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THE GEOLOGY OF THE SCHOOLHOUSE MOUNTAIN
QUADRANGLE, GRANT COUNTY, NEW MEXICO

- Joseph G, Wargo: .

ABSTRACT

The Schoolhouse Mountain quadrangle is bounded by Lat. 32° 451
32° 52' 30 N; Long. 108° 30'--108° 37' 30 W, and is located in north-
ern Grant County, New Mexico, approximately 20 miles west of Silver
City.

Volcanic pyroclastics and flows crop out in the northern part of
the area. These rocks have been divided into nine formations contain-
ing 24 members. The lowermost units are andesites. The andesites
are overlain by a thick series of pyroclastics and flows of rhyolitic
composition. The rhyolites are overlain by a thin basalt flow. Pre-
cambrian granite and amphibolite overlain by Cretaceous sediments
crop out in the southern part of the quadrangle.

Two major faults are found in the area; the north-south trending
Schoolhouse fault and the east-west trending Wild Horse fault. A broad,
complex arch trending in a north-northwest direction crosses the quad~

rangle,
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A study of: (1) magnetic susceptibilities, (2) chemical composi-
tions and (3) refractive index of fused rock reveals a means of distinguish-
ing between some of the volcahic .uni.t‘s that aﬁpear identical in the field.
Closely spaced sampling and adequate geologic control are important:fo

a successful application of these three correlation methods.

......
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PART I — GEOLOGY

INTRODUCTION

Location and Description

The Schoolhouse 'Mountain quadrangle* is located in northemE
Grant County, New Memco and is bounded by Lat. 320 45'--32° 52 30"
N; Long. 108° 30'--108° 37' 30" W. A total of 63 square miles is in-
cluded within the quadrangle (See F1g 1) ; ‘ |

Access to the quadrangle from the tovm of Sllver Clty, prox1-
mately 20 miles to the east, is prov1ded by U., & I-hghway 2607 Within
the quadrangle, gravel roads lead along the Gila Rlver to the vicinity of
the McCauley ranch in sec. 12, T. 17 8., R. 1TW. Some of the larger

* No official quadrangle name has been assigned to this area by
the U. S. Geological Survey (J. M. Lawson, U. S. Geol. Survey Regional
Engineer, Pers. Comm., 1956). The U. S. Forest Service refers to
this general area as the "Schoolhouse Mountain area.' Because of this
priority, the name "'Schoolhouse Mountain quadrangle" will be used here,
with the understanding that future U. S. Geologmal Survey work may
render the name obsolete. )
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tributaries to the Gila River can be negotiated with a 4-wheel drive
vehicle.

The topography ranges from moderate to rugged, with approxi-
mately 2100 feet of relief within the area. The highest point is School~
house Mountain, which lies in the center of the quadrangle and reaches
an elevation of 6305 feet. Along the western side of the quadrangle, the
southward flowing Gila River carves a narrow canyon in the volcanic
rocks and Precambrian granite. Major tributaries to the Gila River in-
clude Mangas Creek, which has ité head in the Mangas Valley along the
east side of the quadrangle. In the vicinity of the Foster ranch, the
creek turns abruptly westward and carves a rugged canyon through the
volcanic rocks, joining the Gila River in sec. 3, T. 17S., R. 1TW.

In the same section, the confluence of Schoolhouse Creek and Mangas Creek
is to be found. A number of lesser intermittent streams flow down from
the higher country in the center of the quadrangle including Ira Creek,
Wildhorse Creek and Bear Creek. Davis Creek, Cherokee Creek and

Road Creek are typical of the smaller tributaries which have their head

in the mountainous country west of the quadrangle under discussion.

Most of the quadrangle lies within the confines of the Gﬂa National
Forest. Private ranches are located along the Gila River where the
valley floor is carpeted with flat lying gravels and soil, and along the
Mangas Valley on the east side of the quadrangle.

The name ""Mangas" is spelled locall'y as "Maixgus, " and various




4.
maps carry both versions. Calvin (1946, p. 52) states that the stream
is called the Rio Mangas. The stream was probably named after Mangas

Coloradas (""Red Sleeve'), an Apache chieftan circa 1846. The spelling

"Mangas" is apparently preferred and is used in this report. The pres-
ent Mangas Creek is dry most of the year in its upper reaches. Its
channel is, in some plaCes, an impressive gash in the valley floor some
50-~200 feet across and bordered by 15-foot high sheer vertical walls cut
in the soil mantle of the valley — mute testimony to the ravages of -

running water in an area of flagrant overgrazing.

Previous Geologicv Work

The Geologic map of New Mexico (Darton, 1928) shows that the
Schoolhouse Mountain quadrangle is covered largely by alluvium — a
point in which the map is decidedly in error. The geologic map shows
none of the structures present in the area and omits a prong of volcanics
that follows along the west bank of the Mangas Valley. More recent |
mapping has been done by Elston (1955) in connection with the work on
a new geologic map of New Mexico. Elston states (Pers. Comm., 1956)
that he *'covered the geology of the Virden quadrangle;(Lat. 32° 30'--
33% 00" N; Long. 108° 30'--Arizona border) in brief reconnaissance
fashion in the summer of 1955. = His 1 inch = 2 mile map will be a
part of the new geologic map of New Mexico on a reduced scale. The

map and a brief preliminary report are on file with the New Mexico




Bureau of Mines, in Socorro." Elston (1956, p. 1553) has also com-
mented briefly on the Virden quadrangle in general, but not specifically
on the area under consideration in this report. -

In the southern part of the quadrangle, some work has been done
by Hewitt (1956), who concentrated on the Precambrian rocks found
there. Hewitt states (Pers. Comm., 1956) that "the northern limit of
my (si.c) area is approximately the southern edge of the volcanics. Be-
cause of time limitations and because my problem was primarily with
the Précambrian rocks, I mapped the Cretaceous sediments and younger
volcanics in the areas northwest and northeast of Wild Horse Mesa in
a reconnaissance manner only to delineate the Precambrian exposure. "
Hewitt mapped on aerial photographs, on a scale of 2 inches = 1 mile.
Since Hewitt bas undertaken to concentrate attention on the Precambrian
rocks in the southern part of the quadrangle, less emphasis will be
given those rocks than was originally intended.

‘Gillerman (1951, p. 286-287) briefly describes the Cloverleaf
and Purple Heart flﬁorite deposits in the southern part of the quadrangle.
Gillerman notes that the Purple Heart prospect is located in sec. 3, T.
18 S., R. 17 W., about 1~1/2 miles southeast of the confluence of Wild
Horse Creek and the Gila River. The Clover Leaf prospect is located
about 1/2 mile southwest of the Purple Heart. Both prospects are on
northwest striking fluorite veins in granite. -

The Black Hawk district is located approximately two miles south




of the southeast corner of the quadrangle. Gillerman and Whitebread
(1956) have described a series of intrusive and metamorphic rocks and
associated uranium-nickel-cobalt-silver mineralization. At the time of
this writing (spring, 1957) some attempt to re-open the mines in the
Black Hawk distmct was being made.

The writer (Wargo, 1958) has also commented bneﬂy on the

structure and volcanic stratigraphy of the region.

Reference Maps and. Photographs

No detailed topographic maps of the Schoolhouse Mountain quad-
rangle are available. Aerial photographs of the area are available from
the Soil Conservaﬁon Service (USDA), as are semi-controlled mosaics
and ozalid prints of stream i)etterns, Newer, high altitude photographs
have been flown by the U. S. Forest Service. The photographs and

maps pertinent to the area are listed in Table 1.

Field Mvethods

Field mapping was undertaken in the usual manner, using aerial
photography as a base, in the absenee of topographic sheets. In order
to overcome the problems of distertion and scale change inherent in
aerial contact prints, the mapping was done on an enlarged portion of
the mosaic ﬁew Mexico 386. The mosaic wes enlarAged from a scale of

1 inch = 1 mile to a scale of 4 inches = 1 mile without significant loss of




Table 1

- List of maps and photographs pertaining to the Schoolhouse
Mountain quadrangle, Grant County, New Mexico.

Aer1al Photogr aphs

Agency--Soil Conservatlon Serwce (USDA)
Scale--2 inches = 1 mile (Approx.) ' ’ :
Name--Gila Indian Reservation, New Memco (Grant Co.)
Number -- 4340--4346 incl., 4307--4302 incl. ’ R
Remarks--Flown in 1935(?)

Agency--U. S. Forest Service

- Scale--1:40, 000 (Approx.)
Number--DRA-7-139
Remarks--~High altitude photographs

- Aerial Mosaics . |

Agency--Soil Conservation Service (USDA)
Scale--1 inch = 1 mile
Control--Semi-controlled

Number--New Mexico 386

Base Maps

- Agency--Soil Conservation Service (USDA)
Scale--1 inch = 1 mile =

- Name--Cliff Quadrangle (Gila No. 44)
' Remarks--Shows land lines. Drainage traced from -
mosaac New Memco 386

Agency--New Mexico nghway Dept
Scale--1 inch = 2 miles.
Name--Virden Quadrangle (SWQC)

' Remarks--Shows some roads, most drairiage, land lines .

Agency--U. S. Forest Service'

Scale--1 inch = 1 mile

Name--Gila National Forest (1948).
Remarks--Shows drajnage, roads and la.nd lines
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clarity or detail. Contact prints were used stereoscopically to pinpoint
locations on the enlarged mosaic.

The énlarg'ed portion of the mosaic was cut into 8'" x 9'" rectan-
gles and covered with acetate overlays, on which the actual mapping was
done. Note locations were pricked through the photograph and acetate
and the number recorded on the back. Only the note number, strike
and dip-data and specimen numbers (in red) were recorded on the back
of the phétograph. " Each day's work was carefully inked and transferred
onto a master sheet in the office, at the end of the day.

- Approximately 200 days were spent in the field gathering the in-
formation shown on Plate 1 and in collecting various samples and check~

ing correlation methods.

Climate and Vegetation

The climate in the Schoolhouse Mountain area is typical of that
found in the higher mesas of southern New Mexico. Summer days, even
at the altitudes encountered, tend to be excessively warm and less suited
to field work than the cooler days during autumn, winter and early spring.
Precipitation is negligible, amounting to less than 4 inches during the
winter. The rainy season occurs during the late summer months. Veg-
etation includes several varieties of pinion, cedar, cottonwood and
willow, along with numerous grasses ans shrubs and a few cacti. Yucca

are abundant in the valleys. Except for small areas on the higher hills,




the vegetation creates no particular problem in field mapping.

- Acknowledgments

' The writer gratefully acknowledges the assistance received from
the Bear Creek Mining Company for subsidization of the field work and
for chemical a.nalyses and other laboratory work. Specral thanks are
due Ray E. Gllbert and the staff of the Rocky Mountam District, for
their advice and encouragement The writer also profited materially |
from discussmns With Professors R. L. DuBois, J. W Anthony, W. C.
Lacy and E. E Mayo of the Umversity of Arizona, concerning various
phases of the field and laboratory work. The completion of the thesis

was aided by a grant from the Kennecott Copper Company




REGIONAL GEOLOGIC SETTING

‘The Rocks —— A Regional Picture

Rocks of every maJor era are represented in the mining districts
surrounding the Schoolhouse Mountain quadra.ngle. Within the Central
District, Cretaceous sediments (Colorado formation) predominate at the
surface, but are underlain by carbonates and clastics of Paleozmc age
Precambrian rocks appear in the Silver City quadrangle along the eroded
tops of northwest trending monochnes. Mineralization in the Central
district occurs either in the intrusive monzomtes, as at Santa Rita, or
in the folded ca.rbonates, as in the v1c1nit§,r of Fierro and Hanover. Min-
eralization is not well developed in the Cretaceous shales.

' The largest mass of Precambrian rocks near the Schoolhouse
Mountain quadrangle occurs in the Burro Mountains, and a portion of this
complex crops out in the southern part of the quadrangle (See Plate 1)
The rocks cons1st largely of gramte, and are known as the Burro Moun-
tams bathohth. Assoc1ated With the batholith is a complex series of
hlgh grade metamorphlc rocks, mcludmg hornfels, amphibohte and
various kinds of gneiss, as well as migmatites and similar rocks of un=
knOWn origin (Hewitt, 1956) Monzonite stocks of Cretaceous( ?) age in-
vade the Burro Mountams rocks in at least three places, the la.rgest

10
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being in the vicinity of Tyrone (Paige, 1922), -

Intrusive rocks of possible Tertiary age are found in the south-
east corner of the Schoolhouse Mountain quadrangle. No sedimentary.
rocks older than Cretaceous are known to occur anywhere within or -

- upon the Burro Mountains complex. Sandstones and shales tentativeiy g
correlated with the Beartooth and Colorado formations crop out in the :
quadrangle and in a few places to the west.

For scores of miles to the west and north of the quadrangle, the

surficial rocks consist of volcanics of Tertiary(?) age. ' These rocks

may be a continuation of the Datil volcanics in west central New Mexico,

or they may be a part of an even larger field that extends southward
into central Mexico, The study of a small part of these volcanic rocks

is the main theme of this paper.

The Tectonic Pattern — A Regional Picture

Two dominant features emerge in the analysis of the tectonic
patterns in and around the Schoolhouse Mountain quadrangle, namely:
(1) the trend of highlands and major outcrop masses and (2) the trend

of major fracture patterns. The firstof these, the trend of highlands

and major outcrop masses may be a reflection of uplifts that have oc~

curred in this region at intervals throughout geologic time. A glance

at the Tectonic Map of the United States reveals that outcrop trends in

this region are dominantly northwest. This is perhaps best illustrated

R a2 s oo
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by the long, narrow Burro Mountains uplift, which begins in the south~
eastern part of Grant County and continues northwestwai-d until it dis-
appears beneath the volcanics of the Schoolhouse Mountain quadrangle.

- 'Within the quadrangle, the volcanic rocks reflect the influence of this
uplift by fault patterns and by complex flexures that impose a northwest
strike on most of the effusive rocks. The trend of the Burro Mountains
is accentuated by the presence of major drainage lines on both sides; the
Mangas Valley on the northeast and the upper Lordsburg and Virden
Valley on the southwest. Other examples of northwest io north-south
trending outcrops, mostly of volcanic rocks, can be found along the
Arizona border and in the vicinity of Silver City.

Two sets of fractures dominate in the area surrounding the.
Schoolhouse Mountain quadrangle. One set, trending in a northwesterly -
direction often serves to outline the highlands and probably represents
major lines of weakness along which the vertical uplifts occurred.: Ex--
amples of such fractures are to be found along the northwest side of the
Mangas Valley, along the southwest side of the Burro Mountains, alon:g
broken monoclinal uplifts in the little Burro Mountains and in the Silver
City Range. - In the Little Burro Mountains at least, the movement along
the faults has been relatively recent, as indicated by fau;ting of the later
Tertiary gravels in that area (Paige, 1922).

" Northwest-trending faults appear in the metamorphic and intrusive

rocks near the southwest corner of the Schoolhouse Mountain quadrangle.
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Hewitt (1956, Pl. 1) shows at least four major faults in the Clark's
Peak area, some six milés northeast of Redrock. The faults either
disappear into or beneath the volcanic rocks in that area. The most
important feature of the faulting here, and in the southern part of the
quadrangle is the fact that remahents of the Cretaceous Colorado(?)
and Beartooth(?) formations are often preserved on the upthrown sides,
permitting study of these units which, very likely, once covered a large
part of this region.

The other set of fractures dominating the region around the
Schoolhouse Mountain quadrangle trends northeast. In general, these
faults tend to be more numerous and shorter, especially in the Silver
City quadrangle. In the Silver City Range, a group of northeast-trending
faults slice the Silver City monocline into blocks. Paige (1916) suggests
that the faults occurred as-a result of tension release, causing a stepping
down of the section to the northwest. In the Central district, northeast-
trending faults are of considerable economic importance. The Ground-
hog Fault, for example, is the site of extensive zinc mineralization in
the Groundhog mine. The Barringer Fault, another major northeast-
trending fracture in the district parallels the northwest side of the
Bayard Argh and effectively forms a northwest limit to mineralization
in the aistr'ict. Northeastétrending faults are not prominent in the
Schoolhouse Mountain quadrangle.

Intersections of the two fracture sets in this region could be of
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practical interest. The importance of structural intersections has been
elaborated upon by Billingsley and Locke (1941) among others. Certainly
the two main structural directions (northeast and northwest) which pre-
dominate here, extend far beyond Grant County, and even New Mexico.
The northwest trend of fold axes, outcrop patterns and fracturing is
present in the Sierra Madre Occidental, extends into southern New
Mexico and is dominant along the southwest gside of the Colorado Plateau
in Arizona. ' The northeast trend is less well defined regionally but often
appears as trends of foliation and fold axes in the Precambrian rocks of
southern Arizona and New Mexico. Conceivably, this northeast line of
weakness may have been re-activated in post Precambrian times, ac-
counting for the fracturing in the overlying rocks. Hence, on a regional
scale, intersections do occur in the vicinity of the Schoolhouse Mountain
quadrangle, but whether these intersections constitute a significant factor
in the mineralization of the area remains problematical. In passing, it
might be mentioned that Leroy (1954, p. 743) states, concerning the
Santa Rita deposit "'the localization of the Santa Rita deposit at the inter-
section of two main structural zones has not been proven and possibly

does not exist. "

" The Ore Deposits —— A Regional Picture

_ . The Schoolhouse Mountain quadrangle lies in a geologically com-~

plex area and is nearly surrounded by major base metal ore deposits.
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To the east lies the Central mining district, an area characterized by
-intricate fault patterns, rather mild folding and intrusive bodies of
Cretaceous and Tertiary age. Southeastward from the Schoolhouse
Mounfain' (jﬁadrangle lies the Tyrone mining district, where the major
geologic feature is a large, nearly circular body of Cretaceous(?) .
monzonite porphyry which has invaded the Precambrian Burro Moun-
tains complex. Directly westward from the quadrangle is the Steeple
‘Rock district, an area of minor mineralization along fractures in the
volcanic rocks, while to the northwest lies the large copper deposits -
at Clifton and Morenci. The Mogollon district lies about 256 miles to -
the north of the quadrangle. : :

The above observations make it obvious that the Schoolhouse -
‘Mountain quadrangle is surrounded on three sides at least by miner-
alized areas of major importance, namely Central,  Tyrone and Morenci.
In a larger sense, these three districts and the Schoolhouse Mountain
quadrangle lie somewhere along the southern border of the Colorado -
Plateau, whose influence in the localization of ore deposits has been
pointed out by Butler (1933, p. 219) and others. -

. Thus, from the point of view of economic geology, the justifica-
tion for further exploration in this region seems established. Further-
‘more, the fact that most of the area between these three major deposits
is covered by Tertiary(?) volcanic rocks brings forth the omnipresent -

‘question as to the nature of the geology underlying these rocks and
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speculation as to the occurrence of ore deposits that may underlie these

younger volcanics.

Paleogeography - -

Viewing the soutﬁern part of New M;axiCO, and Arizona as a whole,
the Schoolhouse Mountain (;uadrangle can bé'ééen to lie 01; the border of
the Sonoran Geosyncline. f‘urther, the quadrangle also lies withm or
near an east-northeast trending be’it’gf strike defiections,‘ iﬂtrusions
and structural dislocations prominent in ’south_ c"entral New Méﬁdco. The
relationship of the quadrangle to the Son6rah qéosync_line* and the belt of

tectonic activity is shown in Flgure 2 -

- McKee's (1951, p. 451=-505) maps mdicate that the Silver C1ty-=
Schoolhouse Mountain-Morenci area has been a borderland ad;oinmg a
moderately active geosyngiline tliroughoﬁt a 'lérge part of geoiozgié ‘.time.,
The gebsynclina.l phase in southwestei‘ﬁ New Mekico was prqbably best
developed duzling theij'Cretaiceous ’p\eriod.,, In the,ﬁig Hatcl‘;et’ Mountains
of southern Hidalgo County, Zeller (1953,5‘ p. 142u143) reé:ogxﬁ#ed three
unnamed Lower Cretéceous formations — a "i‘ed bed forrrjlafio;i at the
base, a medial limeSfoné formation and an 'upper- sandstoﬁe and shale
formation., The imité total about 7000 feéf in thickness. :These three
units Zeller tentatively correlates with the Bisbee group in southern
Arizona. Zeller believes that the 12000-24000 feet of Lower Cretaceous

rocks reported by Lasky (1936, p. 1) in the Little Hatchet Mountains
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nearby may contain at least one duplication.

In contradistinction to the relatively thick series of rocks that
éppear near the center of the Sonoran Geosyncline, the rocks in the
Silver City~-Schoolhouse Mountain quadrangles are relatively thin.
Lower Cretaceous rocks are not represented in the Silver City area,
and Upper Cretaceous Beartooth quartzite and Colofado shale total
about 1140 feet (Lasky and Hoagland, 1948). In the southern part of
the Schoolhouse Mountain quadrangle, the writer has méasured 695
feet of Upper Cretaceous(?) shales and quartzites, é.ithough obviously some

has been removed by erosion.



SEDIMENTARY ROCKS

Beartooth(?) quartzite

'I“h-e iewest sedimentary formation in the stratigraphic column is
the Beartoeth(?) ‘quaitziteo' This formation erops out in sec. 2 and 11,
T. 18S., R. 17T W., insec. 6and 7, T. 18 §., R. 16 W., and in various
places along the Wild Horse Fault. The most extensive outcrop forms
the rim of the strucfurai and topographic basin found on top of Wild
Horse Mesa. | o R o

The Beartooth(?) quartz1te a.lmost everywhere in the Schoolhouse
Mountain quadrangle conmsts of ha.rd, buff or brown quartz1te., Qua.rtzrce
conglomerate lenses occur in places in the se_ctlon (See Plate 2, Fig. 1)
and a shaly phase crops out along ‘Wild Horse Creek, but neither of these
is very extensive. | |

| Usually the quartzite rests on a weathered gramte surface (See

Plate 2, Fig. 2). The lowermost 6-24 mches of the formation consists
of a‘ coarse grained quartzite which contains subrounded quartz frag~
ments and }argillaceous material evidently derived from’ the‘ underlying
weathered granite. Above this zone, the quaxl-tzite'is ﬁaer graihed and
usually very pure. Although the granite is deeply weathered — in
places up to 20 or 30 feet — the pre-Beartooth(?) topography appears

19
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to be rather smooth and rolling, rather than having the steep slopes and
sharp ridges present now. | |

The total Beartooth(?) outcrop area was probably much greater
prior to the formation of the Wild Horse. Faﬁlf,‘ and subsequent erosion
of the upthrown block. This is suggested by the fact that the quartzite
forms small isolated outcrops along the fault, and that bbftioné of a
rhyolite sill which once invaded the quartzite are now found unroofed
along the fault.

The fact that everywhere it is exposed in the southern part of
the quadrangle the Beartooth(?) quartzite rests on Precambrian rocks
is significant, in that it shows that the rocks making up the interval
between Precambrian and Upper Cretaceous had been stripped away
prior to the depositioﬁ of the quartzite — if indeed tﬁese rocks had
ever been deposited at all. Further speculation on the pre-volcanic
rocks in the northern part of the quadrangle is presented elsewheie in
this report (See "Structure").

In some places a rhyolite sill invades the lower part of the
Beartooth(?) quartzite (See Fig. 3). The sill is up to 75 feet thick,
and invades the Colorado formation as well. |

No fossils have been found in the Beartooth(?) quartzite,; and

_correlation can only be based on comparison with similé.r rocks in the
Silver City quadrangle to the east. A brief summary' of these arguments

is presented in the discussion of the Colorado(?) shale.
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Fig. 3 Comparison of two sections involving the
Beartooth quartzite and a rhyolite sill,
in the southern part of the Schoolhouse
Mi. quadrangle.
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‘Petrographic description of the Beartooth(?) quartzite---The
Beartooth(?) quartzite consists almost entirely of quartz. A thin sec-
tion of a slightly conglomeratic phase shows that the majority of the
quartz grains are sub-rounded and approximately of the same size,
Conglomerate fragments consist of a fine grained, nearly aphanitic
rock which may be jasper;:id or chert. A secondary overgrowth of
quartz is indicated by the following: (1) some of the quartz grains have
shadowy outlines of quartz which are optically continuous withthe grain,
and separated by a line of tiny, dust-like inclusions, and (2) one of the
conglomerate fragments is cut by a tiny quartz veinlet which appears to
continue past the boundaries of the fragments into the surrounding quartz
matrix. Most of the quartz grains are filled with dust-like inclusions,

the nature of which could not be determined.

.

Colorado(?) formation

A sequence of shales and sandstones cropping out in the southern
part of the quadrangle has tentatively been correlated with the Colorado
formation present in the Silver City area, 20 miles to the east.

The main outcrops occur in sec. 36, T. 17 8., R. 17 W., in the
vicinity of the Wild Horse Fault, in sec. 2 and 11, T. 18 S., R. 1TW.,
and in sec. 1 and 12, T. 18 S., R. 17 W. In most places it appears
that the Colorado(?) formation occurs on the upthrown side of the faults

which often bound the outcrops on one or more sides. On Wild Horse
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Mesa, the Colorado(?) shales occupy the floor of a faulted, shallow.. -
structural and topographic basin (See Plate I, Cross section BB'). A
maximum of 560 feet ¢f shale and sandstone has been found in the School-
house Mountain quadrangle. .

- The formation consists of alternating beds of olive green to dark - -
brown sandstone and fissle black or dark green shale (See Plate 3, Fig.
1). Occasionally buff colored sandstone beds are found in the section.
Limy beds are rare, but one such bed of impure, dark limy shale cropping
out along the upper reaches of Wildhorse Creek, in the SW 1/4 of sec.
31, T. 178., R. 16 W., yielded some poorly preserved fossils of what
appear to be molluscs.

- Deformation of the shale has been slight, except in the vicinity
of faults, where the rock is apt to be highly contorted and crushed.
Elsewhere, gently dipping beds, with occasional weak folds such as is
shown in Plate 3, Figure 2 are the rule. Intrusion along bedding planes
by rhyolite sills occurs in sec. 31, T. 16 8., R. 16 W., and sec. 35,

T. 17 8 , R. 1T'W. Metamorphism caused by these intrusionsis ' . ~
mild, and is usually manifest in a slight hardening and baking of the
shale and formation of a hornfels-like rock along the rhyolite-shale
contact.

The correlation of the formation is tentative and awaits the
discovery of identifiable Upper Cretaceous fossils. A comparison of the

stratigraphic sequence in the sediments located in the southern part of -
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the Schoolhouse Mountain quadrangle with the sequence found in certain
places in the Silver Citj quadrangle reveals a marked similarity. In
the Silver City area, Paige (1916), Lasky (1936) and others note that
the Colorado shale consists of dark colored shales and sandstones which
rest in places on dense, hard quartzite (Beartooth). Since the sedimentary
section in the Schoolhouse Mountaing quadrangle is much the same in

lithology and sequence, it seems logical to correlate these rocks with

the Upper Cretaceous rocks in the Silver City area.
Gravels

Introduction---Within the Schoolhouse Mountain quadrangle, |
three different stages of gravels have been recognized and mapped on
Plate 1. The three stages are readily differentiated on the basis of
rock type, degree of consolidation and stratigraphic position.

For the most part, the alluvial cover and talus gravels in the
higher mountains have not been mapped, owing to the limitations of the
scale employed. In general, the effusive rocks are lightly covered with
debris derived from their own erosion, but in most places enough out-
crop remains to make accurate mapping possible. In the Precan;xbr‘iax.l!
rocks at the south end of the quadrangle, the weathering of the graMﬁc
rocks has provided a substantial mantle of soil, making outdrOps écarce
except on hilltops and canyon bottoms. As a consequence, many of the

more detailed structural features of the rocks may have been 6§/e£lobked.
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The gravels mapped in the Schoolhouse Mountain quadrangle are
called in this study simply '""Stage One, Stage Two or Stage Three gravels'"
as the case may be.: The Stage One gravels are here named the youngest
and the Stage Three gravels the oldest.
The term '"Gila Conglomerate" is probably justified in the case
of the Stage Three gravels, but will not be used in the absence of any -
specific criteria for correlation of this unit with similar -gravels in the
intermontane valleys of southern Arizona and New Mexico. In passing,
it might be noted that the term *'Gila Conglomerate' has been confined
to the consolidated or semi-~consolidated gravels of Pliocene-Pleistocene
age, which crop out along the Gila River and its tributaries in New
Mexico and Arizona. . Knechtel (1936, p. 81-92) points out that three
stratigraphically equivalent facies comprise the Gila Conglomerate,
namely: (1) lake beds, stream gravels and bolson deposits, in the
center of the basin, (2) fanglomerates along the edge of the basin and

(3) a transition zone between (1) and (2) (cf. Heindl, 1952, p. 113—116)..

Stage Three gravels—--—The largest outcrop of gravels in the |
northwest part of the quadrangle is designated the Stage Three gravels.
These gravels crop out in sec. 32 33 34 and 35 T. 16 . » Re 17 Ww.,
andsec. 1, 2, 3, 4, 5, anle T 17s., R. 17w, andinpartsof
ad;oming sectlons. A small outcrop of gravels of possmle Stage Three

age is located in sec. 17 T. 16 S., R. 16 Ww., in the eastern part of
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the quadrangle.

The stratigraphic position of the Stage Three gravels is best re-
vealed along Davis Creek, in sec. 32, T. 16 S.; R. 17 W., along the
western edge of the quadrangle. Here, the Stage Three gravels clearly
overlie the Moonstone Tuff formation, and a httle farther west are over=-f }‘
lain by basalt flows. The Moonstone Tuff which overlies the Cherokee
Creek formation (See Plate 4, Fig. 1) thins and disappears to the east,
and in most of the Davis Creek drainage, the Stage Three gravels rest
directly on the Red Rhyohte member of the Cherokeer“Creek formation.
The contact between the Stage Three gravels and the Moonstone Tuif is |
smooth and almost horizontal (See Plate 4, Fig. 2) and the contact with
the overlying basalt also séems _devoid of: major irregularities (See Plate
5, Fig. 1). A partial section in sec. 32,’§ T. 16 S., R. 1T W. shows the ‘
position of the gravels with respect to the otherﬁ formations in the area f
(See Fig. 4). | » |

’I"he Stage Three gravels consist of angular fragments of rock,
cemented by silica to form a cempact, solid mass.” Crude bedding is
present almost ew;erywhefe. “The xoost abundant rock type in the Stage
Three gravels is a dense gray rhyolite and rhyolitic welded tuff bearing
narrow, streaky vesicles which ai-e lined with tiny quartz c'rystals. In
places where the gravels do not crop out, their presence beneath the
soil cover is indicated by this gray rhyolite float. Most of the frag-

ments have one or two flat surfaces and sharp corners, and have a low
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bearing crystal vitric tuff;

Moonstone tuff; grey, adularia
Cherckee Creek formation
(Red riyolits member)

Fig. ;, Composite section in Sec.
Schoolhouse Mt.
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order of sphericity.- The flat surfaces are due to the original iointing of
the rocks, rather than to abrasion. Other rocks recognized in the gravels
include brown rhyolite tuff breccia, red rhyolite tuff breccia and a few
blocks of sanadine (Moonstone) tuff.

" The gray rhyolites mentioned above are identical with those of
the McCauley formation, both in the hand specimen and in thin section.
The slabby character of the gravel fragments coincides with the observa-
tion that closely spaced jointing is common in the McCauley formation,
especially in sec. 31, T. 16 8., R. 18 W. and sec. 22, T. 17 8., R. 17
'W. The rather large areal extent of the Stage Three gravels in the north-
west corner of the quadrangle and in the region farther north suggests
that considerably more of the McCauley formation cropped out in this
region in the past, than crops out now. _

A study of the structure and contacts of the Stage Three gravels
reveals that no maJor angular unconformity emsts between this unit and |
the underlymg Cherokee Creek formation or Moonstone Tuﬁ Dips of
the gravels on the east side of the Gila River range from 15 to 30 degrees
to the northeast Similar readings are to be found in the Cherokee Creek
iormation immediately underlying the gravels, although dip readings in
the volcanics are apt to be less rehable than those in the bedded gravels.
On the west side of the Gila River, the gravels and the Cherokee Creek
rocks dip to the northwest and southwest Again the gravels appear to

be largely conformable with the Cherokee Creek formation and the
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Moonstone Tuff, Faulting is present in the Stage Three gravels, but
not to a marked degree. The largest fault noted on Plate 1, which cuts
both gravels and underlying rocks is located in sec. 4, T. 17 S., R.
17 W. The fault appears to be a steep normal fault, striking slightly
west of north and dropping the gravels against the red rhyolites of the
Cherokee Creek formation.

The.fact that the gravels are conformable with the underlying -
volcanics, participate in the arching in the northwest part of the quad~-
rangle, and have been faulted suggests that the gravels were deposited
near the end of the period of uplift which tilted the volcanic rocks in this

region.

Stage Two gravels---The gravels of Stage Two are younger than
those of Stage Three. The Stage Two gravels occur as higher terraces
and as subdued hills, especially in the Mangas Valley along the east side
of the quadrangle. These gravels are, at the present time, bemg ac-

- tively eroded by Mangas Creek and its tributaries and probably supply
most of the debris for the younger gravels to be discussed below. In
the northeast part of the quadrangle, the gravels have been eroded into
rounded, subdued hllls generally less than 100 feet high (See Plate 5,
Fig. 2), The tops of these hills in the quadrangle to the east present a
remarkable flat surface. Along the Gila River, the Stage Two gravels

are thinner — less than 50 feet —_— and occupy the higher banks next
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to the river. Bedding is usually well developed in the Stage Two gravels
(See Plate 6, Fig. 1). . Consolidation is not far advanced and most of the
gravels are loose and friable, hence easily eroded.

. The source of the Stage Two gravels in the Mangas Valley appears
to have been from the west — that is, from the volcanic rocks now ex-
posed in the center of the quadrangle. This is shown by the fact that the
beds in the Stage Two gravels which border the volcanics consist almost
entirely of tuff breccias and brown tuffs and their comminuted equivalents.
In sec. 21, T. 17 S., R. 16 W. , the gravels overlap and dip gently away
from the hJ.gher outcrops of volcanic rocks. The source of the. Stage Two
gravels in the Gila River area is less ev1dent The presence of gramtm
and basaltic boulders suggests that some of the debris may have been
supphed from the basalt h1ghlands several m11es to the northwest and |
from undlscovered Precambrlan outcrops farther upstream |

| Although 1gneous rocks are abundant in the Stage Two gravels,
sednnentary rocks, save for a few quartzrte boulders, are missing. No
carbonate rocks were seen among the gravels. The 31gn1f1cance of such
a situation cannot be fully understood from the study of such a small
area, but it may» point up the possibility that the Paleozoic formations,
in which carbonates are abundant, are not present, or at least have
never been exposed in the upper dramage basin of the G1la River, north
of the Schoolhouse Mountain quadrangle. Quartzites, on the other hand,

are common in the Cretaceous system a.nd hence may have been exposed
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upstream 1n some past erosion interval. Although beyond the scope of
this paper, it would be interesting to determine the provenance of the
various gravels along the Gila.  In doing so, it might be possible to cast
some light on the kind of rocks that existed in the highlands to the north.
The answer to the question as to whether: a Paleozoic section such as
is found near Silver City is present under .the volcanic rocks between
Silver City and Morenci may provide fufther impetus to the exploration

for ore deposits beneath these volcanics.

Stége One gravels---The gravels of Stage One are the youngest
gravels in the area, and are now in the process of being deposited by
the intermittent streams and by the Gila River. These gravels always
occupy the lowermost portions of the stream or river bed and often ex~
hibit evidence of having been.re~-worked a number of times. The Stage
One gravels are most abundant along the Gila River from D. McCauley's
ranch to the north boundary of the quadrangle and beyond. Numerous "
changes have been made in the channel of the Gila River, causing re-
working.and re~deposition of the Stage One gravels. A good example
of such channel shifting can be seen in sec. 27 and 28, T. 17 S., R.

17 W., where the river has moved from one side of the flood plain to

the other a distance of some 300 feet —— in the interval between
1935 and the present. Stage One gravels in the Mangas Valley have been
deposited by Mangas Creek. For the most part, these gravels are inter-

bedded with finer grained sand and silt, and a well developed soil profile
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is present in places.

The gravels of Stage One have been won from the accumulations
of Stage Two and Three gravels whlch genera]ly occupy a slightly higher
elevatlon along the river. Hence, owing to the1r continued re-sworkmg,
the Stage One gravels are usually ﬁell rounded and possess a high degree
of sphericity. Rock types are varied, including flows and pyroclastics
of many colors, basalt boulders and occasional coi)bles of granite'and
neri.dotite. Bedding is nsually poorly developed and cementation is

negligible.

Age of the gravels---The absence of fossil remains in the gravels
. precludes the possibility of dating these rocks on that basis. For the
reasons mentioned above, the Stage Three gravels appear to be equiva-
lent to the Gila Conglomerate which elsewhere is considered to be of
Pliocene~-Pleistocene age. In the Schoolhouse Mountain quadrangle, the
Stage Three gravels are overlain by basalt flows, which in some parts

of southern New Mexico are considered to be of Quaternary age (Jicha,
1954, Pl. 1). Callaghan (1953, p. 143-144) notes that basaltic lavas of
several different ages represent the latest stage of igneous activity in
southwestern New Mexico. Stage One and Two gravels, being younger,

are then considered to be of Pleistocene-Recent age.
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Inter~ and Intra-formational sediments

Scattered throughout the northern three fourths of the Schoolhouse
Mountain quadrangle are numerous, small outcrops of sedimentary rocks
interbedded with the volcéhics. Some of the larger outcrops are shown
on Plate 1. For the most part, these sediments consist of sandstone,
shale and conglomerate that were deposited during lulls in the volcanic
activity in that area. The source of the sediments was undoubtedly
from the nearby volcanic outcrops, as is shown by the preponderance
of volcanic fragments in the sediment.. The angularity of the fragments
suggests that the particles had not travelled very far from their source.
Crude cross lamination, pebble lenses and silt beds attest to the work -

of running water. . Limy sediments were not seen.



METAMORPHIC AND INTRUSIVE IGNEOUS ROCKS

. Granite and Related Rocks

Coarse grained rocks of'granitic conlnosition crop out inthe
Schoolhouse Mountain quadrangle, south oi the W11d Horse Fault These
rocks cons1st of: (a) coarse grained pink or greemsh granite with vary-
ing a.mounts of b1ot1te, (b) amph1bohte, biotite gneiss and biotite schist
and (c) sillimanite schists and migmatites | -

In sec. 12, T. 18 S., R 17 W., a small mass of hornblende
gneiss and amphibolite having a north-south elongation crops out. The
foliation within the mass 1s parallel to the elongatlon of the mass as a
whole. The contact between the amphlbolite and the gra.nite is sharp
(See Plate 6, F1g 2) Within the amphlbolite mass, numerous strmgers
of coarse grained, hornblende-bearing gramte are found. Judging from
the outward appeara.nce, the granite magma appears to have invaded the
amphibolite, in part inserting itself along fracture planes and in part .
reacting with the amphibolite to produce diffuse masses of a rock
intermediate between granite and gneissic hornblende granite.

The rock in the southwestern part of the quadrangle includes
numerous small masses of biotite schist, aplite, sillimanite schist and
migmatite. In places the normally homogeneous granites give way to

34
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migmatites and rocks with large (up to 1-1/2 inch) porphyroblasts of
orthoclase. In many of these rocks tiny bright grains of pyrite are
visible, although other forms of alteration are to be seen only along
fracture zones. The origin of the pyrite in a dominantly fresh rock
remains an enigma, although conceivably it may have been formed by
the sulfidization of iron originally present in the rock, in a manner
suggested by Sales and Meyer (1948, p. 9-33).

The origin of the granite in the southern part of the quadrangle
has not been .deﬁnitely establi’s.hed. ‘Classica.lly, Hewitt (1956, Pl. 1)
suggests that the granite is part of the Burro Mountain batholith, which
has invaded a metamorphic terrane - an interpretation often render-
ed in such a'complex of granitic and metamorphic rocks. An extensive
analysis of the origin of the granites in the Schoolhouse Mountain quad-
rangle is beyond the scope of‘this report, and indeed would probably be
of little value, since the granitic rocks are only a small part of a much

larger mass to the south,

Petrographm descrlptmn of the amphlbolite---The amphlbolites
conslst largely of hornblende and plag1oclase distnbuted in rather poor—
ly defmed layers. The hornblende is dark green to blue in color, and
often has a well developed seive structure w1th abundant quartz inclu-
sions. .The plagioclase is andesine. Some secondary development of

sericite along‘the borders of feldspar crystals is present.
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Petrographic description of the granite---The rock is made up
largely of orthoclase porphyroblasts and quartz. Lesser amounts of
biotite which has been altered to pale green chlorite are present. The
orthoclase porphyroblasts tend to be nearly euhedral, but along the
more irregular edges, the effect of crystal growth and subsequent en-
velopment of the bordering mineral grains can be seen. Sericitic altera~

tion products are common along cleavage cracks in the orthoclase.

Dikes and Sills' ;11_1 the Volcanics

Dikes and sills have not beén recognized in abundance in the
volcanic rocks of the Schoolhouse Mountain quadrangle. Possibly one
reason stems from the fact that they seldom weather out to form topo-~
graphic highs, and hence are likely to be covered by talus and conse-
quently overlooked.

The two largest dikes which cut the volcanic rocks have an =
intermediate composition. In sec. 20, T. 17 8., R. 17T W., a 50 to
75 foot thick, vertically dipping dike cuts through the gray rhyolite
member of the McCauley formation. The dike weathers into a con-
spicuous northwest-trending ridge, and is easily recognized. In the
outcrop, the diké appears as a fine grained,. slightly porphyritic
andesite or basalt, ranging in color from a light gray to a very dark
gray. The darker phases of the dike are found near the contact.

Planar structures in the form of oriented streams of mafic minerals
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are present along the contacts of the dike. The planar structures
always parallel the contact with the rhyolite. In some places the fine
grained, banded rock looks much like some of the banded sandstones |
seen elsewhere in the quadrangle. | ‘_ o .

| A second dike, consisting of porphyritic;andesite or latite cuts
the white tuifs and brown tuff breccia of the Mangas Creek forxnation in
the northeastern part of the quadrangle. Outcrops are Sparse, and the
trend of the dike is not well defined although along most of its exposure
it appears to cut across the str1ke of the Mangas Creek rocks at an |
acute angle. In sec. 6, T 1'7 S R 16 W along Mangas Creek an
1rregular intrusive of 51m11ar aspect is thought to be a part of the
same dike o | | | |

Other dikes cut the volcanic rocks in sec. 30 T. 1'7 S., R. 16
W. and sec. 6, To 18 S., R. 16 W,, to name two of the most prominent.
None of these dikes can be followed for more than 1/2 mile, and seldom
are they over 40 feet wide. Compositions are variable. Those in sec.
30 and 6, mentioned above, are andesite porphyry, while others are -
rhyolite.

The strikes of the.various dikes in the volcanic rocks, when
plotted on a diagram such as is shown in Plate 24,. Figure 2.suggests
that. most of the dikes were intruded along northwest~trending planes .
of weakness. When the strikes of the faults-and joints in the volcanics

are compared with the strikes of the dikes, it'becomes evident that
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many of the dikes were probably injected along fault planes which had

been formed earlier in the tectonic history of the area.

Petrographic description of the acid dikes-~-The rock consists
of orthoclase phenocrysts set in a matrix of brownish, dusty material
which is probably mostly glass. An occasional glomeroporphyritic
aggregate of quartz and feldspar is found in the section. Biotite occurs
as small (1 mm) curved flakes which often have been somewhat altered
to magnetite. The feldspars are, in part, altered to sericite.

. The rock resembles the more acidic volcanic members, especial-
ly those which make up the Mangas Creek formation. Although the amount
of quartz observed as phenocrysts is small, the rocks, by virtue of their
lighter color and resemblance to the surrounding volcanic rocks are

mapped as acidic intrusives.

Petrograpmc description of the basic dikes---The rock consists
almost entirely of an intergrowth of feldspar laths and a dark, aphanitic
material poss1bly glass. One or two larger feldspar phenocrysts a.nd
an occasiona.l flake of biotite are found in thin sectlon. |

| The basic compos1t10n of the rock cannot be prov‘en, in the.
absence of a chemlcal analysis. However, the rock can be distingmshed
from the more ac1chc dikes Wh1ch contam glass and fragments 51m1lar
to those found in acidic volcanic rocks. In additlon, the basic dlkes

tend to have a darker color than the ac1d10 dlkes.
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Rhyolite Dikes and 8ills in Qlder Rocks . . -

Intrusive igneous rocks of rhyolitic composition are found in the
southeastern part of the Schoolhouse Mountain quadrangle, | In seo.‘ (A
T. 18 8., R_ 16 W. > the nature of the intruswe may be seen. ﬂere,
the rhyohte invades the lowermost beds of the Beartooth(?) quartzite,
formmg a th1ck 8111 The sill-like nature of the intruswe is further |
shown in sec. 1, T. 18 S., R. 17'W., where the rhyolite 1nvades the |
sandstones and shales of the Cretaceous Colorauo(f ) tormatioh. The
sill has inserted itself just beneath a rather prominent buff colored
sanustone bed in thev shales Along the Wild Horse Faulty in sec. 6
T. 18 8., .v R 16 W., the rhyolite rests on the Precambria.n gramte,
and is now exposed because the overlymg quartmtes have been strlppedy
away. In sec. 12, T. 18 S., R. 16 Ww., the rhyohte appears as thin
flat lymg dlkes cuttmg the gramte.

The rhyohte sill in the southeastern part of the quadrangle is
generally light gray to buff in color. Phenocrysts are 'u'suauy absent,
but a few grains of quartz and feldspar are visible. The rock has been
moderately altered almost everywhere. Neither bedding nor breccia
fragments were observed in the sill, although a crude columnar jointing
is at times visible. The sill is often tightly welded to the rocks it in-
vades, and has caused minor metamorphism in the shales. Small

stringers of the intrusive in places cross the bedding in the quartzite.-
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In sec. T, the contacts between the sill and the quartzite are well ex-
posed.

| The relative age of the rhyolite can be determined with some
degree of accuracy. Since the rhyolite invades both the Beartooth(?)
and Colorado(?) formations, it must be at least post-Colorado in age.
In sec. 31, T. 17 S., R. 16 W. the rhyolite rests on the blue andesite
units, and appears to be an unroofed sill. The age of this andesite unit
also is unknown, but by analogy with the andesitic rocks occupying a
similar stratigraphic position elsewhere in New Mexico, it appears that
an Upper Cretaceous-Lower Tertiary age assignment of the andesite i.s
not amiss. Hence, the rhyolite is regarded as being post-Cretaceous in
age. To pinpoint if more closely is difficult, but judging from the large
amount of acidic rock of probable Middle Tertiary~Late Tertiary age

elsewhere in the quadrangle, it would seem reasonable to assume that

the sill is of the same age.

Petrographic description of the rhyolite sill---The rock consists
of an intérlocking mosaic of quartz and orthoclase(?) grains, clouded by
alteration minerals. The quartz and orthoclase(?) are equigranular for
the most part, and the outlines of larger plagioclase and ortﬁoclase
phenocrysts are observed in places. Elongate slivers of altered horn-
blende(?) are present in one slide. The alteration products consist

of tiny, irregularly shaped aggregates of a dark, usually opaque mineral.
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Larger flakes have a faint brown color, suggesting that the mineral is
an iron oxide. Other alteration products include clay minerals and

sericite.



VOLCANIC ROCKS

- Introduction -

Nine volcanic formations including 23 members have been rec-
ognized in the Schoolhouse Mountain quadrangle. Cognizant of the
difficulties to be encountered in the correlation of volcanic units from
region to region, the wr1ter has attempted to mclude in the various for-
matlons named a su1te of rocks that is dlstinctive enough to make the1r
correlatlon elsewhere poss1b1e. Rather tha.n to name each rock type
encountered as a separate formation, it was thought prudent to name
them as members, lumping together a number of members to make a
formation. The gathermg together of the various members was not
done ind1scr1m1nate1y, but rather only those members which showed
some stratigraphlc relatmnshlp to one another were grouped and given
a formatmnal name. In some msta.nces the stratlgraphic relationships
between formations is not d1$t1nct for example those between the
Mangas Creek formatlon and the Kerr Canyon formation. In the de-
scriptions of these formatlons an attempt is made to present some
]ustmcatmn for d1v1d1ng the umts in the manner shown on Plates 1
and 22,

The names of the ‘formations are based, whenever po'ssible,' on

42
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geographic or local names. In the instance of the Gamma and Delta
formations and the members in the latter formation, no suitable names
were available and it was necessary to resort to some other system of
naming. On the following pages the volcanic rocks are discussed in

order of decreasing age.

Nomenclature’ of P&roclastic Rocks

The nomenclature used to refer to the various varieties of
pyroclastic rocks in this paper is-largely adaQted from discussions of
the problem by Anderson (1933), VWentworth and Williams (1932) and
Williams, Turner and Gilbert (1955)

A general study of pyroclastlc rock termmology has been made
by Anderson (1933, p. 220-222) who considers at length the contrlbutions
made previously in that f1eld In thlS study, Anderson fmds that althoucrh
the term "agglomerate" is W1dely used, there is little agreement as to
what 1t means. Asa consequence, he d1sca.rds the term, and it w111 not
be used in thxs paper. The term "breccla" has been deﬁned by Williams
(1926) as '""a more or less indurated pyroclastic rock, consisting clnefly
of angular ejecta 32 mm or more in diameter." That definition is some~
What modiﬁed in this paper, but the stress on the angular aspect of the
lith1c and crystal fragments is retained. |

Norton (1917, p. 160-194) suggests the term "tuff breccla" for

fragmental products of explosive eruptions, where the matnx.consists



44
of the finer materials of eruption. Wentworth and Williams (1932, p.
19-53), in an attempt to standardize the classification of pyroclastics
also use the term *'tuff breccia. ' The following sizes and names for

the fragments making up pyroclastic rocks are proposed by Wentworth -
and Williams (1932):

- Blocks--Chiefly angular fragments, larger than
32 mm.

Lapilli--Essential, accessory and accidental
ejecta 32 to 4 mm.

Lapilli tuff--An indurated deposit of lapilli in a
fine tuff matrix,

“Tuff--Indurated pyroclastics finer than 4 mm. -

Volcanic gravel and volcanic sand--Unconsolidated

sediments containing an admixture of
volcanic debris.

Volcanic conglomerate--Sedimentary, . containing
coarse pyroclastic material and an
- abundance of large, rounded, water-
worn fragments.

The term "tuff' as a rock name, is sub]ect to further classification

based on the constltuents involved.. Thus, Wllhams, Turner and Gilbert

-(1955) d18t1ngu1sh vitric tuff, made up largely of glassy fragments,

crystal tuff made up chiefly of crystals, and lithic tuff made up chieﬂy

of acmdental rock fra.gments, 0bv10usly further combmatlons such as

crystal vitric tuff or crystal lithic tuff can be coined. | | |
Confusion often arlses because the terms "tuﬁ" vand "breccia"

are used both as rock names and as size of particle names. The term

rtuff breccla" is usually used as a rock name. In this paper the terms

"tuff, " "breccia" and "tuff breccia" will be used as rock names, |
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A tuff is defined as an indurated pyroclastic rock made up of-

crystal, lithic and/or vitric fragments less than 4 mm in diameter. A
tuff is analagous to a fine grained, equigranular rock. A breccia is de-
fined as a pyroclastic rock made up of crystal, lithic and/or vitric-frag-
ments greater than 4 mm in diameter. A breccia is analagous to a
coarse grained, equigranular rock. The writer is aware that the term
"breccia' may also have sedimentary and structural implications. A
tuff breccia consists of a rock whose crystal, lithic and/or vitric con-
stituents have a great range in size, including material which is less
than 4 mm invdiameter, and material which is greater. A tuff breccia -
is analagous to an inequigranular rock with a porphyritic or seriate .
texture. The term '""megabreccia' is used in this report, but is not
separately included in the classification. The term refers to breccias
whose lithic fragments are several tens of feet in diameter.

. A classification of pyroclastic rocks should be compact enough
to be used for field mapping and inclusive enough to cover most of the
types of pyroclastic rock encountered.: The classification proposed
here uses terms generally accepted and refers to the indurated pyro-
clasti(.:'s, rafhér than to their uﬁconsohdated equivalents.

Three variables readily recognized in pyroclastic rocks are (1)
the amount of glass, especially as shards, -(2) the amount of crystal
mega~phenocrysts and (3) the amount of lithic fragments, either of the .

samé composition as the matrix, or of a different composition. One
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convenient way of representing these variables is by the use of a tri-
angular diagram, with the variables at the apices of the triangle. In
the preparation of *'pigeonholes' in these diagrams, there is much room
for ingenuity of design —— each particular design having its favorable
and unfavorable features. The design proposed in Figure 5 is one pos-
sible type of classification. Another design is presented by Heinrich
(1956) in a somewhat similar classification of pyroclastic rocks, but
Heinrich does not use the rock names proposed here.

The determmation of the percentage of crystal, lithlc and vitric
fragments can be rather exact, however, some arb1trary limits must be
set in determming whether the rock is a tuff, breccia or tuff brecciao
For the purposes of this paper, if over 90% of the fragments are less
than 4 mm in diameter, the rock shall_be called a tuffj if 90% are more
than 4 mm, the rock is a breccia. All other rocks will be termed a tuff
breccia. |

Table 2 is a list of abbreviations which may be used in connec-

tion with the classification chart shown in Figure 5.

' Saddle Rock Canyon formation

Andesite Porphyry member (TKp)---The oldest volcanic unit
present in the Schoolhouse Mountain quadrangle is the andesite porphyry
member of the Saddle Rock Ca.nyon formation (See Plate 9, Fig. 2). The

ande81te porphyry is a dense, greemsh flow rock Wlth little indication
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100% LTHIC FRAGMENTS (L) 100% VITRIC FRAGMENTS (V)

Fig.5 Classification chart for pyroclastic rocks showing crystal-
lithic-vitric fields. See text for explanation.

c

L

Fig, 6 Crystal-lithic-vitric plots of some pyroclastic rocks from
the Schoolhouse Mountain quadrangle. See text for explanation.
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Table 2

" List of abbreviations used in the classification of
pyroclastic rocks.

Field - - Basic Abbr. Rock Name

Vitric - v VT (Vitric tuff)
. VB (Vitric breccia) .
VTB (Vitric tuff breccia)

Crystal C CT (Crystal tuff)
CB (Crystal breccia)
CTB (Crystal tuff breccia)

Lithic , - L LT (Lithic tuff)
LB (Lithic breccia)
LTB (Lithic tuff breccia)

Lithic-Vitric *LV LVT (Lithic-vitric tuff)
LVB (Lithic-vitric breccia)
LVTB (Lithic-vitric tuff breccia)

Crystal-Lithic- .~ *CL - CLT (Crystal-lithic tuff)
CLB (Crystal-lithic breccia)
CLTB (Crystal-lithic tuff breccia)

Crystal-Vitric *CV CVT (Crystal-vitric tuff) .
CVB (Crystal-yitric breccia)
CVTB (Crystal-~vitric tuff breccia)

*Letter sequence may be reversed, depending on which constituent is
- the most abundant.
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of flow structures. Inclusions of lithic fragments are not common. - -
Some evidence that the unit is a flow rather than an intrusive mass can-
be seen in sec. 8, T. 18 S., R. 16 W., where both streaky vesicles
and aligned breccia fragments are found just north of the exposure of
stage two gravels shown on Plate 1. In the hand specimen, the andesite
porphyry member has a dark green color, with a few recognizable horn--
blende needles. The rock alters to an aggregate of greenish brown
chlorite.. |

~The base of the unit is exposed in the southern part of sec. 8, -

T. 18 8., R. 16 W., where the andesites rest in part on the Cretaceous

| Beartooth(?) quartzite and in part on Precambrian granite (See Plate 7,
Fig. 1). The andesite dips uniformly to the east and, in sec. 5, T. 18 8.,
R. 16 W., it is overlain by the next oldest unit, the blue andesite mem-~
ber. .

‘Outcrops of the andesite porphyry member in sec. 11 and 12,
T. 18 S., R. 1T W. rest on Cretaceous sediments and on Precambrian
granite. There is some indication that the andesite here represents an
unroofed sill in the Cretaceous rocks, however the evidence is incon-
clusive. The andesite occurs as intrusive dikes just south of the quad-
rangle, where an east-west trending dike swarm cuts through the Pre-~
cambrian granite. Conceiva.bly the orig'in of the a.ndesites in the south~
ern part of the quadra.ngle could have been from these ﬁssures, although

no dlrect ev1dence has been found.
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Petrographic description of the andesite porphyry member---
The andesite porphyry member of the Saddle Rock Canyon formation ap-
pears highly altered in thin section. For the most part; the alteration
products are magnetite and other iron oxides, calcite, sericite and
chlorite. Feldspar phenocrysts are replaced by an aggregate of dust-
- like minerals, probably clays and sericite, and by calcite. The presence
of calcite in one section suggests that initially the plagioclase was rather
basic. One plagioclase crystal, showing faint twinning, was determined
to be at least as basic as labradorite. The close association of the cal~-
cite with the feldspar indicates that the calcite is an alteration product,
rather than being an mtroduced secondary mineral.

Hornblende has been largely converted to magnetlte, but rhombic
Cross sect10ns and needle-hke prisms remam Magnet1te also occurs
as _dlscrete crystals in the groundmass. Some of the magnetite shows a
redd.lsh color, indicating replacement by hematlte. ” |

The groundmass of the rock 1s essentially microcrysta.llme and
is clouded by numerous dust parholes. In one section, some quartz
v.fas recogntzed in the groundmass, although the mirterel is oot cotnmon-
ly seen in the hand specimen. A Rosiwal vana.lysis.k of vthe’»andesite is

given in Table 5, specimen no. 147,

Blue a.ndesite member (TKa)---The blue andesite member rests
conformably on the porphyritic andesite unit in sec. 5, T. 18 S., R. 16 W.

The blue andesite member consists of a dense blue andesitic rock, with
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tiny needles of what appears to be hornblende scattered throughout.
Coarse grained phases were not observed In some places reddish
a.ndesites of a s1mﬂa.r texture and composition were noted.

The blue andesite member is in fault contact with the Colorado
shale in sec. 36, T. 17 S., R. 17 Ww. and sec. 9, T. 18 S., R. 16 W.
(See Plate 7, Fig. 2) Farther east, the fault appears to d1e out, and
in sec. 31, T. 17 S. ;. R 16 W. the andesite rests directly on deeply
Weathered red shales of the Colorado(?) formation. In sec. 5 T. 18 S. ’
R. 16 W. the white tuff brecc1a member of the Kerr Canyon formation

overlaps the blue a.ndesibe (See Plate 8, Fig. 1)

- Petrographic description of the blue andesite member---The
rock is composed of hornblende and magnetite crystals set in a felted
hornblende and plagioclase matrix. Hornblende phenocrysts have been
altered almost entirely to magnetite. The hornblende needles appear to
have a preferred orientation, with all the C axes pointing in one direc-
tion. . The groundmass consists of a mass of tiny, needle~like crystals
of hornblende and plagioclase, having a pilotaxitic texture. In places,
the groundmass appears to swirl around the phenocrysts, as if the
phenocrysts had rotated while the groundmass constituents were still
well lubricated with uncrystallized lava (See.Plate 8, Fig. 2).
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Kerr Canyon formation

Introduction---The‘Kerr Canyon formation crops out m the .east
central part of the Schoolhouse Mountain quadrangle, and occupies Inost
of sec. 29, 30 31 and 32, T. 17 8., R. 16 W., as well as pa.rts of
adjacent sections. The formation is named after Barney Kerr Canyon,
in whose Walls the formation is well exposed. The northern contact of |
the formation, as well as 1ts exact pos1tion in the stratlgraphlc column
is not distinct The contact has arbitrarily been drawn in such a manner
as to include all of the reddish and browmsh tuff breccia.s in sec. 19 and
20, T .17 St ; Re 16 W, in the Kerr Canyon formation. Rather 'poor ex-
posures in sec. 19 indica_te that an actual contact' exists, and that the
white tuffs of the Mangas Cre’ek formation overlie the Kerr Canyon rocks.
Considering the fact that the great majority of the dips in the southeast
part of the quadrangle are toward the northeast or southeast, and that
the white tuffs of the Mangas Creek formation extend along the east side
of the quadrangle, it seems reasonable to assume that the Kerr Canyon
formation 1s stratigraphically lower than the Mangas Creek formation.

. The relationships between the Delta formation a.nd the Kerr Canyon for-
mation are not known, because these two units are nowhere in contact
The lower contact of the Kerr Canyon formation is well exposed in the
high cliffs south of Schoolhouse Mountain, where the formation clearly

rests on the blue andesite member of the Saddle Rock Canyon formation.
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White tuff member (Txw)---The white tuff member is the lower~
most unit of the Kerr Canyon formation. The member crops out in
parts of sec. 5, 8 and 9, T 18 S., R.l l6 W. ,ﬂ in the southeast part of
the qoadraagle. In sec. 5, the white tuff member overhes the dense
blue andesite member of the Saddle Rock Canyon formatlon (See Plate 8,
Fig. 1). The northern extensmn of the unit is questlonable. Some white
tuifaceous rocks are found m the steep cliffs on the south side of School-
house Mountain in sec. 31,; T. 1'.1‘ S s R. 16 W , but since these rocks
could not be directly oorrelated with the white tuﬁ member, tbey wereﬁ -
mappéd witb the brown breccia member. ‘Ex-po;sures in Saddle Can&on
show that the pink rhyohte and breccia member overlies the wh1te tuff
member (See Plate 9 F1g 1)

Judging from exposures in sec. 5 T. 18 S., R. 16 W., in the
area shown in Plate 8, Figure 1, 1t seems that a rather.irregular ero-
sion surface had been developed on the Saddle Rock Canyon formation
prior to the deposition of the Kerr -(Z;aoyon.rooks. Here, one hill of
andesite projects about 150 feet above the highest outcrop of the white
tuff member. This observation tends to support the suggestion that .
~ the Saddle Rock Canyon andesites are considerably older than the over-
lying acid volcanic sequence, as has been mentioned in the chapter on
the age of the volcanic rocks.

The .white tuff member consists largely of soft, white or cream -

colored crystal vitric tuff, much like the tuifs of the Mangas Creek
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formation,

Rhyolite and breccia member (Tm')---vThe rhyolite and breccia
member of the Kerr Canyon formation crops out in sec. 4 and 9, T. 18
ASV., » Re 16 W, in the southeastern corner of the quadrangler The upper
part of the ridge between Saddle Rock Canyon and Black Hawk Canyon is
composed largely of this member. o

The rhyolitic phase is confined to Saddle Rock, a prominent
saddle shaped hill at the confluence of Saddle Rock and Black Hawk Can~
yons. The rock is a pink rhyolite norphyry with conspicuous smau
phenocrysts of feldspar and some quartz set in a dense groundmass.
Flow structures and pronounced jointing are present in places.

The breccia phase makes up most of the outcrop in sec. 4, T.
18 S.;, R. 16 W., and consists of light brown, pink and buff colored
breccias and tuff brecc1as. The absence of an overall brown color |

serves to dlstmgulsh the rock from the brown tuff breccia member.

Petrographic descr1pt1on of the rhyolite and breccia member---
The rock consists of a few euhedral to subhedral crystals of sa.nadine
and plagioclase embedded in a fine gramed groundmass. Quartz is not
common as a phenocryst mineral, but 1e fonnd in discrete, tiny grains
in the groundmass, along nrith etreaky brown glas“sk and tiny feldspar(?)
crystalhtes. Biotite is rare, and when found, occurs as small, elongate

brown flakes Which may be slightly altered to magnetite. The feldspars
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consist of sanadine and plagioclase. . The sanadine is generally euhedral,
with a very small 2V, so that it appears almost uniaxial. The sanadine
grains are clear of inclusions, but often contain tiny bubbles. -Plagio-
clase is the most abundant and noticeable phenocrysf. The plagioclase
varies in composition from high albite to high oligoclase, and an Abgg
Angg composition probably represents an average. The plagioclase is
seldom zoned, in contrast to many of the other plagioclases observed -
in various rocks collected from the quadrangle. Alteration of the.
plagioclase is slight, and is confined to small fractures which are lined
with a highly birefringent mineral, probably sericite.

The groundmass, which comprises about 83% of the rock con-
sists of fine grained to cryptocrystalline minerals and brown streaky
glass. There is no evidence to indicate that the groundmass has been
mashed or squeezed, and the conclusion is drawn that the unit is a flow,
rather than a welded tuff. A Rosiwal analysis of the rhyolitic rock is

given in Table 5, specimen no. 132.

Brbwn tuff breccia member (Txb)--;The brown tuff breccia
member -is the most extensive unit in the Kerr Canyon formation. Ex-
cellent exposures of the member are present in the walls of Kerr Can~ -
yon, and in the higher country in sec. 32, T. 17 S., R. 16 W. The
mos;: common rock type is a brown tuff breccia, having numerous

brown, angular lithic fragments up to three inches in diameter, ce-

mented in a tuffaceous matrix. Darker red flows are sometimes
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.interbedded with the tuff breccia. Columnar jointing is well developed
in both the flows and the pyroclastic rocks. The unit is, in part, a -
welded tuff breccia, as is indicated in some of the exposures seen in
the tributaries to Kerr Canyon. The upper part of the tuff breccia is -
virtually structureless and quite soft, showing no evidence of welding.
As one proceeds down section the unit becomes progressively harder,
and a few flatiened vesicles appear. - Near the bottom of the canyon, the
" unit is bard and tightly welded. The tuffaceous matrix is partially
wrapped around the lithic fragments. This condition of increased te- -
nacity and density toward the bottom of a welded tuff unit is considered
to be rather common by Gilbert (1938) and Enlows (1955), among others.

" In sec. 29, T. 17 8., R. 16 W., thin sills invade the brown tuff
breccia (See Plate 10, Fig. 1). The sills are seldom more than two
feet thick and often terminate abruptly. In the vicinity of Schoolhouse ' -
Mountain the brown tuff breccia contains numerous fragments of a

dense, banded rock which has not been recognized elsewhere in the
quadrangle.

Petrographic description of the brown tuff breccia member---
The rock consists mainly of sub--angular to sub~rounded lithic fragments
embedded in a glassy brown matrix. Thin sections of the rock: show
very few phenocrysts, and none can be seen in the band specimen. The

phenocrysts, when present, consist of small rounded fragments of
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quartz or broken pieces of feldspar. -

The lithic fragments can be divided into two types: (a) a coarser
grained equigranular quartz-feldspar rock and (b) a fine grained to
" aphanitic rock with a fine felted texture made up of tiny, elongate crys-
tallites. Type "b" is the most abundant, and is similar to lithic frag~
ments found in the breccia member (Txx).

The matrix of the brown tuff breccia member consists of dusty
brown glass shards, with a vitroclastic texture.' The brown coloring
agent is probably limonite, although the individual grains are too small
to be resolved under the microscope. The glass shards are, in places,
broken and crushed between the hthlc fragments indlcatmg some weld~
ing. This wel'dmg, although common loca.lly, is not common through=- .
out the umt as a Whole., 7

| Crystal-hthicnmtric percentages of the brown tuff brecc1a mem-
ber are glven in Table 4, specxmen no, 129 The posmon of the rock
in the classification triangle is given in Figure 6. Chemical data are

presented in Table 7. The rock is a vitric-lithic tuff breccia (VLTB).

Breccia member (Txx)---A small outcrop of a ha.rd, dense
breccia is located in sec. 33, T. 17 S., R. 16 W., at the eastern edge
of the quadrangle. This unit, called the ‘breccia member, lies on the
brown tuff breccia member of the Kerr Canyon formation. The breccia

member appears to range in thickness from a few feet to about 40 feet.
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The member is characterized by a hard, brown matrix in which are -
set angular fragments of gray quartzite. The breccia is hard and -
tightly cemented, .in contrast to the rocks of the brown tuff breccia.
member, ‘which tend to be much softer. . Similar, hard,. compact
breccias are found in sec. 30, T. 17 S., R. 16 W., and are mapped
with this member, although no direct correlation exists between these -

rocks and those farther southeast.

V‘Petrogréphic description of the breccia member---The rock
consists of sub-angular lithic fragments cemented by a brown, glassy
matrix.. The fragments are composed of a fine grained rock with an
interlocking matrix of quartz and lath-like feldspar(?). Magnetite is
scattered throughout the thin section, but appears to be somewhat more
abundant in the lithic fragments. The matrix is largely brown, dusty
glass which in'places is cut by slivers of a darker brown material,
also probably glass. A crysfal-lithic-vitric plot of a typical specimen
is given in Figure 6. The crystal-.lithic-vi_tric percentages are given

in Table 4. .The rock is a vitric~lithic breccia (VLB).:

Deita formation

Beta member (Tdb)—-- The Beta member of the Delta formation
crops out in sec. 1 and 12, T. 17 S., R. 17 W., and in parts of the

adjoining sections to the west and south. North of Mangas Creek, the
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nature of the original rock, its boundaries and its textural features, are
obscured by extensive argillic alteration and iron oxide staining. In the
vicinity of Schoolhouse Creek, the rock is a dense, porphyritic latite or
rhyolite with an aphanitic groundmass and a few dark lithic fragments.
South of Schoolhouse Creek the rocka of the Beta member lie along the
top of a minor fold. The position of the Beta unit at the top of this anti-

cline suggests that the unit is older than, and underlies the Mangas
Creek formation.

| Petrographic description of the Beta member--;—A’ thin seotion
madevfrom Aan altered specimen shows several highly embayed quartz
phenocrysts. Orthoclase(?) phenocrysts are almost completely altered
to sericite. - The groundmass consists largely of fine grained, very ir-
regular quartz blebs and shards, and an aphanitic, someavhat devitrified
glass. Hydrothermal effects can be seen along fractures where the
amount of sericite increases. The sericite evidently formed at the
expense of the devitrifying glass, as did the quartz blebs. The presence
of quartz and orthoclase suggests that the rock in the thin section was a

rhyolite (See also "Alteration in the volcanic rocks' below).

Alpha member (Tda)---\The Alpha member crops out in parts of
sec. 35 and 36 T 16 S., R. 17 W. and in the northern part of sec. 1,
T. 17 8., R. 17 W. The Alpha member is more vanable in composition,

both laterally and vertlcally, than the overlying units, The upper portion
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of the Alpha member consists of fine to medium grained gray, red and
pink equigranular rhyolite and latite, with few lithic inclusions. About
50 to 75 feet below the top of th'e member, purple latites and pink, equi-
granular rhyolites appear. Closely spaced jointing is common in many
of these beds, Variations continue to the bottom of the unit, where it
likes in fault contact with the underlying Beta member. In general,
this contact is covered with talus, thus its location on the geologic map
is only approximate. . The contact is placed where the surface debris
begins to show moderate amounts of the altered rhyolite characteristic

of the underlying Beta member.

Petrographic description of the Alpha member---The rock con-
sists mostly of broken orthoclase crystals in a brown, dusty matrix,
The orthoclase crystals are generally angular and are clouded by in~-
clusions of brown dust and by alteration minerals.” Fragments of broken
and twisted biotite are found occasionally. ‘Magnetite occurs in quan~
tities of less than 1%. The groundmass consists of almost opaque,
dark brown glass.

Mangas Creek formation

Introduction---The Mangas Creek formation has the largest
outcrop area of any of the formations in the Schoolhouse Mountain quad-

rangle. | The name is taken from Mangas Creek, which carves a deep
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canyon across this formation in the northern part of the quadrangle.
The thickness of the formation is variable, but may average about 4500
feet.

The formation has been divided into six members: (1) the brown
tuff breccia member, (2) the brown breccia member, (3) the white tuff
member, (4) the gray andesite member, (5) the andesite breccia mem-~
ber and (6) the pink rhyolite member. Some of these units are interbedded
with one another, as is the case with the brown tuff breccia and the -
white tuff members. These two units also make up most of the outcrop

area of the Mangas Creek formation.

Brown tuff breccia member (Tmb)---The brown tuff breccia
rﬁetnber has the large.st eutcfop:a;rea .of‘ eny of the members of the
Mangasl Creek f.ormation; ~’I‘he unit is particularly well e;tposed along
Mangas Creek where, in sec. 6, T. 178., R. 18 W. and parts of ad-
]ommg sections, the brown rocks are mterbedded vnth white tuﬁs.

In the md specimen, the rocks have an overall brown color.
Lithic fregﬁxents are common, and sometimes inake ﬁp 56% of the rock.
The fragments usually consist of brownish, aphanitic rocks, but frég—
ments of porphyrltic graylsh rhyolite and latlte and an occasional
andes1te fragment are sometnnes found. In one place in sec. 7, T. 17
S. s R. 16 W., an equigranular intrusive rock of monzonitic composition

was observed as an inclusion in the tuff brecc1a. No monzomte intrusives
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are known in the quadrangle. The tuffaceous phases of the rock, dom-
inant in places, cause the unit to be soft and easily broken. The tuffa~
ceous rocks are apt to exfoliate as flat, shingle-like slabs and form
low, rounded, dome~like topographic features. Almost everywhere
the rock is somewhat porphyritic, showing small (I mm) rectangular
phenocrysts of feldspar, and an occasional biotite flake and/or quartz -
crystal. Quartz is rarely seen in the hand specimen.

The rock can be distinguished from the somewhat similar red -
rhyolite member of the Cherokee Creek formation by the brown color.
and the absence of streaky vesicles. While vesicles are often found in
the brown tuff breccia, they are commonly only slightly flattened, and
seldom are filled with secondary mﬁxerals. '

In sec. 6, T. 17 S., R. 16 W. the nature of the interbedding -
with the white tuff member is revealed. For convenience, the beds
have been lettered from A through J. In general; the contact between
the white tuffs and the brown tuff breccias is sharp and well defined.
However, the tendency of the white tuffs to contain occasional brownish
phases leads to the possibility of some error in determining contacts
in some places. Because the contacts between beds E, F, Gand H -
were especially well defined (See Plate 12, Fig. 1), these beds have -
been chosen for further study on methods of correlation. The results -
of this study are presented in Part II of this report. The various beds

tend to become less distinctive south of Mangas Creek and some of
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them (for example tuff beds B and D) pinch out and disappear. Nowhere
else in the quadrangle is there such a clear-cut sequence of interbedded
volcanics as in sec. 6.

The upper and lower contacts of the Mangas Creek formation are
fairly well defined north of Mangas Creek. The upper contact with the
McCauley formation is largely along the J tuff bed, while the lower con-
tact with the Delta formation is at the base of the A tuff breccia unit.
Both upper ‘and lower contacts are marked by lenses of sediment. The
lower contact with the Delta formation is of some interest. Here, the
sediment lens at the contact consists of sandstones and sandy shales
which were ev1dently deposited sometime after Delta time, but before
the Mangas Creek rocks. One 1 mch bed in this sandy lens contams
casts and molds of what may be ramdrop 1mpressmns. The indenta-
tlons were probably made by a few drops of ram fallmg on the soft, un~
consohdated sediment which was later covered by more sand. The
orientation of the casts and molds prov1des conclusive ev1dence that
the beds have been tilted up to about 50 degrees from the horizontal.,
and shows which 81de of the bed is toward the top.

Jointing in the brown tuff breccia member is usually 1rreg'ular
and not as common as in some of the other umts in the quadrangle. In
the B bed, some Jomtmg and minor faulting tend to confuse the interpre~
tation of the way the bed is dippmg, but on closer lnspection, it was |

found that the lower contact ‘of the bed and the attitude of vesmles were
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a better indicator of bed orientation than any interpretation derived from
the study of jointing.

In the southwestern part of the volcanic area the relationships
between the brown tuff breccia member and the interbedded white tuffs
are less well defined, and gradational contacts are common. On the
west side of the Gila River, the brown tuff breccia is in part overlain
by the McCauley formation (See Plate 10, Fig. 2), and in part in fault
contact with that formation.

Petrographic description of the brown tuff breccia member---
The unit, being rather thick, varies somewhat in texture and cbmposi— “
tion from place to place. Everywhere, however, the rock is chéracter-
ized by brown, rather fine grained angular to sub-angular lithic frag;
ments set in a brown, glassy matrix, The lithic fragments are of tfvo
kinds: (a) broken pieces of volcanic rock and (b) broken pieces of érys-
tals, | | | |

The ratio between the amount of groundmass and the amoun‘t‘of
lithic fragments is variable, This variation is reflected in thé colq'x;
and the hardness of the rock. With increasing amounts of glass in the
groundmass, the rock becomes more tuffaceous and assumes a lighter.
color. A complete gradation between a hard, weu cemented tuff brécciav |
and a soft, friable vitric tuff seems' to exist. Weldihg is more conspicuous

in some of the ha.rder‘units particularly the thin units interbedded with
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tuff in sec. 6, T. 1T N., R. 16 S. An example of welding is shown in
Plate 11, Figure 1.

The feldspar in the rock consist mostly of orthoclase, with lesser
amounts of plagioclase and sanadine. Alteration of the feldspars to clay
minerals and sericite appears in every section. The alteration is not
intense, in that the outline and general optical characteristics of the
feldspar are still discernible. |

Mafic minerals are less conspicuous. An occasional sliver of
a birefringent pyroxene, as well as a flake or two of biotite are to be
seen, but in general are quite rare. Seldom can mafic minerals be disr—
tinguished in the hand specimen.

A comparison between an average mineral composition and an
average chemical composition for the unit reveals an anomaly in the
case of quartz. A Rosiwal analysis shows granular quartz present in
amounts of less than 1%, whereas the analyzed SiO, content is 72. 68%.
The reason evidently lies in the fact that the glassy groundmass consists
largely of a silica-irich glass. This phenomenon is to be seen in other
members of this formation, as well as in the other formations in thé quad-=
rangle.

One consequence of the discrepancy between the SiOy content shown
by a Rosiwal analysis and that shown by chemical analysis is that a thin
section examination is apt to be misleading, in the matter of naming an

acid volcanic rock from the quadrangle. However, with information on
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the SiOg content of the rock, a much more reasonable determination of
the rock type becomes possible. Further discussion of the SiO9 content
and the content of other oxides in these rocks is found in Part II of this
paper. -

A crystai—-iithic-vitric plot for an average specimen from the
brown tuff breccia member is given in Figure 6, specimen no. 1. The
‘percentage of crystal, lithic and vitric constituents is presented in Table
4, specimen no. 1. The rock is a vitric-lithic tuff breccia (VLTB). A
composite sample made by combining numerous samples from various
parts of the member was analyzed chemically, and the results are re?

ported in Table 7.

Browrx breccia member (me).; -.—4A rock cons‘istingv of emall, '
brown, sharply angular lithic fragments cemented by a quartz and tuff
matr}ix' erope out in a few pl#ces in the quadrarrgie, The unit, called
.the brown breecia member, is interbedded wrth the wﬁite tuﬁs and brown
tuﬁ breccias of the Mangas Creek formatlon. The lugest eontirmous
outcrop of the brown brecc:.a. member is found 1n sec. 22 and 27, T.

17 S., R. 17 W. Smaller outcrops are found in sec. 8, 1'7 and 20, T.
17 S., R. 16 W. The breccia beds in the latter mentloned sections are
usua.lly less than 40 feet thick, and are usually discontinuous along

strike.
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- Petrographic description of the brown breccia member---The
rock consists of fine grained, dark brown, glassy, angular lithic frag-
ments cemented by an aggregate of chalcedony and orthoclase (See
Plate 11, Fig. 2). The lithic fragments contain large (up to 4 mm)
phenocrysts of plagioclase. The material filling the fractures between
the lithic fragments consists of fine grained chalcedony, small orthoclase
crystals and broken fragments of plagioclase and glass.  Plagioclase
_ci'ystals are usually somewhat altered to sericite.

The fact that the plagioclase phenocrysts are embedded in the
glassy lithic fragments, and that the plagioclases are occasionally broken
along the border of the fragment indicates that the initial step in the for-
mation of the rock involved the deposition of the glassy material in which
the plagioclase crystals were included. After the glassy rock had solid;
ified, it was slightly fractured, and the fractures were subsequently'
healed with quartz and orthoclase. The movement along fracture planes
has not been large, and as a result, a mosaic type breccia was formed.

A listing of the crystal, lithic and vitric percentages is given in
Table 4, specimen no. 65, and the position of the rock in the classifica-
tion triangle is shown in Figﬁre 6. Thg rpék is alithic }cr‘jlrstal breccia
(LCB). | |

White tuff member (Tmt)---'The white tuff member has the second
largest outcrop area of any of the units in the Mangas Creek formation.

Bed J in sec. 6, T. 17 S., R. 16 W. extends southeastward and, along
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most of its length, is in contact with the lower members of the McCauley
formation. Contacts between the white tuff member and the Kerr Canyon
formation and between the white tuff member and the brown tuff breccia
member of the Mangas Creek formation become indistinct in the central
part of the quadrangle, . owing to the fact that all the rocks are the same
shade of brown. 'Distinction of the formations in this area depends large~
ly on a study of the type and amount of lithic fragments —-—— a criterion
‘which is not dependable.

'I‘he white tuff member generally has a white, cream, buff or
light brown color. The rock is soft and friable,' and contains a few
phenocrysts of feldspar, set in a tuffaceous, glassy matrix. Inclueions
of greenish masses of chlorite(?) and black menganese 6xide$ are not
uncommon, Fragments of brown tuff brecc1a are also present and |
small, 1rregu1ar intrusives are occasmna.lly found. Bed H in sec. 6
contains a few ha.rd, fine grained well rounded nodules or pisolites.
Williams, Turner and Gilbert (1955) believe that such spheroidal pellets

are formed when fine vitric ash falls with rain.

Petrographlc descrlptlon of the white tuff member---Thm sec-
tlons show that the white tuff member is variable in compos1t1on and
texture. Probably the most common type of rock contains clear sanadine
phenoeryste eet in a matrix of light brown giass and dust. A few pheno-

crysts of orthoclase and quartz are also present.
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All of the crystals tend to be broken. Lithic fragments, when
they are found, consist of glassy, microcrystalline rock, with a sub-
rounded shape. In general, lithic fragments are rare and scarcely -
recognizable without the aid of a microscope. None of the sections
show any signs of flattening or welding in the rock.

A crystal—hthic-vitric plot of an average specimen is gwen in
Figure 6, specimen no. 3. The crystal, lithic, and vitric percentages

are given in Ta.ble 4. The rock is a vitric crysta.l tuff (VCT)

Gray andesite member (Tmg)---The gray andesite member crops
out in sec. 17, T. 17 N., R. 16 W., along one of the tributaries to
Mangas Creek. The rock has a. dark gray color, and is mottled with
specks of a yellowish mmeral possmly an 1ron s1hcate (Hlsmgente?)
Plagloclase phenocrysts are visible in the hand spec1men. The rock ap-

pears to be a porphyr1t1c ﬂow.

Petrographic description of the gray andesite member ---The rock
consists of a fine grained to glassy matrix in which is set phenocrysts of
plagioclase and orthoclase, and aggregates of opaque minerals. The
hisingerite(?) appears as deep yellow crystals bordered by an opaque
mineral (magnetite?). The groundmass is heavily clouded with dark
minerals, and is nearly opaque, but lathnlike crystals of plagioelase
are visible. vSmall, irregular vesrcies are lined‘with quartz(?) erye= _

tals,
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Andesite breccia member (Tma)---Fine grained, dark red rocks
identified as andesite crop out in sec. 17, T. 17 N., R. 17 W. -The fine
grained reddish groundmass of the rock encloses small, somewhat alter-
ed grains of plagiociast.a. The presence of angular fragments of a darker

rock in the reddish matrix serves to distinguish the rock as a breccia.

.Petrogré.phic descriptidn of the andesite breccia member---The
groundmiss_osf the rock consists of dark reddish brown glass and dust,
with numerous crystallites of plagioclase. Euhedral plagioclase crys-—
tals are found as phenoérysts. Sl-ivers of biotife and clumps. 61 maé-

netite are present in minor amounts. Smalli spherulites were observed

in one place.

Pink rhyolite member (Tmp)---A pink rhyolite'member represent-
ing the final volcanic outburst during Mangas Creek time is found in sec.
22 and 23,- T. 17 S., R. 17T W. The unit consists of pinkish, glassy
rocks not unlike some of those seen in the McCauley formation, which .
succeeds it in the section. A thin black vitrophyre bed lies at the base
of the pink rhyolite member. In the hand specimen, the rock is hard
and dense, containing a few flattened vesicles. Lithic iragments are

rare.

' Petrographic description of the pink rhyolite member---The

rock consists largely of a fine grained to glassy groundmass in which is
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embedded a few phenocrysts of orthoclase. Quartz lined vugs are presQ
ent, but rare. The groundmass appears top contain a substantial amount
of quartz crystals, although most are s0 small as to preclude resolution
by a microscope. The rock resembles the gray rhyolite member of the
McCauley formation. The unit is here mapped as a separate member of

the Mangas Creek formation, on structural grounds.

McCauley formation

Introduction---The name McCauley formation is given to a se-
quence of rocks consisting,of rhyolite, vitrophyre and assorted breccias
and shaly sandstones which crop out in three different places in the
‘Schoolhouse Mountain quadrangle. The largest outcrops occur along
the Gila River, in the Ira Creek and Road Creek drainage basins. The
second largest outcrops are found in the northeast part of the quadrangle,
just west of mghway 260 and a third small block is found along the
Schoolhouse Fault in sec, 11 and 13 T. 17 8., R. 17 W. The total out~
Crop area a.mounts to approximately six square miles. The name of the
.unit is taken from _the McCauley ranches located beside the Gila River.

Four members have been recognized and mapped on Plate 1.
They are, in order of decreasmg age: (1) sandstone and breccia mem-
ber, (2) vitrophyre member, (3) pink rhyohte member and (4) gray |
rhyohte member. Of these, the gray rhyolite member is by far the

most extensive, making up most of the outcrop in the three areas
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mentioned above, . cLT co 5

-'The stratigraphic position of the McCauley formation with re-
spect to the Mangas Creek formation and the Cherokee Creek iorma.—v
tion can be determined from expesures in sec. 15, T. 17 8., R. 17T W.
and along the northeast side of the quadrangle. ‘In sec. 15, the red
rhyolite member of the Cherokee Creek formation overlies the McCauley
formation, although occasionally the two are in fault contact. In the
northeastern part of the quadrangle, all the rocks dip to the northeast
and the lower shale and breccia member of the McCauley formation
clearly rests on the tuff and brown tuff breccias of the Mangas Creek
formation. Thus, of the three formations, the Cherokee Creek forma-
tion is the youngest, the McCauley formation is the next oldest and the

Mangas Creek formation the oldest.
/ :

Sandétone and breccié. member (Tmcs)-~ ---v"I‘llcxe lov‘:ermoét meml;er
of fhe McCauley formation is a sandstone and breccia unit which is ﬁell
exposed in sec. 8, T. 16 S., R. 16 W., in the northeast part of the quad-
rangle. ‘ T.his‘ member has not béen recégnize&'m either of the othef two
aieaé whei'e the.McCauley fofmaﬁon c.rops. out. | -

In sec. 31, T. 16 5., R. 16 W., the sandy unit, which underlies
the brecéia, rests directly on a brown tuff breccia unit in the Mangas
Creek formation. Here the sandstone is 10 to 20 .feet thick, and appears

to have been deposited by running water. In most places the sandstone
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is slabby and thin bedded, -and occasionally grades into a fine grained
fissle shale. The sandy unit becomes progressively thicker toward the
southeast until, in sec. 8 and 17, T. 17 8., R. 16 W., it averages
about 100 feet in thickness. In sec. 8, the sand has a light gray color,
becomes coarser grained, and is best described as a slabby, thin-bedded
sandstone.

The breccia unit consists of angular fragments of rhyolite ce-'
mented with a red, tuffaceous material. This vl‘mit overlies the sand-
stone in sec. 8, but disappears to the southeaat. The total thickness
of 'tAhe sandstone and bréccia unit is variabie,' ranging from 0 to about
100 feet. | | .

Thel presence of fhe sandstoﬁé unit is sfrongly suggestive of a
period of efosion which muét have occurred after the deposition of the
Mang.as‘.Creek formation. Much of the sandstoné has a light color, and
thin sections reveal that the inore resistanf particl'es of the Mangas Creek
formatioﬁ are incorporé.téd into the sandstone. The:angular chéracter
of the grains indicates that'they‘ had not been t£anspofted very far (See
Plate 12, Fig. 2). "I“he increase in thicknesé of the sandstone in sec. 8

is suggestive of a dépositional basin in that area.

Petrographic description of the sandstone and breccia member---
The rock consists of sub-angular quartz and feldspar fragments in a

matrix of brown, dusty glass. Mineral grains of the same size tend to
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be concentrated in the same layer, and the individual beds show signs of
graded bedding. Qccasionally a.sub;rounded fragment of a brown volg-
canic rock is found. The arrangement into layers, the sub-angular
shape of the grains and the presence of various sedimentary structures
suggests that the rock is a volcanic sandstone of the type alluded to by
Williams, Turner and Gilbert (1955).

| Vitrophyre member (Tmcv)---’fﬂe vitrophyré ﬁiémbér of';theil
McCauIey form#tion crops out in sévefal places in.the quadrangle. In
all outcr1ops, tﬁe vitrophyric rocké of fhe McCéﬁley formatibn underlie
pinkish fhyolité. In sec.' 22, T. 17 S s Ro 17 W.., the‘ undérlyihg sh:iles
in the McCauley formation are missing, and the vitrophyres _rest. direct-
Iy on tuffs of the Mangas Creek formation. Although the member is thin
(Less than 50 feet), it is remarkably consistent over the whole length of
its outcr}op. In qqptragt to‘the vitrophyre meinbers of the Cherokeé
Creek formation, tﬁe Mchauley vitrophyres do nbt héve é. well defined
transition zone at tfxe baée, ;cmd in most placés tﬁe contact between the
vitré‘I)hyre and the underlying rocks is quite distinct and sharp.

in &t.he hand specimen, the vitrophyres are typically black in

color and possess a distinct vitreous luster on their broken surfaces.
Lithic inclusions are not common, but when they do occur, they usually
consist of brown, tuffaceous fragments. The only mineral visible to
the unaided eye is feldspar, which occurs as small (1 mm) grayish .

phenocrysts set in a glassy groundmass.
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Petrographic description of the vitrophyre member---In thin -
section the rock reveals its glassy nature (See Plate 13, Fig. 1).. The
glass is either clear and colorless, or varying shades of brown. S8Swirls
and streaks of dark brown glass are intermixed with the clear glass.
Under crossed polaroids, tiny pinpoints of light are seen in the darker
streaks, indicating incipient de-vitriﬂcation. The glass always has a
swirled, contorted appeara.nce. Perlitic cracks are common. The ;r’e-
fractive mdex of the glass is 1. 49'7 | | |

The predominant phenocryst mmeral is sa.nadine. Crystals tend
to be smooth, clear and somewhat rounded. In one section the sanadme
crystals contain magnetite inclusions, suggesting that the magnetite
grains formed a nucleous around which the sanadine grew, Other min~
erals include plagioclase, green, euhedral hornblende and grains of :
magnetite. The plagioclase crystals tend to show complex twinning and
are in some places-embayed by the glassy matrix. Overgrowths of
sanadine on plagioclase are seen occasionally. Lithic fragments are
rare.

.A Rosiwal analysis of a typical specimen is given in Table 5, : . .
specimen no, 103.

Pink rhyolite member (Tmcl)---The pink rhyolite member over-
lies the vitrophyre member of the McCauley formation. The unit differs

from the overlying gray rhyolite member in its color, the amount of
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quartz present, and the peculiar type of fracture it possesses. The pink
rhyolite often breaks with an uneven fracture, having a rough, blocky -
surface. The member is predominantly pink in color, although various
shades of gray are present in places. The contact with the overlying -

gray rhyolite is probably gradational over a few feet.

Pe&oy@ﬁc description of the.pink :hyolite member---Iﬁ thin
section the i'ock looks glmost exéctly like the gray rhyolite member of
this formation. The .1-6¢k cbngists of a streaky grayish or pinkiéh groﬁnd-
nﬁass of fine grained quartz crystals m ﬁhich is eﬁxbedded a few crysté.ls
pf sanadine and piagibclase. Maﬁc minérals are absent. | Small 'cavities

in the groundmass are lined with quartz crystals.

Gray rhyolite member (Tmcr)r--?.The gray rhyolite member of the
McCauley formation is by far the most abundant unit in that formation.
The gray rhyolite crops out in the northeastern part of the quadrangle,
where it rests on the pink rhyolite member, and is overlapped by Stage
Two gravels in the Mangas Valley. Other areas where the gray rhyolite
is exposed include the west central part of the quadrangle, on both sides
of the Gila River, and a small fault~-bounded block in sec. 11 and 13, T.
178.; R. 1T W.

The gray rhyolite member is characteristically light colored,
usually some shade of gray. Toward the base of the unit, streaky,

flattened vesicles are common. In the upper portions of the unit, these
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vesicles are absent and the rock is a dense rhyolite with a few feldspar
phenocrysts. Quartz is seldom recognizable in the hand specimen, owing
to the small size of the crystals, Lithic inclusions are very rare. Joint-
ing is a common feature in the gray rhyolite member as a: whole. In the
outcrops along the northeastern side of the quadrangle, examples of
closely spaced jointing can be found in sec. 31, T. 16 S.; R. 16 W.,
where an east-west trending fault hinges in the gray rhyolite member.
Here the rhyolite is broken along myriads of joint planes, soine of which
are less than one inch g;)ara Two sets dominate; one trending about N.
70° E. , paralleling the strike of the fault in that area, the other trend-
ing north'-vsouth to N. 20° W. The net result of the closely spaced joints
is to break the rock into irregular flat slabs which cover the hillsides
and fill the stream beds. The attitude of the vesicles appears to have no
influence on the jointing. The flattened vesicles dip about 35°_t_o the
northeast, whereas the joints cut indiscriminately across the plane of
dip and themselves have dips ranging from 70° to 90°. A similar con-
dition exists in another place where a fault hinges in the gray rhyolite,
in sec. 22, T. 17 S., R. 17 W. Only one set of joints is present here,
crossing the hinge axis at right angles. Jointing in the gray rhyolite
member tends to be slabby rather than columnar.

The small block of the gray rhyolite member in sec. 11, T. 17
S., R. 17 W. is bounded by faults on at least three sides, and probably

on all four. The block represents a part of the gray rhyolite member
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which had been torn loose during faulting, at the time of formation of
the Schoolhouse Fault, and lifted to its present position. Judging from
the erratic dips and the presence of complex joint patterns, the block
is probably even more broken by faulting than is shown on Plate 1.
Smaller slivers of the same unit extend down into sec. 13, T. 17 S.,

R. 17 W., along the Schoolhouse Fault. .

Petrographio description of the gray rhyolite mem.ber-‘---'The ,
rock consists mostly of sanadine and orthoclase phenocrysts embedded
in a gray, streaky, vuggy microcrystalline groundmass (See Plate 13,
Fig. 2 and Plate 14, Fig. 1) The sa.nadine usually contains tiny bubble
inclusmns and is apt to be somewhat embayed along the boundarles of
the crystal The embayments are made by tmy quartz veinlets. Plagm-
clase is rare. Biotite flakes are also rare, as are magnetite grains.
All the phenocryst mmerals appear unaltered, except for the quartz em-
bayments mentioned above, |

The groundmass consists' of a streaky aggregnte of microcrys-
talline 'grains, -Whi‘ch are probably mostly quartz. Quartz lined vugs
which are elongate para.llel to the ba.ndmg in the groundmass are com-
mon in most sections. In places the quartz has completely ﬁlled the
vug, forming a bleb of quartz crystals in the rock. Occasionally the
strea.ky groundmass is not ev1dent, and the rock contains a little brown

glass. Lithic fragments are rare.
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In general, the streaky flow(?) lines wrap around the phenocrysts,
but there is no sign of crushing. The fact that the vugs are lined with
quartz crystals which have not been broken suggests that the quartz was
deposited after the rock was essentially solid.
A Rosiwal analysis of a specimen from this member is given in
Table 5,  specimen no. 11. A chemical analysis of a composite speci~

men made by combining several specimens from this member is given
in Table 7.

| Chérokee Creek formatioh

Introduction---The name Cherokee Creek formation is given to
a wide assortment of red rhyolite tuffs, welded tuffs and glassy rocks
which crop out in the northwestern part of the Schoolhouse Mountain
quadrangle. The name is taken from a minor tributary to the Gila
River called Cherokee Creek, which is located in sec. 4 and 5, T. 17 8.,
R. 17 W., and along whose canyon the formation is found exposed with
some degree of clarity.

The Cilerokee Creek formation is bounded on the east by the
Schoolhouse Fault and on the south, in part, by the Ira Creek Fault.
The .Cherokee Creek formation overlies the McCauley formation in sec.
15, T. 17 S., R. 1T W., but its relationship to the Mangas Creek for--
mation is not so evident. Consideration of the dislocation along the Ira

Creek Fault shows that the Cherokee Creek formation must be younger
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than the Mangas Creek formation, and hence lies on the downthrown
side of the Schoolhouse Fault. The details of this interpretatmn are
considered further in the paragraphs under "Structure. "

| The Cherokee Creek formation has been subd1v1ded into six d1f-
ferent members, mainly on the basis of rock type. Of these units, the
red rhyolite member is by far the most widespread and distmctive. .
The var1ous ﬂows and welded tuff beds in this member recur a number
of times and therefore both overhe and underlie the other members of
the Cherokee Creek formatlon herein descnbed The vitrophyre mem-
ber of the formation covers the smallest outcrop area, but is a quite
dlstmctwe marker unit, and hence more fully descrlbed than its size
Warrants. Smce the v1trophyres are rather thm (less than 40 feet) the
flows were subject to the vagaries of the topography on which they were

deposited and thus tend to lens out both parallel and perpendicular to-

. the strike. The tuff member.embraces a number of rock types, mostly

crystal vitric tuff, tuff breccia and pumice which are intercalated with
the red rhyolite member. The breccia member is found in only one
place in the Cherokee Creek formation and its position with regard to
the other members is unknown. . Breccia units occur sporadically . -
throughout the Cherokee Creek formation.. : For the most part, these:
breccia units are a part of the red rhyolite member, which has been

broken and recemented by a tuffaceous cement. The porphyry member

consists of minor porphyritic rocks, and probably lies near the base of -
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the Cherokee.Creek formation.

| Porphyry member (Tcp)---The porphyry member crops out in
sec, 2 T. 17 S., R. 17T w., along Mangas Creek The outcrop is
small, less than 1/3 square mlle, and is bordered on the east by the
Schoolhouse Fault. On the north 81de of Mangas Creek the rock is

altered and resembles an altered equivalent of the red rhyolite member

,of thevCherokee Creek formatlon. The true nature of the porphyry mem-

ber is seen on the south side of Mangas Creek, where the rock is gray
in color and contains conspicuous (5 mm) feldspar phenocrysts. Flow
structures are present in one place, and consist of streaky gray glass
lenses intercalated with the gray porphyry. Lithic fragments were not

seen in this member.

Petrographic descrlption of the porphyry member---The rock
cons1sts of a fine gramed groundmass in which are set phenocrysts of
plagioclase and sanadme. The groundmass appears to be made up of
mnumerable tiny rod-hke crystallites Which mterlock to form a fme
felted texture. Some browmsh mater1a1 in the groundmass may be
glass. Phenocrysts consist of plagloclase and sanadine, usually found
in glomerOporphyntm aggregates. Most of the phenocrysts are either
r1mmed by a glass charged border or contain glassy mclusmns through-
out. Fragments of b1ot1te are found occasionally, along with dlamond

shaped aggregates of biotite and magnetite Wh1ch represent pseudomorphs
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after hornblende. 'One or two rounded and embayed fragments of quartz
were seen. The predominance of plagioclase and the presence of biotite,
along with the low percentage of visible quartz suggests that the rock may
be an andesite. It has been noted, however, that these lighter colored
rocks often contain rather high silica percentages. - Assuming that this
rock does contain more silica than is visible as gilicate minerals, it
may be more desirable to call the rock a dacite porphyry or latite - .

porphyry.

.Red‘ -rh)?olite ‘member (Tcl)-.-._'-The r.ed rhyollteymember is the
most widespresd unit in the Cherokee Creek formation. The member
crops out mostly in sec. 2 4 8, 9 10 a‘nd‘ l4 C'T. 17 S., R. 17 W.,
as well as in parts of ad;ommg sectmns. These rocks enclose all the
other members of the Cherokee Creek formation except the porphyry
member, |

The red rhyohte member is charactenzed by a prevaﬂmg brick
red color and a streaky texture. On tms basm they can be dlfferentlated
from the browmsh red rhyolite tuff brecmas of the Mangas Creek forma=
tlon° In some places the red rhyohtes conta.m hthlc fra.gments, but on
the whole, less than the Mangas Creek formatlon. Welded tuff umts
are common, and are charactenzed by Well developed columnar or
slabby jointing, as in sec. 4 and. 10 T. 17 S "R. 1TW. (See Plate 14

Fig. 2). The joint planes may break the rock into flat slabs or polygonal
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coiumns, In the latter case, the joints provide a moderately good clue
as: to the orientation of the beds, inasmuch as the columns usually inter=
sect the bedding at right angles, in the manner shown in Figure 7. The
stfeaky lenses present in most of the red rhyolite member are present
in the welded tuffs as well, and usually are due either to slight varia-
tions in the color of the glassy shards, or to flattened vesicles which
are lined with tiny quartz crystals. In parts of the red rhyolite member
along Schoolhouse Creek and in sec. 9 and 10, T. 17 8., R. 17 W. the
roéks contain a conspicuous copper-hued micaceous mineral, |

Gravel lenses appear at intervals throughout the member,‘
especially in Cherokee Creek, near the west side of the @adrangle.
Hére, in sec. 5, a bed of gravels is composed almost eﬁtirely of red
rh&olite boulders and is bounded above and below by red rhydlite flows.
The gravels probably represent an intra%ﬂow stream valley Wiiich was
1a£er covered by more Cherokee Creek rocks. That some faultiné,_has
occurred after the deposition of the red rhyolite niember;' but prior\”to
the extravasation of the Moonstone Tuff is indicated by the fact that
faults cut the gravels, but do not pass into the overlying Moonstone

Tuffs (See Plate 15, Fig. 1). In Plate 15, Figure 1, the overlying

white rocks are part of a tuff member in the Cherokee Cr’eek»fdi'matidr'if""

The nature and extent of these faults is discussed further under "Struc-

ture. "

The thickness of the red rhyolite member is not known, and
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Long aoxis of columns

Attitude of beds os disclosed by orientation
of glass shards ond treccia fragments

Glass shards ond
' breccia fragments

Fig.7 Diagram showing relationship between long axes of
columnar joints and bedding in welded tuffs,
Schoolhouse Mt. quadrangle.
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indeed appears to vary considerably from place to place. In sec. 15,
T. 17 8., R. 17T W., where the base of the formation is exposed; at
least 200 feet of red rhyolites are known, but the unit is probably much
thicker west of the Gila River. An estimate based on cross sections -
drawn in this area shows a minimum of 1200 feet of red rhyolite, not
counting minor interbedded tuffs, grafrels and vitrophyres.

The lower contact of the Cherokee Creek formation is not well
exposed, but in sec. 15, T. 17S., R. 17T W., the red rhyolite at the
base of the formation appears to rest conformably on the gray rhyolite
of the McCauley formation. In sec. 9, T. 17 S.; R. 17 W., however,

the McCauley formation stands up as a hill around which the red rhyo-

lites were deposited, hence it is concluded that some relief was present

before Cherokee Creek time. The top of the formation is exposed in
Davis ,Creek in sec. 32, T. 178S., R. 1T W., where the Moonstone Tuff
clearly rests on rubble derived from the weathering of the Cherokee
Cfeek formation (See Plate 4, Fig. 1). Some of the red rocks are in~-

corporated into the bottom of the Moonstone Tuff formation.

Pétrographic description of the red rhyolite member---The rock
consists of plagioclase and sanadine phenocrysts embedded in a ground-
mass of streaky brownish glass. The groundmass is made up of glass
shards, pumice fragments and brownish dust. All of the groundmass
constituents have been crushed and deformed by the phenocrysts grains

and lithic fragments in the rock (See Plate 15, Fig. 2). Small crystal
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filled cavities are found occasionally. -

Phenocryst minerals include clear, slightly fractured sanadine,
glomeroporphyritic aggregates of plagioclase and an occasional grain of
magnetite and quartz. Lithic fragments are not common. A crystal -
lithic-vitric plot of an average specimen is shown in Figure 6, and the
percentage values are given in Table 4, specimen no. 111. The results
of a chemical analysis made from a composite sample taken from the red
rhyolite member are given in Table 7. The presence of welding through-

out the unit dictates that it be called a welded vitricécrystal tuff. .

Megabreccia member (Tcm)-:— -Rubbie brecciaé occur m various
blaces in the Cher‘okeé Creek forzﬁaﬁon.l For the most part, the outcrops
are small and the total outcrop area does not exceed 1/8 square mile.
Megabreccia is found in sec, 2 and 5, T. 17 S., R. 17T W.

In sec. 2, the rubble breccias form local highs in the topography,
owing to the fact that they are more resistant to erosion than the sur~
rounding red rhyolite. This resistance is due largely to the presence
of quartz and chalcedony cementing agents in the breccia. The blocks
forming the unit are largely red rhyolite and tuff breccia, with an oc~
casional fragment of pitchstone. The fragments usually range in diam~
eter from a few inches to two feet. Blocks up to 30 feet in diameter
have been seen in some places. Small seams and geodes lined with

chalcedony are not uncommon.
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The origin of the megabreccia is not clear. . Evidently they are
the result of localized voleanic explosions and may represent a renewal.
of volcanic activity, during which time the debris frozen in the vents .
was cleared away. In sec. 5, T. 17 S., R. 17T W. this is especially
evident, and a whole sequence of volcanic activity can be developed
from the volcanic section found there (See pa.ragraphs on _A"V“i'trophyre
and Tuff members") - . o B .

The coarseness of the megabreccia precludes any attempt at
makmg a representative thin section of these rocks. Descriptions of
the various rocks mvolved are found in the sections on "Red rhyolite

member" and "Mangas Creek formation. "

Breccia member (ch)--,»-Rocks identified as breccias crop out
in sec. 10 and 11, T. 17 8., R. 17T W. These rocks have a total outcrop
area of approximately 1/3 square mile and have not been recognized else-
where in the Schoolhouse Mountain quadrangle. - - - -,

Some of the breccias consist of a light brown rock having a some-
what mottled appearance due to the presence of glassy streaks. Some
quartz is visible in the hand specimen. A white tuff br‘eccia unit ‘includ.-.
ed in this member is not well deﬁned. In some places it appears to be '
much like the breccias in the Kerr Canyon formation. In hand specimen
the rock 1s white to dull gray in color, with numerous angular, light

colored lithic fragments. |
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Fanlting and associated hydrothermal alteration are conspicuous
in some of these rocks. Northwest-trending faults cut through the brec~-
cias, but in one place the rocks clearly rest on the red rhyolite member

of the Cherokee Creek formation.

Petrographic description of the breccia‘ member---The rock con-
sists of clear, angular plagioclase and sanadme crystals set m a matrix
of browmsh red glass. The feldspar crystals are often broken along
cleavages, so that the slide is littered with small angular fragments of
the mineral Biotite and hornblende are pre‘s‘ent induantities less than
three percent, Spherulites formed by radiating quartz fibers are oc-
casmna.lly found. The groundmass consists of brownish red glass heav11y
charged with opaque, dust-hke particles. La.rger glass fragments and
pumice shards as well as larger hth1c fragments are found occasmnally
and the rock is termed a breccia on th1s account. A crystal-hthic—vitric
plot of a finer grained portion of the member is given in Figure 6, and
the percentages of the crystal, lithic and vitric constituents are given

in Table 4, spec1men no. 86

Vitrophyre and tuff members .(ch) (Tct)---The intimate associa~
tion of the tuff and vitrophyre members in the Cherokee Creek formation
dictates that the two units be discussed together.

The tuff units are more abundant, volume-wise, than the vitrophyre.

For the most part the tuffs crop out in sec. 4, 5, and 8, T. 17 8., R.
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17 W., and cover a total area of about 1/2 square mile. In places the
lower part of the tuff member grades-into a soft, brown, highly vesicular
pumice. The tuff membér, which ordinarily underlies the vitrophyre
member is seldom well cemented and can easily be broken with a ham-
mer. The tuff is generally white to buff in color and contains both crys-
tal and vitric constituents, rendering the prefix "erystal-vitric" applic-
able. In places the tuff gives way to tuff breccia in which angular frag-
ments of red rhyolite are found.

The thickness of the tuff units is variable. Along Cherokee
Creek, pumice and tuff outcrops 75 to 100 feet thick are present, but
appear to wedge out rapidly, only to re-appear a little higher in the sec-
tion. It is likely that at least two and possible three different tuff erup-
tions occurred &uring,Cherokee Creek time. ' In sec. 5, T. 17 8., R. 17
‘W., the tuffs and tuff breccias in part overlie gravels in the red rhyolite
member and in turn are overlain by a thin (30 feet thick) flow of glassy
red rhyolite. .

The vitrophyres, while occupying much less outcrop area than
the tuffs, are so distinctive as to make excellent marker beds within-
the formation. The average thickness of the vitrophyre members.
amounts to about 25 feet. As a consequence, the continuity of the bed
is often disturbed by irregularities in the topography upon which it was
deposited.

In hand specimen, the vitrophyres are characterized by a dark
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gray to black, rarely red, color. The rock is brittle and hard, with a
conchoidal to sub-conchoidal fracture and a distinctive, shiny, vitreous
luster on the freshly broken surface. Rocks much like the vitrophyres
in appearance, but with é greasy to resinous luster are sometimes found
and are mapped jwith the vitrophyre. j Simiiar ’résinou;s> lustevrediv f;)cks
have been called pitchétoneé by Travis (1955) and Williams, Turner and
Gilbert (1955). . S

In most places in the Cherokee Creek "fo'rni.a'tion the vitrophyres
are intimately related to, and bften overlie th‘é‘ E'cuff-::Lt":c"atﬁa‘i;l;s'rocvlgs' in the
volcanic section. A relationship similar to that shown in the diagram in
Figure 8 is present in at least ;':1 half dozen places. B

The transition zone shom in Flgure 8 gives the most enlighten-
ing insight into the relationship between the hard, dark, glassy vitro-
phyres and the soft, light tuffs below. At the base of the transition
zone, the vitrophyre is present in the tuff as small, black blebs. The
amount of vitrophyfe increases rapidljr pi'océedihg upwé.rd, untn little
or no fragmental material is present. The transition zone is seldom
more than 25 feet thick, and is always welded. Vitrophyre blebs are
flattened to a disc shape ranging in size from a dinner plate to a silver
dollar, and show evidence of having been squeezed by the weight of the
overlying rock. No lineation is visible in the plane of foliation —— a

factor which tends to discount flowage at this stage of formation (See

Plate 16, Fig. 1). Many of the vitrophyre blebs are rimmed by a thin
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Dense, glassy red rhyolite with
some vitrophyre at base; 100 feet.

Vitrophyre; 3-30 feet.
TR T Transition zone, tuff and vitro-
e T L phyre; 0-25 feet,

v
\

Tuff and pumice; 50-150 feet.

Red rhyolite flows and welded
tuffs; 200 feet,

Fig. 8 Typical section involving vitrophyre, tuff and rhyolite
members in the Cherokee Creek formation, Schoolhouse
Mountain quadrangle.
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(1/4 inch) skin of a darker glass, which is interpreted as being a chilled
contact. A photograph of a cross section through some of these blebs is
shown in Plate 16, Fig. 2. “

The conclusion that can be drawn from such a feature as shown
in Plate 16, Fig. 2, is that the vitrophyre was still in a plastic state as
it was deposited with the tuff, and did not begin to solidify until after it
had been flattened to a disc shape, e.g., after the "welding" process
had been largely carried to completion. |

In one place in sec. 5, T. 17 S., R. 17 W., along Cherokee
Creek, the sequence of volcanic a.ctivit.y is particularly well revealed.

A section through the area is shown in Figure 9. The initial outburst
probably occurred in the form of a major explosion of the Pelean typé,
avalanching great blocks of broken rock over the countryside. These ' 
blocks are present in the section as a megabreccia zone, which contains
fragments up to 30 feet in diameter. This megabreccia is cemented by
finer grained tuff of rhyolitic composition. A layer of fine tuff aﬁd mﬁ
breccia lies above the rubble, indicating an advanced stage in the vo_lA.nr'”
canic activity. After 50 to 200 feet of this tuff had been deposited, the
volcano began giving off incandescent debris which settled down apd'
became compacted, forming the welded tuff unit. Succeeding blasts
contained more and more glassy vitrophyre bombs which fell with the
incandescent tuffs, and were subsequently flattened and cooled. The

final stages of the eruption consisted largely of vitrophyre flows, which
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Dense, glassy red rhyolite 100’

Vitraphyre, O - 3'
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Crystal vitric tuff, 50-200'

/Red rhyolite

Scale

Tuff, 0—-3'
// Megabreccia, 50-100'

Figs 9 Cross section showing rhyolite,vitrophyre and tuff units
in Cherokee Creek, Schoolhouse Mt. quadrangle.
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graded into a glassy red rhyolite and some welded material which makes

up the top of the section in this area.

Petrographic description of the vitrophyre member---The
Cherokee Creek vitrophyres differ from those found in the McCauley
formation by their general lack of clear glass and the unique mineral
assemblages.

The groundmass of the Cherokee Creek vitrophyre member con-
sists of brownish to colorless glass, with varying amounts of minute,
dust-like particles distributed throughout. De-vitrification is not far
advanced. Some sections made from the stratigraphically lower part of
the member contain numerous glass shards and some lithic fragments,
reflecting the transition from tuff to vitrophyre mentioned above.

Characteristic of all the Cherokee Creek vitrophyres examined
are glass charged phenocrysts of plagioclase (See Plate 17, Figs. 1 and
2). The phenocrysts are of two kinds: (a) completely charged with glass,
or (b) clear, twinned crystals with glass charged borders. Sanadine
and orthoclase are rare. Other phenocrysts include brown hornblende,
faintly pleochroic_hypersthene, biotite and magnetite. The hypersthene
occurs as clear, faint green, stubby crystals, or in glomeroporphyritic
aggregates of hypersthene and hornblende. Alteration of hypersthene to
hornblende and magnetite is common. Biotite flakes are present in some

sections.
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Gamma formation (Tg)

The name "Gamma formation' is given to a small outcrop of
breccias and tuff breccias that are found in sec. 35, T. 16 S., R. 17T W.
The unit appears to overlie portions of the Mangas Creek, and Delta
formations in that area. The relationships between the Gamma and

Mangas Creek formations are not clear. In places the Gamma forma-
| tion overlies the brown rocks of the Mangas Creek formation. Else;
where, the units appear to grade into one another. An interpretation
of the possible relationships is given in Figure 10.

The rocks of the Gamma formation consist of pu?plish and
brownish tuff breccia. Some of the lithic fragments are as much as
one foot in diameter, and are cemented by a purplish, tuffaceous maé

trix.

The most prominent topographic feature in sec. 35, T. 16 S.,
R. 17 W. is three well defined domes of knobs of tuff breccia similar
to that described immediately above. The outward appearance of the
small hills is that of an eroded dome or volcanic neck. A number of

items support the hypothems that the hills actually are the remenants

of a small volcano that existed ther e

1. Vesicles are larger and more numerous in the ‘hills
than in the surrounding rocks.’ The vesicles range
in size from 1/8 inch to 1 foot in diameter. In con-
trast to most of the vesicles in the Mangas Creek
formation, the vesicles here do not have any recog-
nizable orientation. Such a condition might be

r
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interfingers with and is contemporaneous with Kangas
Creek formation. (Cross section, topography

omitted, not to scale)



expected in a vent, or near the top of a dome
where the churning action in a viscous lava .
facilitated the escape of gases, with the sub~
sequent formation of voids.

2. The percentage of breccia fragments ranges
from 50 to 75%. A number of different rock
types are to be found, including angular pieces
of rhyolite of various colors, sandy, banded
shales and dark basaltic and andesitic rocks.
On the whole, the lithic fragments in the hills
are larger and more varied in number and type
than any of those noted in other formations.

3. The matrix in which the lithic fragments are
embedded is a dark purple, tuffaceous or
porphyritic rhyolite. The same rock, along
with some cream colored tuffs is found on all
sides of the hills. The unit appears to become
thinner as one proceeds away from the area.

In places the purplish rhyolite contains numerous
lithic fragments similar to those seen in the
small hills,

4. The topographic shape of the small hills sug- -
gests an eroded dome or neck.

5. The northward projection of the Schoolhouse
Fault and of the fault that separates the Delta
formation from the Mangas Creek formation
suggests an intersection in the vicinity of the
small hills. Thus, the structural setting for
the formation of volcanic vents appears to be
favorable.

Petrographic description of the Gamma formation---The rock
.consists of angular orthoclase phenocrysts set in a streaky brown
glassy groundmass. The orthoclase phenocrysts have, for the most

part, been slightly altered to sericite and clay(?) minerals. The

groundmass consists of dark brown and light brown streaky glass which
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is often squeezed between the phenocrysts, indicating some welding. -
The areal extent of the formation is not large, and it is probable
that the whole unit was formed as a result of a single eruption from the
small volcanic domes postulated above.
A crystal-lithic~vitric plot is given in Figure 6 and the percent-
ages of the crystal, lithic and vitric constituents is given in Table 4, -

specimen no. 40. .

Moonstone Tuff (Tm)

A formation designated the Moonstone Tuff crops out along the
western side of the Schoolhouse Mountain quadrangle in the vicinity of
Davis and Cherokee Creeks. The areal exteat of the formation is not
large, probably less than 1/2 square mile, but the unit is sufficiently
distinctive to warrant separate description. The unit thins and disap~
pears to the east, but thickens and appears to be more prominent in the
mountains west of the quadrangle. - .. - |

The Moonstone Tuff consists of a light gray, fine grained to
porphyritic sanadine bearing vitric-~crystal tuff, with very few lithic
inclusions. The name of the unit stems from the presence in the rock
of euhedral sanadine (moonstone) phenocrysts, up to 5 mm in diameter.
In many of the phenocrysts an iridescent blue color can be seen when a
cleavage face is rotated in strong sunlight. The mqonstones aré a dis=

tinguishing characteristic of the formation.
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The stratigraphic position of thé Moonstone Tuff is readily ob;-
served in sec. 5, T. 17 8., R. 17T W. and in sec. 32, T. 16 8., R. 17
W. In sec. 32, the Moonstone Tuff rests directly on rubble derived
from the red rhyolite member of the Cherokee Creek formation (See
Plate 4, Fig. 1). Some of the red rhyolites are incorporated into the
basal part of the Moonstone Tuff. Similar relationships are to be seen
in sec. 5. . A few hundred feet west of the quadrangle boundary, along
Davis Creek, Stage Three gravels rest directly on the Moonstone Tuff
(See Plate 4, Fig. 2). A composite section measured in this area re-
veals 2 maximum of 100 feet of Moonstone Tuff (See Fig. 4).

The Moonstone Tuff is tilted uniformly to the southwest, within
the confines of the quadrangle. In sec. 5, the dip of the unit is less
than 25 degrees and thus appears to be conformable with the underlying
Cherokee Creek formation. Pre-Moonstone Tuff faulting is present in
Cherokee Creek, but no faults were found cutting the Moonstone: Tuff
itself. The irregular shape of the outcrops in sec. 5 and 8, .T. 17 8.,
R. 17 W., is.a consequence of erosion of moderately inclined beds.

-The fact that the’ Moonstone tuff unit appears to be conformable
with the underlying .rocks, is tilted to the southwest, and js overlain by
gravels "whichkhave been faulted and tiited éi‘zgzgésts that fhe tuff was d_e-

posited prior to the uplift of the area in the central part of the quadrangle.
‘Petrographic description of the Moonstone Tuff---The rock con-

sists of sanadine phenocrysts set in a vitroclastic, glassy groundmass.

- Oniv. of Arizona Lik are
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A high power lens reveals that the groundmass contains small crystal-
lites of orthoclase(?) as well as glass shards and gray—brown dust.
Phenocryst minerals are clear and unaltered, although commonly
broken along cleavage planes. The iridescence usually seen in the
hand specimen is difﬁcult to see in section, owing to the thmness of
the rock slice., / , | '
| A crystal-vitric-hthic plot of the rock is given in Figure 6 and

the percentages are listed in Table 4, specimen no. 49

- Basalt(Tb)

Ba.salt crops out in a few places in the northwestern part of the
quadrangle. These scattered outcrops represent the eastern edge of an
extenswe basalt sheet that covers a wide area northwest of the quadrangle.
‘With one exception, the basalts rest on Stage Three gravels with a slight
angular unconformity The exception is found in sec. 25 T. 17 S., R.

17 W., where the basalt rests on an andesite umt in the Mangas Creek
formation. The basa.lts are dark in color, usua]ly fine gramed and

often tend to be scoreaceous.

Petrographic description of the basalt---The rock consists of =
lath-like plagioclase, pyroxene and olivine. .A sub-ophitic texture 1§
common. Alteration of the pyroxene and olivine forms dark brown

“aggregates of iron oxide which cloud the slide.
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- Summary of Petrographic Features

A conslderation of_- the_ petrography of the units in the Schoolhouse
Mountain quadrangle bears out the distinctions noted in the field. |

The lower andesite umts arecharacteristically dark colored |
and usuallj show phenocrysts of hornblende and feldspa.r. 'Alt»eration
of the hornblende to magnente and replacement of the cores of zoned
plagloclase crystals by calcite is a common feature observed in th1n
sectlon. No ohvme or pyroxene were seen. Some quartz is found in |
one of the sectlons. Flow structures are uncommon, with the poss1b1e
exceptlon of some lmeation noted'vin the blue andesite member of the
Saddle Rock Canyonformation. Lithic inclusions and glass are rarely
found.

The lower andesites are interpreted as having been extruded
from nearby “v‘ents or fissures.’ Since andes_ite dikes‘”are fo_und just to"
the south of the quadrangle, it seems feasible to assume that they were
the f1ssures from which the andesmc lavas 1ssued.

The sequence of rocks overlymg the Saddle Rock Canyon andes1te
is chardcterized by: (1) its general alkali rhyolite composition, (2) the
preponderance of pyroclastic rocks .and @) its thickness. hlaﬁc rninerals
(i. e., biotite, hornblende pyroxene, and magnetite) are rare. Quartz
seldom appears as a phenocryst mineral, but is abundant in the ground-
mass. Most of the rocks contain over 70% SiOg.

Interbedded with the pyroclastics are flows of rhyolite and
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vitrophyre. . Clastic beds in the column attest to periods of erosion and

re-deposition of volcanic debris.

A comparison of Ca0/NagO + K,0 ratios of some chemical anal-~
yses of the major units with figures given by Nockolds (1954, p. 1012~
1013) shows that the average rhyolitic rock in the quadrangle is an -
alkali rhyolite. - The Ca0/Nag0 + K50 ratio for the Schoolhouse Moun-~
tain rhyolite is somewhat less than that given for normal ca1c>-a1kaline
rhyolite, and the AlyO3/NagO + Kg0 ratio is greater than that required |
for classification as a peralkaline rhyolite (cf. Shand, '. 1947, p. 229). .
The Niggli values for three analyzed specimens are given in Table 3.
The analyses themselves are given in Table 7.

~ Table 3

Niggli values for selected specimens from the
Schoolhouse Mountain quadrangle.

5T al Tm ca ak kK mg © p
*Tmer (gray rhy. 492 46 7 2 44 .45 .36 -~ 0O
mem.  McCauley fm.) - IR "

*Tmb (Brwn. tuff bx. 422 49 10 3 38 .49 .28 ‘1 .35
- mem. Mangas Cr.
fm. ) ‘

*Tcl (Red rhy. mem. 394 45 11 7 37 .43 .27 1 .3
~ Cherokee Cr. fm.)

*All specimens are composites

At variance with the general alkali rhyolite composition of the

thick section of pyroclastics are two andesite units containing olivine
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and pyroxene. These thin units (Tmg and Tma) are interbedded with
the pyroclastics of the Mangas Creek formation. -

The source of the pyroclastics remains an eni}gnlla., One possible
source for the Gamma formation rocks is from some low, dome—like
hills in sec. 35, T. 16 S., R. 17 W., which have been interpreted as
volcanic domes or necks. Whether or not other units in this series of
pyroclastics also originated from this source is unknown. A sequence
of events deciphered in Cherokee Creek and described under the heading
‘""Cherokee Creek formation, Tuff and Vitrophyre members' indicates
that explosive activity préducihg tuffaceous material intermixed witﬁ o
lava bombs and lithic fragments was a not uncommon occurrence.” The
general'pyroclastic aspect of the acid Seéuenée, along with the presence
of nﬁmerous 'weldéd tuff units indicates that much of the volcanism was
of the violently explosive (Pelean) type, resulting in the formation of
avalanche deposits which covered the country};ide with volcanic debris.

The rocks overlying the aéid pyroclaétics afe basalts, 'v.vhich
are found in only a few places in the northwest part of the.quadrangle,
but are '(iuite extensive in the areé to the west“and'northwest. Thg rocks
contain .blivihe aﬁd pyroxene, ahd"are considered to be normal olivine

basalts, . .
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Table _4;

Crystal~Lithie~Vitric percentages for some pyroclastic rocks

from the Schoolhouse Mountains quadrangle.

*pecimento T 5 40 40 65 1T 138 120

' % Crystal 21 21 24 36 34 27 1 5
~ % Lithic 38 4 11 1 65 11 44 24
% Vitric 41 17 65 63 1 62 55 1
L
1 Brown tuff breccia member, Mangas Creek formation, Unit "E, "
- (Tmb). Location: sec. 6, T. 17S., R. 16 W.
3 White tuff member, Mangas Creek formation, Unit "J, " (Tmt)
- Location: sec. 5, T. 17S., R. 16 W.
40 Gamma formation (Tg). ‘
Location: sec. 35, T. 16 S., R. 1TW.
49 Moonstone Tuff (Tm).
Locatlon' sec. 32, T. 16 S., R. 1T W.
66 Brown breccla member, Mangas Creek formation (me)
Location: sec. 17, T. 17S., R. 16 W, i
111 Red rhyolite member, Cherokee Creek formation (Tcl).
Location: sec. 23, T. 17S., R. 1TW.
128 ‘_Breccmvmember, Kerr 'Canyan formation (Txx).
Location: sec. 33, T. 17 8., R. 16 W.
“1'29 : Brown tuii breccm member, Kerr Canyon formatlon (Txb).

Location: sec. 28, T. 17 S., R. 16 W.

RN
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Table &
Rosiwal analyses of some rocks from the Schoolhouse
‘ | Mmmtain quadx:angle :
*Specimen no. 11 5 — 103 132 LY

Quartz 15 2
Sanadine ‘14
Orthoclase and 10

Sanadine
Hornblende 4 1
Pyroxene 2
Biotite and 3 2 Tr 10

Magnetite
Calcite 20
Plagioclase 1 15 12
Orthoclase and 21

Plagioclase
Groundmass (mostly 72 71 84 83 58

glass and micro-

crystals)

*

11 Gray rhyolite member, McCauley formation (Tmcr).
Location: sec. 31, T. 16 S.;, R. 16 W.

89 Vitrophyre member, Cherokee Creek formation (Tcv).
Location: sec. 4, T. 178., R. 1TW.

103 Vitrophyre member, McCauley formation (Tmcv).
Location: sec. 17, T. 17 8., R. 16 W.

132 Rhyolite and breccia member, Kerr Canyon formation (Txr).

Location: sec. 9, T. 18 S.; R. 16 W.
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Table §, continued -

147 Andesite porphyry member, Saddle Rock Canyon formation (Tkp).
~ Location: sec. 8, T. 18 S., R. 16 W.
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-Origin of Volcanic Breccias and Associated Pyroclastic Rocks

The orlgm of brecmas has been considered by Anderson (1933)
Followmg LaCroix (1906, p. 635), he divides the origin of breccias in

the followmg mannerr

1 Volcanic breccias not transported by water .

. A. Crumbling of a dome
B. Intrusion
. C.  Friction
D. Crumbling of an advancing ﬂow
E. Eruptions ‘
1, Vulcanian
2. Pelean .
3. Ultra-vulcanian
- F. Dry avalanche ..

II Volcanic breccias transported by water

A. Eruptions o
1. Through a crater lake
2. Melting of snow and ice
3. Accompanied by heavy rains
4. Followed by heavy rains

B. Not related to eruptions
1. Collapse of the dam of a crater lake
2. -- Heavy rains on unconsolidated e;ecta o
3. Rapld meltmg of snow and ice.
Although Anderson suggests that A, B, C, and D under I above

may not be considered as true breccias by some, it seems a rather

fine point to belabor. In "A™ and ""C" the breccia fragments are
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associated with the disintigration of a Pelean spine, while in "B'* the
breccias are formed by intrusion of a magma into wet sediments.  Ex-
amples of the crumbling of the 'crust on an advancing flow are numerous
in the basaltic flows of Hawaii, and have been described by McDonald
(1953). Breccias agsociated with volcanic eruptions are probably most
widespread. The Pelean type eruptions, consisting of a glowing cloud
of expanding gases, blocks of rock and shreds of lava have been respon- -
sible for the deposition of immense quantities of breccias, tuffs and weld-
ed tuffs in the Valley of Ten Thousand Smokes (Fenner, 1923), Monte -
Pelee, and elsewhere. Recent work by Enlows (1955) points out the

presence of Pelean avalanches (nuees ardentes) in Arizona. It is the

writers observation that further study of the more acidic units in the
volcanic fields of New Mexico and Arizona will reveal more examples -
of these avalanche deposits. -

Dry avalanches are more local in character, and consist of un-
stable piles of gas charged ejecta which slide down the side of a cone,
when dislodged by a tremor. The propelling force is gravity, and the
situation is analagous to a snowslide or a landslide.

Of the volcanic breccias transported by water, most are asso~
ciated in some way with mud flows or laharé, which form when pyro-
clastic material is intimately mixed with water.

Curtis (1954) suggests that the breccia of the Mehrton formation

in California was formed by slow movement of a nearly solidified lava

"
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mass. The movement allowed explosive release of entrapped gases
which sh_attered the rock along fracture planes. Further movement
caused rnore brecciation,_ and the mass can be said to have been autoé
breccmted o - . | |

The mode of origin of the pyroclastic units m the Schoolhouse
Mountain quadrangle has not been exactly determmed. The presence
of Welding in many of the units suggests that some of the material was
blasted out from a vent, probably during a Pelean—type explosmn, a.nd
subsequently settled and became consolida.ted. In one place (See Fig. 9)
a sequence of explos1ons and ﬂows can be determmed The mt1mate
mixing of the constituents of the pyroclastic units and the lack of sort-
ing or beddmg further suggests a catastrophic type of deposmon. |
Autobrecciation in the manner suggested by Curtis (1954) is not evident,
nor is ‘there any }evidence to support brecciation at theiace of an!advancu
ing flow. | | | | |

An overall view of the volcamc activ1ty suggests that it was
,characterized by exploswe outbursts which avalanched the debris over
the country51de, thus accounting for the pyroclastlcs and Welded tuff
units now recogmzed Interspersed with the periods of v1olent exploswe
activity were times of relat1ve quiescence durmg which lava flows covers

ed the area., formmg the ﬂow units in the various formations.
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Age of the Igneous Rocks

A Precambrian age lhas been assigned to the granites and meta=-
morphic rocks in the southern p‘artrof the quadrangle. Although no
direct ev'idence"for such an age has been found in the quadrangle, simi~
lar granitic rocks in the Central mining district have been called Pre=
céndbrian by Paige (1916). Granitic and metamorphic rocks in the Burro
Mountains have been called Precambrian by Palge (1922) and more re-
cently by Hew1tt (1956) Hewitt subdivides the Precambnan complex»
of the northern Burro Mountains into a lower Bullard’Peakt series‘ and “
an uﬁper Ash Creek series which consist of hornfels, | migmatite and
other high gr.ade metamornhic rocks. These two series;, accordingv to
Hewitt, have heen invaded by the Burro Mountains batholith mlade up ot
gré.nites similar to those found in the s.'outhern}part of the quadrangle. |
Since no period of orogeny in post Precambria.n tintes has produced -
such profound metamorphism and mtrusmn, the rocks are assumed to
be of Precambrian age, as mdeed are most rocks of s1milar aspect m
the southwestern United States.,

The absence of floral or faunal remains in the volcanics and re=
lated intrusives precIudes the possibility of dating those rocks on that
basis. No physio-chemicalv dates are available. J. L. Kulp (Pers;
Cornm.. ’ 195‘6) states that the potassium-aargon method is not oarticular—
ly accurate m Tertiar& volcanics, owing to the lack of data on retention

of argon by those rocks.




111
Elsewhere in.southwestern New Mexico and southeastern Arizona -

the volcanic rocks have been regarded as having ages ranging from Cre-
taceous to Recent. It may be possible to assign a relative age to the
volcanic rocks in the Schoolhouse Mountain quadrangle by comparing-
the column there with the volcanic columns found elsewhere in this re-
gion. |

It has been stated by Graton (Lindgren, Graton and Gordon,.1910)
and Callaghan (1953), among others, that the volcanic column in south~
western New Mexico is dominated by a unique succession of rocks, con-
sisting of the following elements: (1) a basal series of andesites, with
minor rhyolites, (2) a middle series of rhyolite, latite and dacite and
(3) an upper series of basalts. In general, the andesites are considered
to be of Upper Cretaceous~Lower Tertiary age, the acidic series of
Middle or Upper Tertiary age and the basalts of Upper Tertiary-Quat-"
ernary age. - Examination of the literature concerning the volcanic.
columns at Mogollon (Ferguson, 1921), the Lake Valley quadrangle
(Jicha, 1954), Peloncillo Mountains (Quaide, 1953), ‘Aravaipa-Stanley
(Ross, 1925), Little Hatchet Mountains (Lasky, 1947) and Santa Rita
(Hernon, Jones and Moore, 1953) bears out the generalities stated
above. Reconnaissance studies by the writer of most of the ranges in
southwestern Nev} Mexico reveals that this sequence is widespread. The
middle acidic unit is particularly impressive, and a perusal of the litera-

ture describing volcanic columns in the southeastern part of Arizona
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indicates that the sequence is continuous over a wide area.

- Recent work on the re~mapping of the Santa Rita quadra.ngle has
prompted Jones, et. al. (1955) to assign a Miocene(?) age to the inter~
mediate group of volcanics there, while Lasky (1947) and Ross (1925)
note that the andesitic rocks at the base of the volcanic column are
probably of Upper Cretaceous age in the areas Where they have been
stud1ed. The presence of basalt ﬂows on, and interbedded with gravels
of Gila and Santa Fe age suggests an Upper Tert1ary~Quaternary age for
these bas1c rocks

Plate 22 shows that the volcanic column present in the School-
house Mountaln area is similar to that discussed above, with andesites
at the base, rhyolites in the middle and basalts at the top. Hence, by
analogy, the andesitic rocks are consmered by the wr1ter to be Upper
Cretaceous-Lower Tertiary, a.nd the tuffs and tuff brecc1as and related
rocks to be of Middle Tertlary-Upper Tertiary age. ) §4 the arguments
presented for the Phocene-oPleistocene age of the Stage Three gravels
are accepted, then the Upper Tertlary—-Quaternary age for the basa.lts

that rest on them follows.




STRUCTURE

- Introduction

The structural pattern of'tlhe- Schoolhouse Mountain quadrangle |
is dominated by four major features: (1) a major, north-south trending
fault dividing the quadrangle into two equal parts, and here called the
Schoolhouse Fault, (2) an east-west trendmg fault system separatmg
the volcamc rocks from Cretaceous and Precambr1an rocks, and ca.lled
the W1ld Horse Fault, (3) lesser faults of varying trends the most im=~

portant of which is the Ira Creek Fault and (4) one maJor and two minor

folds vcrossing the quadrangle in a north-northv}esterly direction. Be— |

s1des these features there are numerous other smaller faults and folds,
as well as fracture zones and d1kes whlch contnbute to the structural
fabrlc of the area and emphas1ze the trends established by the larger
tectomc elements., o |

The gross structural p1cture of the quadrangle can be summed
ui) by saying that it conta.ms a north—northwest trendmg complex arch
which is cut by la north~SOuth fault and‘ an east-West fault° In succeeding
paragraphs will be found the descnptlve detail needed to elaborate a.nd

embellish this plcture.

113
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- Plate 1 shows that the volcanic rocks:of the Schoolhouse Moun-
tain quadrangle are located in the northern three~fourths of the.quad-
rangle. - The volcanics are abruptly terminated by an east-west trend- -
ing fault, which has brought Precambrian granite, Cretaceous sediments
and in some places, older volcanic rocks into eontact with younger vol~

canic units,

Faults
The most prominent fault in the Schoolhouse Mountain quadrangle
is the Schoolhouse Fault, which extends from the southern border of the

quadrangle in sec. 12, T. 18 S., R. 17 W., almost due north to within

a half mile of the northern border in sec. 35, T. 16 8., R. 17T W. Beyond

this point the fault could not be traced, and it may either skirt the con~-
tact between the Stage Three gravels and the Mangas Creek formation in
that section or pass under the Gamma formation to the vicinity of the
volcanic domes mentioned above. In either case, it appears that the
fault continues into-an area of highly altered rocks which lie just beyond
the northern boundary of the quadrangle. |

- Along most of its length, the Schoolhouse Fault is not marked by
any great amount of gouge or alteration. However, in sec. 11, T. 17
S., R. 17 W., this is not the case, and a shattered,; altered zone up to
1/4 mile wide is found. In the same section, a rather large block of-

the gray.rhyolite member of the McCauley formation has been dragged
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up along the Schoolhouse Fault, and now exists as an isolated block, .

bounded on all sides by faults. In sec. 13, T. 17 8., R. 17T.W., the - -

Schoolhouse Fault appears to turn toward the southeast, again dragging
up a sliver of the McCauley formation. . A careful search in that direc-
tion revealed no extension of the fault beyond the mass of rhyolite.
Another good exposure of the fault is found near the head of Ira Creek
and its tributaries, along the base of Schoolhouse Mountain. Qutcrops
in sec. 14 and 23, T. 17 5., R. 17T W. are largely inferred and based
on the presence of small shattered zones here and there, andon a -
prominent topographic low that follows the trend of the fault (See Plate
18, Fig. 1). - In the southern half of the quadrangle, the fault is marked
by altered and crushed zones in the Precambrian granite, and by the -
abrupt termination of Cretaceous sediments. :: -
The nature of the movement on the Schoolhouse Fault can best
be explained by considering it together with the Ira Creek Fault.
" . "The Ira Creek Fault is located in sec.: 22 and 23, T. 17 S.,

R. 17 W., and parallels the upper fork of Ira Creek (See Plate 18, Fig.
2). An analysis of the stratigraphic and structural features in these two
sections and the sections adjoining to the north is critical to the under-
standing of the stratigraphic relationships between the McCauley,
Mangas Creek and Cherokee Creek formations. -

- The sense of the movement along the Ira Creek Fault is revealed

in sec. 22, T. 17 8., R. 1T W.. ‘Here, toward the southern half of the
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section, the rocks all dip to the west or southwest, and consequently it
can be shown that the McCauley forrmation overlies_the‘v‘a.r'i_ons members
of the Mangas Creek formation. As mentioned above, the sa.ntistone and
breccia member of the McCauley formation is missing in sec. 22, In
the northern half of the section, the lower mémbers of the McCauley
formation are abruptly terminated by the Ira Creek fault, and are in
contact with the gray rhyohte member which lies on the 0pp051te srde
of the fault. Con51dering the dip of the rocks on the south 51de ot the
Ira Creek Fault, it will be seen that one goes down &ection as he ap-=
proaches the Schoolhouse Fault. Conversely, on thét ‘north s1de of -the
fault, one goes up sectlon into the Cherokee Creek formatlon, as he
approaches the_Schoolhouse Fault, The dimmlshmg throw along the Ira
Creek Fault, in moving from east to west, necessitates that the -flanlt be
interpreted as a hmge fault, ‘with the hinge line located in the northwest
part of the sectlon. The hmge line is marked by ex@ess1ve ]ointing in
the McCauley formatlon. . A schematic dlagram showing the nature of
the movement and the result of erosion on the uphited block to form
the present outcrop pattern is shown in F1gure 11.. | ‘ o

The above analyms of the movement along the Ira Creek Fault
reveals that the north side of the fault is relatively__downthrown. ;Hence,
in the v1cmity of the Ira Creek FaulteSchoolhouse Fault mtersection,
the Cherokee Creek formatlon must be on the downthrown side, while

the Mangas Creek formation east of the Schoolhouse Fault is on the
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Grey rhyolite

After taoulting,
Before erosion

Mongas Creek Fm

{ro Creek

After erosion

Fig.11 Block diagrams showing hinge faulting and development of present
cuterop pattern in the Ira Creek area. Topography omitted.
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upthrown side. That the east side of the Schoolhouse Fault is the up~
thrown block is revealed elsewhere, for example in sec. 26, T. 178.,
R. 17 W., where the basal Saddle Rock Canyon andesites are exposed
and in sec. 1 and 12, T. 18 S.;, R. 17 W., where the Colorado(?) shale
lies on the west or downthrown side. It may also be significant that the
highest point in the qﬁadra.ngle, Schoolhbuse Mountain, lies on the up-
thrown side of the f#ulte An analysis of the uplift in the Burro Moun-
tains to the southeast supports the postulated sense of the mov;ment on
the Schoolhouse Fault, - A schematic @agam showing;the:deve‘lopment
of the Schoolhouse Fault is shown in Figure 12, J

| Another hinge-type fault is fouﬁd in sec. 31, T. 16 S., R 16 W.,
at the north end of the quadrangle.,“V‘Relationships simiiéf tc; };ﬂh.ose de- |
scribed for the Ira Creek Fault also are found‘hgre, with the lower unifs
of the McCauley formatmn éputtﬁiﬁg- .é_tgainst;tjl‘;e .higheiﬁiéqibe;fs., Again,
the fault disap‘péags and hinges in Aa swarm 6f mﬁerseétmg joix_i; sets,

A seco;xti major ‘fé.ﬁlt_; s,eparaitésf'the volcanié rocks from the non-
volcanics in thév sftsﬁthern part of the quadrangle. This east-west trend-
ing fault is called the Wild Horse Fault, after Wild Horse Creek, which
it parallels for several miles, Near the Gila River, the Wild Horse
Fault consists of a simple break, with a steep, eroded scarp carved
into the volcanics (See Plate 19, Fig, 1). The Wild Horse Fault inter~
sects the Schoolhouse Fault in sec. 36, T. 17 S., R. 17 W., and ap-

pears to be offset to the north; however, if the fault does hot have a slight
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Fig.12 Schematic diagram showing nature of faulting along
the Schoolhouse fault. A--East-west cross section
before faulting; B--displacement due to faulting;
C--area after erosion. (c~-Cherokee Creek forma-
tion; v--vitrophyre member of the McCauley forma-
tion; r--grey rhyolite member of the McCaul

formation; m~-Mangas Creek formation. . (Not ta’
scale)




120
dip to the north, the offset may be a consequence of a greater amount of
erosion on the east side of the Schoolhouse Fault, East of its intersec~
tion with the Schoolhouse Fault, the Wild Horse Fault becomes more
complex and, in sec. 36 at least, consists of two parallel faults. The
Wild Horse Fault appears to die out to the east, ami cannot be traced
beyond Saddle Rock Canyon, in sec. 5, T. 18 S.;, R. 16 W, The throw
on the Wildhorse Fault diminishes to the east. For example, in sec.
36, T. 17S., R. 17T W., the Precambrian rocks are faulted against
Cretaceous shales. A mile or two east, the Cretaceous formations are
faulted against the overlying Saddle Rock Canyon andesite, and finally
in sec. 5, the fault disappears.

The Wild Horse Fault appears to be a steeply dipping break with
the south side upthrown, | The nature of the throw can be inferred by the
fact that the oldest rocks are present on the south side of ‘the fault. In
addition, some direct evidence of the movement can be seen in sec. 34
and 35, T. 17S.; R. 17 W., where Cretaceous quartzites are faulted
against Tertiary volcanics.

Inter~ and intra-formational faulting has been recognized in at
least two places in the Schoolhouse Mountain quadrangle (See }?‘igure 13).
The presence of such faults suggests minor orogeny during the time
when the volcanic rocks were being deposited, but there is insufficient
evidence to build up any concrete pattern of faulting. Elston (1955, p.

'1553), in his studies in the Dwyer quadrangle southeast of Santa Rita




Fig. 13 Geologic nap of a portion of Sec. 31,
R16W, T16S, showing example of intra-
fornational faulting. See text for
explanation. (P,R,T—brown tuff
breccia; Q,S—tuff)
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notes at least three periods of intra-volcanic faulting.

The best example of intra-formational faultmg is found in sec.
31, T. 16 S. ’ R. 16 WwW. A sketch of the geology m part of tlus sectlon
1s shown in Figure 13. At the present time, the brown tuff brecma and
White tuff umts involved are tilted toward the northeast, with the umt
deslgnated "pn bemg the oldest. The fault shown in Figure 13 displaces
the "Q " "R" and "S" units, but disappears beneath the overlying "T"
unit, hence must be pre-"T" in age. Another example of intra~forma-
txonal faultmg can be seen in sec. 5, T. 17 S.; R. 17 W., where a num-
ber of faults offset the gravels in the Cherokee Creek iormation (See
Plate 15 Fig., 1), but do not cut the overlymg Moonstone Tuff |

A number of other faults of lesser magmtude are found m the
Schoolhouse Mountam quadrangleo Most of these faults have a north-
westerly trend; as 1s shown on Plate 23. Two of these ‘faults are found
in sec. 1 and 12, T. -17 S., R. 17 W. One break in sec. 12 is actually a
fracture zone up‘ to 200 feet wide. No well developed fault plane could be
found, and no offset has been recognized in the forrnations involved, but
the brown tuff breccia of the Mangasvv C}reek iorxnation is shattered and
somewhat altered. Manganese and iron oxides cement fractures in this
area. In most places the nature and amount of throw on the fault planes

are not known.
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Folds

In the volcanic rocks, the distribution of strikes and d1ps 1n-
d1cates a broad arch crossing the quadrangle 1n a north~northwesterly
direction (See Plate 1) Rocks in the east and northeast part of the
quadrangle generally dip in that direction, while the oppos1te dip is :
present on the other side of the quadrangle. Locally, lesser folds are
present on the eastern flank of the major arch, near the center of the
quadrangle. o X . | L L
| In the southern part of the quadrangle, folding is inconsplcuous
in the Cretaceous sediments, except in the vicinity of faults, where the
Colorado(?) shale tends to be strongly contorted and broken. A broad
shallow basin is present in the Wild Horse Mesa area. The outer rim
of the basin is composed of the resistant Beartooth(?) qua'rtz':i“tev .ivhile |
the softer shales of the overlymg Colorado(?) formation floor the basin.
A northwest-trending fault crosses the basin The combination of re=
s1sta.nt rim rocks a.nd centripetal dips makes the area a topographic as
well as a structural basm (See Plate 1, Cross-section BB‘ and Plate -

19, Fig. 2).

Joints - -

Joint systems are well developed in various places in the vol-=
camc rocks. Especially conspicuous are the jomts which occur in the

gray rhyolite member of the McCanley formation and in the welded tuffs
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‘in the Cherokee Creek formation.” In sec. 31, T. 16 S., R. 16 W.; a
swarm of intersecting joint sets is found near the hinge line of a nearby
fault. A similar swarm of joints is found in sec. 23, T. 17 §., R. 17
W., in the vicinity of the hinge line of the Ira Creek Fault. - Columnar
-and slabby jointing often occur in various welded tuff and tuff breccia
‘units, and are described elsewhere in this report.

Plate 24, Figure 1 shows that the strikes of most of the joint
sets in the quadrangle trend toward the northwest. The possible sig-
nificance of this is discussed in the paragraphs under "Analysis of =~ -
Structural Elements. " -

Analysis gf Structural Elements

On a regional scale, the Tectonic Map of the United States shows
that the Burro Mountain uplift and the Schoolhouse Mountain quadrangle
lie within a belt of northwest~trending faults and folds. = The Burro Moun-
‘tain Precambrian area is elongated in that direction and is partially
bounded by faults on the northeast and southwest sides. Other manifesta-
tions of this northwesterly structural grain have been considered under
‘""Regional Geologic Setting, "

The most significant structural features in the Schoolhouse
‘Mountain quadrangle.are the faults and the north~northwest trending
arch. In order to achieve a statistical summary of the trend of the

faults in the area, a "rose" diagram showing the strikes of faults was
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plotted and is shown in Plate 23. The lengths of the various rays of
the "'rose" are proportional to the number of faults trending in that
direction. In order to weigh the strength of the faults, the meaéure-
ments were made in one square mile '"samples, " hence a long fault
. like the Schoolhouse Fault is included many times in the diagram. A
glance at the diagram shows that a northwesterly trend to the faults-
is well developed.

Plate 23 shows that the lesser faults in the volcanics trend in - ::
approximately the same direction as those in the granite and sediments.
Unfortunately, there is no way of determining the age relationships be~:
tween the faults in the volcanics and those in the granite and sediments, .
and it cannot be stated with certainty that the faulting in the basement is
reflected by ﬁﬁ%g in the cover. In passing, it might be mentioned
that Wisser (Pers. Comm., 1956) has emphasized the influence that
pre-~Laramide structures have had on the development of Laramide and
post-Laramide structures, in the southivestern United States. ~ .-+ -

The strikes of the joints and the trends of dikes were subject to
an analysis similar to that described for the faults, and the results
are shown in Plate 24, Figures 1 and 2. Joint sets tend to have irregular
trends, but again the northwesterly direction dominates. A similar situa-~
tion holds true for the dike trends, although the number of samples is
low. .

A comparison of the data revealed in Plates 23 and 24 with the
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regional structural setting shows that the northwest trends continue
past the Burro Mountains Precambrian area and into the volcanic rocks
of the Schoolhouse Mountain quadrangle. The presence of a north~ .
nor.thwest trending arch may be a direct reflection of the uplift which
affected the whole Burro Mountains area.

An explanation as to the cause of the faulting and the manner ‘in
which the various blocks moved relative to one another can be developed
if one considers the Burro Mountains block to the southeast. The Burro
Mountains Precambrian block is essentially a horst, bounded on two
sides at least, by long, northwest~trending faults. Hewitt (1956) shows
that the faults along the southwest side cut.the Tertiary gravels, and.
Paige (1922) suggests the:same for the faults on'the northeast side.
Since the gravels were deposited after the great bulk of the volcanics in
the Schoolhouse Mountain area had been extruded, the latest faulting and
accompanying uplift of the Burro block is post volcanic. Judging from
the amount of Precambrian exposure, the greatest amount of uplift oc~
curred 10-20 miles to the southeast of the Schoolhouse Mountain quad-
rangle.

The development of the structure in the Schoolhouse Mountain
quadrangle is visualized as follows: As the uplift began, a north~north-
west trending axis began to assert itself; this axis now being represented
by the arch which crosses the quadrangle.: Further upliit created shearing

stresses in the rock, which ultimately exceeded their strength forming
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the east-west trending Wild Horse Fault. According to the theories
proposed by Anderson (1951) this fault should be normal, and inclined
at 45‘ dééﬁées,' uﬁder ideél condiﬁoﬁs. Actually, the fault has a steep
dip, but the sense of the movement is correct. The numerous north=~.
west-trending faults and others in the quadrangle were probably form-
ed at this time. Just why the Wild Horse Fault is located where it is,
remains an enigma., One i)ossibﬂity is that the faulting was guided by
a zone of weakness developed along the north gide of the.Sonoran geo-
syncline, which passes not far from this area (Fig. 2). Although the
stresses were at first relieved, uplift continued until another break
formed, this time trending north-south. Again, tﬁe upthrown‘side oc~
curred on the side of the greatest uplift. That the Schoolhouse Fault
was formed later than the Wild Horse Fault is inferred from outcrops

in sec. 36, T. 17 8., R. 17 W., where the two faults intersect.




SEQUENCE OF GEOIDGIC EVENTS

Although it is not possible to pmpomt the exact time When some

of the structures and rocks in the Schoolhouse Mountain quadrangle -

were formed, the succession of events is fairly clear. The followmg

table represents a sequence of volcanic wctivity and tectonism that

transpired here. The list reads from oldest to youngest

. Table §_ T

Sequence of geologic events in the Schoolhouso N .
Mountain quadrangle, ‘New Mexico.

Period

Precambrian

Precambrian-
Upper Cretaceous

Upper Cretaceous

Upper Cretaceous

Upper Cretaceous-
Lower Tertiary(?)

Event and remarks
Formation of igneous and metamorphm rocks
which now crop out in the southern part of the
quadrangle and in the Burro Mountains.

Unknown. Presence of Paleozmc rocks in the

Silver City area to the east and in the Clifton-

Morenci area to the west suggests that this area
was covered as well; however, no rocks of this
age are recognized in the Schoolhouse Mountain
quadrangle.

Deposition of the Beartooth(?) quartzite on a
rolling, rather deeply weathered granite sur~-
face.

Deposition of the Colorado(?) shales and sand~
stones.

First volcanic activity. Basal units of the vol-
canic column were deposited on the Colorado
shale. Sills may have invaded the Cretaceous
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Lower Tertiary=~

Upper Tertiary(?) .

Upper Tertiary
(Pliocene?)

.Pliocene-
Pleistocene(?)

Pleistocene~
Recent(?)

Pleistocene~Recent
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sediments at this time, or possibly a little later.

Extravasation of tuffs, tuff breccias, welded tuifs

..and flows that make up most of the volcanic rocks

of the column. Cessation of volcanic activity at
intervals is suggested by the presence of intra-
and inter-formational sediment lenses. Minor -
intra=formational faulting occurred in the north-
ern part-of the quadrangle. The last unit to be
deposited was the Moonstone Tuff.

Cessation of most volcanic activity, and subse-

- quent erosion of the volcanics. The Stage: Three

gravels were deposited in the northwest part of

- the quadrangle,

-Orogeny. Uplift of the Burro Mountains caused

arching of the volcanics, formation of Wild Horse

' Fault, various northwest-trending faults and for-

mation of Schoolhouse Fault, in that order. Up-
lift of the various blocks rejuvenated the streams,
stripping the volcanics from the area south of the
‘Wild Horse Fault, and generally exposing.the
older units elsewhere. Some dike mtrusmns oC=
curred along fault planes. : :

Resumption of volcanic act1v1ty, with extrusions -
of basalt, especially in the region northwest of
the quadrangle. v

Establishment of present drainage system, and
formation of Stage One and Two gravels. Develop-
ment of mature topography. :




HYDROTHERMAL ALTERATION

Hydrothermal alteration of the volcanic rocks occurs in numer-
ous places in the Schoolhouse Mountain quadrangle. . The most extensive
area of alteration is found in sec. 35, T. 16 S., R. 17 W., and in sec,
2, T. 17S., R. 17 W., and affects the unit known as the Beta member
of the Delta. formatioﬁo . In the extreme northern end of this area, the:
identity of the original rock has been all but obliterated by the develop-
ment of clay minerals almd iron oxides. Argillic alteration is the most
common, producing a soft, cream and buff colored rock. That the iron
oxides, at least, were formed after fracturing and may have been form-
ed relatively near to the surface is deduced from the following observa-
tions: (1) the iron oxide stains form a "halo' on either side of the frac~
tures, (2) in areas where the fracturing is closely spaced, the rock is
apt to be .thoroughly. impregnated with iron oxides, as the various haloes
coalesce and (3) talus rubble in some places is cemented by iron oxides.

. In some places the dominant type of alteration involves the .

movement and re~distribution of silica. The rock is quite hard and re-~
sistant, owing to the presence of secondary quartz. . In the more advanced
stages, the rock is cut by numerous, irregular, anastamosing quartz
veinlets. - - .

Alteration is usually strongest in areas where fracturingis - -
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prominent, such as along fablt planes and in places where jointing is
wellj developed. The relationship between iron oxlde gtaining and frac=-
turing has already been mentioned., However, the overall fracturing
alsd appears to have influenced the other types of alteration as well, A
semfi—quantitative expression of the r.elation" between intensity of altera~
‘ tion{ and intensity of fracturing is Shown in Figure 14. The term "in-
tensity of alteration" is somewhat nebulous, but it refers here to the
extent to which the rock has been replaced by alteratlon minerals. An
alteration intensity of ""1'" is assumed for rocks in which the original
feldspars are fresh and shiny, and the groundmass shows little evidence
of de=-v1tr1ficat10n or replacement by alteration minerals. An intensity
of "2" is given to rocks in which feldspars are cloudy and partially de-
composed, and biotite flakes have been partially altered to hydromicas.
The original texture of the rock is still d_i_sCernible. An alteration in-
tensity of "3" is assigned to rocks m which the origina.l texture has been
obliterated and nearly all of the origma.l minerals ‘have been replaced by
alteratlon products. In Figure 14, the cross bars on each vertical line
locate the mee.n number of fria.ctures per linear fobt, in an altered area.
The upper and lower part of the diamond moicates the maximum and
mmimum number of fractures counted, respectively. The data expressed .
in Figure 14 show tbat alteration mtensity tends to be greater in areas ' ’i
where fracturing is strongest. B o T

A thin section made across one side of an iron stained fracture
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shows the effect of alteration on the rhyolite of the Delta formation.
Near the fracture, the glassy groundmass has been de~vitrified and
clouded with a dark aggregate of iron oxides and sericite. The rock
is shot through with tiny (1/4 mm) jagged shards of quartz (See Plate
20, Figs. 1 and 2). These shards appear to be just as numerous in the
regions removed from the fracture wall, as in the area close to the
fracture. In one or two places the embayed quartz phenocrysts original-
ly brought in with the lava flow have been partially rimmed by these
irregular quartz shards, which are optically continuous with the larger
crystal. The boundary between the phenocryst and the shard is marked
by a thin line of brownish inclusions.

The small, irregular shards of quartz in the groundmass bear
further mention. This phenomenon has not been seen in other rocks of
the area, which havé, for the most part, not been subjected to hydro~
thermal alteration. It is not likely, therefore, that the quartz shards
‘are indigenous to the rock. The reason for fhe presence of these shards
is not obvious. Three possibilities present themselves, each of which
might explain the presence of the quartz, as well as its irregular shape:

1. The quartz shards represent embayed phenocrysts which
have been resorbed during the cooling of the lava.

2. The quartz shards represent the development of the
mineral from the de-~vitrified groundmass.

3. The quartz shards represent and introduction by
hydrothermal solutionso




134

The first two of these possibilities requires that the silica be -
present in the original rock since its deposition and the work of the
solutions. has been largely confined to re-mobilizing the quartz and re-
distributing it in the rdck. The third possibility pre-supposes a quartz
laden solution traversing the rocks, depositing the mineral randomly.

The type of alteration seen here is nbt» unlike that seen in many
porphyry copper deposité, in that it involves the development of clay
minerals, sericite and quartz, with concomitant obliteration of the ori-
ginal rock texture. . S oL o D

The source of silica in the silicified parts of altered porphyry
copper deposits and in vein deposits has recently been the subject of a
paper by Schmitt (1954). Schmitt concludes that "the silica represented
by. quartz. .. (of) porphyry coppers, epithermal and deeper seated veins
and pyrometasomatic deposits logically can be said to have been derived
from the alteration of the adjacent walls, " thus pointing up the possibility
that the solutions which are connected with hydrothermal alteration are
probably not themselves heavily laden with silica. Martin (in-press,
1958) in a study of the Santa Rita deposit bears out Schmitt’s contention,
and produces figures to show that the silica of the various alteration -
stages is actually only re-mobilized, and travels only short distances.
The resemblance between the alteration in various mineral deposits and
that seen here strengthens the surmise that the silica found in this vol~

canic rock has not been introduced by hydrothermal solutions."
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A comparison of the shapes of the quartz shards with glass shards
seen elsewhere in these volcanic rocks shows that both tend to be jagged,
with sharp, sliver~like points and projections, and rounded, conchoidal
embayments. The resemblance between the shapes of the quartz shards
and the glass shards in general suggests that the quartz is retaining the
original shape of the glass sliver. The high SiO9 content of the glassy
rocks has already been mentioned. It follows that a logical source for
the quartz is from the glass itself.

From the discussion above, it seems that in the instant case
the quartz has been derived by the re-mobilization of the Sioé of the
glass, and that the initial effect of this re-mobilization has been to re-
place the glass shards with quartz. Further, the direct mechanical
introduction of SiOy by hydrothermal solutions is not evident here.

It should be emphasized that the example cited represents a
rock which is in a stage of incipient silicification. Elsewhere in this
altered area, highly silicified rocks are to be found. In the silicified
rocks quartz veinlets, drusy cavities lined with quartz, and quartz
metacrysts are common. While these features indicate a rather mark-
ed movement of silica, they do not necessarily show that the quartz is
exotic, or that it has been brought in by thermal solutions.

It is beyond the scope of this paper to treat this problem further,
however the writer feels that in a study of silicified volcanic rocks, it

is eminently proper to consider a source for the quartz within the rocks
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themselves, rather than from some outside source.




ORE DEPOSITS

Introduction

_‘vNo ore deposits of consequence are known in the Schoolhouse |
Mountam quadrangle. A few small manganese prospects are found in
the volcamc rocks along,Schoolhouse and Mangas,Creeks, and two small
fluorite prospects are located on fluorite~bearing fractures in the Pre~

cambrian granite,

Cora Miller Mine

-

The Cora Miller mine and assoclated workmgs are located on
the south bank of Mangas Creek, approximately one mile west of High-
way 260__ and the Foster ranch. No access roads‘are present,, but the
mme can be reached most of the year by dr1v1ng along Mangas Creek
either from the Foster ranch or from the McCauley ranch.
| The Cora M111er workings were dr1ven along two or three
manganese bearing vems. Two narrow veins cut brown tuff breccias‘
and strike approximately N. 35° E. and dip vertically. A third vein
or possibly a branch from one of the other veins strlkes N. 750 E. a.nd
also has a steep dip. The veins appear to have developed in tight,
narrow (12-18 inch) fracture zones in the tuff brecc1a. Crushed breccia
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fragments within the fracture zone have been cemented and partially
replaced by black manganese oxides. Vein quartz occurs along portions

The mine was developed by drifting along the vein, then by over-
head stoping. Many of the stopes reach the surface. The workings are
dangerously accessable, at the time of this writing. From scattered
records, it appears that the mine was last operated during 1941-42 by

J. T. Hackeley.

Fluorite ,Pro%cts

| Two small prospects from wluch a little ﬂuorite has been pro-

duced are located in sec. 2 and 3 T. 18 S.; R. 17 W., in the southern
part of the quadrangle. Access is provxded by fair roads leading from
Saddle Rock Ca.nyon. | | |

i Both prospects are located on northwestu-trendiug fractures in
the ,Precambrian granite. The fluorite occurs as thin seams in the -
gouge zones. The mineral is usually white or hght green or blue in
color., No sulfides were seen. Judgmg from the limited underground |
Workmgs and the nature of the dep031ts, not more than a few tons of
ore was mined. The deposits are a.mong those discussed by Gi]lerman
(1951), and were probably formed at the same time as most of the other

scattered ﬂuorite deposits in the Burro Mountains farther to the south.



PART I —— CORRELATION METHODS

| Introduction

The second part of this paper will be concernedAwith the briéf
description and analysis of various correlation studies made on the
volcanic rocks of the Schoolhouse Mountain quadrangle.

The need for ‘further work on the problem of correlation of
volcanic rocks becomes evident as one works in the field and attempts
to solve the usual problems of structural geology and stratigraphy..
Although in many places the volcanic units are well exposed and mod-
erately extensive, the geologist finds that in a particular area, the
same type of rock may occur several times in the section. An example
of this can be seen in sec. 6,r T 178., R. 16 W., where whité tuff
beds (Tmt) are interbedded withlibrown tuﬁ}ybreccias ('i‘mb). In order
to effect a solﬁtion to structuxL'aI pfoblems if bécomes imperative to be
able to recognize a parﬁcular unit wherever it oc;:urs. The obvioﬁs
correlation mefhods are the bestl; i.le. ,‘} tracing the oufcrop, recognition
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of certain features characteristic of the unit, etc., however they are
not always usable,

Being cognizant of the difficulties encountered in the mapping of
volcanic rocks, the writer made a series of studies of: (1) some petro-
chemical aspects of selected rock units and (2) some geophysical prop~ -
erties of selected units, in order to determine if some chemical or geo-
physical entity is susceptible to analysis and usable as a correlation °
tool. The petrochemistry was studied by means of chemical analyses
and refractive indices of the fused rock. Magnetic susceptibility was
the geophysical property studied.

An evaluation of the success of such studies is not readily made-
from the study of one suite of rocks, such as those taken from the School-
house Mountain quadrangle. In the case of the fusion studies, some
measure of success of the work can be made by comparing it with simi~

lar work by others.

Sampling Techniques

In order to provide material for laboratory determinations of = -
chemical composition and refractive indices of fused rocks, samples -
were collected in the field. The locations of each of the traverse and
sample sites is shown in Plates 25 and 26. = At each sample station, .
rocks were collected from within a circle having a 50-foot radius.

Fresh, unaltered or unweathered rocks were chosen whenever possible.




I A

141

About five pounds of rock were collected at each station, The rock
samples were subsequently crushed and split and the various determina~
tions made from the fractlons. |

"The numbering ‘of the specimens reﬂects (1) the number of the
traverse line, (2) the station in the traverse line and (3) the type of com~
p031te, if a compos1te was made. For example, a sample numbered 9-2
came from traverse lme no. 9, at station no. 2. A sample numbered
9=-1 2 3-C indicates that the sample was collected along traverse line
no. 9 and was made by combining equal parts of samples taken at sta-
tions no. 1, 2 and 3. The addition of the letter "C" indicates that a
pa.rtial chemical analysis was made of that sample. Composite samples
were made in order to determine the gross chemical aspects of the unit.
Lack of funds prohiblted the making of a complete analysis of each

sample.

Chemical Analyses

The chemical data for fusion studies and the magnetm suscep-
tibihty studies is provided by 39 chem1ca1 analyses of various specxmens
and composites. A complete list of the chemical analyses is presented
in Table 7. The analyses were made at the Rock Analysis Laboratory

of the University of Minnesota, under the direction of S. S. Goldich.




Table 7

Chemlcal analyses of some rocks from the Schoolhouse
: Mountain quadrangle.
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Sample

*Mangas Creek

' *Cherokee Creek -

*McCauley Comp.

Comp. (Tmb) - Comp. (Tcl) (Tmecr)
Si0g 72. 68 72.09 75. 45
Al30, 14.28 14.18 13.02
Fe, 03 1.34 1.65 .85
FeO .26 .23 .14
MgO .32 .36 .21
Ca0 5L 1.14 .34
Naz0 3.50 EX TR ‘s.82
K0 5. 02 4.53 482
HoO+ .19 .41 30
HyO™ .29 .51 .35
TiO, .26 .31 .18
P,05 .07 .09 .03
MnO .05 .06 .05
Total 99. 37 99,56 99.56
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Table 7 (continued)

'Samjple ¥1-1,2,3,4,5,-C *2-1,2,3,45,-C *4-1,2,3,4, ~-C #5-1,2,3,4,-C

Si0 76. 04 75. 35 73.11 72.35
FeyO4q .79 .81 1.26 1.29
FeO .18 .21 . 26 .27
‘MgO .19 .18 .27 .37
Ca0 .44 .34 .46 . 56
Nay0 3. 63 3.98 3. 53 3. 64
K30 4.88 4.73 6. 10 6. 01

mjle ' B:I:: 2; 32 3; ~C i I"I: 23 3,4,~C_ *8-1, !:3; 4, 59 ~C I§...6, ’) §, §, -C

8i0g 73,59 70. 28 73. 39 73. 69
FeqOq 1.03 | 2.19 1. 40 1.38
FeO .19 .33 .15 .15
MgO .27 . 49 .27 .35
Ca0 .69 1.73 .34 . 54
NagO 3.79 4.12 3. 67 3.29

KsO . 4.85 4.7 4.41 4. 60




144
‘Table 7 (continued)

Sample *9-1,%,3,-C_ *9~4,5,8,~C__ *10-1,2,3,4 5,~C *10-5,7,8,9,~C
8i09 71. 44 71. 65 70,53, - 69, 40
FegOj 1.53 1.18 1.70 1.83
FeO .17 .23 .26 .28
MgO .48 .54 .45 .53
Ca0 .83 .63 .14 .98
Nay0 2. 54 3.07 3.51 3.40
K0 4,96 4, 80 4. 47 4,432
Sample *11-1,2,3,4,-C *11-5,6,7,8,-C *12-1,2,3,~C_*13-1, % ~C
Si0, 71.79 71. 23 72. 05 72. 20
FegOg 1.217 1.42 .90 .76
FeO . 27 .24 .20 .30
MgO .53 .44 .20 .11
Ca0 1.09 1.39 . 60 .65
Na 0 2. 65 3. 60 3. 82 4,07
K,0 4,02 3. 69 4,44 4,24
Sample 8-1-C_ 8-3-C_ 8-5-C 8-1-C_8-9-C 9-1-C_ 9-3~C
Si0g 72.95 73.68 73.11 72.70 72.51 72,09 71.19

Sample 9=5-C

10-1-C 10-3-C

10-5-C 10-7-C 10-9-C 11-1-C

SiOg

T1.45

69.66 T0.55

60. 81

70.14

69.49 72,51
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" Table 7 (continued)

Sample 11-3-C 11-5~-C 11-7-C 12-I-C 12-2-C . 12-3-C

Si0g  ° 62.29 - T1.08 71.08 72.29  71.89  72.33:

*Doris Thaemlitz, analyst
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- - Comments on the Chemical Analyses .

A study on the chemical data in Table 7 makes apparent simi-
larities and differences in the various rocks ana.lyzed. One of the out-=-
standmg features of almost every spec1men is the rather high Sioz con~
tent, which generally averages about 71%, but which is as high as 75%
In many ‘of the rocks, the high s111_ca content is not obvious either in
thin section or in the hand specimen. The silica is bound up m high
silica glass rather than in duartz or silicates. This is shown by the
Rosiwal analyses and crystal-hthm--vitric ratios in Tables 5 and 4
respectlvely. These tahles show that the amount of glass in most speci--
mens is substantial, but that the a.mount of quartz and sﬂicate mmerals
is small. As has been mentloned, the proper identiﬁcation of such rocks
would be diificult, owing to the mability to determine the SlOz content
petrographically. | ' N

A detailed study of two tuﬁ breccia units and two tuff units (E,

F, G and H on Plate 1) in the Mangas Creek formation shows that cer-
ta1n chemical data can be used to distmguish these units. Plate 27

shows graphica.lly among other thingS’ (a) the sﬂica content of 'samp‘les
taken from all the traverses (v) CaD/NazO + K20 ratios of a number of

composne samples and (c) the total iron content of a number of composite
samples. | |

The silica plots for traverses 8, 9, 10 and 11 (i.e., units E, F,

G and H respectively) show that units E and G, although apparently
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identical in thin section and hand specimen, have a substantially dif-
ferent silica content. On the other hand, the units F and H, which also
appear identical do not differ in silica content. The E and G units are
brown tuff breccia and the F and H units are white vitric-crystal tuff.
On the basis of silica content, it should be possible to differentiate be~
tween the two tuff breccias, but not between the tuff beds.

Similar plots of the CaG/NayO + Kp0 ratios and total iron con-
tents are shown in Plate 27. Again, drawing attention to traverses 8,
9, 10 and 11, it can be seen that in the case of the alkali ratio plot, each
of the two tuff breccias has a distinct ratio. The tuif units also have
different alkali ratios, although the difference is not as great as between
the tuff breceia units. R

Samplmg ona much larger mterval (up to 3/4 mile) in other places
in the auadrangle yielded mixed results. A comparison of the SlOz con-
tent, alkali ratios, and iron content of samples taken in traverses 1 and
2 (gray rhyolite member, McCauley formation) shows close agreement,
even though the traverse lines are sepa.rated by a distance of 4—1/ 2
miles. ThlS agreement is to be expected, since the two outcrops which
were sampled are the same member of the same formation, and tends
to be homogeneous throughout ln a sim1la.r fashion, the samples on

traverses 13 and 14 (v1tr0phyre member, McCauley formation) are

closely related again reflecting the apparent homogeneity of this

unit.
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Less satisfactory_resultsare obtained when traverses 4 and 5

are compared. These two traverses are both taken across the th1ck

"A'" unit of the brown tuff brecc1a member of the Mangas Creek forma-

tion. Fmally, a comparlson of the silica contents of traverse 6 wrth

: traverse 7 (both taken in the red rhyohte member of the Cherokee Creek

formatlon) y1elds no correlatlon at all. In these latter four traverses

the dlﬁerence in the silica contents is 11ke1y to be related to the in-

homogenelty of the units sampled.

The foregomg observatlons are summarrzed below~

10

2.

The sihca contents of a.ll the rocks are h1gh — Oon
the average T1%. ,

A comparison of the silica contents taken from closely -
spaced (400 feet) samples and composites in the brown
tuff breccia member and the tuff member of the Mangas
Creek formation indicates that the tuff breccia units,

- although essentially: similar in appearance megascopically

and microscopically, have a distinctly different silica

- content. The tuff units, on the other hand, cannot be
differentiated by a study of the silica content.

A COmparison of total iron content and alkali ratios for

--the closely spaced samples indicates that these quan~-

tities can be used to distinguish between unlts essent1a1-=- |
ly similar in appearance. el e

Silica contents of a gray rhyolite flow taken from two -
different outcrops are similar, substantiating the
geologic data which correlates these two outcrops.

Silica contents of a vitrophyre unit taken from two dif~
ferent outcrops are similar, again substantiating the
geologic data which correlates these two outcrops. -

Wider spaced sampiing (up to 3/4 mile) in other places .
in the quadrangle does not yield results consistent
enough to allow its use in correlation.

e e st s o e i i e i
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‘Magnetic Susceptibility Studies

A study of themaglnetic susceptibilitles of. some of the yolcanic
rocks 1n the'Schoolhouse Mountain ‘quadrangle was undertaken m order
to (1) obta.m data on the values of magnetlc suscept1b111t1es of rhyoht1c
pyroclastic rocks and (2) determine the value of magnetlc susceptib111t1es
in the correlat1on of volcamc rocks.

In order to determme the suscept1bihties of the rocks mvolved,

55 separate statmns were occupled in the quadrangle. The location of
these stat1ons is shown on Plate 25 The data obtained from the meas-
urements are g1ven in Table 8. Sample numbers are hsted in the same
manner as dlscussed under "Chemical Analyses, " With the traverse
number f1rst, followed by the station number. -

The mstrument for measurmg suscept1b111t1es was prov1ded by
the Bear Creek Muung Co. s and built by the Mt SOpI‘lS Instrument Co.
.of Boulder, Colorado. Plate 21, F1gure 1 is a photograph of the com-
ponent parts of the susceptlbxhty meter. Essentially, the instrument
consists of three coils;, a battery and a br1dge circmt Measurement
of susceptlbility is made by determinmg the mductance between the |
coils when they areona tr1pod at some distance from the outcrop, and
again when they are placed on the outcrop The dlfference in mductance,
which is due to the presence of magnetlc material in the rock, is cah-

brated in terms of susceptlbihty and the actual susceptlblhty values are

ey
e ™




150
read from a calibration chart provided by the Bear Creek Mining Co.

A complete description of the theoretical principles involved in
the construction of the instrument is beyond the scope of this report. .. .
An analysis of the theories involved, along with a description of the
circuitry of the instrument can be found in a paper by Mooney (19632).

Plate 27 gives a list of all the magnetic susceptibility readings
made in the field, plotted on a vertical axis. The numbers along the
bottom refer to the number of the traverse line. Traverse lines 3, 5,
and 7 were not occupied, owing to inaccessability.

Plate 27 shows that the susceptibility values are quite erratic,
ranging from 0 to 825 cgs units. = In addition, there appears to be no
simple relationship between the various rock types, when their suscep-
tibilities are considered. Indeed, the variation within a given unit may
be considerable, as in the case of traverses 6 and 9. Thus, by making
a series 6f susceptibility measurements on units at random, it would be
unlikely that one could make adequate correlation. As a consequence
of these studies, it seems that the use of magnetic susceptibility as a
correlation tool; in a gross manner and without regard to rock type or
geology is not practical.

If one considers the use of magnetic susceptibilities in a limited
sense, the possibilities of correlation are better. Traverses 8, 9, 10
and 11 (units G, F, E and H respectively shown on Plate 1) were run in

order to test the possibility of distinguishing between two sets of beds
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which appear the same in the field. - Beds G and E and brown tuff brec-
cia and beds F and H are vitric-crystal tuff. Plate 27 shows that the
susceptibilities of the tuff beds (traverses 9 and 1_1) are about the same,
thus cannot be used to distinguish between these beds. Considering beds
G and E (traverses 8 and 10), one finds a somewhat different situation.
The avera.ge sﬁéceptibility of bed G is substantially lliﬁerent than that
of bed E. Hence, it appears that magnetic susceptibility measurements
in these rocks will provide a basis for differentiating these twounits.
The difference between the two tuff breccia units, incidentally, is sub-
stantiated not only by geologic evidence,. but also by chemical analyses

of these rocks, and by fusion studies.
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The Fusion Method

The process of fusing powdered volcanic rock to a glass and the
subsequent determination of the refractive mdex of the glass shall be
termed the fusmn method.

The historical and theoretical aspects’ of the method are treated
by Callaghan and Sun (1956) and only brief mention of these items will
be made here. = The relationship between the chemical composition of
a glass and its refractive index has been noted by George (1924), and
‘Mathews (1951), among others. George (1924) studied the chemical
compositions and refractive indices of natural glasses and obtained a
rather rough correlation between these variables. Mathews' (1951) made
chemical analyses oi rocks, then fused the rock and determined the index
of the glass, and gave a comprehenswe discussion of the relatmnships
between index and composmon. ‘Callaghan and Sun (1956) used Mathews‘
methods to study rocks varymg in compos1tion from rhyolite to basalt
and developed curves showmg the relationship between SiOz, FeO, |
Fe203, A1203, CaO, NazO KzO and MgO content and the refractive
index of the fused rock. . | |

In order to develop additional data for ‘the rhyohtic pyroclastics
the writer studied the refractive indices of fused spemmens from the
Schoolhouse Mountam quadrangle. The 1mmediate practical aim of the
work was (a) to study the effectiveness of the fusmn method in determmm

ing SIOZ content of the rhyohtic pyroclastics and (b) to determme whether
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the fusion method might be adaptetl as a correlation tool for rocks of
nearly equivalent compositions.

The following steps were followed m the preparation of the rock

* samples:

1. - Collection of the samples. Each sample consisted of -
several rock chips taken from within a 50 foot circle
about the sample station. About 8 pounds of rock was
collected at each sample station (See Plate 25).

2. Crushing the sample to "pea" size or smaller.

3. Splittmg the sample to obtam a fractmn for chemmal
analysis. About 3/4 pound of rock was sent for anal~

- ysis. This fraction was subsequently crushed and split
¢ by the:chemist, leaving about 250 grams for analysis,

- 4. The'reject sample from 3" was ground and split to
form 80 mesh and 200 mesh fractions.

9. The 80 mesh and 200 mesh fractiolls were split to
form 100 gram samples for fusion and reference. -

The heat for the fusing of the powdered samples was provided by
a Lincoln arc torch holding carbon electrodes. " A Lincoln "Idealarc 180"
welder unit operating at 160 amps, 25 volts supplied the current. About
0.1 gram of éowdered rock was placed on a 6' x 1-1/4" x 1~1/4" copper
block. The arc was struck over the powder, causing the powder to
melt. The high conductivity of the copper allowed rapid heat escape,
so0 that the bead cooled rapidly to a glass, At no time was the arc’
brought so close to the copper that melting of the block could occur. -
Examination of the block revealed no sign of pitting. The fact that the -

bead formed in a bed of rock powder further reduced chances of
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contamination. The arc temperature was estimated to be about 4000°C.

The arc was maintained for the-following times, for each sample:

a. 80 mesh fraction ......... . 3 seconds
b. 200 mesh fraction........... 3 seconds
c. 200 mesh fraction ........... 6 seconds

A schematic diagram of the apparatus is shown 'in Figure ?15.
The glass beads formed in the operation described above iwere

* subsequently crushed to'about 150 mesh in a ceramic mortar a.nd:t ex=- .
amined with a high power lensi-}un'de"r a petrographic microscope. 3 Re=-
fractive indices were determined by the use of oils, at a temperemre of
about 25°C. The light source was a Shannon sodium lab-arc, which
prov1ded monochromatic sod1um hght Only the beads made from the
200 mesh powder arced for 6 seconds are considered in this report A
cursory exammatlon reveals no mgmﬁcant d1ffer ence between the 200
mesh-~6 second beads and the 200 mesh—-3 second beads. The beads
made from 80 mesh material arced for 3 seconds tend to be cloudy and
incompletely fused. |

All the beads were made by John Russell, in the Bear ,Creek
Mining Co. geochemistry laboratory, Denver, Colorado.

Exammatlon under a high power lens reveals that the crushed
beads are usually clear and isotropic, and have jagged outlines. An
occasional sample may contain a few spherical bubbles or inclusion of
opaque materials. Birefringent fragments of stained(?) glass are pres-

ent in small quantities.
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Fig. 15 Schematic diagram of the fusion apparatus,
~ Not to scale.,
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Comments on the Fusion Method

Sources of Error

Callaghan and Sun (1956) point out that the compos1tion of the
bead is not necessarily the same as the compos1tion of the powder from
Which 1t was made., This may be due to incomplete fusion of certain
constituents, or to loss of the more volatile constituents during fusion.
The effect of contamination of the bead by the atmosphere has not been
studied. The small size of the sample may contribute a random error
to the process, although fine grinding tends to reduce the error. Errors
due to contamination during sample preparation have been minimized by
thorough cleaning of the equipment before crushmg the rocks fragments
and before splitting.

- Although the errors mentioned above may be reduced by more

attention to detail

i e, fusion in an inert atmosphere, finer crush-
ing, etc., the inherent accuracy of the method seems to obviate the need
for such care. All the data from the literature and from this study in-
dicate that the 8102 content can be estimated with confidence up to With-
in 3% of the actual S102 content. This range of accuracy is sufficient

to provide a reasonable estimate of the rock type involved and in some
mstances, is accurate enough to allow the use of the fusion method as “

a correlation tool in rocks of apparently equivalent composition.
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Relationship between Refractive Index and 8i0O9 Content

Figure 16 shows a plot of .refractive index vs. SiO9 percentage .
for 37 sampies, The distributi.on of points in the scatter diagram is |
somewhat difﬁcult to interpret in terms of a single regression line,
however it is apparent that the line rwould slope to the right, indicating
a higher refractive mdex as the amount of SiOg decreases, if one dis- |
regards the three points in the upper right hand corner of the diagram.
This s;ope is in accorda.ncg with the curves plo&ed by Céllaghan and
Sun (1956), and the values iof the refractive index for a given silica per-
centage areia.lso equivalenf to that curve. Four or five points fall well
beyond the limits of the central group of points. No reason can be given

for this departure from the norm,

Use of Refractive Index as a Correlation Tool

The refractive indices of the rocks for which chemical analyses
are available are plotted on Plate 27, In traverses 1, 2, 4, 5, 6, T and 13
only a single compos1te ana.lysm was available for each traverse line.
For traverses 8}9 9 10 and 11 several ana.lyses were avaulable, The
top and bottom points of the diamond shown in the plots on Plate 27 repre~
sent maximum and minimum values while the cross bar indicates the posi=
tion of the arithmetic average.

A comparison of the refractive indices of traverse lines 1 through
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T indicates no striking similarities or differences. The conclusions
from a study of the refractive index of these traverses follow those
based on a study of chemical compositions, namely: (a) mere com-
parison of fusion data without regard for rock type is ineffective and
(b) more than one sample is needed to allow conclusions to be made re-~
gardmg effectiveness of correlating widely spaced outcrops. | B
A study of traverses 8 9, 10 and 11, where more data are avail-
able, indicate partial success of the fusion method as a correlation tool.
Plate 27 shows that the average of the refractive indices for traverse
8 is noticeably different than for traverse 10; yet, as has been mention~
ed, these two units cannot be distinguished in the hand specimen or in
thin section. The difference in the units shown by the fusion studies
bears out the differences noted in a comparison of 8102 content of the
units and, incidentally, the difference shown by comparison of magnetic
susceptibility values. These data lead to the conclusion that the brown
tuff breccia pyroclastics in the Schoolhouse Mountain quadrangle can be
effectively correlated by the three methods mentioned above, nncler the
conditions of sampling specified. | |
- On the other hand, the inability to distinguish between the white |
tuff units (traverses 9 and 11) is also shown on Plate 27, The average |
refractive index for traverse 9 is very close to that for traverse 11.
In turn, the Si0Oy contents and the magnetic susceptibi]ity values are

also shown to be equivalent for the two units.




CONCLUSIONS

Geology

The rocks of the Schoolhouse Mountain quadrangle cons1st of (1)
Precambrian granites and associated metamorplnc and igneous rocks
located in the southern part of the quadrangle, (2) Cretaceous shales
and quartzites also located in the southern part of the quadrangle, ()

a thick series of volcanic units covering the northern three fourths of

the quadrangle and 4) miscellaneous gravels and unconsolidated sed1~
ments. The volcanic column is characterlzed by the presence of a thm
basal andesite formation, a thick sequence of rhyohtlc pyroclastlcs and
flows overlying the andesxtes and a thin flow of basalt overlymg the rhy-
olite. ThlS sequence of andesite—rhyolite-basalt is common over a large
part of southwestern New Mexico.

The structure of the area is dominated by a broad, complex _
north-«northwest trending arch in the volcanic rocks Two major faults
cross the quadrangle. One, the Schoolhouse Fault, trends north-asouth,
Wlth the west side downthrown. The other, the Wild Horse Fault, trends
east-west andseparates the Tertiary volcanics on the north side from the
Cretaceous sed1ments and Precambnan gra.mtxc rocks on the south side.
Other faults include the Ira Creek hmge fanlt and faults of lesser magni-=
tude, most of which trend in a northwesterly direction. The uplift and

161
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deformation of the volcanic rocks is thought to have occurred in late
Tertiary time, and the area mapped probably represents only a small
part of the total area uplifted in this part of New Mexico.

The nature of the basement underlying the volcanic rocks is un=
known, and the question as to whether Paleozoic sedim’ents‘ occur at
depth remains unsolved, However, the fact that' Cretaceons rocks are
found resting directly on Precambrlan gramtes in the southern part of
the quadrangle suggests that similar conditions obtain beneath the
Tertiary volcanics.

Hydrothermal alteratlon of the volcanic rocks adjacent to faults
and closely spaced joint sets is common. The rocks .have been altered
to an aggregate of ir‘on oxides and clay minerals, and iocally quartz is
abundant. Thin section studies indicated that the quartz was derived
from the devitrified high silica glass} in the rocks,; during"the alteration
phase. ' - : .

Ore deposite in tne quadrangle are small and of minor conse-
quence. Some _nai:tures' ﬁlled with manganese oxides are found in the
volcanic rocke, and two small ﬂuor.ite nrOSp'ects are located on miner-

alized fractures in the Precambrian granite.

Correlation Studies

Three methods of correlation were surveyed in order to determine

their effectiveness in pyroclastic rocks. These methods are: (1)
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comparison of magnetic susceptibilities, (2) comparison of chemical

analyses and (3) comparison of refractive indices of fused rock. The

general conclusions drawn from these studies are:

10

Comparison of magnetic susceptibility values from
stations spaced at 200-foot intervals in two brown
tuff breccia units affords a moderately reliable
method of distinguishing between the two units.

- Comparison of SiO9 content and refractive index

of fused rocks taken from closely spaced stations
in two brown tuff breccia units permits distinguish-
ing between the two units.

Two white tuff units sampled at 200-foot intervals
along strike were too similar in composition and
magnetic properties to allow distinguishing by the
three correlation methods tested.

‘Widely spaced sampling (up to 1/4 mile) in general
does not yield data consistent enough to allow use
of the correlation methods cited.

In no instance would the correlations mentioned in
1, 2, or 3 above be of value without adequate geologic
knowledge of structure and general petrography.

The plot of SiO9 content vs. refractive index yields
information consistent with that obtained by other
workers. Using curves developed from such a
plot, it should be possible to determine the SiOq
content of a fused specimen from this area to an
accuracy of about + 3 percent SiOy.



PLATE 2

FEATURES OF THE BEARTOOTH(?) QUARTZITE

Figure 1. Pebble conglomerate lens in the Beartooth(?) quartzite,

Figure 2. Contact between Beartooth(?) quartzite and Pre-
' cambrian granite.
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PLATE 3
FEATURES OF THE COLORADO({?) FORMATION

Figure 1.  Alternating sandstone and shale beds in the Colorado(?)
formation,

Figure 2. Small anticlinal fold in the Colorado(?) formation.
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PLATE 4

UPPER AND LOWER CONTACTS OF THE MOONSTONE TUFF

Figure 1. . Contact between the Moonstone Tuff (upper) and
rubble derived from the Cherokee Creek forma-
tion (lower).

Figure 2. . Contact between the Stage Three gravels (upper)
and the Moonstone Tuff (lower).
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PLATE 5

GRAVEL AND BASALT CONTACTS

Figure 1. Contact between basalt (upper) and Stage Three
gravels (lower).

Figure 2, Stage Two gravels in the Mangas Valley. Dotted
line shows contact with Stage One gravels. Silver
-City range volcanics on the skyline.
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PLATE 6

‘GRAVELS AND GRANITE-AMPHIBOLITE CONTACTS

Figure 1. Bedding in Stage Two gravels.

- Figure 2, Contact between granite (light colored) and
amphibolite (dark colored).
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PLATE 7

FEATURES OF THE SADDLE ROCK CANYON ANDESITE

Figure 1. Contact between Saddle Rock Canyon andesite
(upper) and Precambrian granite (lower).

Figure 2, Fault separating blue andesite member (in hill)
and Kerr Canyon formation (in the foreground).
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PLATE 8
TUFF CONTACT AND PHOTOMICROGRAPH OF ANDESITE

Figure 1. Contact between the white tuff member of the Kerr
‘Canyon formation (upper) and Saddle Rock Canyon
formation (lower).

Figure 2. Photomicrograph. Blue andesite member, Saddle
Rock Canyon formation. Limonite and magnetite
pseudomorph after amphibole. m=~magnetite and
limonite, g-~fine grained groundmass. Plane
light, 230X.
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PLATE 9

FEATURES OF SOME RHYOLITE; BRECCIA AND
ANDESITE UNITS

Figure 1. Contact between rhyolite and breccia member (upper)
and white tuff member (lower), in the Kerr Canyon
formation,

Figure 2. Andesite porphyry member of the Saddle Rock
.Canyon formation, in Saddle Rock Canyon.
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PLATE 10

SILLS IN THE KERR CANYON FORMATION AND LOWER
CONTACT OF THE MCCAULEY FORMATION

Figure 1. Fine grained sill-like intrusions in the Kerr Canyon
formation,

Figure 2. Contact between the gray rhyolite member of the
McCauley formation (upper) and the brown tuff
breccia member of the Mangas Creek formation

(lower).
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PLATE 11

PHOTOMICROGRAPHS OF MANGAS CREEK FORMATION ROCKS

Figure 1. Photomicrograph. Brown tuff breccia member,
Mangas Creek formation. Note dark, glassy
streak squeezed between two feldspar grains.
f--feldspar, g--glassy groundmass. Plane
light, 230X, ‘

: ‘ Figure 2. Photomicrograph. Breccia member, Mangas
o ' .Creek formation. Example of a lithic~crystal
breccia, 1--=lithic fragments, p-~plagioclase
i and quartz. Plane light, 230X,
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PLATE 12

MANGAS CREEK FORMATION CONTACTS AND
PHOTOMICROGRAPH OF MCCAULEY FORMATION ROCKS

Figure 1. Contact between the "G" brown tuff breccia unit

(upper) and the "F*" white tuff unit (lower), in the
‘Mangas Creek formation.

Figure 2. Photomicrograph. Sandstone and breccia member,
-McCauley formation. Sub~angular feldspar crys-
tals and lithic fragments set in a fine grained matrix.

f-=feldspar, l--lithic fragments, m-~matrix. Plane
light, 230X,
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PLATE 13

PHOTOMICROGRAPHS OF MCCAULEY FORMATION ROCKS

Figure 1,

Figure 2,

Photomicrograph. Vitrophyre member, McCauley
formation. Section is mostly glass. Note incipient
de-vitrification along cracks. g-~glass, h=~horn-

blende, p~~pumice fragment. Plane light, 230X.

Photomicrograph. Gray rhyolite member, McCauley
formation., Fine grained;, quartz-laden groundmass
with elongate, streaky vugs lined with quartz crys~
tals. g-=~groundmass, v--vug, g~-quartz. Crossed
polaroids, 230X,
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PLATE 14

PHOTOMICROGRAPH OF MCCAULEY FORMATION ROCKS
AND JOINTING IN THE CHEROKEE CREEK FORMATION

Figure 1. Photomicrograph. Gray rhyolite member, McCauley
formation. Same as Fig. 2, Plate 13, except that
picture was taken in Plane light.

Figure 2, Slabby jointing in the red rhyolite member of the
Cherokee Creek formation, in Cherokee Creek,
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PLATE 15

GRABEN IN THE CHEROKEE CREEK FORMATION AND
PHOTOMICROGRAPH OF CHEROKEE CREEK FORMATION

Figlire 1.

Figure 2,

ROCKS

Small graben in tuff and gravel, in the Cherokee
Creek formation.

. Photomicrograph. Red rhyolite member, Cherokee
. Creek formation. Welded tuff. Note squeezed and

deformed shard in area between feldspar crystal
and lithic fragment. p--plagioclase, 1-~lithic frag-

. ment, g-~glass shard. Plane light, 230X,
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PLATE 16
VITROPHYRE IN TUFF

Figure 1. Vitrophyre blebs in tuff. Picture taken perpendicular
to plane of foliation. Note absence of lineation, v==
vitrophyre, t-~tuff. ’

Figure 2. Vitrophyre blebs in tuff. Picture taken parallel to
foliation. Note dark borders on vitrophyre blebs.
Compare with Fig. 1, above, v=~=vitrophyre, t--
tuff,
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PLATE 17

PHOTOMICROGRAPHS OF CHEROKEE CREEK
FORMATION ROCKS

Figure 1. Photomicrograph. Vitrophyre member, Cherokee
Creek formation. Note glass charged plagioclase
phenocryst set in glassy groundmass. p--plagio-
clase, g-=glass. Plane light, 230X,

Figure 2. Photomicrograph. Same as Fig. 1, above, except
that picture was taken through crossed polaroids.
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PLATE 18

SCHOOLHOUSE AND IRA CREEK FAULTS

Figure 1. Looking north along the Schoolhouse Fault.

Figure 2. Looking west along the Ira Creek Fault,
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PLATE 19

WILD HORSE FAULT AND WILD HORSE MESA

Figure 1, View along the Wild Horse Fault. Granite in fore-
ground, volcanics in the distance,

Figure 2, Looking north over Wild Horse Mesa. Hills on the
skyline consist of Beartooth(?) quartzite.
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PLATE 20
PHOTOMICROGRAPHS OF DELTA FORMATION ROCKS

Figure 1. Photomicrograph. Beta member, Delta formation
(altered). g--glassy and somewhat de~vitrified
groundmass, q--quartz, l--lithic fragment. Plane

light, 230X

Figure 2. . Photomicrograph. Similar to Fig. 1 above, except
that picture was taken through crossed polaroids.
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PLATE 21

MAGNETIC SUSCEPTIBILITY METER

Figure 1. Magnetic susceptibility meter. a~-tripod, b-=-A
battery and instrument cases, c--coils. The

‘coils are in position for taking a susceptibility
reading on the outcrop.
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Magnetic susceptibility, chemical and optical data for some rocks

from the Schoolhouse Mountain quadrangle.
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L GENERALIZED GECLOGIC SECTIOR IN THE SCHOCLHOUSE MOUNTAIN QUADRANGLE,
GRANT COUNTY, NEW MEXICO °
AGE FORMATION . NEMBER LITHOLOGY AND REMARKS THICKNESS | SYMBAL
. \
Recent Stage 1 gravels Poorly consolidated gravels, stream 0-20¢ Qel
. debris; some talus gravels.
E, Recent Stage 2 gravels Moderately well consolidated gra- 0-100° Qg2
t vels in higher terraces; usually
b wel.rl beddedo
Pleistocene~ ~ | Basalt . Dense’, scoriaceous dark basalts. SOt Tb
Pliocene (7) : .
' -
Pleistocene~ Stage 3 gravels Well consolidated gravels with fair 0-250! T3
Pliocene ' to good bedding; abundant frag- .
) ments of rhyolite member of
: McCauley formation.
: |
?
Moonstone tuff Light grey, porphyritic, sanadine- 50t Tr
bearing tuffs; many of the pheno- ’
crysts show iridescent play of
colors.
Camma formation . Purple and brown tuff breccia. 50! Tg
Vitrophyre member Dense, black, glassy vitrophyre. Tev
L Tuff member White crystal vitric tuff and Tet
L pumice. '
' Breceia member Dense, brown breccia and white tuff Tcb
breccia. v :
Cherokee Creek 1500
‘ formation
Megabreccia member Large blocks of latite, rhyolite Tem
: ~and tuff cemented with reddish
; Red Rhyolite member | Streaky, brick red latite and rhyo- Tcl
% lite flows and welded tuffs.
-
Porphyry nmember Grey, porphyritic latite and rhyo- Tep
; lite.
‘ - | Grey rhyolite Dense, grey rhyolite with streaky Tmer
member flattened vescicles.
t, PinkRhyolite member | Pink latite and rhyolite with Tmel
; blocky fracturing. :
McCauley ‘ 1125¢ B
formation Vitrophyre member Dense black glassy‘_vitrophyre. “Tmey
3 Sandstone and White and buff bedded sandstone  Twmes
L Breccia member and reddish breccla.
| .
Tertiary ‘
i . Pink Rhyolite member| Pink welded tuff and brown breccia. Tmp
. Andesite breccia Dark red, fine grained andesite Tna
: nember breccia.
Grey andesite Grey,: porphjritic andesite and Tmg
mnemberxr latite.
Mangas Creek , ' L4500?
. formation White tuff member White and buff erystal vitric tuffs Tat
] and tuff breccia. »
' Brown breccia Hard, angular brown breccia, with Trx
fv member fragments less than 1* in dia-
! meter.
Brown tuff breccia | Brown tuff brecciaj some brown Tmb
} member latite and rhyolite flows.
L ) L ' :
' ‘ Alpha member Grey, pink, brown and red floua ) Tda
' and agglomerates. ‘
! .
{ Delta formatiws:|:- | 1000*
g - Beta member Hard, porphyritic latite and rhyo- Tdb
il o lite; generally altered.
? _ Breceia wember Hard, dense grey breccia. Txx
; Brown tuff breccia | Brown tuff breccia; some dense red Txb
, ) member nows and sills. '
L \
i formation Pink rhyolite- Pink rhyolite; brown breccia. Txr
'. ' ' breccia member '
t
Ev
o White tuff member | White and buff crystal vitric tuff Txw
o and tuﬂ' breccia.
i Blue andesite Fine gmnod, dark blue andesite. Tka
il ' -ulber '
‘| Tertiary and |Saddle Rock Can- | - . | | 500"
" Cretacecus (7)] yon formation | Andesite porphyry Green andesite porphyry. Tkp
1 Colorade forma- Fine gr-ined, fissle black and 560' Ke
e L . tion green shalesj olive green and buff
1 ., sandstones.
\ B ~ Cretaceous : ' ’
‘Z' ’ Beartooth Hard, buff quartsite with minor 135t Kb
R quartzite - granulite and quart.site coaglo-
' ) AR . 1 -amtc lm.
Granite Pink md green coarse‘ grained - : M
i : granite; some gneiss and schist.
: ‘ Axphibolite | | Dark, medium to fine grained amphi- . Pea i
Sl ] ‘bolite, biotite schist and bio- .
' > NERRRE “tite. gneiss. .
; Baa:l.c dikes, sills and imgular ol
LJ. . ’ o - _" intrmves . .
E B R _m'd an.d' internediate dikes. Tai
Gre| . Tertlary ek
N S ‘ o -Rb;roli.ta sill in southom pnrt. at Tri
o : qmdrmglo. ‘ I
a ’ Intw— and 1ntra—fmtional n&i- tve
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Location of sample stations for correlation studies. See Plate 1 for
explanation of symbols
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Fig. 1 Rose diagram showing strikes of faults in the' Schoolhouse Mt.
Quadrangle. The upper part of the diagram refers to faults
in the volcanic rocks and the lower part to faults in the

sediments and granite.
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