild "iris, wild onions, eidelweiss, paintbrush, and asters
grow. In the shadier areas primroses, shooting stars,

violets, maldenhair fern, and mosses flourish.
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LTTHOLOGY AND STRATIGRAPHY

Regional Lithology

The Magdalena Mountains are a typical horst of the
Basin and Range geologic province and 1ie in the south-
cast extension of this province. The north-south trend-
ing range consists of tilted and faulted volcanic and
sedimentary rocks which, in the northern portion, un-
conformably overlie Precambrian rocks. The sedimentary
and Precambriazn rocks do not outcrop south of Water Canyon.
The gsedimentary rocks are limestones, shales, and quart-
sites of Carbonifercus (Loughlin and Koschmann, 1942) and
Permian (Kelish, 19%3) age. The Precambrian rocks include
granite, greenstone (Kalish, 19%3), gabbro, felsite, dia-
base, and argillite (Titley, 1959), The Tertiary igneous
rocks are both extrusive and intrusivej granite and mon-
zonite stocks are found at the northeastern end of the
mountains while volecanic rocks predominate from Water
Canyon south. ,

The volcanic rocks beiong to the Datil-Mogollon vol-
canic field. The Datil Formation is the most widespread
of the volcanic units in this field (see figure 2) (Meber,
1963). The Magdalena lountains are part of the eastern
edge of this field. In this general region of Bocorro
County, the Datil Formation consists of two units; & lower
latitic unit--the Spears Member, and an upper rhyolitic

unit--the Hells Mesa Member. The Hells Mesa Member is
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predominantly a crystalline tuff with andesitic and
pyroclastic units locally present (Willard, personal
communication, 1968); Welded tuffs are especlally pro-
minent in outcrops. Locally, volcanic sediments are
interlain with the tuffs. Colors of the highly-welded
tuffs and flows vary froﬁ dark red and purplish shades
to brown., The less welded ones may be white; however,
pinkish shades, pale grays, and tans are the most cbmmon
colors for the whole member. The thickness of the Hells
Mesa Member varies from approximstely 250 feet in the
nofthern Bear Mountains to more than 2000 fect elsewhere.
In the San Mateo Mountains the thickness of the unit is
is of the order of several thousand feet and the rhyolite
is interlain with rocks of andesitic and latitic compo-
sition (Weber, 1963).

Potéssium—argon dating has given ages of 32.2 and
32.6 million years for a semiwelded rhyolite tuff of the
basal unit of the Hells Mesa Member, and 31.9 and 32.3
million years for a vitric crystal tuff of this member
(Burke, Kenny, Otto, and Walker, 1963). Another potas-
sium~argon date on biotite from a welded tuff in the
Bear Mountains type section of the member gave dates of.
29.4 and 31.8 million years (Weber and Bassett, 19583).
This places the Hells Mesa HMember in the 0ligocene.

The Spears Member of the Datil Formation is & se-
quence of quartz latite tuffs, agglomerates, breccias,

flow breccias, and volcanic sediments. Colors vary

K




from shades of green, blue, and gray to red and purple.
Interbedded flow breccias, andesite flows, and minor
tuffs are common in the upper part of this member and
also interfinger slightly with the overlying rhyolitic
sequence of welded tuffs. In the San Mateo Mountains
latite brecciss and flow-banded latites are the pre-
dominant units. A massive rhyolite tuff underlies them.
The thickness of this portion of the Datil Formation is
about 1350 feet at the type section at Hells Mesa.
Potassium-argon ages indicate thet the Spears lember

is Oligocene~Upper Bocene in age (37.1 million years)

(Weber, 1963).

Local Lithology

No .attenpt is made in this paper to compare the
units studied with either the Hells lMesa Member or
Spears Member of the Datil Formation. However, with
the excewtion of the Quaternary Alluviﬁm, all the rock
units are believed to have been deposlited within the
Oligocene and Upper Bocene Epochs of the Tertiary
Period since Weber (1963) includes the volcanic rocks

of the Magdalena lountains in the Datil Formation,

Dark Gray Andesite
The Dark Gray Andesite is the oldest unit in the
stratigraphic column. It crops out south of Langmuir

Laboratory with the best exposures near the top of the

12




unit. It‘is interpreted as a massive lava flow. Its
thickness was not determined.

The Dark Gray Andesite has both aphanitic and
vesicular zones with the latter being most common in
the uppermost exposures. The aphanitic areas are occa-
sionaliy very finely porphyritic. Phenocrysts in the
vesicular portions are larger, but do not exceed 1 mm
in average diameter. The crystals are both enhedral and
anhedral. The texture is trachytic. Table 3 shows its

composition. No plagioclase zoning was observed. The

Table 3. Composition of Dark Gray Andesite

Composlition Vol, %
Phenocrysis 20
plagioclase 10
potash feldspar 1
magnetite & hematite 1
Groundmass 50
plagioclase L0
magnetite, hematite,
& augite 10
Secondary alteration 20

plagioclase falls within the oligoclase-andesine compo-
sition range, i.e., in the range An 20 to An 50, Most
of the hematite 1s derived from alteration of the mag-
netite. Occasionally there are large crystals that have
completely altered to clays, zeolites, and hematite.

The shape sugzgests that they are relicts of hornblende.
The zeolites are fine grained with a radiating, fibrous
habit. Most of the plagioclase crystals are altered to

clay and replaced by calcite. The vesicles are filled
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Plate IV. Dark Gray Andesite
Prachytic texture. Vesicle filled with clay and
zeolites., The large crystal is altered to clay
and outlined with hematite. X 25
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with clay, zeolites, calcite, and quartz. vThe quartz was
the last product to form. The vegicles vary from about

2 mm to 10 mm in diameter. The color of a fresh surface
varies from medium light gray (N 6) to grayish black (N 2)
while a weathered surface is\mostly a dark gray (N 3)
(Rock~-color Chart, 1963);

The Dark Gray Andesite is a dense, non-porous rock,
and serves as a barrier to ground walter movement, vThis
is indicated by a spring at the contact between this
uit and the overlying Tuffaceous Unit. The contact
between the two units is sharp and'trends N 390 W within

the area mapped.

The Tuffaceous Unit

The Tuffacecus Unit is 1ocatéd immediately above the
Dark Gray Andesite south of the laboratory. It is seen
in no other location in the area mapped, This unit
consists of four subdivisions--an interbedded tuff breccia
and volcaniclastic sandstone at the base, a rainbow-hued
air-fall tuff immediately under a red, welded ash-flow
tuff, and a white air-fall tuff at the top. The inter-
bedded tuff breccia is quite resistant to weathering and
forms a distinct outcrop along the slope. Topographically
it is expressed by an abrupt steepening in the slope.
The fwo middle members of the unit are not as resistant.
Thus there is a more gentle, bench-like slope between

the tuff breccia and the white air-rall tuff which is

1




again resistant. The white air-fall tuff crons out
like a retaining wall along the mountainside, The tuflf
breccla is the most limited in extent and pinches out
to the west against the Dark Gray Andesite. The Tuffa-
ceous Unit has a maximumm thickness of about LBO feet.
However, faulting and erosion cause 1t to have an out-
crop thickness of approximately 100 to 140 feet.

The interbedded tuff breccia and volcaniclastic
sandstone is the basal member of the Tuffaceous Unit and
overlies the Dark Gray Andesite. This member is very
well-bedded with the beds striking north-sputh and dipping
30° E. The individual beds vary in thiclness from 3/% of
an inch to six inches. The total thickness of the member
is approximately six feet, Resting immediately upon the
andesite is a fine gralned, dark brownish gray (5 YR h/1)
volecanic graywacke (Williams, Turner, and Gilbert, 1954,
Its median grain diameter is .07 mmj the size range is
from .03 mm to .20 mm, i.e., from a coarse silt to the
upper size boundary for fine sand, The grains are very
angular and are tightly packed. The sorting is poor.

Its mineralogic composition is given in Table M.

This volcanic graywacke bed has a thickness of' two inches.
The other sandstone layers belong more to the volcanic
arenites. They are also lighter in color, being elther
reddish or grayish brown. Some layers contain abundant
1lithic fragments along their bottom boundaries. The

comnorn thicknesses are 3/4% and one inch.

15



Plate V. Tuffaceous Unit
Dr. Clay T. Smith by the outcrop of the inter-
bedded tuff breccia and volcaniclastic sandstone.

Plate VI. Tuffaceous Unit
Close-up of the interbedded tuff breccla and
volcaniciastic sandstone. The hammerhead 1s
resting upon the underlying Dark Gray Andesite.




Table 4. Composition of basal graywacke
Tuffaceous Unit

Composition Vol., %

Framework Graing 62
plagioclase 10
sanidine 15
quartz (some chert) 17
magnetite 10
andegite frapgments 10

Matrix 18
clay 30
ash 8

The tuff breccia layers average 5 to 6 inches in
thickness, Commonly the boundary is slightly gradational
from sendstone to tuff brecciaj occasionally it is sharp.
However, tuff breccia never grades into sandstone; that
boundary is sharp. Within the tuff breccia layers there
are gradations from a more lithic to a more crystalline
character. Rock fragment content varies from 30 to 50%
and the érystal content varies from 20 to 5%. The ground-
mass or matrix remains at 495 to 55% of the rock. The
rock fragments are small, ranging from .40 mm to 2.80 mm
in diameter. Also there are some of about .06 mm dlameter
that are included in the matrix. Typically the lithic
inclusions are predominantly pumice or glass; subordinate
andesite and rhyolite fragments are present in about equal
amounts. The rhyolite shows varicus characteristics of -
flow and welded rocks., Glass fragments, lithified ash,
chert; and tuff breccia are also present. The lithic
fragments are all angular, and the phenocrysts are broken.

Feldspars are the dominant phenocrysts. Sanidine 1s

16
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Plate VII. Tuffaceous Unit
Tuff Breccia. Perlitic cracks in glass fragments;
ash in the groundmass. X 25




slightly more common than plagioclase. A few zoned
plagioclase crystals were noted., The plagioclase 1is
oligoclase, The quartz crystal content varies from

an abundance equal to the feldspars to only a few
scattered crystals, In some layers magnetite and hem-
atite-are quite common along with biotite. 1In other
layers these minerals are scarce. The content of the
groundmass is varied. Clay minerals are common to all
layers. Shards, undeformed or only slightly deformed,
are present in some layers. Small crystals and ash
from .O% to .02 mm in diameter are commonly. present as
is also hematite. Some layers have a green coloration
from chlorite. The outcrop as a whole has a light gray
appearance., Individual layers of the tuff breccla may
vary from a very light gray (N 8) to pale red (SR 6/2,
1OR 6/2) to pale brown (5YR 5/2).

Tmmediately overlying the tuff breccia is a vividly
orangé—pink air-fall tuff. The tuff is wmost vividly
colored (a moderate reddish orange (10R 6/6) and light
red (5R 6/6)) above the tuff brecciaj; around the slope
to the west it fades to a moderate pink (5R 7/4) and a

grayish orange-pinlk (5YR 7/2) which then interfingers

with a pale grayish yellow green (5GY '7/2) color. Above

the green and flesh colored portions is a light grayish
blue (5PB 6/2) air-fall tuff. The green to orange-pink

tuff varies in thickness from about 40 feet to approxi-

17
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mately 200 feet. The blue portilon has an estimated
thickness of 70 feet. Both the colored tuffs and the
tuff breccia pinch out to the west against the Dark
Gray Andesite. Bxact thicknesses and relationships
between the colored tuffs are obscured by faulting
but %he units seem to thicken toward the east.

A fresh surface of the vivid, orange~pink tuff is
a paler version of the weathered color. This tuff con-
tuins about 3% of small, 2-5 rmm diameter, rhyolite and
andesite fragments. Pumice, again of very small size,

may be as much as 10 to 15%., Phenocrysts average about

25% of the rock and are mostly feldspar with some blotite,

magnetite or hematite, and quartz. The crystals and 1i-

thic inclusions are randomly oriented, but the pumice

seems Lo be in a roughly parallel arrangement. The feld-

spars and the matrixz are intensely altered, probably to
clay.
Table 5 lists the composition of the green variant

of the tuff. The matrix was mostly ash and is now clay,

Table 5. Composition, green tuff, Tuffaceous Unit

Composition Vol. %
Phenocrysts 15
plagioclase i
sanidine 7
quartz 1
magnetite & hematite 3
Lithic frapments 35
pumice 20
glass 10
andesite 3
rhyvolite 2
Groundmass 50
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chlorite; and calcite. The green coloration is a result

off the chlorite content. The pumice and glass arc de-
vitrified. |
The graylsh-bplue air-fall tuff also varies to a
pinkish-gray color occasionally. I'resh surfaces are
lighéer and a bit more gray (N 5) in color. Crystals
and rock fragments are randomly oriented, Most of the
rock frapgments are quite small with the largest being
about 10 mm in diameter. The rock hezs a distinct
vitroclastic texture with a few perlitic cracks. This
is completely unlike that of the green variant. Its
cbmposition is given in Table 6. The rock has besn

Table 6. Composition, blus-gray tuff
Tuffaceous Unit

Composition Vol, %
Phenocrysts '/
feldspar 5
magnetite 2
quarts & biotite trace
Lithlc irzoments T0
pumice 7
andesite 3
rhyolitic welded as
flow tuff trace
tuff breccia trace
Groundnass 80
shards 50
a8n 30

silicified; tiny quartz veins are present., The glass

Ea)

shards are not deformed but have completely devitrified.
The pumice has also devitrified and the ash has altered
to clay. All the feldspars have been replaced by quartz.

The red, welded ash~flow tuff overlies the blue air-
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fall tuff and underlies the white air-fall tuff. It has :

a thickness of about 140 feet. Its weathered surface E

ranges in color from a pale red (5R 6/2) to a pale red-
dish brown (10R 5/4) to a grayish red (5R, 10R 4/2)
while a fresh surface is a pale red-purple (5RP 6/2).
Lithic inclusions and flattened pumice are prominent

with the latter marking a definite flow lineation. The

biotite also has an orientation roughly parallel to that |
of the pumice. The glass shards are compaclted and elon- |
gated., The crystals are broken and sefved as seedé for

devitrification of the groundmass. There are some spher-
ulites or axiolites present, and the groundmass 1s marked

by perlitic cracks., Mineralogic composition is given in

Table 7. The sanidine is altered to clay; the edges of

Table 7. Composition, ash~-{low tuff
| ) Sl
Tuffaceous Unit

Composition Vol.
Phenosrvats 30
sanldine 21
quartsz 6
magnetite 2
biotite 1
Lithic Traemants 20
punmice 18
andegite 2
Grouncnasa 50
shards 40
ash 10

the magnetite, to hematite; and the pumlce has devitri-

fied completely and has been partially replaced by chert.
The flattened pumice contains quartz and biotite crystals.
Silicification 1s evident from cross-cutting gquartz veins.

The shards are compacted and devitrified; the very fine
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ash is now clay. Some alteration in the gfoundmass has
resulted in the formation of zeolites.

The upper member of the Puffaceous Unit is a white
air-rall tuff. It has massive bedding with a minimun of
two feet between rough bedding planes. It varies in
thickniess Trom approximaﬁely 60 to 100 feet. It forms
a resistant ridge along the mountainside and marks the
change from a gentle bench to a steep slope. In color
the weatherad surfaces vary from very light gray (N 8)
to pinkish gray (5Y¥& 8/1) to a pale yellowlsh brown
(10YR 6/2)3; fresh surfaces are a very light gray (N 8).
or a grayish pink (%R 8/2). This member is characterilzed
by bronze biotite grains and dipyramidal gquartz crystals.
The crystals are elther euhedral, often with broken endé,
or brokeén arnhedral grains. EBxcept for the edges of a Tew
feldspar crystals, the rock is unaltered. Most of the
crystals are about .90 mm in diameter with the largest
attaining a 1.90 mm diameter. The composition 1s listed

Table 8. Composition, white air-fall tuff
Tuffaceous Ualt

Composition ~ Vol. 9
Phenocrvats 40
sanidine 20
quartz 15
biotite L
marnetite 1
Lithic fragments 1
anpular tul'f Iragnents 1
Grourkinass 59

(mostly elav)

in Table 8. There are some minute crystals and ash in

the groundmass,
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Rosy Sandstone

The Rosy Sandstone unit unconformably overlies the
Tuffaceous Unit and unconfommably underlies the Pyroxene
Andesite south of the laboratory (see plate I). Even
though the sandstone is well lithified, it is less resiste
ant than the volcanic units and forms a bench in the slope.
Tt is thinly bedded, most of the layers ranging from 1z to
6 in, in thickness with some being as thin as %+ inch.

Some beds exhibit a gradation from fine to coarse grains
of sand and then grade back to fine. Other layers show
cross bedding and very poor sorting. Occasional volcanic
rock inclusions about 8 cm in dlameter are present.
Quartz veins crosscut the beds. In places the veins do
not completely fill the fracture and quartz crystals

line the'sides of the opening. Iron stains also cross-
cut the beds. The sandstone surface varies in color from
a light brownish gray (5YR 6/1) to pale red (5R, 10R 6/2)
to a dark rosy-beige (10R 4/2). Weathered surfaces are
usually a warm reddish color but fresh surfaces are bheige
(5YR 7/1, 5R 8/2, 10R 6/2). The sandstone varies in
thickness from approximately 50 to 100 feet.

The sandstone is well cemented and exhibits lami-
nations and very thin bedding (g to 1% in.) in thin
section. Texturally it has 5% gravel and 95% sand size
grains; a median diameter of .30 mm and a size range of

3.70 to .06 mmj very poor sorting with varied rounding--
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grains are both angular and rounded; the pécking is loose;
porosity and permeability are poor; there has been
suturing of crystal boundaries; and feldspars have been
replaced by authigenic kaollnite, Mineralogically it
consists of 5%% quartz, 15% sanidine, 5% rock fragments--
intergrown quartz and voicanic rocks, 3% miscellaneous
transported constituents--biotite, hematite, magnetite,
and zircon (there are lenses with up to 10-15% mafic
grains)j; and 22% authigenic kaolinite. According to the
Williams, Turner, and Gilbert sandstone clagssification

(1954, p. 293) it is a feldspathic arenite.

Sawmill Canyon Bhyolite

The Sawmill Canyon Rhyolite is located in the bottom
of Sawmill Canyon east of the laboratory. It is best
seen in the stream bottom. Weathered surfaces vary in
color from a grayish red<purple (9RP 4/2) to a mediunm
light gray (N 6) and a brownish gray (5YR 4/1), and have
iron and manganese stains. Phenocrysts and andesitic
rock fragments are prominent. The thickness of this unit
is unknown, but it is certainly greater than 200 feet,
ixamination of a thin section shows highly flattened glass
shards that are difficult to distinguish from flow linés.
There are compaction structures around phenocrysts and
pumiée. The groundmass 1s generally marked by perlitic
cracks. The flattened pumice is roughly parallel while

the phenocrysts are randomly oriented. The crystals are
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Table 9, Composition of Sawalll Canvon fhyolite
Compositlon Vol. &
Phenocrysts e

plagioclase 10
sanidine 22
quartz 8
magnetite trace
Lithic Tragmnents 30
punice A 20

: andesite (5-8 mm 10
rhyolite diameter) trace
Grounndmass 30
shards (devitrified) 15

. clay 15

mostly anhedrsl and are broken. Table 9 gives the mineral-
oglc composition of this unit. Phenocrysts are large;
diameters of 1.90 mn are common. Rellcet plagloclase

laths acve replaced by calcitgs; sanidine 1s replaced by
caleite, clay, and some guartz. The pumice is devitrified
and is replaced by clay, zeolites, and some quartz. The
rhyolite is intensively altered. The order of replace-
ment is clay by quartz, some of whlch is stralned, and
finally calcite. The rhyolite originally was a welded

ash-flow tuff.

Sawnill Canyon Andesite

The Sawmill Canyon Andesite'is a composite unit of
andesite flows with a small layer of air-fall tuff of
silicic composition. It is located to the east and north-
east of the laboratory in the bottom of Sawmill Canyon.
The best exposuresvof the unit are in the stream bottome.

The unit overlies the Sawmill Canyon Rhyolite unconform-
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ably and underlies the Purple Rhyolite unconformably;
it has a total thickness of 780 feet.

The basal member of this unit is a very fine-grained
to porphyritic andesite, It is a grayisﬁ blue (5PB 4/2)
to medium dark gray (N b4) rock with hematite and limonite
stains and spots of green in the dark aphanitic zones,
Other zones are quite porphyritic with the phenccrysts
having a generally parallel orientation. The total
thickness is 240 feet. It is thought to be composed of
several flows since the aphanitic and porphyritic zones
seem to be in horizontal layers. There 1s also a small
inclusion on one side of the streambed of an unconsoli-
dated tuffaceocus conglomerate. The conglomerate has a
white clayey matrix and purple lithic fragments which
range in size from 1 to Y44 inches. Texturally the
aphanitic zones appear somewhat crushed or brecclated,
and the euhedral crystals are broken and in a random
orientation. This may vary to a pilotaxitic texture

Table 10. Composition, basal member
Sawmill Canyon Andesite

Composition Vol. %
Phenocrysts -31
(average size 45,05 mm)

plagloclase =25
sanidine 0- 1
pyroxene, hornblende,
magnetite Fee 77
Groundmass 69-973
cryptocrystalline 2547
clay, disseminated
hematite LO-46
~Laleite 5




with parallel orientation of the dark minerals in the
porphyritic zones. The composition is given in Table 10.
The plagioclase falls within the oligcclase—andesiné
range, i.e., An 2% to An 37. 65-757 of the unit is
altered. The feldspars were altered to cilay and have

been partially replaced by calcite; the mafic minerals

have been altered to clay and hematite and are now relict_

shapes; the groundmass has been hematitlzed, carbonitized,

and partially altered to clay.

The pgrayish yellow green (5GY 7/2) tuff is the next
member of the unit. It has a thickness of approximately
10-19 feet. It outcrops along the east side of the
stream at a fairly constant elevetion. A rough, thin
bedding is prominent., The pumice has parallel orien~
tation.' Most of the crystals are anhedral and there are
perlitic cracks in the glassy lithic fragments. Its
composition is given in Table 11. The plagioclase 18
altered to clay; ssnidine is corroded at the ends; and

Table 11, Composition, green tuff
Sawmill Canvon Andesite

Composition Vol. & .
Phenocrysts 23
plagicclase 2
sanidine 20
quartz 1
magnetite trace
Lithic fragments 18
pumice 15
1ithified ash & glass 2
andesite 1
Groundmass 59
clay 39
chlorite 20
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quartz has replaced some of the feldspars. The pumice
is devitrified and altered to clay and chlorite., Some
of the zeolitic alteration may have been derived from
glassy fragments. The whole rock has undergone chlo-
itiza@ion vhich accounts for the green coloration,
Often the grayish green (10GY 5/2) chlorite is concen=-
trated in the pumice.

The next member is a medium bluish-gray (5B 5/1)
rock very similar to the basal member. 1t has a 300
foot thickness. Its texture is hyalopiiitic, and 1t has
subhedral crystals., Table 12 gives its composition, The

Table 12. Composition of upper andesite
Sawmill Canyon Andesite

of

Composition Vol., %

Phenocrvsts 6
pyroxene relict shapes +
augite 2

Groundmass 9l
plagioclase L5
clay 25
nagnetite & hematite 15
calcite 10

, augite ~__trace

pyroxenes are altered to clay outlined by hematite;

the augite is not completely altered. There was car-
bonitization, hematitization, silicification, and albi-
tization of the rock. The #lattened vesicles in the
andeslte are filled with calcite and zeolites; the walls
are lined with small crystals of quartz, feldspar, and a
manganese mineral (see plate ¥TII B). The manganese min-

eral is acicular, opaque, very dark brown in color, and
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has an carthy luster.

The top 200 feet of the unit is a medium light
gray (N 6) porphyritic dacite. Most of the crystals in
the dacite are euvhedral., The largest phenocrysts have
a 10-13 mm diameter while most are about 2-3 mm, Table
13 lists its composition., The feldspars and groundmass

Table 13. Composition, dacite
Spwnill Canvon Andesite

Composition Vol. ¥
PhenoCrysts Lyly
plagioclase 23
potash feldspar 7
quartsz 6
pyroxene & hornblende 6
biotite 2
Lithic Lfrogments 1
andegite 1
Groundmass 55

are altered to clay. Silicification is indlcated by

guartz veins cutting the outcrops.

Southwestern Basal Group

Unconformably underlying the Purple Rhyolite south-
west of the laboratory 1g the Southwestern Basal Group
(see plate I). It has a minimum thiclkness of 120 feet.
None of its members are very resistant compared to the
other volcanic rocks in the area mapped. A flow andesité
immediately underlies the Purple Rhyolite. 1t 1s a me-
dium dark gray (N 4) to brownish gray (5YR 6/1) aphanitic
rock. It has undergone hematitization and silicification.
It appears to have a thickness of 60 feet, Underlying

part of the andesite i1s a light brownish gray (5YR 6/1),
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rhyolitic, air-fall tuff. It is best seen by the side

of the Hardy Canyon Trail at about the 9600 foot level,
It has a thickness of 15 to 20 feet and does not extend
to the east. About 15% of it is pumice; 3% plagloclase;
25% potash feldspar; and 5% quartz. There are occasional
andesitic fragments of 1 to 2 inches in size. ILxcept
that it has not undergone alteration to chlorite, it is
very similar to the pale green tuff found in the bottom
of Sawmill Canyon. Underneath this alr-fall taff is a
medium dark gray (N 4), tuffaceous wacke. To the east

it underlies the flow andesite. Pumice, largely altered
to chlorite, comprises approximately 10% of the rock.

The rest of the rock consists of 30% plagioclase altered
to clay; 2% potash feldspar only partially altered; and
5% angular andesitic inclusions of a 5-15 mm size. The
matrix is quite clayeys; and varies from seml-consolidated

to lithified.

Pyroxene Andesite

The Pyroxene Andesite is located south of Lengmulr
Laboratory. The Upper Sandstone unconformably overlies
it, and it seems to overlie the Rosy Sandstone unconform-
ably. The andesite ig of limited extent and is bounded
to the east and west by faults. Because of the faulting
and limited outcrops an accurate estimate of its thickness
was not possible. The best outcrop has a height of 50 to

60 feet while the entire unit may have a thickness of 120
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feet. The andesite 1s quite scoriéceous near the top

of the outcrop. Elsewhere a dense, aphanitic appearence
with 14 inch diameter vugs alternates with pockets of
vesicular material. The upper portion of the andesite

is heavily dmpregnated with minerals of probable deuteric
origin. Almost all the vesicles and all the vugs are
filled with either quartz, calcite, or a combination of
the twoi, A dusky green (5G 322) to grayish green (5G %/2)
iron mineral forms a coating around the vesicles and vug
fillings. The calcite ig often coarsely crystalline with
rhombohedral cleavage visible. Quartz crystals line some
of the cavities and may be as long as 6 or 7 mm. Specular
hematite 1 on gsome surfaces and red hematitic stains are
common along joints. Rafted sandstone was observed in
the cenﬁer of the unit. It has no visible relation with
either the over~ or underlying sandstone.

The andesite has a trachytic texture with approx-
imately 90% groundmass. 'Ihe crystals are euhedral and
subhedral, and most zre broken. The vesicles are flat-
tened and in parallel orientation. In places the veg-
icles comprise 10 to 25% of the rock. Relicts of horn-
blende, pyroxene, and amphiboles are the most abundant-

nknoerysts and comprise 5 to 6% of the rock. The py-
roxene may have been hypersthene. Magnetlte and hematite
varies from a trace to 1% of the rock, Originally there

may have been olivine present. fost feldspar phenocrysts
1 1 P
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are plagioclase with an occasional sanidine crystal.

The largest feldspar has a .10 mm width. There are a

few small lithic inclusions, The groundmass has traces
of auglite and 7% disseminated hematite. Pyroxene,
amphibole, and hornblende are altered to henatite, chlo-
rite, clay, or a small amowit of zeolite. Most of the
feldspar, whether in the groundmass or as phenocrysts,

has altered to clay with a small amount of zeolite., The
vesicles are lined with either a chlorite or clay, and
filled with calcite, clay, calcite-clay mixture, chlorite,

or zeolite.

Upper Sandstone

The Upper Sandstone unconformably overlies the |
Pyroxene Andesite and vnconformably underlies the Purple m

' i

Rhyolite. It is quite localized in extent. It has a :
thickness of approximately 3 to 10 feet. It is a well
cemented, pale red (SR 6/2) to graylsh red (5R 7/2, 4/2)
to pale grayish brown (5YR 6/2, 5/2) sandstone. The
sandstone is less resistant than the enclosing Volcahics
and forms a small bench in the slope. The thickness of
the beds varies from .5 to 20 cm. There is some graded
bedding present. The sand grains £illed in all the
rough areas of the andesite flow surface. Texturally
it hds 100% sand size grains, median diameter about .08
to .12 mm, size range of L06 to .30 mmy it is moderately

sorted with angular and very angular grains; the grains
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are moderately to tightly packed; borosity and permea-
bility are poor; and the mafic minersls and rock frag-
ments are altered to hematite. Mineralogically it
consists of 50% quartz, 5% potash feldépar, 13% plagi-
oclase, 15% volcanic rock fragments--some from the under-
lying andesite, 7% magnetite with a small amount of
biotite 80% altered, and 10-25% cement. The cement con-
sists of hematite, opeline silica, and a small amount of

clay. It is a volcanic feldspathic lithic arenilte.

Feldspathic Andesite
This unit has been called the Feldspathic Andesite
because of a predominance of feldspar phenocrysts in it

and a lack of feldspar phenocrysts in the other ande-

sites. ‘The Feldspathlc Andesite apparently underlies thef/

B

Purple Rhyolite but faulting obscures the exact relation-
ship. The Laharic Breccia unconformably overlies 1t

(see plate I)., It is only moderafely resistant and does
not form a massive outcrop. The andesite has an incom-
piete thickness of 120 feet because extensive faulting
masks the relationships. It is medium dark gray (N L)

to brownish gray (5YR 4/1) in color with fresh surfaces

being medium gray (N 5). Reddish iron stains and thin

quartz veins cut the outcrop., Its texture is hyalopilitic.

The crystals are mostly euhedral and some are broken.
There is a very rough parallel orientation of the feld-

spar laths as a result of flow in the lava. Its compo-
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Table 14. Composition of Feldspathic Andesite

Composition Vol. %
Phenocryvsts 21
plagioclase 23
sanidine 1
gquartz trace
magnetite & hematite 5
amphibole & pyroxene z
Groundmnass 69
A devitrified glass Lly
feldspar 20
magnetite 5

sition is given in Table 14%. The groundmass 1is altered
to or replaced by clay and caleite. Most of the magnetite
is altered to hematite. The amphiboles and pyroxenes are
relict shapes with the original wminerals being completely
replaced by hematite and ¢lay. The feldspar phenocrysts
are 70-80% altered to clay and replaced by calcite.

Some of the plagioclase crystals are voned and maeny

have poﬁash feldspar rims. The larger and less altered
plagloclease phenocrysts fall within the labradorite
range, i.e., An 50 to An 65. In a zoned plagioclase

the center was An 64 and an outer zone, An 32. Zoned

plagioclases are not abundant.

Purple Rhyclite

The Purple Rhyolite is the most extensive of the
units mapped. Langmuir Laboratory is situated upon this
unit. Roughly the rhyolite occupliss a central position
in tﬁe area mapped with the other units generally around
its periphery (see plate I). The outcrops form LO-tom-

200 foot cliffs with extensive talus slopes. The slopes
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are steep where there are no outcrops. The Mohawk Peak
Rhyolite, the South Baldy Andesite, the Laharic Breccila,
and the Quaternary Alluvium unconformably overlie the
Purple Bhyolite., It in turn conformably overlies the
Feldspathic Andesite, thg Upper Sandstone, the Rosy Sand-
stone; the Sawmill Canyon Andesite, and possibly the
Sawmill Canyon Rhyolite. In thickuness the Purple Rhy-
olite varies from a minimum of 850 feet to approximately
1300 feet. This rhyolite is a multiple flow, compound
cooling unit, welded ash-flow tuff.

The Purple Rhyolite has three obvious varlations.
They are vertically gradational and cannot be delineated
sharply. They are best exposed down the ridge to the
south of the laboratory. Broadly the upper portion is
a phenocfyst»rich, densely welded ash-flow tuffj the
niddle section is a pumiceous, welded ash-Ilow tuff;
and the bottom portion is a more lithic, phenocryst-
poor, less welded ash-flow tuff, There is also a color
change from purple through a graylsh purple to a dis-
tinctly reddish purple.

In color the weathered surfaces of the upper
portion of the Purple Rhyolite vary from grayish red
purple (58P 4/2) to moderate reddish brown (10R L/6) to
lavendar (5P 5/2) with occasional pale pink (SRP 8/2)
arecas unrelated to any pumice. Fresh surfaces vary from

grayish red purple (S5RP L/2} and dark yvellowlsh brown
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(10YR 4/2) to light brownish gray (5YR 6/1). The matrix
is fine-grained and phenocrysts are not prominent except
where the rock has been intensely weathered., Crystals are
anhedral and subhedral with all being broken. They are
in haphazard orientation. Pumice when present is small,
flatiened, and not readily recognizable at am outcrop.
The shards are so greatly flattened and stretched out
that it is difficult to determine that they are shards
and not flow lines of a lava. The shards do show com-.
paction around the phenocrysts. The groundmassvis com-
pletely devitrified and often has shrinkage or perlitic
cracks, ‘fable 15 lists ihe composition of this member.

Table 15. Composition of upper member.
Purple Rhyolite

Composition Vol. % "
average range M
range >
Phenocrysts 0 LE.65
plagloclase Trace '
potash feldspar
(mostly sanidine) 10-40
quartz 2-25
biotite 3~ 5
magnetite & hematite 2- 5
zircon Ji- 1
sphene trace
Tithic fragments 3-10 .25
pumice 7=10
chert 0- 3
volcanic rocks o 3= 1
Groundmass 10-35 20-5H0

The feldspars are notable because the plagioclases are
very rarely twinned and carlsbad twinning is not common

in the potash feldspars. Most of the zircon is biaxial
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as the result of metamict alteration. The groundmass 1is
at least 50% devitrified pyroclastic material of dust
size. Deformed shards comprige the remainder, along with
dissemingted hematite.

The middle pumiceous member has a grayish purple
(5P B/2) to very dusky purple (5P 2/2) color with mod-
erate and grayish orange pink (5YR 7/2 & 5YR 8/4) streaks
representing the pumice. It is a fine-to-medium-grained
rock. The lithic inclusions are small, usually less than
2% mm in diameter although they may be as large as 795 mm.
The crystais are mostly anhedral with a few euhedral
ones; all are broken. The biotite has an orientation
approximately parallel to that of the pumice. Flattened,
distorted shards are observed along with perlitic cracks.,
The combosition of the middle pumiceous member 1s listed
in Table 164 its thickness may vary from 80 to 120 feet.

The lower member is predominantly grayish red

Table 16, Composition of pumiceous member
Purple Rhyolite

Composition Vol. %
Phenocrysts 30
(may be as much as 50)
plagioclase trace
sanidine 27-35
quartez 2-10
biotite 1- 7
magnetite & hematite 1- 6
zircon trace
sphene trace
Lithic fragments 20-25
pumice 2025
Groundmass 50
shards 25
dust 25
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(5R 4/2) to grayish red purple (SRP 4/2) in color; fresh
surfaces are graylsh red (5R 4/2) to pale purple (5P 6/2).
The composition is given in Table 17. A very dark andesite

Table 17. Composition of basal member
Purple Rhyolite

Composition Vol. %
" Phenocrysts 20
sanidine 25
quartz 2
biotite & magnetite 1
Lithic fragments 713
pumice VRIS
andesite Qe H
Groundmoss 65
shards Ll
dust 2

ie the commonest type of lithlc inclusion; the pumice 1is
generally small. Alteration of the feldspar phenocrysts
overemphasizes the abundance of crystals in the rock. i
In the groundmass the shards are only slightly flattened
or distorted. Disseminated hematite colors the matrix
of volcanic dust between the shards. This is the basal
member of the Purple Rhyolite and uncoaformably overlies
the Pyroxene Andesite and Southwestern Rasal Group andesite,
Tt has an approximate thickness of 120 to 200 Teet.

The Purple Rhyolite has undergone much alteration,

The order of alteration and replacement is first devitri-

lastly, extensive silicificatlion. There was observed
gome bearite on fracture surfaces. The pumice after
devitrification alters to clay and in some cases the

central portion of the pumice lapilli is replaced by
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quartz. The groundnass 1s extensively altered to clay
and has undergone hematitization. In places chert has
replaced the clay. Most of the feldspars are converted
to clay. Corrosion 1s particularly noticeable at crystal
ends and along cleavage surfaces and other cracks. There
has been sowe replacement by calcite; and near or along
veins there has been replacement by quartz. Quartz
overgrowths are also present. The principal clay mineral
is kaolinite or occasionally montmorillonite. The biotite
and magnetite have undergone partial o almost complete
alteration to hematite with clay being present at times.
Veinlets of quertz, quartz porphyry, and an aphan-
itic, red siliceous material permeate the Purple Rhyolite.
The quartz may be massive, form coatings of mimite crystals,
form veins of interlocking crystals, or even form coatings
of larger crystals from 7 to 10 mm length. In places the
veins have been brecciated and recemented with guartz.
In other places they have some evidence of autobrecciation.
The thickness of the veins varies from approximately 1 mm
té 1 or more meters. Mostly they vary from about 1 mm_to
75 mm in thickness. The velns commonly lack structural
control and cut through the Purple Rhyolite at random
angles to flow lines. At times they follow joints or
other fractures.
The pale recdish brown (10R 5/4) siliceous veins
are aphaniticj occasionally there are portions that are

finely phancritic with crystals of about .12 mm diameter.
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Flow structure is observed and perlitic cracks sometimes
are present in the glassy grounduass. Mineralogically
they contain a minimum of 40% free quartz; a trace of
plagioclase; traces of magnetite with hematite halosj
and a trace of metamict zircon. Lithic fragments
include chert, quartz strained and welded together;

tiny bits of volcanic rocks; and oval fragments of the
aphanitic portions. The red color is a result of a
large amount of disseminated hematlite.

The guartz porphyry has a pyrcclastic appearance
when seen in thin section. The groundmass is composed
of small to minute gquartz crystals, glass that 1s
altered to clay, and disseminated hematite. Chert, 2 mm
in size, comprises 21% of the rock; 49 is volcanic rock
fragments. Quartz comprises a minimum of 50% of the rock,
and there are traces of blotite and perthitic feldspar.
Chert has formed as an overgrowth on or has replaced
some quartz.

Barite crystals have been found along joints or
fracture surfaces throughout the entire unit. They do
not occur on the same surface with any of the vein
material. Red hematite stains are very comuoln along
joints and fractures, and may penetrate as much as
19 mm into the rock from the fracture. Black stains
are common on rock surfaces and along cracks in the
rocks. These stains are probably a combination of

hemalite and a manganese mineral because specular
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hematite is observed in places and dendritic coatings

l
l
typlcal of pyrolusite are common., In intensely brecclated
and weathered areas,va wvhite coating of a caliche-like

substance is very common. The most common and ublquitous

surface stain ig an orange colored film of limonite

(see plate XXII).

Mohawk Peak Rhyolite -
The Mohawk Peak Rhyolite is located northwest of

the laboratory and forms a small peak in the main ridge.

The unit has an oval shape and a maximum thickness of

160 feet. It unconformably overlies the Purple Rhyolite

and nonconformably underlies the Laharic Breccia. It 1

weathers a grayish red purple (HRP 4/2) with black man-

ganege stains near the top of the unit and has a light
brownish (5YR 6/1) to medium dark gray (N 4) coloration
near the bottom of the unit. Small quartz veins and
hematitic veins lace through the rhyolite. Phenocrysts
are more prominent and numerous in the lower portion of
the flow. Most of the crystals are euhedral. Quartz
filled vesicles and andesitic lithic ineclusions are
present in a scoriaceous area near the top of the peak.
The groundmass is aphanitic. Compositionally plagioclaée
accounts for no more than 1% of the phenocrysts, while
potash feldspar is 70% of the phenocrysts, quartz crystals

comprise 25% and diopsidic avgite is W% of the phenoccrysts.
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South Baldy Andesite

The South Baldy Andesite is located north of the
laboratory and forms South Baldy Peak., The weathered
surfaces are a graylsh red purple (5RP 4/2) to medium
dark gray (N H), while fresh surfaces are a graylish red
(5RF L/2) to brownish gray (5YR 4/1). The thickness
varies from 400 to 600 feet. It overlies the Purple
Rhyolite unconformably and underlies the Laharic Brec-
cia unconformably. Near the boundary with the Laharic
Breccia-there is an area that shows autobrecciation.
Along the road exposures exhibit a dense zone on top of
a scoriaceous (large vesicles) zone which in turn over-
lies another scoriaceous (small vesicles) zone. The
large vesicles show planar flattening. Many of the small
vesicles in the lowest scoriaceocus zone are filled with
clay and some calcite. Quartz veins crosscut the out-
crops. Copper minerslization is noticeable in two old
prospects (see plate I). The weathered surfaces of the
malachite have a light blue green (5BG 6/6) color. One
of the two prospects is very near the east boundary of
the unit. Here the copper was deposited in a fracture
zone trending N 18° B with a 88° W dip.

The texture of the flow andesite varies from felfy
to pilotaxitic. Table 18 shows the mineralogic composition.
The felict shapes of pyroxene suggest that 1t was hyper-
sthene. Some of the possible hypersthene and some feld-

spar grains are altered to tremolite-actinoclite. Most of
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Table 18. Composition of Scuth Baldy Andesite

Composition Vol. %
Phenocrysts 6-10 1
plagioclase Q- 2 :
relict pyroxene &
amphibole 6
relict hornblende trace-1
magnetite 3- 6
Groundmass 90
plagioclase 50
’ clay 20
magnetite 10

1
|
|
i
1
1
|
|
the relict shapes of pyroxene, and all of amphibole and
hornblende relicts are altered to clay and hematite. At

least half of the plagioclase in the groundmass is altered

to clay. Clay fills even the small vesicles seen in thin

netite and hematite. Silicification is indicated by a

few quartz crystals with clay rims.

i

section. The groundmass has abundant disseminated mag-

Leharic Breccla
The Laharic Breccia is situated along the crest of

the mountain ridge north of the laboratory. It forms an

abundant rocky colluvium which tends to obscure the out-

crops. Its thickness varies from 50 to 370 feet. It

Rhyolite, Mohawk Peak Rhyolite, and the South Baldy An-
desite. fxcept for the Quaternary Alluvium in the bot;
tom of Sawmill Canyon it is the youngest lithic unit,.
Howe?er, hydrothermal quartz veins cut the Laharic Brec-
cia indicating that it was deposited before the end of

|
overlies unconformably the Feldspathic Andesite, Purple
igneous activity. The weathered matrix of the breccia }
: |

|
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Table 19, Criteria for recognition
of lahsaric breccias

Lithice fragments Matrix

heterolithic 30-90% of wvol.

angular sand to clay size

dismeter--an inch composition

to several Teet comminuted rock

glass ‘
crystals
clay minerals

Binding agent
silicification
clay
possibly calcification
(Curtis, 1954)

varies from a pale reddish brown (10R 5/4) to moderate
reddish brown (10R 4/6) or grayish red (5R, 10R 4/2),
The basic criteria for laharic breécias are listed in
Table 19. The characteristics of the laharic breccia

that is in the area mapped are shown in Table 20,

Pable 20, Composition of Leharlic Breccila
Tithic Tragments 50%

heterolithic
andesite; rhyolite ash-flow
tuff (most common type)s; light
gray, flow-banded felsite;
minor amounts of pumice

mixture of angular and rounded

fragments
size--1 ineh to 24 inches
Matrix 50%

T30% clay
15% erystals (angular; plagio-
clase, potash feldscar; quartz)
5% comminuted roclk
Binding agent
clay
silicification in some arcas
some carbonitisation

Quarts of probable hydrothermal origin fills a [is-

sure along the boundary between the Laharic Breccia and
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the Purple Rhyolite (see plate I). This vein has char-
acteristics of a very shallow epithermal deposit, 1l.e.,
open vugs, drusy mineral linings, banding of quartz with
a dark carbonate and some barite, and the presence of
typical epithermal minersls. 1In addition to quartz,

510 -1s also present in the low temperature forms chert
and chalcedony. Limonite stains and a black coating--
possibly a combination of specular hematite and manganese
oxides, are common. The vein has an average thickness of
six feet and grades laterally into highly silicified
laharic breccia.

Laharic breccias have been observed elsewhere in
Socorro County. According to Dr. Chapin)very similar
breccias as the one in the area mapped are found at
the mouth of Water Canyon, along highway 60 east of
Sedillo Hill, on Sccorro Peak, and in Corkscrew Canyon-

(oral communication, 1968).,

RQuaternary Alluvium and Talus

There are three minor deposlts of Quaternary
AlTluvium in the bottom of Sawmill Canyon. They are
separated from each other by stretches of bedrock or by
bedrock thinly covered by colluvium, The alluvium is
composed of rounded boulders (18 to 30 inches) of Purple
Rhyolite and variocus andesites, gravel, and sand. The
thickness of the alluvium varies from three to four feet

below the dam to 10 to 15 feet below the South Baldy
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spring.

Extensive talus slopes in the area mapped are rela-
tively unstable and subject to creep. In most areas the
talus contains 35-40% air space, but in places it may

contaln as much as 55% air space. 7T the east of the

laboratory a rock glacier has formed. Its toe is seen
on the berch about 200 feet above the dam. Another
less well defined rock glacier is found south of the
laboratory. Il laps over the bench formed by the Hosy
Sandstone on the east side of the Calcite Fault. Other
rock streams may be seen below Purple Rhyolite outcrops.
Rock glaciers ana tzlus slopes are composed entively of

blocks of Purple Rhyolite.




STRUCTURAL GLOLOGY

Regional Structure

The structural geology of the Magdalena Mountains
hes been throughly discussed by Loughlin and Kosclmann
(1942), and the following summary is largely dependent
upon their work.

The principal structurel leatures of the Magdalena
Mountains began developing during the Laramide Revolu-
tion. The mountains are principally a faulted monocline
with a general attitude of N 159 W, H0-65° W. The major
anount of vertical uplift occurred after the Cligocene.
The major Tfaults trend north-south, paralleling the ori-
entation of the mountain block. Locally transverss
faults interrupt the longitudinal ones. 1n the northern
area of the mountains stocks have intruded along fault
intersections. Also numercus dikes have been observed
in the Magdalens Mining District and in the Water Canyon

area. Folding hag not been intense in the mountain block.
Locazl Structure

FPolding

There is little folding evident in the areca mapped.
The Rpsy Sandstone and the underlying white air-fall
tuff are slightly warped because of drag on a major

fault cutting them. Faulting hss also tilted other
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units. A structural tilt to the southwest 1s indicated
by flow layering in the Purple Rhyolite but faulting

obscures the detailed relationships.

Faulting

Faulting 1s couplex ‘in the area mapped. It com-
plicates the relationships belween some of the lith~
ologic units and in turn faults are obscured by the
breceiated nature of some of the rock units. It is
particularly difficult to determine amounts of offset
beczuse of lack of distinct marker beds. There are
three major faults of several hundred feet displacement
and severai less exbtensive faults.

A major fault hereafter referred to as the Calcite
Faull cuts scross the Tuffacecus Unit, the Rosy Sandstone,
a corner of the Purple Rhyolite, and the Feldspathic
Andesite. The fault zone is characterized by breccil-
ation and a derk calcite cement. It trends N 10° v
and dips 80° W. The brecciated zone is silicified and
ceﬁented with caleite. The dark coloration of the
calcite is due to disseminated manganese oxides. ‘art
of this fault may be offset by another fault; the por-
tion of the faull cuposed iun the Feldspathic Andesite
is correlsted with the main exposure through the dark
calcife cement in the brecciated zone. Offsel of the
Rosy Sandstone indicates an apparent vertical displace-

ment of 360 feet along a reverse fault,

1147




The Calcite Feult marks the west boundary of expo-
sures of the Pyroxene Andesite and Upper Sandstone Units.
The east boundary of these units is enother fault. It
is probably a branch of the Calcite Fault but it is not
marked by the brecciation and calcite cement. It trends
N 35° W and dips 60-~72° SW. It also is a reverse fault
with an apparent 80-100 foot vertical offset,

The "A" fault cuts across the Purple Rhyolite just
north of the laboratery (sece plate I)., I has an attitude
of N 4% m, 70°
and it is offset by the "B" fault on the east side of the
crest. The "B" fault on the east trends N 33° W near the
laboratory and swings to a N 10«150 B trend near the old
Forest Service cabin. The general strike is irrvegularly
north-south with the dip being nearly vertical and
changing from an easterly to westerly direction. A minor
fault in the South Baldy Andesite is located just below
the crest on the east side of the mountain 50 feet below
the road; it strikes W 15° W and dips 75° W. It is a
reverse faullt with an estimated offset of 15 feet. The
fault along which there has been copper mineralization
in the saddle east of South Baldy Pezli and above the
road strikes N 209 B and dips 74° B. Hydrothermal
quartz has filled fractures whose origin is not clear.

Silicification has obscured any evidence of movement.
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Jointing

The more prominent jointing appears to be geneti-
cally related to the tectonic history. The greatest
nmumber of Jjoints strike from N 36° W to N 20° E. The
major fault trends are N 33—350 W, N 10--20O W, north-
squth, and ¥ 10-20° E. The N 44° E fault has joints
paralleling it and spreading from N 33° E to N 56° E.
There are minor concentrations of joints striking
N 73-88° W and N 61~8MO‘E. The Sawnill Cahyon Andesite
has joints striking N 65-68° W which may be primary
in the unit. The Sawmill Canyon Rhyolite is extensively
fractured by sub-parallel sheet joints which permeate
the entire unit. The sheeting trends N 13-20° £ and has
two principal dip planes, 42° SE and 57° SE. |

Jointing i1s best developed in the Purple Rhyolitej
the joints are irregular fractures. An outerop generally
has joint sets with 70-90° between the joint directions.
Tectonic adjustments caused slickensides to form on

some jolnt surfaces.

Flow Layering

All the andesitic units ana the Mohawk Peak Rhyolite
originated as lava flows, Autobrecciation, scoriaceous
zones, euhedral crystals--both phenocrysts and in the
groundmass, parallel orientation of crystals, all suggest
flowage., The South Baldy Andesite has planar flow étru¢-

tures trending approximately N 40° E and dipping 10° NW,
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and N 70° E,.12o NW. The Pyroxene Andesite has attitudes
of N 30° E, 30° SE and W 75° W, 14° NE.

The Purple Rhyolite, Sawmill Canyon Rhyolite, and
the second youngest member of the Tuffacecus Unit are
welded ash-flow tuffs. Again faulting has deformed and
Obséﬁred the original flow attitudes. The general trend
of flow planes in the Purple Rhyolite is N 24-48° W,

The dip varies from 2° SW to 499 SW but generally is

from 13° to 300 oW




RADIUM-226 TN THE MAJOR ROCK UNITS

Radium and Uraniﬂm in Volcanic Rocks

A Dbrief consideration of the general geochemistry
of uraniuvm is necessary to provide a background for the
understanding of the distribution of radium in volcanic
rocks., Radium-226 1s one of the daughter products in the
uranium-238 radicactive decay series. Uranivm-238 has a
half life of %.5 x 107 years, while radium has a half
life of only 1622 years (Eisenbud, 1963). fThere is no
primordial‘radium~2?6 present in any rocks at the present
timej hence the radium present in any rock older than
approximately 8000 years (five half lives of radium-226)
1s the result of radioactive decay ol uraniwn-238, Any
radium originally present in the rock would have decayed
almost completely in that period of time.

According to Rankama and Sahsma (1950) urenium is
a pronouncedly 1ithophile element, i.e., it is enriched
in the silicate crust and has an affinity for oxygen.
During magnmatic differentiation uranium becomes con-
centrated in acidic rocks because of 1ts chemical
characteristics., During most of the differentiation
process uranium is in the tetravalent state and has an
lonic radius of 0.89 K (Faul, 1954%), The charge is too
high To allow substitution of significant amounts of
uranivm in the common rock forming minerals. It may sub-

stitute for zirconium, ionic radius 0,80 R, in zircon and
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for calcium, ionic redius ).99 X, in sphene and apatite
(Faul, 19%4). Heinrich (1958) includes thorium, ferrous
iron, and the rare earths with the elements that may be
diadochic with uranium., Uranivm is prevented from sub-
stituting for cslclium in plagioclase because of coordi-
nation requirements, Radiocactive zircons (the Th/U ratio
is 3.5/1, thus approximately 53% of the activity is from
the thoriuwm-232 radicactive decay series) have been
reported by Clark and Botset (1932), Renkama and Sahana
(1950), Faul €1954%), Neuerburg (1956), and Heinrich
(1958). According to Heuerburg (1956) in addition to
being diadochice with those elements, uranium may be
located in minor quantities in structural defects of
minerals, adsorbed on crystal surfaces or on surfaces
within crystals, and disgsolved in fluid inclusions in
nminerals. According to Faul (19%%) and Rankama and
Sahama (1950), the solublility of uranium is reduced in
the later stages of the magmatic cycle and the U02 mine-
erals uraninite and pitchblende may Iorm.

Rankema (1954) hes adaiscussed the removal of uraniun
from igneous rocks by alteration and selective solution.
Uranium is lesched from minerals in an oxidizing envi-.
romment while, at the same time, radium has a tendency
to be fixed in the rocks. Radium is leachea from the
rocks according to the solubility of the radium bearing

minerals.




Generally the differences in uranium content
between extrusive and plutonic rocks of the same clan
are small, This comﬁarison is beneficial beceanse there
is much more data on the uranium content of plutonic
igneous rocks than there is on extrusive igneous rocks,
Andesites belong to the intermediate clan, and rhyolites
to the granitic clan. According to Heinrich (1958) the
sources of radiocactivity in extrusive rocls are either
in the accegsory minerels zircon, sphene, allanite,
apatite, and fluorite; or radioactivity randomly
digtributed in the plagioclase, pyroxens, hornblende,
biotite, and glass,

It is possible to calculaté the radiuvm content of
rocks from thelr uranium content using the equation

Mgty = FRgPia
and assuming that there is radioactive seculer equi-
libriuwn. Reported urasnium values for rhyolitic rocks
range from 1.0 ppwe to 15 pom (Larsen, Phair, Goltfried,

and Smith, 19565 laul, 1954%). 1he corresponding range

. i ) . . .. -6
in calculated values of radium content is from 0.36 z 10

tor 5. x 10"6 ppm.  Based upvon the asccepted sverage value
(% ppm) of ursnium content of rhyolites is the calculated
average value of 0,65 x 10“6 ppm radium. Values reported
for intermediate clan rocks range from 0.2 to 6 ppm

uranium. Calculated values Tor the radium content range

from 0.08 to 2.1 x 10_6 ppm (Larsen, Phair, Gottfried,
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and Smith, 1956). Based upon accepted average values
(1.5 ppm) for uranium in andeslite is an average content
of 0.36-0.61 x 10—6 ppm redium.  Faul (1954) reported
average radium contents of 0.51+ 0.05 x 10"6 pp in

intermediate intrusive igneous rocks, and 1.37+ 0.17

b'e 10”6 ppm in granitic rocks of North America,

Determining the Radium Content of Rocks
There are two basic methods of determining the
radium content of rocks. One method is to chemically

separate the radium from the other constituents and then

to directly count the activity of the radium. ‘he other
method is kuown as the emznation method. In this method
the activity of radon gas 1s determined after it is iso-
lated from its radium source, and then the amount of
radium present is calculated from the radon activity
again assuming secular equilibrium. The emanation
method was used in this study.

A specific technique for the direct counting of
radium has been described by Rosholt (1957). Depending
upon total activity and eese of solution one gram or less
of sample is fused with four or five grams of sodium |
peroxide. The melt is dissolved in water, diluted to
100 m1 and the acidity is adjusted to 1.0 N in hydro-
chloric acid. The radium is chemically separatea from
the solution by precipitating it with barium sulfate.

The precipitate is collected upon the counting planchet.

5).1.



Since several isotopes of radium are present in the sample
precipitated with the barium sulfate, the planchet is set
aside for thirty deys so that any radium-223 and radium-
224 impruities with the radium-226 may decay completely

or to insignificant amounts. The half-lives of radium-
223 (t¥ = 11,2 days) and radium-22% (tF = 3.8% days)

are very short compared to that of radiuwm-226 (t) =

1622 years) (Eisenbud, 1663). After determining the
counting efficiency and then the activity of radium-226,

the radium content may be calculated using the equation

dNp., .
GeRa = -AN,

where %%Ra is the activity of the radium, A is the decay

constant of radium, and Npy is the number of radium atoms
present,

The chemical procedure used to determine the
radiuvm content of the major rock units in the area studied
was a modified version of the procedure described by
Rosholt (1957). Rock samples were mechanically ground
toa very fine powder. One gram of saumple was fused
with five grams of sodium peroxide; the melt was dissolved
in water; and the solution was diluted to 100 ml while
adjusting the acidity to 0.1 N. The solution was then
sealed in a flask and set aside for a minimum of 16 days
while the redon accumulated,

The radon activity is determined after the pro-
duction and disintegration of radon atoms becomes equal.

The growth of radon activity is expressed by the following




equations in which A, N, represents the production rate
Ra ltd I

of radon from radiwn and QRnNHn is the decay rate of NRn'

WNpn _ 2 A

3T raRa = RnlRa
thus Ny = AR&_ Nﬁaﬂ(e”xﬁat - e*KRHt)
ALn -ARa ©

+ NP" 9“7\1{11t
\r.:].o

0 and Apy R Ay

i

since NRaO

then Ny = Apy Ty, (1 - e~ Aint)
. VRa,,

gince at equilibrium

.. . A 0 J. .
NHnO = T Ha Mgy

ARn  ©
then Ny, = NRHO(1 - e“ﬂﬁnt)
As the term 1 - e~ ?ryt approaches the limit of 1, the
activity of the radon approaches the original radium
activity and the growth curve levels off. This occurs
after aboult 16 days in a sealed container.
The decay of radon can be expressed by

Ny, = e~-093 t/13

where t = the time elapse from t = O
T4 = 3.82 dsys, the half life of radon-222
.693/3.82 = R
After € = W x ') or approximately 16 days, e+ 093/ T
approaches the limit of 1, and the producticon and
disintegration of radon atoms becomes equal.

The Johnston Laboratories, Inc. RCTS ~ 2 (Radon

Collection and Transfer System) was used in the removal

T
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of the radon gas in equilibrium with the radium in
solution. Nitrogen was used to flush the radon gas

from the flask. The radon was collected on a charcoal
trap after being filtered to remove COp and waler vapor.
Tt was then transferred to a counting chamber, There
waé a time elapse of 3 to L4 hours between the first
flushing of the flask and the counting of the ragon
activity. This time elapse allowed equilibrium to be
reached between radon-222 and its short lived daughter
products. Irom the measured alpha activity the original
radium confent of the flask was calculated., The follow-
ing is an example of a calculation: N = number of atoms
at a given time t, ;\NO = initial activity, AN = actlvity
at time t, &t = time elapse from condensation to the

midpoint of the counting period.

Using ?Jﬁ::xNOe"aAt

where AN = 107 cph
A= 0,181 sec”)

and at = 314 nmin.

then AN = 111 cph
To convert counts per hour to pico-curies a standard
correction factor, the calibration of the counter, of
35.% x 1O"H was used (Jercinovic, personal communication,
1068) .
- o) -k = C
111 cph x 35.% x 10 pe/eph = 0.39 pc

Since 1 curie = activity from 1 gram of redium (3.7 x 1010




disintegrations per second) (Rankama, 1954%), then
1 pico-curie equals 1 pico-gram.

The radioactive equilibrium between radium-226 and

its deughter product, radon-222, may be expressed by
Npa?ra = Mro™Rn

The *decay constant of redium is not equal to that of

radon, but their activities are equal. Thus, the 0.39 pc

of radon activity equsls 0.39 pc of radium, and equals

0.39 pg of radiwa. The results of the radium determi-

nations are presentea in Table 21,

There are three basic sources of error in the procedure
followed in the determination of the radium content. There
is a 4 7.9% error for the chemical procedure based upon
a repeated measuring of alpha activity of one sample.
Control blanks or control semples with known quantities
of radium were not run with the unknown solutionsj however,
Dr. Wilkening and Mr. Jercinovic have reported a 98 %
recovery of radium from a radium chloride solution (personal
communication, 1968). The second major source of errvor
vas loss of radon through diffusion from the sample
flasks., The diffusion was a result of imperfect seals
between the rubber stoppers and either the glass neck -
of the flask or the glass tubing through the stoppers.

This diffusion should affect both andesite ana rhyolite
samples in the same manner, The results would indicate

a lower radium content than is actually present due to



ft."
H
i |
o]
¥ \
NS
{ ]
fia (&
—
O OO v~ OO WO = o O O~ O o o)
0 b — OO A on o ey ot ool o
43 - . * - . - * »* - o L] L] - ® r L]
4 £]
2 B
wl O 1
e fq:
" { =
£
oo
S
Of e 42
En ELRIS! ;
S b = UNQ O O v D =0l W Oy o~
R ER IR A e s s XX o] = CO o~ [@)N¢e) Qo OO -
sl 42 O e Lo = o ) P et B
o FaiNe}
=
£ .
O
¢
af O
b2 KT
|2 COCOUOCED U QO [¢nXew [ewXe @] QOO O oD (69
[{y, VIR AOADNO NOND NoRXe) OO \O\0D OO0 OO 0O
Ll v 42 IIIJII | | [ ] [ | [ L i
BRSO [ I NG v WY W N O D - N0
(1) rd b 2 SE Y h L S b = T o=
[/ He) [ 2 S T R DR N Y N 1 N N O N T N I BN N S |
(@) g OO - OO 0] OO OO DD D
+211D
=
[
43] b
i
Of-r4
4 |
M * ¥
Ol vl GO OO W UDOD) [vaXe 9] [eo RN o QO adaG] oD o) (o8]
[aVI R Ity NoRNS RYORNOANS! NN RNy OO OO OGO O 0O
ol A 114t i 1 yol 1 11 !
G4 Gy WO N0 ONONE OO OO OO O O O O
= O R S Tl - [QUNSV] - O O o [&N]
o) G4 Foro o [ i [ [ ] [ !
G4l @ O IOV WY N LOVLN] U O A i's
e ] 42
O] B
g1 [
—
QY o ©
12 42
[4}] o )] el o4
o o] 3 [ O] vl ot
K'e! @ (6] +2 -+ 1)) O
@ = ® o0 et o s
B4 O o 0] 0] o el
0 ot S a O} B Aoy
© 5 3 B2 bd o _
{2 0O o} s TS il ful} ) o
o o ® [S TP T B -1 © ©
o & e P
O 5y o Q > Q ] [
> O | 2w o 4 W wh
‘-—‘&-j o o w4 W - K (@] O
oo vl W ol NS
£y o L0 [k} Iy o 4
[OR) -~ 4 X - -1
- £ o] E od K] ul o] -rjj!
+2 £ €2 [} Q 42 o) # £
i £ 13 £4 O 3 e s -
o o3 [6) LB W o
i [ N £ w2 V5]




diffusion of radcn from the flask to the room (Jercinovie,
personal communication, 1968). The statistical counting
error is approximately + 104 since mdst of the samples
were counted for one hour at a rate of about 100 cph.

This is calculated by o = i{%j where n = total number

|
4
l
l
,
|

of -counts.

The radium distribution in the major lithic types

around Langmuir Leboratory does not appear to vary

according to rock type. From table 21 it is seen that

the andesites and the rhyolites analyzéd have radium

contents of the same order of magnitude., The radium

content of the red, siliceous veln material also falls

within the same raunge of values. The composite sample

of the middle pumiceous member and basal lithic member

of the Purple Rhyolite has the highest radium-226

content relative to the other units analyzed.

In most of the units mapped radicactive sources

cannot be related to individual mineral speclies., The

Purple Rhyolite contains trace to 0.3% amounts of meta-

mict zircon and trace amounts of sphene. Most of the

metamict zircon observed is in the vpper member of the

unit. The metamict zircon and possibly the sphene

serve as some of the sources of radicactivity in this

The rocks studied have a lower radium content by

unit.
a factor of two or three than the average values given for I
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voleanic rocks. Haul (1954) reported average radium
values of 0.51+ 0.09 x 10_6 ppm in intermediate intru-
g¢ive igneous rocks, and 1,37+ 0.17 = 10“6 ppm in
granitic rocks. tndesite belongs to the intermediate
clan of igneous rocks and rhyolites to the granitic
clan. Badium values in the rocks analyzed average

0.31 x 10“6 ppm for the andesites and 0.40 x 10'6 ppm
for the rhyolites. The lower values may be the

result of a regiohal anomaly. Coats (1956) has reported
nonrandom regional variations in uranium content in
rhyolitic and dacitic rocks in the Cordilleran reglon.
Tn northern Nevada, northwestern Utali, and southern
Tdaho 66% of the rocks studied contzined more than

5 ppm uraniwn and 70% of the rocks had between 4 ppm

to 10 ppm uranium. To the south in the Mojave desert
and western Arizona area only 209 of the rocks studied
had an ursniun content greater than 5 ppm while 80%

of them fell within the range of 3 ppm TO 5 ppm uranium.
Another probable couse of the lower uranium values is
leaching of the uranium while alteration of the rock
units occurred. Uranium is highly gsoluble in low tem-
perature, aqueous solutions containing carbonate
(Heinrich, 1¢58). The pervasive alteration of the rock
vnits, the cerbonitization, and the nature of the epi-
thermal quartz indicate that there was ample opportunity
for uranium to be dissolv ed in low temperature, carbonate-

bearing solutions.
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SUMMARY AND CONCLUSTIORNS

The Langmuir Laboratory area is approximately
17 miles west and south of Sccorro in the Magdalena
Mountains. The mountain range has a precipitous relief
and trends north-south. The highest elevation, South
Béldy Peak, is 10,780 feet above sea level and lies
within the area mapped. Structurally the Magdalena
Mountains belong to the Basin and Range geologic pro-
vince. Weber (1963) has maypped on a reconnaissance
basis the volcanic rocks of the Magdalena Mountains as
part of the Datil Formation of the Datil-Mogollon
volcenic fileld. IBlston, Coney, and Rhodes (1968) have
studied the Mogollon Plateaun, a major volceno-tectonic
structure to the southwest of the Magdalena Mountains.
There the Datil IFormation is the oldest of three major
ash-flow sequences and occurs only around the edge of
what igs considered to be the high-level equivalent of a
ring-dike complex. The Datil Formation was deposited
apﬁroximately 29 to 38 million years ago during the
Oligocene and Upper Locene Epoehs of the Tertiary Period.

The lithologic units within the area studied
include andesite flows, a rhyolite flow, welded ash-
flow tuffs of varying composition, air-fall tuffs,
minor amounts of sandstone, a laharic breccia, and a

minor amount of Quaternary alluvium. All the rock

units are moderztely altered by late stage hematitization,
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carbonitization, silicification, and argillization.
Hydrothermal activity is indicated by a quartz vein
with epithermal characteristics.

The Purple BRhyolite is the mosgt extensive of the
units mapped (see plate I) and is the foundation rock
for the laboratory. The Purple Rhyolite is a multiple
flow, compound cooling unit of welded ash-Tlow tuffs.
Three members are recognized, The basal flow is more
lithic and less crystalline than the top flow. The
degree of crystallinity increases upward Trom 28% by
volume in the basal member to approximately 55% in the
top flow., This unit suggests progressive emptying of a
compositicnally zoned magma chamber as described by
Lipman, Chritiansen, and O0'Connor (1966). The se-
quence ol welded ash-flows is inverted Trom the
compositional zonation in the chamber. The radium values
for the composite sample of the middle pumiceous and basal
lithic members of the unit are almost twice as great as
those for the upper member of the unit suggesting that
uraniuvm wes relatively concentrated in the upper compo-~
sitional zones in the magma chamber. Metamict zircons
were observed only in the Purple Rhyolite. They are
present from trace amounts to about 0.3% of the rock
and are most abundant in the upper member of the unit.
Since the upper member has ounly half the radium content
of the lower two members this suggests that the zircons
are a relatively unimportant source of radium.
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On the crest of the ridge

is the youngest volcanic unit,

north of the laboratory

the Lsharic Brecciay the

Quaternary Alluvium in Sawmill Canyon is the only mapped

deposit which is younger. The Lsharic Breccia fills low

areas in the Purple Rhyolite and laps onto the Mohawk

Petk Rhyolite and the South Baldy Andesite. It forms

abundant rocky colluvium which obscures outcrons.,

The Tuffacecous Unit crops out nearly 1000 feet below

the laboratory and its interbedded tuff breccia and vol-

caniclastic sandst

one-~the oldest and least extensive

members--may signify a minor vent area. Dr. Chapin has

found similar stratified tuff breccicas in the Guffey

caldera of Colorado only in the vicinity of vents (oral

communication, 1068),

and voleaniclastic

From the time
that of the Purple
guence of volcanic

volcanic intervals

and deposition of sediments. Later stage volcanic events

sandstone suggests
of eruption of the

Khyolite there was

and non-volcanic deposition. The non-

represent times of quiescence, erosion,

the interbedding of tuff breccila

repeated eruptilons.
Tuffaceous Unit to

an alternating se-

from sources definitely outside the area studied were

responsible for the Mohawk Peak Rhyolite and South Balay

Andesite flows, and for the Laharic Breccia. Volcanic

activity in the region closed with weak mineralization

represented by guartz veins in areas of prohable hot

springs.

The principal feulting occurred after cessation of
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volcanic activily., Faulting has continued up to the
present time as indicated by the fault scarp cutting the
alluvium at the mouth of Water Canyon, and by the inci—
sion of both the Water Canyon and the Sawmill Canyon
Streams into the alluvium, Within the srea mapped there
are three major faults of several hundred feet displace-
ment., The Calcite Fault is characterized by brecciation
and a dark calcite cement. It trends N 10° W and dips
80° W. The "A" fault has an attitude of N 44O i, 70° S®
and appears Lo offset the Calcite Fault. The "B" fault
has a general strilke irregularly north-south and a
nearly vertical dip. It offsels the "A" fault.

Much of the jointing appears to be genetically
related to the tectonic history. The greatest number of
Joints strike from N 360 W to N 20° E. Jointing is best
developed in the Purple Rhycolite. The Purple Rhyolite
outcrops in H0-to-200 foot cliffs and forms the extensive
talus slopes noticeable from the air. The talus is
blpcky and generally is estimated to contain from 395 to
W0% air space. Together the talus brecciz and joint
surfaces provide large surface areas for resdon emanatlion
(one of the areas of research interest at Langmuir
Lahoratory).

Samples representing major lithic types and vein
fillings wvere analvzed for their radium-226 content.
Radium distribution does not appear to vary sccording

to rock type. Both the andesites and the rhyolites



anelyzed have radium contents of the same order of
magnitude (see table 21). The rocks studied have a

lover radium content by a factor of 2 or 3 than average
values given for volcanic rocks (FPaul, 19%4%), This is
possibly a result either of leaching of uranium by
carbonate-bearing solutions during hydrothermal alteration
or of regional variations in uranium content of lgneous
rocks, Heinrich (1998) notes that regional varistions in
uranium are nonrandom. In the western United States roclks
of northern Mevada and northwestern Utah have high mean
uranium contents, and the mean urauiwm content has been
observed to decrease southward ond vestward, Radioactive
sources in most of the units mapped cannot be related to
individual wineral species. The Purple Rhyolite contaiﬁs
metamict zircon crystals, however most of the radioactivity
appears to be randomly distributed in the groundmnass of

the rock,
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