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ABSTRACY

The problem of rhyolite petrogenesis is related to the problem
of the origin of granite because of the chemical similarities of
these rocks. Both igneous (magmatic) and metamorphic (granitization)
processes have been suggested for the mode of origin of rocks of
granitic composition,

A field and laboratory study was undsertaken to determine the

genesis of certain rhyolitic rocks exposed in Nogal Canyon, 3ocorro

County, New Mexico. These volcanic rocks form a ridge upfaulted

against late Santa Fe conglomerate, 'The area is cut by many

north-gouth trending faults generally of small displacements. Minor

folding in the eastern halfl of the area is masked by later faulting.
The cutcrops reveal a complex sequence of igneous rocks, including

rhyolitic flow breccias and rhyolitic tuilfs, as well as dikes, sills,

and flows of rhyolite and quartz latite; laler andesite dikes and

late-Tertiary (?) basall flows are exposed near the western margin

v of the area. The Santa Fe conglomerate contains inclusions of most

; of the observed volcanic units, and Quaternary basall flows are

interbedded with the Santa Fe in the euslern part of the areas
Correlations between units, and compositional variations, have

been indicated by refractive-index measurements of natural volcanic

| glass, as well as of artificial glass derived from the laboratory

fusion of several rock samples, and by the relative abundance of

certain trace elements.
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SOME FEATURES OF ROYOLITE FETROGENTS

INTRADUCTI.ON

Rhyolites are considered the [ine-grained equivalents of
granites.? Metamorphic (granitization) as well as igneous (magmatic)
processes have been utilized to explain the origin of granitic
bodiess Therefore, the problems of rhyolite petrogenesis are
related to the origins of granitic roclks,

The simplest and most direct evidance of granitic fluid is
rhyolite L1lows.? Nevertheless, the fine-grained (aphanitic)
chiaracter of the rocks often makes mincralogic relationships not
readily distinguishable and may conceal highly varded chemnical

relationships,

lo "lrhe name rhyolite was given by von Richthofen to the
extrusive equivalent of granite on account of its streamlike
appearance, The rocks are generally porphyritic and show
phenocrysts of quartz and sanidine, less commonly oliogoclase
or g dark mineral, in a groundmass of variable appearance,
The microscope shows much glass which, in the older rocks,
may be entircly devitrified! (Johaunsen, Ao, A Descriptive
Petropraphy of the Igneous Rocks, vols 1, pe 278 (1939).

2+ Walton, M, The Emplacement of "Granite", Am. Jour. Scio,
vole 253, po 1 (1955)0
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Table 1 lists the average chemical composition of 189 complete

chemical analyses of rocks which have boen referred to as rhyolites.

There is little agreement on the method by wlilch granitization
. 1

progresscs.  Une hypothesis proposcs & Hguid, or Michor," derived
from and pevicating Lhirough the rocks, removing the more basic
materials, and adding a suilicient quantity of acidic material to
create a rock which is chauically and poelrologically a pranite;
opposed Lo this idea is the hypothesis of ionic diffusion in the
solid stateoz ariations in trace elewont composition way indicate
tundamental differences in genebic history.

The igneous hypothesis derives granite from direct
crystallization of a liquid melt, or maizma. Seversl ddeas have
been proposed for the source of Lhe granitic magma. Four main ideas,
according to iiowen,3 ares

Lo Tusilon of geosynelinal sediments,

2o Refusion of the base of the pranitie layer of the earth.
Se Differentiabtion of a syntectic marma formed by the

solution of granilbic or oblicy salic malerial in a
basaltic magmna.

o Perrin, H., Uranitizatior, tetaworphlsm, and Volcauism, Ame
Jours Scle, VOle 252, ppe Luy=005 (LYSL) .

e Ramberg, li., The Ovigin of Metamorphic and Metasomatic Rocks,
Unive of Chidcago Fress (1952).

3e Boweu, l. L., ‘the Lvolubion of I neous Rocks, Princebon Unlv,
Press (1928).
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Le Differentiation of a basaltic magma as such, Bowenl proposes
a M"one magma® theory: basaltic wagua which, through the
process of fractional crystallization, differentiates into
salic and ultramafic fractions,
In some cases, field evidence can be determinative for the magmatic
origin of a particular granitic body,
Goodspeed2 evaluates the field criteria, whether for granitization
or m&gmatic origins, as followst
Whether a maguna was a liquid silicate melt originally
nearly free from crystals or g pastelike fluid with many
crystals, it had the property of mass flowage and the ability
to precipitate minerals as crystallizabion and cooling proceeded,
First, Goodspeed points out that the form of the body, whether intruded
forcibly or passively (piecemeal or block stoping), must be compatible
with wass flowage, lor example, laccoliths will show deformation of
the wall rocks, and dikes will have off'sets due to dilation of wall
rocks; the amount of offset is proportional to the width of the dike
and the angle of intersectior. Second, a magmatic body should exhibit
& progressive increase in grain size from the ouber cooling surface
to the immer part of the mass. Third, the body may exhibit a distinct
mineral uniformity, or may have mineral gradations with another part

of the body or with the wall rock, Fourth, magmatic separation may

le Bowen, lo L., op. cite

2e Goodspeed, Go R, Origin of Grauiles, Gcole Soc. A Hems 28,
Ppe 58-78 (L948) .




nol go to completion, causing gradations or forming rocks of intermediate
charactere Fifth, the presence of waler in the magmal in specified zones,
such as near the top or sides of the chauber may cause rocks of the same
chemical composition, having a common origin, to appear quite different
in the field, ‘lhe correlation of these evidences should indicate the
petrogenetic relationships.

On the basis of other field evidence, Goodspeed'?' has suggested what
he believes is a third method - rheomorphism - (the first being magmatic
crystallization, the second granitization) for the origin of granites,
htheomorphism has Leen described as the mobilization of metamorphosed
waterial, which forms a new rock mass (necmaguwa) that did not pass
through the state of g liguid silicate melt (magma or migma)e It is
obvious that rhyolite flows cannot be derived from rheomorphiame

Thus it is clear Lhat rhyolite petrogenesis is related to either
igneous or metamorphic processes; lee., dsrivation from a granitic nagua
or rhyolitization. Hhyolitization can be defined as a process which
produces rhyolites, whether they be flows, dikes, or sills, from

previously existing rocks by deuberic alleration or melamorphism,
LOCATION OF ALEA

The area mapped extends approximat ely 1L mile north aud south of

le Kennedy, Go Ca, Some Aspects of the liole of Water in Rock Melts,
in Crust of the Barth, Geol., Soce Al Spece Paper 62, po 489 (1955).

2o Goodspeed, Go Ko, ope cite
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Nogal Canyon, in the Chupadera Mountains, Socorro County, New Mexico.
It includes portions of sections 31, 32, and 33, To L Sey Re 1 W,

and sections 4, 5, 6, 7, and 8, To.5 Se, Re 1 Wo (see Plate I)., 'The
area is accesgible by automobile along an unimproved dirt road extend-
ing west from U. S, Highway 85, about 0.7 mile west of San Antonio

and 10 miles south of Socoirro (see Plate II). For the most part the
road follows Nogal Canyon and is impassible during and inmedialely

after heavy rains.
METHODS OF IHVESTIGATION

The area was mapped on an aerial photograph enlarged to a
scale of 1:10,000, The base map on which the geology is presented was
enlarged to a scale of 1:10,000 from a 7 1/2-minute quadrangle map of
San Antonio quadrangle (NW), prepared by the Army Map Service in 1948
(scale 1:25,000), Some areas were mapped al a scale of 113,000 (see
Plate II) to provide more detailed information. A Focalmatic projector
was used to project the geology onto the base map.

Contacts are shown as continuously exposed although some areas
are covered with a thin layer of recent alluviws., Dips and strikes were
measured with a Brunton compass on foliation or along fracture surfaces.
The author spent approximately 50 days in the field,

Rock samples were collected from the map units and within each
unlt to nole any variations. Sixty thinsections were studied,

Semiquantitative spectrochenical analyses of certain trace elemsents were

R I T SN ) o =
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made for the purpose of correlating these rocks. In addition,
approximately one-half of these specimens were fused to a homogeneous
glasso The index of refraction was measured by immersion methods

and plotted against silica and comnon oxide content to estimate bulk

chemical compositionl

of' the rocks., Finally, complete chemical
analyses were obtained of two couposite samples, selected as
représentative of (1) the major flow rhyolite unit and (2) the tuff

sequence,
PREVIOUS WORK

The northern part of the area is included in an investigation

of the Luis Lopez Manganese district by Alfred T. Miesch.2

Miesch's
mapping was on a small scale, of necessity omitting much of the
detail included in this study. Formational units and terminology

are taken from Miesch whenever possible,

1. Callaghan, E, and Sun, M. S., Correlation of Some Igneous hocks
of' New HMexico by the Fusion Melhod., Am. Geophys. Union, Trans.
vole 37 (1956).

2. Miesch, Alfred T., Geology of tLhe Luis Lopez Manganese District,
Socorroe County, Hew Mexico, Hew Mexico Bureau of Hines and
Mineral Hesources, Circ. 38 (1Y55).
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GEOLOGY

the Nogal Canyon area ig composed of voleanic rocks of
probable Tertiary and early-Quaternary age. The voleanic mass is
faulted against late Santa Fe conglomerate (Plio-Pleistocene) which
is capped in places with Quaternary basalt flows., The conglomerate
contains [ragments of most of the exposed volcanics. Hxcept for the
younger basalt flows the volcanic roclks are mainly rhyolite dikes,
sills, and ilows and rhyolitic tuff and agglomerate., The volcanic
cycle was interrupted by intervals of ecrosion and weathering
resulling in local uncomformities., The sequence of strata as
determined from field data is as follows from top to bolbtoms

Quaternary basalt

Plio-Pleistocense Santa Fe conglomerate

Late-Tertiary (%) gray basalt

Late~Tertiary (%) andesite dike complex

Middle-Tertiary massive red rhyolite

Middle-Tertiary perlitic dike couplex

Middle-Tertiary flow rhyolite and latite

Hiddle-Tertiary altered rhyolite fiow breccia

Hiddle-Tertiasry agglomeratew-iuls sequence

Middle-Tertiary red-gray banded rhyolite

Hiddle-Tertiary basal flow brecciy

Folding in the area has been masked by later faulting, Later
inlrusions have also caused much tilting of beds. There are two ma jor
en echelon fault systems: one ranging from Ne 45° We to N, 10° .,

the other approximately No 75° W. Displacements are generally less

than 100 feet.
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Igneous and Pyroclastic Rocks

Basal Flow Breccia

the basal flow breccia crops oul only in the extreme southwest
part of the area. It is the lowest unit recognized in the area., The
outcrop is faulted against late-Tertiary (7) basalt to the west and
is overlain conformably by red-gray banded rhyolite to the east., A
thickness of less than 50 feet is exposed in the area but the actual
thickness is indeterminate. The rock is characteriged by a light-brown
aphanitic groundmass with fragmental inclusions of older aphanitic
vocks up to several inches in length. ‘he inclusions have been
stretched and flaltened resulting in a ragged limeation and foliation
wiich sugpests flowage during or after depositions Anhedral plagioclase
and quartz are imbedded in the glassy growduass. Euhedral phenocrysts
of sanidine and hornblende (very rarely biotite) and subhedral
phenocrysts of quarltz, together with the glassy groundmass, make up
approximately 50 percent of the rock; the remainder is the inclusions.
Weathered surfaces are not clearly distinguishable from fresh surfaces.

In thinsection, the rock texture is aphanitic porphyritic, with
guhiedral to subhedral phenocrysts of sanidine, euhedral horunblende,
aid a small amount of anhedral quartu. Magmetite, locally altered to
hanatite, is sparse., ‘llie groundmass is composed of reddish-brown
glass having a wavy flow banding which is distorted around the
inclusions. There is a very slight amount of devitrification along

some of the inclusion voundaries.
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The mode (excluding inclusions) is estimated to be:

Sanidine 10 %
Quartsz 3%
Horrblende Al %
Magnetite and hematite 1%
Groundmass 85 %

The inclusions are pinkish red Lo dark brown igneous rocks,
typically with subliedral to anhedral quartz phenocrysts. In some
fragments the groundmass is tuffaceous. One inclusion contains much
albilte, Sanidine is present in some inclusions. Generally, the
plagiéclase feldspars have a cloudy appearance and some are kaolinized.
Earlier volcanic rocks must underlie the flow breccia,

The index of refraction of the nalural glass is 1.525. The
1

partial composition derived from the delerminations of W. 0. George

is estimated to bes

Si0 59,0 &
Fel"and Fe 0q Tob %
Cal 5.0 %
K40 3o5 %
MpO 205 %

The index of refraction of the fused rock sample is 1,501,

indicating the following composition (after Callaghan and Sun2).

5104 71.8 %
FeO and Fe 03 2.7 %
Cal 1.7 %
MgO 0.6 %

l. George, Wo Q., 'Ihe Relation of the Piysical Properties of Natural.
(ilasses to their Chemical Composition, dJour. Geol., vols 32, p. 353
(1934) «

2o Callaghan, E,., and Sun, Mo Se, Ope cita
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Because of its position below basalts which afe included
within the Santa Fe time interval, the basal flow breccia is
considered middle-Tertiary or younger in age.

The presence of anygdules, flow banding, inclusions of earlier

volcanics, and brecciation indicate that this rock is a flow breccia,

Red~Gray Banded Rhyolite

The red-gray banded rhyolite crops out in the extreme southwest
part of the area, where it overlies the basal flow breccia conformably.
It crops out also in the southeastern part of the area and along the
road through the canyon in the eastein part of the area, where it is
overlain conformably by the agglomerate-tuff sequence. The thickness
is. approximately 200~300 feet.

The rock is characterized by allernate red and gray near-parallel,

and almost linear, flow bands ranging in thickness from 1/50 inch to

1/5 inche The bands are distorted around phenocrysts and inclusions,
Fuhedral to subhliedral phenocrysis of saunidine, hornblende, magnetite
(very rarely biotite) make up approximalely 10 percent of the rock and
the remainder 1s the aphanitic grounduasse.

In thinsection the rock texture is agphanitic prophyritic, with
phenocrysts of euhedral to sublhiedral sanidine, subhedral to anhedral
quartz, euhiedral hornblende, and rarely, biotite. Magnetite grains
and much hematite are present. The banding consists of alternate

m reddish gray and light gray bands which is sometimes extremely fine.
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The reddish gray bands are composed of approximately 40 percent glass
and 60 percent cryptocrystalline material and contain magnetite graing.
The light gray bands are cemposed of orthoclase,

1he mode is estimated as follows:

Quartz 15 %
Sarnidine 10 4
Orthoclase 25 %
Magnetite and hematite 10 %
Albite 3%
Hornblende and biotite 1%
Groundmass 36 %

The index of refraction of the natural glags is 1.515, indicating

1
the following composition’

510, 65.0 %
FeO and beZO3 5.2 %
Cal 300 %
MgO Le5 %
KQO o7 %

3
The index of refraction of the fused sample is 1.497, from which

the following composition is derived:

ui02 728 %
FeOTand les).OB 2.5 %
Cal 105 %
MeO Ou5 #

The red-gray banded rhyolite is considered to be middle Tertiary
in age because of its conformable position above the basal flow breccia.
Rapid cooling phenomena, eof., glassy spherulitic groundmass,

and flow banding are evidences that this was a flow,

m 1. George, We Oo, oOpe cite

2e Callaghan, M., and Sun, H, Se, Ope cit,
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Agglomerate~tuff sequence

The agglomerate-tuff sequence covers several square miles in
and around the area. In the southwestern part of the area it overlies
conformably the red-gray banded rhyclite. In the eastern part of the
area, along the road, it overlies conformably the red-gray banded
rhyolite and conformably underlies a rhyolite flow breccia. Further
west, it underlies unconformably the main flow rhyolite. In the
southwestern part of the area the agglomerate-tuff unit is faulted
against late-Tertiary (?) basalt and andesite. In the northwestern
section it is faulted against the red rhyolite. Thicknesses in the
aréa vary from O to 500 feet.

The agglomerate~tuff sequence is gradational from a basal
agglomerate with large fragments (up to 3 feet in diameter) through
beds of volcanic ash overlain by a water-laid tuff (see Plate III, fig,
1) to a tuff containing little or no inclusions at the tops. Euhedral
phenocrysts of sanidine, plagioclase i'cldspar, quartz, hornblende, and
biotite are found in most of the wnits. Throughout the formation,
there are lenses of perlite which assume the spatial relations of the
main mass. Parts of the formation are welded.

The basal agglomerate typically consists of approximately 50
percent inclusions and 50 percent tuffaceous groundmass with
phenocrysts of sanidine, plagioclase feldspar, quartz, hornblende,
magnetite, hematite, and (rarely) biotite. The color of the groundmass
varies from cream to pinkish and greenish. The weathered surfaces
appear orange to browne Inclusions are mostly earlier volcanic rocks;
AT
Pioan LT

GUICTCEROD, T M




Figure I Water-laid tuff over volcanic gsh agglomerate - tuff sequence (Tat)

—

Figure 2. Water-laid tuff,

PLATE
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Gefs, red-gray banded rhyolite. Some inclusions contairn much
albite in a glassy groundmass, the albitbe making up 75 percent of
the rock., Others contain oligoclase in a glassy groundmass. In
thinsection, the groundmass is composed of glass shards, many of
which have devitrified, and spherulites. It is typically tuffaceous.
Phenocrysts of euhedral to subhedrél sanidine and plagioclase
feldspar (some zoned and much oligoclase), hornblende, and subhedral
Lo anliedral guartz are present. Some of the feldspars have been
kaolinized and have minor amounts of biotite and magnetite, some of
which is altered to hematite. The fraguental inclusions range from
orange to dark reddish brown.

The mode of the rock is estimated Lo bes

Inclusions | 50 %
Groundmass 30 %
Sanidine 10 ¢
FPlagioclase feldspar 5%
Quarts 2%
Hornblende 1%
Magnetite and hematite 1%
Biotite 1%
The index of refraction of the natural glass is approximately
10495, indicating the following composition}
310 73.0 %
FeO and Fe, 0 2.3 %

273 *

lo George, W. 0o, op. cite




Ca0 lely %
HgO 0.5 %
K0 Le2 %

The index of refracltion of the fused sample (exclusive of

inclusions) is 1.499, indicating the following composition:

Si02 72,2 %
Fe0%and Fe O3 2.6 %
Ca 2 1.6 %
MgO 0.6 %

The tuffaceous groundmass indicates the pyroclastic origin of this
rocke Because of the amount of fragmental inclusions this rock is
called an agglomerate. It is gradational into the tuff, and sharp
boundaries exist only where Lhere has been faulting of one unit
against the other.

The consolidated ash bed is found near the top of the unit and
within the tuff. 1t is overlain by the water-laid tw'f and is
extremely fine-grained and cream white. Minute phenocrysts are not
recoguizable in hand specimen. In thinsection, fragments of sanidine
and oligoclase, and a little biotite, hematite, and magnebite make
up approximately 10 percent of the rock, the remainder being groundmass.
the groundmass is mostly glass, bul some devitrification has occcurred.

The mode of ihe rock is estimated to be:

Sanidine 5%
Oligoclase 2%
Biotite 1%
Hornblende 1%
Magnetite and hematite 14

le Callaghan, H., and Sun, He S., ope. cit.
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Groundmass 0 %

The index of refraction of the natural glass is 1.495, The estimated

. L
compogition isj

$10, 73.0 %
FeQ and b6203 2.3 %
K20 Le2 %

The water-laid tuff occurs above the ash and somewhat below the
top of the unit. It consists of rounded grains of quaftz, plagioclase
feldspar, magnetite, hematite, and biotite.

The groundmass is tuffaceous, Lrossbedding, stratification,
and rounded grains indicate a water-laid pyroclastic (see Plate 111,
Iige 2; Plate IV, ¥ig, 1). It is cream white, and hematite staining
gives the appearance of banding.

In thinsection the groundmass is mostly devitrified glass,
with many small spherulites. A few sanidine and quartz grains are
euhedral to subhedral. Some epidotization is evident.

The mode of the rock is estimated to bes

Sanidine W %
Quartz 20 %
Oligoclase 10 %
Groundmass 30 %

the index of refraction of the natural glass is 1.495, indicating
2
the following compositions

1. George, We Oa, oOp. cib.

2. George, We O., op. cil,




PLATE 1V

Figure | Close-up ot water-iaid tuff (Scale approximately 1025

Figure 2 Filow rhychte {Trs) uncontarmavly over agglomerate - tuff ssquenca (Tat).
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510, 73.0 %
FeO™and F6203 2.3 %
Cal l.l{. %
MgO 0.5 %
Ky0 Le2 %

Neither the water-laid tuff nor the ash is a mappable unit.
They represent phases of the pyroclastic unit and thereby are inecluded
in 1t. Lenses of black perlite have been deposited during the
deposition of the tuff but likewise are nol mappable.

The typical tuff at the top is cream white to greenish or
pinkish white, with phenocrysts of sanidine, plagioclase feldspar,
hornblende, and biotite in a tuffaceous groundmass. Inclusions vary
and diminish toward Lhe top, where the groundmass makes up approximately
% percent of the rock. In places the tuff is somewhat pumiceous, and
locally some welding has occurred., The weathered surfaces are cream
to brown,

In thinsection the groundmass is colorless to orange brown
and is tuffaceocus. Part of it is glass, much of which has divitrified
and is cryptocrystalline. Phenocrysts of euhedral to subhedral
senidine, oligoclase, hornblende, biotite, and magnetite, and subhedral
to anhedral quartz make up about 35 percent of the rock, the remainder
belng groundmass.

The mode of the rock is estimated to bes

Sanidine 15 %
Oligoclase ‘ <
Quarta 34
Hornblende 5 4
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Biotite 2%
Magnetite 2%
The index of refraction of the natural glass is 1495,

R . ; . . 1
indicating the following composition:

FeO and 5‘8203 2.3 %
Cal ln!;. %
MgO 0.5 %
Kéa Le2 %

The index of refraction of a fused composite sample isg L.493,

2
indicating the following compositions:

5i0y 73.8 %
Fe0 and FezO, Rely %
Ca0) 3 Lol %
HeO 0e5 %

The tuffaceous fabric suggests the pyroclastic origin of the
rock, which, because of its composilion, may be called a rhyolitic
tuff,

The chemical similarities of this rock indicate a common
pyroclastic origin. The 1ock is gradational and is mapped therefors
as a single unit called the agglomerate~tuff sequences Table IT

shows a chend.cal analysis of a composile sample of the sequence,

Le George, W. O., op. cit.,

2, Callaghan, Eo, and Sun, M, S, op. cit,




AT . R
TABLE II: CHEMICAL ANALYSIS™ oF AGGLOMERA TE~TUFF SEQUENCE
2

19

(composite sample)

Si02
Ti02
A1203
F9203
Fel
MnO
MgO
Cal
Na20

PO,

co

1o

2o

75.36
0.23
13.89
1,58
0.25
0.0
1.02
3.56
1,00
3.02
0,08

100.03%

Analysis by H. B. Wiik, Helsinki, Finland.

Two samples from different par
in equal proportiuns by weight

The percentages are calculated as volatile-free,

ts of the formation were mixed
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Altered fhyolite Flow Breccia

The altered rhyolite Crops out in the east and southwest
parts of the area. Iu the eastern part of the area, it overlies
conformably the agglomerate-tufl sequence and is faulted against
later Santa Fe corglomerate. In the southwest all contacts except
one are fault contacts. The altered rhyolite has been faulted
against the earlier silicified agglomerate~turys sequence, and
agalinst late~Tertiary basalt, which also overlies it uiconformably
aftef an apparently long erosional reriod (evidenced by clastic
debris of similar chemical and mineralogic composition and fabric),
The east and southwest outerops have been correlated on field and
mineralogic similarities. Thicknesses up to 250 feet are exposed
(including the clastic debris), but owing to eroslon, the true
thickness of the formation is Indelerminagte,

In the eastern section, the rhyolite ranges from a silicified
and highly altered phase to a lesser altered phase showing distinct
flow banding. ‘he color varies from light pinkish gray, through
red, to reddish purple. Wealhered surfaces vary from purple to
brown. The rounded and angular fragments make up more than 50
percent of the rock and consisi of sanidine, quartsz, plagioclase
feldspar, hornblende, and some biotile,

In the southwest the formation grades from light pinkish to
purplish gray, through orange, to a red similar to parts of the
eastern formation, Weathered outcrop surfaces range from buff to
reddish brown. ‘he formation is typically aphanitic porphyritic,

with inclusions making up more than 50 percent of the rock and
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consisting of quartz, sanidine, plagioclase feldspar, hornblende,
and biotite,

In the southwest the altered rhyolite is gradational to
clastic debris, which is partly weathered.

In thinsection the rounded and angular mineral Iragments
are seen in a cryptocrystalline and splierulitic groundmass, which
in places is extremely altered (up to 75 percent of the groundmass
has been noted to be kaolinized or sericitized). There is little
or no remaining glass in the groundmass. Flow banding often
is concealed by alteration but is observed in some sections, The
mineral Iragments are typically euliedral to subhedral sanidine
and apatite, subhedral to anhedral quartz, oligoclase, zoned
plagioclase, hornblende, biotite, and magnetite partially altered
to hematite, Most grains are fractured, and fracture partings
have been filled with replacement material,

The range of the mode of the rock is;

Senidine . 20-35 ¢
Quartsz 5-10 %
Oligoclase and zoned plagioclase 5-15 %
Hornblende 0- 5%
Biotite 2- 5%
Magnetite and hematite 2-10 %
Inclusions L5-60 %

The feldspars are highly kaolinized in all samples. Many

mineral grains show partial remslting along the boundaries,
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The index of refraction of the fused samples ranges from

Y . 1
1./193 to 1.503, indicating the following range of composition}

3102 T3.8 4 to 1.3 &
FeO%and Fen0 2.4 % to 2.8 %
Ca 3 loh % to 1.7 %
MO 0o5 % to 0.6 §

This unit is presumed to be middle Tertiary in age because of
its conformable relation over the agglomerate-tuff sequence. The
fragmental inclusions indicate that it is a flow breccia. Some
crystallization began before flowage. Sericitization and
silicification are due to hydrothermal activity, possibly of late
magmatic fluids. Kaolinization is due to weathering, which
apparently occurred in two stages; one previous to the deposition

of the late~Tertiary (?) basalt flows and one since this deposition,
Flow lthyolite and Latite

Miesch'szrhyolite (Trs) and latite (T1s) is the main flow
unit of the area, covering about 1 square mile in the cenler of the
area. In the northeastern and southeastern parts of the area, it
is silicified and faulted against the Santa Fe conglomerste and
the agglomerate-tuff sequence. In the center of the area it
overlies unconformably the agglomerate~tuff sequence, In places
massive red rhyolite underlies the flow rhyolite as an inlrusive

sill. The upper part of the flow is a latite and is downfaulted

1. CGallaghan, B, and Sun, He S., op. cib,

2. Hiesch, Ao T, op. cit,
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as a block in the center of the rhyolite mass (see Plate v,
Fige 2; Plate VI, Fig. 1), Thicknesses up to 200 feet are
exposed.

The rhyolite shows typical flow banding with wavy bands (see
Plate V, Fig. 1). Near the eastern edges it often contalns a few
fragments of chalcedony, Phenocrysts of sanidine and plagioclase
feldspar are evident, along with altered hornblende and biotite
(bronze biotite), which is believed to be a product of deuteric
activity. The groundmass appears glassy, and ragged amygdules
are present. The color varies from pinkish white to purple, the
lighter areas having a bleached appearance. Weathered surfaces
ére light brown to reddish brown and purple. In some places there
is heavy manganese stain.

In thinsection the rhyolite is aphanitic porphyritic, with
euhedral to subledral grains of oligoclase, much kaolin (probably
as an alteration of plagioclase feldspar), some euhedral zoned
plagioclase, subhedral to anhedral quartz grains, euhedral altered
hornblende and biotite, and euhedral augite and ilmenite, Table
IIT shows a chemical analysis of a composite sample of the flow
rhyolite,

The mode of the rock is estimated as follows;

Sanidine 15 %
Plagioclase feldspar (cligoclase) 5%
Quartz 5 %
Hornblende 2%

Biotite 2%




PLATE vV

‘F«qure Il Flow banding in flow rthyclite (Trsg).

e —e

Figure 2. Flow tatite

{Tis) downfaulted against flow rhyolite (Trs), (Fault (12)).
Note brecciated fault zone.
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Augite 1%
Ilmenite 2%
Groundmass 68 %

The groundmass is cryptocrystalline and locally spherulitic,
with minute laths of orthoclase, There is about 10 percent glass,
the remainder having devitrified, "The flow structure is intensified
by alternating reddish-brown and colorless bands, which are very
wavy and irregular.

The rhyolite is gradational to the latite, the amount of
cr’:,’::;tqlline quartz decreasing as the amount of plagioclase feldspar
and a-.ugite increases,

In thinsection the latite contains about 35 percent kaolinized
feldspar. Quartz phenocrysts are absent; augite and ilmenite are
more abundant. ‘lhe rock texture is similar to the rhyolite, but
good phenocrysts are rarer. Alteration has increased, and flow
structures are not so evident in thinsection. The mode of the

latite is estimated to be:

Sanidine 5%
Oligoclase 5%
Kaolinized feldspar 35 %
Horublende 2%
Biotite ‘ 1%
Augite 2 %
Ilnenite 2%

Growdmass L3 %




PLATE VI

Exposure of filow rhyoiite (Trs). Section 5 T5S,RIW
Note fauits @0 ond (12) in background.

Fiqure

Figure 2. Exposure of part of perlite dike complex above flow rhyolite (Trs).

Tc - "contact” spheruhitic gray perlite
Tp- perlite

Tsp-banded spherulitic perlite
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1
TABLE ITY; CHEMICAL ANALYSIS OF FLOW RIYOLITH (Trs) (composite

sample)
510, 7369 %
110, 0.23 %
A1203 12,94 %
l"8203 l.66 %
FeO 0,07 %
MnO 0,04 %
MgO 0.03 %
Cald ' 0.68 4%
NaZO 2.87 %
K0 6.08
P05 0,08 %
Hy0+ 1.13 &
H 0~ 0.19 %
Co, 0.00
99.69 %

le Analysis by ll. B. Wiik, Helsinki, Finland.
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The sllicified rhyolite is correlated as part of the
rhyolite flow because of ils similarities both in petrological

and field relations. ‘lhe mode is estimated to be;

Sanidine _5 %
Oligoclase 15 %
Quartz 15 %
Hornblende 2%
Biotite 1%
Ilmenite 2%
Groundmass W0 %

The groundmass is partly devitrified glass, about 5 percent
glass remaining, and is spherulitic and cryptocrystalline, with
some lithophysae. Flow banding is evident in mary places both
magascopically and microscopically.

A fused composite sample of the flow rhyolite gives an index

1
off refraction of 1,503, indicating the following compositions

510, 71.3 %
FeQ and Fe2O3 2.8 %
Cal 1.7 %
Mg,() ’ O, 6 %

Other fused samples of the flow rhyolite have indices ranging
from 1493 to 1.503; the silicified portions have a lower index

C 2
(Lo493~1e495), indicating the following compositions?

l. Callaghan, E., and Sun, M. S., op. cit,

2o Callaghan, H., and Sun, M. S., op. cit.
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L 493 1495
510 738 % 733 %
FeD“and 1'e203 2.4 % 24 %
Cal l./+ ;{; l.lq. %
Mg0 0u5 % 05 %

The flow banding and amygdules indicate that this unit was
a flow. The more silicic parts are called rhyolite (Miesch's

1
Trs), and the less silicic dovnfaulted blocks are called quartz

. 2
latite (Miesch's Tls),
Perlitic Dike Complex

The perlitic dike complex crops oul above the flow rhyolile
in the center of the area (see Plate VI, Fige 2), and just north
of the road in the eastern part of the area. The total width of
the dike complex is approximately 2,000 feet., fThis complex is g
later intrusion into the flow rhyolite. Xenoliths of the flow
rhyolite are found in the complex, and beds of the flow rhyolite and
the agglomerate-tuff sequence have been tilted by the intrusion.
The perlite dike complex consists of the following unitsg

1. Perlite (Tp)

2« Banded spherulitic perlite (Isp)

Je MContact spherulitic gray perlite (lc)

Le  Spherulitic rhyolite (Ts)

le HMiesch, A. Ty, op, cito

2. Miesch, Ao ., op. cite
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The pevlite (Ip) is typically intergrowa brown and black
perlite, with phenocrysts of sanidine, hornblende, and plagioclase
Teldspar. The weathered surfaces are brown to blacks

In thinsection the periite containg cuhedral to subhedral
phenocrysts of sanidine and some microcline, subhedral phenocrysts
of oligoclase, euhedral to subhedral hornblende and diopside, and
biotile and magnetile in a glassy perlitic groundmass, 'he mode

of the rock is estimated as follows:

Sanidine 15 ¢
Hicrocline 1%
Oligoclase 3 ¢
Hornblende 39
Biotite 2 %
Magnetilte 14
Diopside 1%
Groundmuss 71 %

The index of refraction of the nabural plass is L1.495,

1
indicabing the following compogitions

$10, 73.0 %
A - 9o
Fe and berB 243 s
K2() Le? 5

L. George, We U., ope cil,
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The index of refraction of the fused sanple is 14497,

o . . . 1
Indicating the following compositions

3i0 T2.8
FeO~and Fe 0. 2.5 4%
Cal 20 1.5 %
HgO Ou5 %

The banded spheruiitic perlite (Tsp) is composed typically
of serics of bands of reddish-brown perlile and light-gray
pevlite, with reddish-brown spherulites within the bands; some
bands have a greater percentage of sphierulites, giving the
impression of a peppermint stick.

Phenocrysts of sanidine, quartz, and hornblende are present.
The hornblende is alined with the banding. The weathered surfaces
are buff to dark brown.

L thiusection, phenocrysts of cubiedral Lo subhedral sanidine,
zoned plagioclase, apatite, biotile, hornblunde, and magnetite,
as well as subhedral to anhedral quarts, are observed in a
spherulitic and perlitic groundmasse. The spherulites range up to
1/8 dine in diameter aud usually have polash Celdspar ceuberse
There is some devilrification around the perlilic cracks, The mode

of the rock is estimated to bes

Saridine 15 %
Plagioclase feldspar | 10 %
L etz 2%
Apatite 2

le  Callaghan, E., and Swi, M. S., opo vil.
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Hornbleude ) 29
Biotite 24
Magnetite 19
Groundingss 66 %

(Spherulites make up approximately 30 percent of the
proundingss., ) The index of refraction of the natural glass is

Lo/9%, indicating the following compositiony

$10,, 73.0 %
FeO%and Fe 04 2.3 %
Cal 1.1!, %
MO 045 %
K0 Lo2

The index of refraction of the Iused sample is l.4Y7, indicating

2
the following composgitions
510 12,8 %
O and Fe 0, 245 G
Cal <3 1a5 %
Hgo 0.5 %

The contact sphervlitic gray peclite (fc) typically is found
in the complex near the contacts with the agglomerate-tuff sequence
and forr tiat reason has bLeen refecred Lo as the contact perlite.

5 Lyplecally light green to gray and cortains abundant reddish-brown

[N

i
spherulites and lelsitic patches. Phenocrysts of sanidine, plagioclase
feldspar, hornblende, and a little biolite are present. The weathered

surface appears light green to brown except for the davk-brown

le George, We Ou, ope. cit.

2, Callaghan, lie, and Sun, e Se, 0p, cils
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In thinsection the groundmass is composed of light-gray to
colorless perlitic glass, reddish-brown spherulites, and cryptocrystalline
material ol polash feldspar composition, UThe spherulites typically have
potash feldspar centers. ‘The mode of Lhe rock is estimated to bes
Sanidine 2 %

Plagioclase feldspar (zoned,

oligoclase) 12 ¢
Biotite 24
Hornblende 3 4
Magnetite 14
Groundmass: 80 4
Parlite 15 %
Spherulites 50 %
Cryptocrystalline 15 %

The index ol refraction of the rused sample is 14495, indicating
1 - . » + l
the following compositions

510, 3.3 %
FeU”and Fe O 20l Y%
Ca0 3 Lok %
HgO 0.5 %

The spherulitic rhyolite is typically an aphanitic porphyritic
riyolite, with phenocrysts of sanidine, plagioclase feldspar, hornblende,
and bioblle in a pink Lo reddish-brown spherulitic groundmass. ‘lhe

weathered gurfaces are darl brown to black.

~le Callaghar, f., anod Sun, e Se, Ope cil.
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In thinsection euhedral to subhedral phenocrysts of sanidine,
oligoclase and zoned plagioclase, horublende, biotite, and magnetite
are present in a groundmass consisting of reddish-brown spherulites

and lithophysae. ‘he mode of the rock iss

Sanidine 5%
Oligoclase 10 %
Zoned plagioclase 5%
Biotite hog
Magnetite 1%
Groundmass 75 %
Lithophysaec "0 %
Spherulites 5 %

The index of refraction of the fused sample is 1.495, indicating
- . L] . l
the following composition:

S10. 733 %
Feoand Fe,0 Rely %
Ca0 2 Lok %
MgO 0.5 %

The mineralogic, petrologic, and chemical properties indicate
thie gimilar rhiyolitic composition of this Tormgtion. ‘Though very
similar petrographically, the uuits are well defined in the field,
and contacts, Lhough sometimes covered wilh recent alluviwn, are

recognized easily.

Lo Callaghan, ., and Sun, Me We, ops cit,
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iHassive Red Rhyolite

The massive red rhyolite (Tmr)l crops out in large areas
throughout the mapped region. It is found in various relationships
with the agglomerate tulf sequence and the flow rhyolite. In places
it dis in contact with the tuff as a dikelike intrusion (see Plate
VLI, Fige 1); in other places it is within the tuff as a slll-like
intrusion, It locally culs through the Luff and the flow rhyolite.
Xenoliths of the tuff (as well as wenolilhs of the Flow rhyolite)
oceur in the massive red rhyolite (sece Plale VII, Fige 2)s Flow
structure is typically absent from the massive rhyolite, The color
in the southern part varies from dack red to brownish red. Weathered
surfaces are red to brown., The massive rhyolite is typically
spherulitic, Phenocrysts of sanidine, plagioclase feldspar, blotite,
and (rarely) quartz make up about 40 percent of the rock, the
remainder being spherulitic groundmass. Table IV shows a chemical

2
analysis of the massive red rhyolilte,

In thinsection euhedral to subhedral phenocrysls of sanidine,
zoned plagioclase, olipgoclase, and biotite, and subhedral to anhedral
quartz are in a reddish-brown spherulitic groundmass with some
lithophysae, Flow struclure is absent. ‘here is little glags in the

groundmasse. 7The mode of the rock is estimabed to be

le. iliesch, A. Us, op. cit.

2. liesch, A. T., ope cit.




Figure | Infrusive contoct of massive red rhyolite ([mr) and agqglomerate-tuft

séquence (Tat).

Figure 2. Xenolith of tuff (Tat) in massive red rhyolite ( Tmr).

PLATE

VIl
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g‘ Sanidine 15 %
il Plapioclase feldspar 10 %
; (zoned and oligoclase)
;i Quartz 5 %
éi Biotite 5 %
if Spherulitic groundmass 65 %

The index of fefrachion of the fused sample ranges from 1.499
1
to 1,503, indicating the following range of composition:

Le499 1,503
510, TRe2 to 1.3 %
FeO and 1"6203 2.6 to 2.8 %
Mg U6 Lo 0.6 %

The contacts and included fragments of other rock units indicate

-

that this rock is a shallow intrusive having dike and sill forms, and
that it is younger than the agglomerate-tulf sequence, the flow
riyolite, and the perlitic dile complexs Uwlng to the intiusive

nabure of this formation, ils actual Lhickness is indelberminate.

Thiclmesses up to 500 feet are exposed in the area.

2 The analysis and mineral content indicate that the unit is a
’ ) )
q rhyolite; il is the same as Micschts massive rhyolite (‘lmr).

le Callaghan, L., and Sun, I, So, ope cite

2. lilesch, A. Lo, Op. cite
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TABLE IV: CHEMICAL ANALYSIS OF 1is MABSIVE RED RHYOLIQEl (Tmr) s

510, 7109 %
Ti0, 0.25 %
A1203 14,07 %
Fe 0, 1.73 %
Fe0 0.32 %
HnO 0.08 %
MegO 071 %
Cal 0.88 %
Na20 1.89 %
K0 619 %
PO, 0.09 %
1,0+ 2420 %
10 0.95 #
co,, 0,00 %

Lo HMiesch, A. T., op. cito
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Andesite Dike Complex (7a)

The andesite dike complex crops oul in the southwest part of
the area as a scries of dikes locabed in fault zones. It cuts the
altered rhyolite flow breccia and is earlier than the late~lertiary
(2) basalt. It is found faulted against the agglomerate-tuft
se)quence and the late-lTertiary (?) basalt s which in turn are also in
fault contact. The width varies from 10 feel (in the fault zones)

Lo 500 feet,

The andesite is Lypically purple and contains grains of altered
biotite, secondary calcite, and epidote. ‘he weathered surfaces vary
from dark purple Lo browi.

In thinsection the rock is lolocrystalline, made up mostly of
small andesine laths, with phenocrysts of biotite, mapnetite altered
it part to hemalite, reddish altered homblemle, aud (racvely) a
pyroxene (usually augite). Secondary calcite is common,

The mode of the rock is estimated to bes

Andesine 0 %
Biotite g %
Magnebite 12 %
Hematite 1%
Hornblende 5%
Augite 2 %

Calcite (secondary) 2%
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Ihe index of refraction of the fused sample is 1.539,

1
indicating the following composition:

Si0 62.2 %
FeO™and Feq 5.2 %
Cal 37 %
Lig0 16 %

The andesite-dike complex is later in age Lhan the altered
rhyolite flow breccia. Fragments ol the andesite (found in the
clastic debris of the eroded altered rhyolite) indicate Lhat the
andesite intruded before the erosional cycle which represents the
weconformity between the altered rhyolite and the late-Tertiary (2)
basalt. ‘he andesite, therefore, is considered to be late Tertiar&

(7) in apge.
Cray Basalt

lhe late-lertiary (%) gray basalt (1b) crops out in the
southwestern part ol the area and is fowd as cap roclk uncontormably
over the altered rhyolite flow breceia, It is also found downfaulted
apaiust the agglomerabo~tuif sequeilce and the basal rlow breceig,
buch of the basall has been eroded, but thicknesses up to 100 reet
are exposed,

In hand specimen the rock appears dark gray. Weathered surfaces
are brown Lo black. It is fine grained, and phenocrysts of augite
and basic plagioclase feldspar are recognizable. Secondary quartz

and calcite i1l small vesicles.

le Callaghan, B., and Sully, lle Se, Opo cite

=y
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In thinsection the rock is holocrystalline, with subhedral
to anhedral plagioclase labhs, augite, magnetite, and olivine
allering to antigorite and lddingsite.

lhe mode of Lhe rock is estimabed to [STEH

Labradorite 34 %
Zoned plagloclase 25 %
Olivine 8 9 -
Lddingsite 15 &
Antigorite L%
Augite 8 9
Pigeonite L %
Magnetite 2 %

The fused sample has an index of refraction of 1.59%), from

1
which the following chemical composition is estimated;

510, 50,0 %
b3203 and FeO 9e9 %
Cal 8 L] 3 %
MgO 6.2 %

The evidence for iflow is the vesicularity of this formation,
along with its position above the clastic debris of the altered
rhyolite flow breécia, which shows baking at the contact. Owing to
its deposition after the erosion of a middle-Tertiary flow, the

gray basalt is considered to be of late-Tertiary (7) age,

1. Callaghan, E., and Sun, M. S., op. cit,.
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Basalt

The Quaternary basalt (Qb) crops out along the road just
outside the eastern edge of the area, where it is found within the
Santa Fe conglomerate, and crops out at the eastern edge of the
area as a cap overlying the Santa Fe (see Plate VIII, Fige 2)e
Exposed thicknesses vary from 10 to 150 feet, It is a series of
flows (at least three have been identified), as is evidenced by
alternating layers of massive and vesicular basalt. It is dark
grecuish black. Weathered surfacos vary Ifrom yellowish brown to
dark gfeen. In some places there is much epidotization (especially
£illing vesicles).

In thinsection the texture is ophitic, having euhedral to
subliedral laths of labraderile in an augile matrix. ''here is much
olivine in various stages of alteration to iddingsite and antigorite,

lie mode of the rock is estimated to bei

Labradorite 37 ¢
Augite 35 ¢
Olivine 10 ¢
Iddingsite 5 9
Anﬁigorite 5 ¢
Chlorite 5 4
Magnetite 14
Secondary calcite 1%

Secondary epidote 1%




Figure 1. Mingr tault showing displocement of approrimately three feat,
Lote Tertiary {?) basalt {To) unconformably overlying Mddie

Tertiary attered rhyolite tlow breccia (Tar).

Figure 2. Quaternary bgsal! (Qb) overlying tate Santa Fe conglomerate {TGce).

MM

‘PLATE VIII
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The index of refraction of the fused sample is 1,604,

1
indicalbing the following compositionsg
5102 LT.2 %
FeO and Fey04 115 %
Ca0 Yeb %
bigO (N

the various zones of vesicularity indicate at least three
separate flows of this basalt. Its position in the Santa Fe
conglomerate sebs its age as Quaternary. ‘Yhis basalt unit is the

2
same as Miesch's Quaternary basalt (Qb) .

sSedimentary ltocks: Sanla Fe Conglomerate

The Santa Fe conglomerate (1Qc) crops out only in the eastern
part of the area, where it is downfaulted against the Tertiary
volecanic rocks., Hear the fault, the Santa Fe formation has the
appearance of a talus slope, containing large boulders (up to 3 feet
in diameter) of some of the valcanics. “The Santa ¥e is Lypically
composed of sand, gravel, and cla;y3 in the Rio Crande Valley. The
conglomerate is the only part of the Santa Fe whiich is seen in the

. N ' v X Lo,
Nogal Caryon area. The Santa Fe is upper Pliocene™ in age.

l. Callapghan, ., and Sun, Me S., ops cibe
2o lMiesch, A. T., op. cit,

3. Hiesch, Ae T, op. cite

he  Needham, C. E., Vertebrate Reamins From Cenozoic Rocks, Science,
VOlo 81;, Po 53‘7 (J.(/j(i))-
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Structural Setting

The structure of the Nogal Canyon area has been influenced
by two major factors} (1) The intrusion of the massive red rhyolite,
and (2) the formation of the Rio Grande troughs The intrusion of
the massive red rhyolite caused local folding and faulting in the
area. Barlier folding of beds from the initial stages of the
intrusion is masked by later faultings Evidence of folding in the
easbern part of the area is from locally westward dipping beds;
throughout most ol the area the bads dip to thie east,

The fbrmation of the Hio Grande troughi may account for the
domnfaulting of later Santa Fe conglomerate against the volcanic rocks
and the displacement of the late~Tertiary (?) basalt. 'the Taulting
generally occurs in two major en echelon serles; one system strikes
from N. Aﬁo E. to N, QDO We, and the other approximately No 75° W.

A third factor in the structural coutrol of the area has been the
intrusion of the perlitic dike conplest, which can account for minor
local faulting in the areas where this dike couplex crops oul.

Fault displacements throughout the area are difficult to measure,
but the dip-slip components are generally less than 100 feet; there
are a few extending up to 900 feet, In many cases the total
displacement cannot be determined, owing to tilting, erosion, faulting

within a single rock unit, and the irregularity of surface flowse

le Miesch, A. Yo, Op. cil,
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Attitude of Igneous Rocks

The strike and dip of volcanic r.cks are not always measured
easily. True bedding may be associabed only with rocks of pyroclastic
origimn, such as the agglomerabe-tuff sequence in this area. Other
nmethods of measuring attitudes must be employeds Strike and dip
measurenents of flows and intrusives can be talken from either the
foliation or joluting pattern.

The dip of the plane determined by flow banding and mineral
alinement (foliation) is readily measurable. ‘The strike then can be
obtained from knowledge of the dirccbion of dipe lowever, locally
the foliation may not represent a true dip but rather an ad justiuent
to the topography at the Lime of deposition., Also, unevén cooling
in the magmatic mass can cause local irregularities in the foliabion.
Some local variations can be noted on Plate T,

The strike and dip of horizmontal joints is used to determine
the attitude of the formation it the Joluting is related apparently
to the last stages oflemplacement of the rock mass.

Ihe following strikes and dips are presenled as general Lor
the enlire formation representsd in the Nogal Canyon areas

The basal flow breccia sbrikes H. 15° We, and the foliation

40
I

indicates a dip of approximately 38° 1,

Foliation measurements in the red—gray banded rhyolite indicate

an abtitude of M. 30° We, 25° .
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Beds of the pyroclastic agglomerabe-tufi sequence generally
sbrike Ho 10° W. and dip from 25° to 33° E.

The altered riyyolite flow breccla strikes N. 30° W. and dips
L40° B, Heasurements were made along folialion and bedding planes.

The main flow rhyolite and latite stiike N. 300 W. ‘he
foliation dips approximately 30° E. Local variations in dip are
due to flowage over an erosional surface.

Foliation within the unils of the perlitic-dike complex
indicates a variation in strike from N. 55° We to No 75° W, 'the
wits generally dip approxiuately 65° W,

Joinﬁing in the massive red rhyolite indicates a variation
in strike from M. 30° W. to Ne 15% #e, and in dip from 250 L. Lo
70° .

Yhe andesite dike complex generally strikes N. 30° W,, and the
foliation indicates a dip of 20° 1.

The Quaternary basalt flows sitrike approximately Ne 60° W, and

dip approximately 10° HE.

Attitude of Sedimentary Rocks

For the most part, along the eastern margin of the area, beds

of the Santa Fe conglomerabe strike north-south and dip approximately
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Fault Descriptions

The numbers shiown below (in parentheses) correspond to the
numbers along the faults illustrated in Plate I, 1he numbers begin
with (1) in the northeast corner of the map and run consecutively

north and south, the higher nubers to the west,

(1) Late-Santa Fe conglomerate is downfaulted against silicified
flow rhyolite. ‘he fault strikes No 5° K. and dips 45° B, The
displacement is indeterminate. The fault is traceable by a small
brecciated zone, the truncation of beds, and fault grooves preserved
in the rhyolite.

(2) Late-Santa Fe conglomerate is downlaulted against the
agglomerate tufy sequences  The strike of the fault is I, 15° We, and
it dips 48° W. ‘the displacement is indeterminate. 7The fault is
traceable by a small brecciabed LONE

(3)  Altered rhyolite (silicified in Lhis part) is upfaulted
agalnst the agglomerate~tuff sequence to the north and the flow
rhyolite (silicified) Lo the south, It strikes N. 25° We and dips
45° W, The displacement is indeterminate. ‘Ihe i nimn stratigraphic
throw is approximately 50 feet., Truncation of. the formabional units
locates the fault position.

(4) The agglomerate-turf sequence is faulted against massive

red rhyolite, Locally, deep erosion on the upthrown side exposes the
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underlying red-gray banded rhyolite, This is one of the ma jor
faults in the area, having a dip-slip displacement of approximately
40O feet. The attitude is N 40° ., 60° SW. ‘the only evidence
for the fault is the truncation of beds.

(5) Faulting occurs within the altered rhyolite to the north,
and within the agglomerate~tuff sequence and the underiying red-gray
banded rhyolite to the south. ‘the fault strikes W, 7° W, and dips
60° Wo  The dip-slip displacement is approximately 75 feel. Through
breccia and slickensides on the scarp, the fault can be traced
northward from dislocated units,

(6) " Faulting occurs within beds of the agglomerate~tuff
sequence, which are locally cut by the later perlitic dike complex.
South of the road, the red-gray banded rhyolite is exposed because
of faulting. ‘he faulbt strikes W 10° W. and dips 800 E. ‘The dip-slip
displacement is less than 50 feet and is evidence of the faulting.

(7) HMassive red rhyolite is faulted apainst the agglomerate-~tulf
sequence. ‘lhe fault strikes N. 20° E. and dips 300 B+ The displacement
ig indeterminate. The fault is traceable by locally brecciabed zZones,
and slickensides are preserved in the massive rhyolite,

(8) Faulting occurs within flow rhyolite and between the flow
rhyolite and the perlitic dilke complex. ‘The attitude is N. 10° We,

g0° B. the dip-slip displacement is less than 25 feet. ‘The evidence

for this faull is a brecclated zone,
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(9) Faulting occurs within the agglomerate-tuff sequence, and,
where exposed by the canyon, patches of the red-gray banded rhyolite
crop oute The fault strikes N, 10° W. and dips 60° We The dip-slip
displacament is approximately 26 feel and is evidence of the faulting.
(10) Flow rhyolite and latite are dewnfaulted against the
agglomerate-tuff sequence. To the east, beds of the agglomerate tuff
sequence are in contact with the altered rhyolite, and the fault
is extended through the altered rhyolite on the basis of irregular
breccia zones. The strike and dip are N. 75° W, and 750 Se The
dip-slip displacement is approximately 50 feet. The evidence for
faulting is brecciation and the truncation of units.
(11-12) A block of flow latite is downfaulted against flow
rhyolite. Fault (11) strikes due north and dips 83° Ee. Fault (12) o
strikes N, 10° W. and dips 750 L. (scc Plate V., Fige 2). ‘he !W'
displacements are indetemwinate. A brecciated zone, along with the |
truncation of the beds, is evidence of the fault.
(13) The fault occurs within the agglomerate-tuff sequence
and the perlitic dike complex. It slrikes Ne 530 e and dips 700 NW.
A continuous brecciated zone indicates the fault position, although
no displacement is noted at the contacts,
(14) Flow rhyolite is faulted against contact spherulitic
gray perlite, The attitude is H. 530 Ee, 70° N0, The displacement
is indetermminate, A brecciated zone and truncation of the flow

banding indicate the fault,
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(15) Faulting is suggested within the flow rhyolite by a
narrow brecciated zone, although no displacenent ca,ﬁ be measured.
The attitude of the zone is N, 20° Lo, 750 I

(16) Faullting between flow latite and flow rhyolite extends
southward from the coutact between latite and massive red rhyolites
The attitude is N, ’?O We 80° Eo The digplacement is indebterminate,
A brecciated zone and the truncation of beds are evidences of the
faulting,

(17) TFaulting of massive red rhyolite and the agglomerate-tuff
sequence against flow latite extends northward within the banded
spherulitic perlite and flow rhyolite, and within flow rhyolite.

The fault strikes No 20° W and dips 87O W. The displacement is
indeterminate. A fault breccia is evidence of i‘aulting.

(18) Massive red rhyolite is faulted against beds of the j
aggll.omarate-tui‘f sequence. The strike and dip are N. 38° W., 83° E.

The dislzlacement is indeterminate, Slickensides, preserved in the
massive red rhyolite, are evidence of the faulting.

(19) The agglomerate~tuff sequence and massive red rhyolite
are faulted against andesite. The strike and dip are N, 12° V.,

830 ¥o The displacement is indeterminate, but truncation and local
brecciation are indicative of the faulting.

(20) The flow rhyolite is downfaulted against the agglomerate~tuff

sequence and massive red rhyolites Uhe strike and dip are Mo 70° W.,

ZPOO Ee The dip-slip displacement is approximately 4O feet. The
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truncation of beds is evidence of faulling (sce Plate VI, Fig. 1),

(21) Massive red rhyolite is faulted against the agglomerate-tuff
sequence, This is one of the larger faults in the area, having a
dip-~slip displacement in the northern part of the area of approximately
900 feete It undoubtedly extends southward beyond the limits of the
area through faults (22), (23), and parts of faults (25), (27), and
(29)o 'The strike and dip are H, 38° W. and 53° E. Thevjuxtaposition
of different beds in the sequence, aglong the trend of this zone, is
gvidence of the faulting.

(22) Faunlting brings late-Tertiary (%) basalt into contact with
the agglomerate~tuff sequence. The attitudé is the same as fault (21),
and it is considered the southern extension. The dip-slip displacement
is approximately 800 feet, indicating a decrease southward. mw

(23) South of Nogal Canyon the fault zone described as faults iﬁ“
(21) and (22) lies wholly within the altered rhyolite. The strike
is the same as faults (21) and (22), but the dip has steepened to
80° Eo 'lhe displacement decreases rapidly to the south. The dip-slip
in section C-C' (see Flate I) is approximately 100 feet. The truncation
of clastic bedé and a weathered zone (associated with the upper part
of thedltered rhyolite flow breccia) marks the fault trace.

(24~25, 28) Andesite dikes apparently have been intruded into

fault zones within the agglomeraste-tuff sequence. It is probable that

the walls of these fissures have been forced apart by the intrusion
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of bhese dikes. The walls are Parallel and have an atlitude of N,
109 5,, go° Eo, in fault (24); de 42° W, s0° Woy dn Zawlt (25); N,
12° We, 80° W, in ranlt (28)o Displacements are indelbcrminate in
Taults (24) and (28). ‘lhe dip-slip of faull (25) is estiuated Lo
be 25 feot,.

(26) Late-iertiary (%) basall is faulted against the
agelonerate~tufl sequences Fault (26) represents an exbension ol
the fault patterns initiated by faults (24) and (25)e  luxbensions of
the same andesite dikes also fill this fault zone. ‘Ihis fault strikes
No 30° Bioy and the dip is nearly vertical. total displacanent is
unknown,'But the basall has been deopped into the same stratigraphic
position as the agglomerabe~tulf Sequences  enewal of movemsnt along
the fault after deposition of the basalt has placed the basalt in contact
with the andesites

(27) This fault bounds bhe late-Tertiary (%) basalt Llock on
the south and brings it into conbact with the aggiomerateutufr BeqUelICE.
The attilude is N, 75° We, &7° He 'he displacament is indelerininate.
The minimun stratigeaphic throw is 450 feel,

(29)  Altered rhiyolite flow breceia is downfanlted agalnst the
agglomerate~tuly sequence, ‘The fault zone is filled by an andesite
dike (apparently related Lo the Taults previously desceibed iu this
area) and may be an extension of the fault zone which includes faults
(21), (22), and (23). ‘he attilude is N, 120 Wo, 80° Wa Some type
of liinge movement is demonstrated here, since the displacement is

reversed from that of faults (21), (22), aud (23). A coubinuous
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decrease in displacement soubhward has been noteqd i faults (21),
(22), and (23)0 The displacement here cannot be heasured, Anothepr
indication of the hinge moveanent is Lhe change in direction of dip
in the fault zone from east, in faults (21), (22), and (23),

West, in fault (29),

(30)  “his fault is the northerly extension of fault (18) ang
probagbly represents a renewsl of novement along thig fault line
after deposition or the basalt, fThe attitude is w, 400 Woy 759 g,
Fault (30) is the northeastern boundary of the downfaulted basalt
block and has a minimum stratlgldphL Lhroy of L50 reet, The
contact‘relationships between the younger basalt and {he older rocks
surrounding it deterinine the faull pattery,

(31) This fault occurs wilthin the albtered rhyolite £low
breceia ang represents the norbher) and easteyn bouudaries of g
downi'anlted block. ‘fhe strike and dip are Variable, and Lo
displacenent, cannot be measured, Well~preserved slickenaides, as
well as Lie displacement of layers in the altered rhyolile, indicate
the fault trace,

(32) Silicification and breceiation mark Lie Lrace of this
faull. It sbtrikes K, 25 y, and dips 70° 1o the southwest ¢, but
gradually bends to the east in itg southern wxtension (nukjng up
the wesbern and southern boundarieg of the fault block described in
fault (31). ‘he agglomerate tLufy Sequence is faulted acainse the
altered rhyolite floy brececiae, An andesite dike £illy the fault
aone along the southerin Lwo=tii oy of ity exposuie and has cregled
marked dilation of the walls, The displacemcnlt ig jiuh}bemuinabe,

but the stratigraphic thoy cammol excead 75 feol,

I —————
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(33) Late-tertiary (%) basalt is downfaulted against the
aggzlomerate~tuff sequence, Faulb (33) strikes east-wesl and dips
approximately}SOo te  ‘the displacanent is indelerminabe, Lvidence
of the faulting is the Juxtaposition of beds.

(34) Iate-Tertiary (?) basalt is downfaulted against the basal
flow breccia, ‘he strike aﬁd dip are No 55° Wey 87° W, uposures
ar's poor, and evidence of faulling lies in the Juxtaposition of
the units. Displacement is not measurable bul must.be larre,

(35) ‘he agglomerate~tuff sequence 1s upfaulted against
altered rhyolite flow breccia. ‘he atbitude of the fault is Neo 20° W,
60° We  the dip-slip displacement is approximately 90 Leel, ‘lruncation

ol units is evidence of Taultinge
SPLCTROCHEMTCAT, LUVESTTGATLON

In order to determine bhe relabive abundance of certaln trace
elements in the volecanic rocks, spectrochemical analyses were
undertalkens 'he rock samples were crushed in g Jaw-type rock crusher
and ground in a pulverizer until the entire sample passed through a
1o0-mesh screen. 29 mg of sample were mixed with 1 mg lithium
Tluoride; carbon was added volunelrically to fill the electrode
cavity. ‘he electrodes were made from spectrographic carbon rods
witich had been soaked in aqua regia for a period of at leasl 10 dayse

Holes were drilled in the eleclrode, and it was necked, g standard




tool being used, in order to obtain uniforiitys. ‘The electrodes were
arced in an Applied Kesearch Laboratory Avc Specbrograph. lhe arc

m$MHMm1mm]Onm,amiacmwam<ﬂ’7mmxmsumm.imesmmm

was arced for 80 sec (time for complete burning)s rhe slit opening
was 10 micronse 'The film was developed for 2 min. An atlenpt to

. , i o
read the [ilm on a densitometer was unsuccessful for the most part,
because the arcing time was too long, therefore producing lines which
were too dark; double lines were formed bacause of the exlhremely
* narrow slit width used, Also, arc wandering due to bLhe wide eleclrode
separation caused great variations in line intensities, Sanples were
mul of all basic and acidic rocks described. A visual esbimabion of
relative intensities proved inadequate.
| The elements vanadium, tibaniwn, gallium, bariun, and chromiwn
were found to be present in mosl sauples. i'vLi.eschg repoits the
presence of bariwm, coball, chrowiws, copper, gallium, nickel,
strontiun, vanadium, yltriuwa, ybberbium, and zircoriws in both acidic
and baglc rocks of the area. In the acidic rocks, the addilional

clements beryllium, lanthanum, molybdenum, and lead aie reported;

in the basic rocks scandium is reported. lxcept for lanthanwa in

the acidie rocks, scandium in the basic rocks, and ytlriwa and

l, "The densitometer used was a Haird model at the Sandia Corporation
laboratories, Albuguerque, New lexico,

2. HMiesch, Ao Ts, Op. cit.

3¢ Miesch, A, Ta, op. citoe
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ytterbium in bolh, other rare-~earth elements (including Ce, Nd,
Dy, Er, Gd, and Sm) have not been detected in any of’ the samples
by the spectrochamical investigation ang likewise have nol beer
reported by Miesch, OQFf the eleuents detected, coballt, chiomiun,
copper, nickel, and vVanadium show an increase in abundance in the
basic rocks, whereas strontiua shows an increase in the acidic
rocks. The elements barium, gallim, yttrium, ytterbiwm, and
zirconium show the Sane relative aburdance ip both the basic and

acidic rocks,

CONCLUSIONS

The results of the field and laboratory studies indicabe that
the rocks of Hogal Canyon consist of volcanic flows, dikes, sills,
and pyroclastics and probably are derived from more Lhan one magmatic
Source., Indications are that the acidic volcanics have had a
different source than the basalts,

Ihe rhyolites are similar minaralogically and chemically,
Generally these rocks have the saue accessory minerals and laclk
crystalline quartz (which nay be accouwnted for in the highly
silicious groundmass, as determined by the refractive~index
leasurements of the natural glass). Fusion results (see Plate IX)
show a grouping of the rhyolites within the lindts of 70 to h

percent silica and indicate 1o important chemical changes in the

sequence,
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There is no evidence of any major alteration changing the
fundamental chemical composition of the rocks, Locally, beds of
the pyroclastic agglomerate-tuft sequence have been kaolinized, and
potash has been removed, malking the rock appear somewhat low in the
percentage of that constituent (see Table I1). Other rocks show
approximately average rhyolite composition (see Tables I, I1Y, and
V)

Spectrochemical investigation shows that the rhyolites of
the area are somewhat unusual because of their lack of mauy of the
rare earth elements (Ce, Nd, Dy, Er, Gd, and Su)e Yitriun and
ytterbiwn are detected as having approximately the same abundance
in the basic and igneous rocks in this area but generally show

: . . ‘e 1
ail increase in abundance in acidic igneous rocks. As is expected, 1l
lanthanwn shows an enrichment in the acidic rocks, and scandium
an enrichment in the basic rocks. Calfium and zircoqium,both shiow
approxiately the same enrvichment in basic aud acidic rocks but

: . L2 .

generally show an increase in acidic rocks. These traze-slement
concentrations indicate the chemical similarities of Lhe rhyolites
ol MNogal Canyon and may be indicative of a single source ol these
1ocks. ‘lhe correlation of some of these rhyolitic units with those
of Miesch3 sugegests thal the source lies to the north or Hogal

Caryone

1. IRtankama, K., and Sahama, T. C., Geochemistry, po. 517, Unive of
Chicago Press (1950).

2o Rankama, K., and Sahama, Te Go, Ope cite

Jo liesch, Ao Te, Opo cibe
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There is no evidence of any magnatic separation eithier in
the chemical or mineralogical data. MNo gravitative separation of
any of the elements is apparent. The basalls also appear to have
a single source separate from that of the rhiyolites. ‘The relative
abundance of basaltic outcrops in the southwestern part of tlie areg
Suggests that their source lies to the west of Nogal Canyon. They

o1
are apparently extrusions of g basaltic magma as such, The acidic
lagma, because of its chemical composition as expressed in Lhe
riiyolites, is derived possibly from the refusion of the base of the

-

granitic layer of the earth,

L. Bowen, Ne L., op. cit.

2o  Bowen, N. L., op. cile
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