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ABSTRACT

The Taylor Creek district is located in the nor thern
Black Range of southwestern New Mexico and has produced about
70 tons of tin concentrate that averaged 40 to 50% Sn. Tin
deposits similar to those in the Taylor Creek district oceour
in the Sierra Cuchillo; 20 to 30 km east of the Taylor Creek
district. The tin deposits occur in high-silica rhyolite
lavas, three of which are presently known; the Taylor Creek
Rhyolite and rhyolite of Dolan Peak in the Black Range and
the rhyolite of Willow Springs Draw in the Sierra Cuchillo.
These lavas occur near the top of the Tertiary volcanic
plateau known as the Mogollon-Datil volcanic field. 1In the
Black Range and Sierra Cuchillo, the Mogollon-Datil volcanic
field can be divided into two age groups. The older group
(44 to 35 Ma) consists of intermediate to mafic lava flows,
locally derived volcaniclastic sedimentary rocks, and felsic
pyroclastic rocks. The bulk of the group is included in the
Rubio Peak Formation. The top of the group is the 35 Ma
Kneeling Nun Tuff.

A hiatus in volcanism of perhaps 5 to 6 Ma occurred
after the Kneeling Nun Tuff was erupted and appears to have
occurred over the entire Mogolon-Datil volcanic field;
however, a few volcanic units were erupted during this time.
The basaltic andesite of Poverty Creek was erupted after the
hiatus and is in turn overlain by a thick sequence of high-
silica rhyolite lavas and pyroclastic rocks that includes the

tin-bearing rhyolite lavas. The high-silica rhyolites were
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4 erupted about 29 to 28 Ma.

The high-silica rhyolites were quickly covered by the
sandstone of TInman Ranch that was in turn covered by the Gila
Conglomerate and the andesites of the Bearwallow Mountain
Formation, the youngest volcanic unit in the Taylor Creek
district. After eruption of the Bearwallow Formation, a
regional erosion surface that sloped gently to the west
formed. Epeirogenic uplift about 5 Ma ago caused streams in
the area to incise and created the plateaus and deep canyons
that are typical of the present topography.

Vapor-phase crystallization (VPC) is widespread in the
high-silica rhyolite domes of the tin-bearing rhyolites and
is intimately associated with the tin mineralization. Three
intensities of VPC are recognized: mild, moderate and
intense. Mild VPC is pervasive and is characterized by mild
bleaching of the rhyolite and deposition of quartz and
sanidine in open space along flowbanding. Moderate VPC is
restricted to thin zones around areas of intense VPC. The
zones of moderate VPC are intensely bleached and quartz,
sanidine, hematite, pseudobrookite, bixbyite, topaz, beryl,
and cassiterite are deposited in lithophysae. Selvages on
lithophysae have undergone intense VPC. Small zones of
intense VPC typically several tens of meters across are
distinct and consist of "punky", flowbanded rhyolite lava.
Overgrowths on quartz and sanidine phenocrysts, dramatically
increased groundmass crystallite size, and recrystallization
of spherulites to granophyre are typical mineralogical

changes. Intense VPC occurs within a few tens of meters of
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the paleosurface of the affected domes.

Most elements were mobilized by the fluids responsible
for VPC. Ba, Cs, Y, and the rare earth elements (REE) are
dramatically enriched in the zones of intense VPC relative to
mildly vapor-phase crystallized rhyolite; Ti, Nb, Pb, Sb, U,
and Sn are depleted; As, C1, F, Sc, Sr, and Zn exhibit both
enrichments and depletions. Enrichments and depletions in
zones of moderate VPC are similar to those in zones of
intense VPC, except that F, Mn, Mg, Se, and Sr are enriched
in these zones. 8n, Fezoa, As, Sb, Pb, W, U, Sc¢, Ta, Cs, Co,
and Cr are enriched in the tin deposits that occur in and
above the zone of moderate VPC (lithophysal zone). Ga, Hf,
Zr, and Th are apparently immobile. Oxygen-isotope
composition of quartz from lithophysae (+?.50/oo) suggests
that the fluids responsible for VPC were magmatic. Fluid
inclusion homogenization temperatures in quartz overgrowths
and quartz from lithophysae are >720° C, also suggesting that
the fluids responsible for VPC were of magmatic origin.

The tin-bearing rhyolite lavas are enriched in Sioz,
Kzo, Rb, Nb, Th, and U and depleted in Ca0, Sr, and Ba
compared to average rhyolite and granite. The major element
compositions of the lavas are virtually identical with the
exception of Tioz, which decreases with increasing Rb. Nb,
Ta, and Th increase with increasing Rb and Ba, Sc, and Sr
decrease with increasing Rb in the magmas. Rare-earth
element patterns are flat with large negative Eu anomalies.
The middle rare-earth elements exhibit a distinct sag

relative to the light and heavy rare earth elements.
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Initial 87SR/SGSr ratios for the tin-bearing rhyolites
are bétween 0.708 and 0.713. The oxygen-isotopic composition
of quartz phenocryst separates from the rhyolites are between
7.5 and 7.8 o/oo.

Crystal-liquid fractionation models suggest that
crystallization of plagioclase, K-feldspar, and quartz in a
shallow magma chamber produced trace element covariations
observed in the rhyolites and controlled the major element
concetrations in the rhyolite magmas. The rare earth
concentrations were controlled by plagioclase, allanite, and
sphene crystallization. Variable contamination of the

rhyolite magmas produced the variations of initial R7

Sr/BGSr
ratios. Major and trace element modeling with the mode
present in the rocks will not produce the trace element
covariations observed in the rocks; however, modeling with
the same minerals in different ratios will produce most of
the trace element covariations observed.

The lack of intermediate composition volcanic rocks
associated with the tin-bearing rhyolites argues against
fractionation of an upper mantle-derived parent for the tin-
bearing rhyolite magmas because of the large amounts of
crystal-liquid fractionation required to produce the tin-
bearing rhyolites from mantle derived, alkali basalts.
Partial melting of lower to mid-crustal, felsic granulites
can produce magmas very similar to A-type granites in
composition. Crystallization of plagioclase and amphibole

from the A-type granite composition melts produced the most

‘mafic of the tin-bearing rhyolite magmas.
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Lode tin mineralization conists of hematite-cassiterite-
wood tin veiﬁlets located near the paleosurface of the
rhyolite domes. Very small amounts of quartz-calcite-
fluorite mineralization fills open space that remained after
tin deposition was complete. The tin mineralization is
intimately associated with small zones of intense vapor phase
crystallization of the host rhyolite.

Fluid inclusion homogenization temperatures (Th) in
cassiterite, quartz and topaz in the tin mineralization are
>650° C. Overgrowths on quartz phenocrysts in zones of
intense vapor phase crystallization contain inclusions with
Th of 730° ¢. Fluid inclusion Th in quartz-calcite-fluorite
mineralization are between 380 to 130° C. The oxygen isotope
composition of quartz associated with the tin mineralization
is about 7.50/00. Quartz in the quartz-calcite-fluorite has
6180 compositions of 5 to llo/oo. Whole rock rhyolite samples
near the tin mineralization has 6180 values of 6.1 to 9.9.
Estimated magmatic values for the whole rock samples are 6.5
to 6.8 0/00 suggesting that the whole rock samples were

enriched with 180.

Fluid inclusion gases in the tin minerals
are similar to recently active volcanic fumaroles.

Calculated f02 of fluid inclusion gases in wood tin and
cassitierite indicate that the f02 of the fluids ranged from
10729 0 1071% at 627° c. The higher f,, values were for tin
mineralization very near the paleosurface. The £y, Of the
fluid inclusion gases in tin minerals decreased with depth of
the host mineral. Fluid inclusion gases in the quartz-

calcite-fluorite mineralization are organic-rich fluids

.-.‘I--------------------------"""""""'---



(16)
similar to fluid inclusion gases in many epithermal deposits.
The data strongly suggest that the fluids responsible
for the tin mineralization were magmatic fluids derived from
the host rhyolite and that the tin was deposited as fumarolic
incrustations. Fluids responsible for quartz-calcite-
fluorite mineralization were meteoric water, but had an
undetermined magmatic water component. The small volume of
the quartz-calcite-fluorite mineralization and the lack of
6180 depletion in the host rhyolite indicate that the
meteoric water dominated hydrothermal system that deposited
the quartz-calcite-fluorite minerlization was short lived.
The host rhyolites probably originated as partial melts
of lower crustal, biotite-bearing granulites with a small,
but undetermined upper mantle component. The parent liquids
were probably similar to A-type granites and crystallization of
plagioclase, K-feldspar, and quartz in a high level magma
chamber enriched Rb, Nb, Ta, Th, and Sn and depleted Sr and
Ba in the tin-bearing rhyolites. Tin was transported as
| snclt in magmatic, supercritical fluids and was deposited as
near surface, fumarole incrustations by decreasing

temperatures and increasing £ Fluid flow rates determined

02°
the texture of the resulting tin mineralization. Tin was
enriched in the magma by crystal-liquid fractionation.
Economic potential for the rhyolite-hosted tin
mineralization is low. Potential for tin- and tungsten-

bearing skarn mineralization and lode deposits at depth is

very good, but depth to the deposits may be prohibitive.
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FORMAT OF THIS DISSERTATION

This dissertation is written as a series of 4
-manuscribts (see DISCLAIMER on page 2). Each chapter thus
.has an abstract, introduction, a section on regional and
local geology, and a reference list. This format leads to
some duplication in the regional and local geology sections
and in the reference lists; however, duplication of data has
been minimized by referencing each chapter as a separate
paper. The chapters are as follows:

Chapter 1 describes the stratigraphy and discusses the
geologic history of the Taylor Creek district and the
volcanic section in the Sierra Cuchillo. It will appear in
print as a New Mexico Bureau of Mines and Mineral Resources
Bulletin coauthored by Ted L. Eggleston and David I. Norman.
In this dissertation, it is referred to as Eggleston and
Norman (1987; in prep.).

Chapter 2 describes and discusses the mineralogical and
chemical effects of intense vapor phase crystallization on
high-silica rhyolite lavas. It is coauthored by Ted L.
Eggleston, David I. Norman and Samuel M. Savin and will be
referred to as Eggleston and others (1987; in prep.) with a
letter designator appropriate for the chapter in which the
reference appears. This chapter will be submitted to the
Journal of Volcanology and Geothermal Research.

Chapter 3 discusses the petrochemistry and petrology of

the tin-bearing rhyolites. It will be coauthored by Ted L.
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Eggleston, David I. Norman, and Samuel M. Savin and will be
referred to as Eggleston and others (1987; in prep.) with a
letter designator arropriate for the chapter in which the
reference appears. This manuscript will be submitted to
Contributions to Mineralogy and Petrology.

Chapter 4 describes the tin mineralization and discusses
the possible origin for the mineralization. It will also be
coauthored by Ted L. Eggleston, David I. Norman, and Samuel
M. Savin and will be referred to as Eggleston and others
(1987; in prep.) with a letter designator appropriate for the
chapter for which the reference appears. This chapter will
be submitted to Economic Geology.

The appendices at the end of the manuscript will be

included with Chapter 1 in the New Mexico Bureau of Mines

and Mineral Resources Bulletin.
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CHAPTER 1

The data collection and interpretation in this chapter

is the responsibility of Ted L. Eggleston. David I. Norman
advised this thesis.
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GEOLOGY OF THE TAYLOR CREEK DISTRICT,

BLACK RANGE, NEW MEXICO

Ted L. Eggleston and David I. Norman
New Mexico Institute of Mining and Technology

Socorro, New Mexico 87801

ABSTRACT

The Taylor Creek district is located in the nor thern
Black Range of southwestern New Mexico and has produced about
70 tons of tin concentrate that averaged 40 to 50% Sn. Tin
deposits similar to those in the Taylor Creek district occur
in the Sierra Cuchillo; 20 to 30 km east of the Taylor Creek
district. The tin deposits occur in high-silica rhyolite
lavas. Three tin-bearing rhyolites are presently known;
the Taylor Creek Rhyolite and rhyolite of Dolan Peak in the
Black Range and the rhyolite of Willow Springs Draw in the
Sierra Cuchillo. These lavas occur near the top of the
Tertiary volcanic plateau known as the Mogollon-Datil

volcanic field. 1In the Black Range and Sierra Cuchillo, the
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Mogollon-Datil volcanic field can be divided into two age
groups; The older group (44 to 35 Ma) consists of
intermediate to mafic lava flows, locally derived
volcaniclastic sedimentary rocks, and felsic pyroclastic
rocks. The bulk of the unit is included in the Rubio Peak
Formation. The top of the group is the 35 Ma Kneeling Nun
TUf L.
A hiatus in volcanism of perhaps 5 to 6 Ma occurred
after the Kneeling Nun was erupted. That hiatus appears to
have occurred over the entire Mogolon-Datil volcanic field;
however, a few volcanic units were erupted during this time.
' The basaltic andesite of Poverty Creek was erupted after the
hatus and is in turn overlain by a thick sequence of high-

| silica rhyolite lavas and pyroclastic rocks that includes the
tin-bearing rhyolites., The high-silica rhyolites were
erupted about 29 to 28 Ma.

The high-silica rhyolites were quickly covered by the
sandstone of Inman Ranch that was in turn covered by the Gila
Conglomerate and the basaltic andesites of the Bearwallow

: Mountain Formation, the youngest volcanic unit in the Taylor
Creek district. After eruption of the Bearwallow Formation,

a regional erosion surface formed in the region. Pediments

| formed to the crest of the Black Range and were graded to the
west. FEpeirogenic uplift about 5 Ma ago caused streams in the
area to incise and created the plateaus and deep canyons that

are typical of the present topography.
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INTRODUCTION

Tin mineralization in the Black Range of New Mexico was
rediscovered by J.N. Welch in 1918 while he was prospecting
for gold (Hill, 1921). Prior to that time, wood tin (a
microcrystalline, botryoidal form of cassiterite) nuggets had
been used by cliff-dwelling Indians as ornamental stones
(Harrington, 1943), After Welch's discovery in 1918, the
region experienced a short-lived boom and most of the tin
occurrences known today were located. Tin was found in
placers as both wood tin and as coarsely crystalline
cassiterite. Lode deposits consisting of hematite-
cassiterite-bearing veinlets were also located. Since little
tin was discovered, the boom soon fizzled and interest in the
area dwindled. During the Second World War, the region was
again the center of interest because the United States' major
supplier of tin, Southeast Asia, was cut off from the rest of
the World (Harrington, 1943a; 1943b). An experimental mill
was erected on Taylor Creek and a small amount of ore was
processed by grinding, gravity separation and finally,
magnetic separation. The ore, however, was not of sufficient
grade and tonnage to sustain the mill. Placer production was
small. The lack of water and small size of the placers are
problems even today. Since World War II placer deposits have
contributed all of the production in the district, which
amounts to a few tens of tons of cassiterite concentrate.

None of the tin properties in the Black Range are currently

_—
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; operating, although sporadic exploration continues.

The Taylor Creek district was named by Hill (1921) and
includes all or parts of T. 8, 9, 10, 11, 12 s., R. 10, 11,
12 W. Although several names including Black Range tin
district (Fries and Butler, 1943; Maxwell and others, 1985),
and the Black Range district (File and Northrup, 1966) have
been used for this district, we retain Hill's (1921)
nomenclature to avoid ambiguity because what is now the
Chloride district (File and Northrup, 1966) has also been
known as the Black Range district.

During the course of a study of the tin mineralization
in the Taylor Creek district (Fig. 1), it became evident that
the regional geologic setting of the district was poorly
understood. Also, the spatial and temporal relationships of
the tin mineralization and the rhyolites that host them were
likewise poorly understood. With the exception of the
regional mapping of Fries and Butler (1943) , studies of the
geology of the tin district were restricted to the immediate
vicinity of tin occurrences (Fries, 1940: Volin and others,
1947: Lufkin, 1972: Correa, 1981: Goerold, 1981: Harvey,
1985). Coney (1976) and W.E. Elston (unpublished mapping)
defined much of the regional stratigraphy, but those studies
were reconnaissance in nature and did not specifically
address the tin district. The U.S. Geological Survey has
recently published a few geologic quadrangle maps that cover
parts of the district (Richter, 1978: Lawrence and Richter,
1986: Richter and others, 1986), but those studies cover

geology on the fringes of the main tin distriect (see index
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map on Plate 1). Other studies by Harley (1934), Erickson
and others, (1970), Woodard (1982), and Fodor (1976) have
included geology near the district. The mineralogic studies
of Fries and others (1942), Lufkin, (1976; 1977), Kimbler and
Haynes (1980), Narsavage (1981), and Foord and others (1985)
have described, in detail, the mineralogy of the tin deposits
and associated gangue.

In order to define the detailed geologic history of the
region as well as the spatial and temporal relationships of
tin mineralization to domes that host the mineralization, the
region was mapped at a scale of 1:24,000 and then reduced to
1:50,000 (Plate 1). The index map on Plate 1 indicates where
prior mapping is available. Prior mapping was compiled,

field checked, and the nomenclature adjusted to conform to

that of this study. Stratigraphic nomenclature described in

this report supercedes the nomenclature of Eggleston and

‘ Norman (1983).

BEach unit was sampled for geochemical analysis. The

‘ samples were chosen to accurately represent the unit in
question. 1In most units, multiple samples were taken. Since
non-hydrated vitrophyres are not present in these rocks,
dense, lithoidal rhyolite was the first choice for

5 representative analyses. When poorly welded ignimbrites were

‘ sampled, pumice fragments were chosen. To evaluate the
importance of chemical zonation in these ignimbrites,
multiple samples were collected from vertical sections of the
unit in question. With rare exception, geochemical samples

were collected from the cores of boulders to minimize the
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effects of weathering. Some units such as the basaltic
andesite of Poverty Creek are intensely fractured and large
boulders ‘are rare. 1In those cases, sampling was accomplished
by searching for fresh outcrops and carefully trimming the
largest fragments available. Appendix 1 is a complete
tabulation of all geochemical analyses obtained during this
studg. Appendix 2 consists of brief sample descriptions with
1ocatidn$‘of each sample. Additional geochemical analyses of
the Taylor Creek Rhyolite are found in Lufkin (1972),
Bornhorst (1980), Correa (1981), Goerold (1981), and Maxwell
and others (1986).

Multiple samples of each of the various domes of Taylor
Creek Rhyolite were collected to investigate the effects of

vapor phase crystallization. Samples were collected to

evaluate the process from its incipient to most intense

stages.

ANALYTICAL METHODS

Major and some trace element analyses were performed on
a Rigaku six-position, computer-controlled Xx-ray fluorescence
spectrometer (XRF) at the New Mexico Bureau of Mines and
Mineral Resources. The spectrometer utilizes a Rhodium X-ray
tube. A fusion disk technique similar to that described by
Norrish and Hutton (1969) was used for major elements. Loss
on ignition was determined gravimetrically after fusing a
sample for 2 hours at 1010° C. in a muffle furnace.

Instrumental settings for major and trace element analyses

I —
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are found in Appendix 3.

Rb, Sr, ¥, Nb, Z2r, Th, U, Pb, Cu, Ni, ﬁn, Ga, and Sn
were determined by XRF using pressed pellets. Mass
absorption corrections were applied using the rhodium K-alpha
compton peak. The pellets were pressed under 10 tons of
pressure with 2% polyvinyl alcohol as a binder. Cr, V, and
Ba were determined on the same pellets using mass absorption
coefficients calculated from the major element analyses.

Instrumental neutron activation analysis (INAA) was
used for analysis of the rare earth elements (REE) and a
number of trace elements (Table 1). The samples were sealed
in high-purity quartz tubes (Jacobs and others, 1977) and
irradiated at the reactor at the University of Missouri,
Columbia. The samples were then counted at the New Mexico
Institute of Mining and Technology. Data reduction was
accomplished using software supplied by Nuclear Data, the
system manufacturer, or by a software package called TEABAGS
(Lindstrom and Korotev, 1982),

FeO was determined by titration (Reichen and Fahey,
1962). F was determined by specific-ion electrode after
fusing the sample in lithium metaborate following the
procedure of Bodkin (1977). Cl analyses by mercuric nitrate
titration were kindly provided by Lynn Brandvold, Chemist,
New Mexico Bureau of Mines and Mineral Resources,

Precision of the analyses of all the elements was
estimated by analyzing multiple aliquots of internal
standards (Appendix 4). Three materials were used for this

purpose: 1) a sample of the Taylor Creek Rhyolite (TTC); a
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sample of a normal rhyolite from the Socorro area (NMR1), and
3) a sample of basalt from the young basalt flows near
Carrlzozo, New Mexico (CzZB).

Oxygen isotopic analyses were performed by the author at
the Laboratory of 5. Savin, Case Western Reserve University,
Cleveland, Ohio. Oxygen was liberated from silicate
materials using the bromine pentafluoride technique of
Clayton and Mayeda (L963) and analyzed on a Nuclide 6=inch,
sob—sector, ratio mass spectrometer, Sr~-isotopic analyses
were performed by Dr. Davig Norman at the Mineralogisk-
Geologisk Museum, Oslo, Norway. Rb and Sr in most of the
samples were determined by isotope dilution.

Thin sections of each geochemical sample were stained
using a modification of the technique of Wilson and Sedora
(1979). Point counts of selected thin sections were

performed to accurately determine the quartz-sanidine ratios.
REGIONAL GEOLOGY

The Taylor Creek district is located near the center
of the Mogollon-patil volcanic field west of Winston, New
Mexico (Fig. 1). This volcanic field is a mid-Tertiary
volecanic plateau consisting of mafic to felsic lavas,
Pyroclastic rocks, and volcaniclastic sedimentary rocks that
rest unconformably on Precambrian to early Tertiary rocks.
In the Taylor Creek region, the volcanic rocks can be divided
into two broad groups, a lower, generally mafic to

intermediate group and an upper, bimodal group.
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The ;oﬁer group consists of the Rubio Peak Formation,
which is a thick sequence of mafic to interﬁediate lavas,
volcaniclastic sedimentary rocks, and mudflow deposits. Near
the top of thé formation, thin felsic tuffs are common (R.
Harrison, 1986). This formation is broadly similar to the
Datil Group to the north (Osburn and Chapin, 1983). The age
of the Rubio Peak Formation is between about 40 Ma and 35 Ma.
The lower boundary is not clearly defined and some Rubio Peak

Formation rocks may be older than 40 Ma in the Hillsboro area

(Seager and others, 1984). The upper limit of the Rubio Peak

40

is the base of the Kneeling Nun Tuff, Ar/3gAr dated at

35.28 + 0.15 Ma (McIntosh and others, 1986).

+ Overlying the Kneeling Nun Tuff is an unnamed bimodal
sequence that consists of basaltic andesite lavas and high-
silica rhyolite lavas and pyroclastic material. The mafic
portion of this sequence is the basaltic andesite of Poverty
Creek, the felsic portion is the high-silica rhyolites
comprising the Taylor Creek Rhyolite, rhyolite of Dolan Peak,
and pyroclastic rocks associated with these units. The Taylor
Creek Rhyolite overlies the La Jencia Tuff, which is a
regional ignimbrite erupted from the Sawmill Canyon and
Mogologn cauldrons in the Magdalena Mountains near Socorro
New Mexico. The La Jencia Tuff has been dated by McIntosh

40

and others (1986) by “’Ar/>’Ar at 28.78 + 0.15 Ma. A sample

of the La Jencia Tuff collected from exposures in Scales

Canyon in the study area yielded a 40

Ar/39Ar date of 28.8 +
0.15 Ma (McIntosh, 1986, oral communication).

In other parts of the Mogollon-Datil volcanie field, the

_
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period between 29 and 27 Ma was a time of cauldron formation
and eruption of regional ignimbrites (Osbufn and Chapin,
1983; Ratte' and others, 1984; Elston and others, 1984), 1In
the Socorro area, cauldrons erupted several thousand km3 of
ignimbrites (Osburn and Chapin, 1983; McIntosh and others,
1986) . Similarly, cauldrons in the Mogollon Mountains near
Mogollon erupted large volumes of ignimbrites (Ratte and
others, 1984). The Bloodgood Canyon Tuff from the Bursum
éaldera near Mogollon overlies the Taylor Creek Rhyolite near
Wall Lake., McIntosh and others (1986) report a 40Ar/39Ar
date of 28.23 + 0.15 Ma for the Bloodgood Canyon Tuff.

The Bearwallow Mountain Formation is the youngest
volcanic unit within the study area. Dates for this unit
range from about 20 to about 26 Ma. (Elston, 1976). Within
the study area, the Bearwallow Mountain Formation overlies
the sandstone of Inman Ranch, which has been dated at upper
Oligocene to lower Miocene by vertebrate fossils (Tedford,
1981; 1986, written communication). Relations between the
Bearwallow Mountain Formation and the older units in the area
are uncertain.

The Gila Conglomerate caps the Tertiary volcanic section
in the Black Range. WNumerous basalt flows intercalated
within the Gila Conglomerate have been dated by conventional
K-Ar methods and typically fall between 0.9 and 20.6 Ma
(Elston, 1976). The Gila Conglomerate is broadly correlative
with the Santa Fe Group in the Rio Grande Valley. The
boundary between the two units has arbitrarily placed at the

continental divide (Elston and Netelbeek, 1965; Elston, 1976).

-L——
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CORRELATION

Figufe 2 outlines the various published and unpublished
stratigraphic sections in the study area and the proposed
correlations between the various sections. As can be seen
from the diagram, the nomenclature for the region has
devéloped since the pioneering work of Fries (1940). Coney's
(1976) nomenclature was the basis for this study and was
revised as necessary. See the notes in the caption for
Figure 2 for descriptions of detailed problems with

correlations.

STRATIGRAPHY

The following section includes brief descriptions of the
lithology and geochemistry of the stratigraphic section in
the Taylor Creek district. Figure 3 is a schematic
stratigraphic column of the Taylor Creek district. In
addition to the lithologic descriptions of each unit,
representative geochemical analyses are included (Table 1) as
an aid to classifying the rocks. Appendix 1 is a tabulation
of analyses for rocks analyzed during this study. Appendix
2a is a listing of the samples including sample locations and
descriptions for each sample. Appendix 2b is a tabulation of
point-count data for various units in the stratigraphic

section. Figure 4 is the total alkali-SiO. diagram that is the

2
basis for the IUGS classification for volcanic rocks (Le
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Maitre,ll984) and is used by this study for classification of
the volcanic rocks. Table 2 lists thin secEiOn point counts
for vérious units in the Taylor Creek district.

Most of the deposits in the Taylor Creek district are
Oligocene age, Exceptions are the lower Rubio Peak Formation
-which is late Eocene (Seager and others, 1982);: the
Bearwallow Mountain Formation that may be in part, lower
Miocene (Elston, 1976); and the Gila Conglomerate. The age
of Gila Conglomerate in this area is not known; however,
isotopic dates on basalts intercalated within the Gila
Conglomerate elsewhere range from 0.9 to about 21 Ma (Elston,

1976) .
TERTIARY VOLCANIC AND VOLCANICLASTIC DEPOSITS

Rubio Peak Formation

Within the study area, the Rubio Peak Formation (Jicha,
1954) consists entirely of basaltic andesite lava flows and
intercalated volcaniclastic sedimentary rocks (Fig. 5). The
base of the unit is not exposed, thus no estimate of the
total thickness can be made. Harrison (1986) has mapped
felsic ignimbrites near the top of the Rubio Peak Formation
immediately east of the area of Plate 1. No source for these

ignimbrites has yet been recognized.
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Kneeling Nun Tuff

The Kneeling Nun Tuff (Jicha, 1954) consists of as much
as 200 m of rhyolite ignimbrite in a normally zoned, multiple
flow unit (Bornhorst, 1980). At Poverty Creek, it is densely
welded, crystal-rich, and white to buff in color with
variable proportions of pumice and lithic fragments (Fig. 6).
The rock contains about 35% total phenocrysts consisting of
sanidine (15%), quartz (12%), plagioclase (5%), biotite (2%)
and traces each of zircon and opaque minerals. The
phenocrysts are generally broken and the quartz is embayed.
Sanidine and quartz phenocrysts may be as much as 3 mm in
diameter. Pumice is generally axiolitic and the groundmass
is vitroclastic. The major element chemistry of a single
sample indicates that the Kneeling Nun is rhyolite (Fig. 4).
Data from Bornhorst (1980) suggests that the Kneeling Nun
Tuff is normally zoned, that is, it is more felsic near the
base than at the top of the unit.

Coney (1976) and Woodard (1982) tentatively
correlated these exposures with the Hells Mesa Tuff to the
north, but the age and apparent normal zoning of the
exposures in Poverty Creek precludes that correlation
(Eggleston and others, 1983: Bornhorst, 1980). McIntosh and

40Ar/39Ar plateau date for the

others (1986) determined a
Kneeling Nun in Poverty Creek of 35.28 + 0.15 Ma that also
precludes correlation with the Hells Mesa Tuff because the

Hells Mesa has been dated at 32.04 + 0.15 Ma (40Ar/39Ar,
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McIntosh and others, 1986). Woodard (1982) mapped the
Kneeling Nun Tuff as two members, but such a division was not

possible within this study area. The source of the Kneeling

Nun Tuff is believéd to be the Emory cauldron, several

kilometers south of the study area (Elston, 1976).

Tuff of Koko Well

The tuff of Koko Well (informal name) is a thick,
poorly welded ignimbrite that overlies the Kneeling Nun Tuff.
The base of the Koko Well is thinnly bedded and crystal-poor
with only about 3% feldspar and a trace each of quartz and
biotite. The bulk of the unit has the same mineralogy, but
is massively bedded. Pumice is common and locally defines a
foliation; lithic content is variable. The unit is as much
as 60 m thick and is locally eroded leaving the overlying
basaltic andesite of Poverty Creek in contact with the
Kneeling Nun Tuff. At the base of the tuff of Koko Well is a
discontinuous, moderately to densely welded ignimbrite that
contains about 6% sanidine, 3% plagioclase, 1% biotite and a
trace of amphibole and opaque minerals. The unit is
rhyolitic and as much as 10 m thick. This basal ignimbrite
is an alkali-rich rhyolite (Fig. 4). Sources for both these
tuffs are unknown.

The unit is named for exposures along the south side of
Poverty Creek at Koko Well (Swl/4, S. 6, T.10 S., R.9 W.). A
complete section of the tuff of Koko Well is not known at

this time. The unconformity at the base of the Poverty Creek
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~is regional in extent and has eroded through the tuff of Koko
Well into the underlying Kneeling Nun Tuff (R. Harrison,

11986, oral communication).
Basaltic andesite of Poverty Creek

The basaltic andesite of Poverty Creek (Coney, 1976)
consists of as much as 200 m of basaltic andesite to dacite
lava flows (Fig. 4) with minor interbedded volcaniclastic
sedimentary rocks (Fig. 7). Woodard (1982) reports a
conventional K-Ar date of 28.3 + 0.6 Ma for the basaltic
andesite of Poverty Creek. The basaltic andesite is fine-
grained, nearly aphyric rock with 1 to 2 mm phenocrysts in a
trachytic groundmass. The sparse phenocrysts consist of
clinopyroxene and plagioclase. As much as 10% iddingsite and
bowlingite are present and are probably alteration products
after olivine. A few grains of amphibole are present in some
flows. Thickness of the individual flows is difficult to
establish because of poor exposures in the low, rolling
topography that typically occurs on this unit.

The sedimentary rocks intercalated between the flows are
typically green sandstones and siltstones that rarely exceed
a Ehickness of 2 m. The detritus is all andesitic and
suggests that the detritus was locally derived.

The Sio2 content of the basaltic andesite of Poverty
Creek ranges from about 53% to 63% indicating that the unit
consists of both basaltic andesite and andesite (Fig. 4).

The basaltic andesite of Poverty Creek is more felsic at the



(37)
top than at the base (Table 1, Fig. 4). This change is
noticeable in thin section because the uppér flows contain
mor e piagioclase than do the flows near the base. Near the
continental divide, flows near the top of the unit have been
mildly propylitized; the center of alteration is south of
Kline Mountain.

Thickness of the basaltic andesite of Poverty Creek is
controlled by paleotopography on the unconformity at the base
of the unit. As much as 100 m of relief is apparent on that
unconformity. The top of the Poverty Creek has as much as 30

m of relief, thus the thickness of the unit is between 40 and

200 m.
Tuff of Stiver Canyon

The tuff of Stiver Canyon is a crystal-poor to
moderately crystal-rich, high-silica rhyolite-ignimbrite
(Fig. 4) named for exposures in Stiver Canyon (Woodard, 1982).
North of Kline Mountain, this cliff-forming ignimbrite
consists of phenocrysts of sanidine (2%), quartz (1%) and
biotite (trace) in a vitroclastic groundmass (Fig. 7).
Lithic fragments comprise as much as 5% of the rock and
consist of flow banded rhyolite and andesite. Several
individual flow units have been recognized and a fluvial
interval is locally present near the base of the unit. The
fluvial interval consists of 1 to 2 m of sandstone and
conglomerate with pebble to cobble size clasts.

South of Kline Mountain, the unit is moderately crystal-

_;—
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rich and consists of sanidine (10%), gquartz (5%), and biotite
(trace)-phenocrysts in a vitroclastic groundmass. This
assemblage is present in the type section (Woodard, 1982),
however, B. McIntosh (1986, oral communication) reports
that the paleomagnetic inclination and declination is
different for the two areas.

The differences in crystal content and paleomagnetism of
the tuff north and south of Kline Mountain is problematic.
Because the unit occurs at the same stratigraphic interval,
the difference in crystal content may be due to zonation in
the unit or may be due to miscorrelation. The paleomagnetic
data suggests that the tuff in the two areas was erupted at
different times and that the tuff that immediately overlies
the basaltic andesite of Poverty Creek north of Kline
Mountain is probably not correlative with the tuff south of
Kline Mountain, but that controversy will only be settled by
detailed mapping north and south of this study area.

Woodard (1982) reported 170 m of Stiver Canyon near
Lookout Mountain, south of the area of Plate 1. Within the

area of Plate 1, the Stiver Canyon is a maximum of 40 m

thick. The source of the tuff of Stiver Canyon is unknown.,
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Tuff of Lookout Mountain

The tuff of Lookout Mountain (Woodard, 1982) is a
moderately welded, crystal-rich ignimbrite. Woodard (1982)
reports that the unit consists of phenocrysts of quartz
(10%), sanidine (15%), amphibole (tr), and opaque minerals
(tr) in a vitroclastic groundmass. The unit is exposed only
along the southeastern border of Plate 1 thus little is known
about its regional extent. The source vent for this

ignimbrite is not known at this time.
Rhyolite of Sawmill Peak

The rhyolite of Sawmill Peak (new, informal name) is a
sequence of dark, red-brown, rhyolite lavas found on Sawmill
Peak and on the north rim of Poverty Creek (Fig. 7). It is
named for the section on Sawmill Peak (sec.7, T.1l0 S., R.9
W.). The color of these lavas is distinctive as are the 7 to
10% large sanidine phenocrysts that commonly exceed 7 mm in
length. Only trace amounts of quartz and biotite are present
as phenocrysts and plagioclase is notably absent. The
groundmass is microtrachytic and flowbanded (Fig. 8). The
rhyolite of Sawmill Peak is markedly flow-banded and a
breccia commonly marks the top and bottom of individual
flows. At least two flows are present on Sawmill Peak. One
flow overlies the tuff of Stiver Canyon, the other flow is
intercalated in the tuff of Stiver Canyon. On the north rim

of Poverty Creek, two flows overlie the tuff of Stiver Canyon

_
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that rests directly on the basaltic andesite of Poverty
Creek. These flows are typically 20 to 30 m.thick,
indicating that they were much less viscous than the nearby
high—silica rhyolites which form flows hundreds of meters
thick. Coney (1976) included these lavas with the rhyolite
of Dolan Peak. The chemistry of the rhyolite of Sawmill Peak
is unique for this area (46, Fig. 4) in that its agpaitic index
is about 1, suggesting a peralkaline affinity for these

lavas.
Tuff of Kline Mountain

A sequence of nonwelded, thinnly bedded, moderately
crystal-rich, high-silica rhyolite (#7, Fig. 4) ignimbrites
exposed on the north flank of Kline Mountain (sec.22, T.10
S., R.10 W.) has been informally named the tuff of Kline
Mountain (Fig. 9)., This ignimbrite comprises numerous 1 to 3
m thick flow units that contain as much as 50% pumice
fragments. Crystal content varies from flow unit to flow
unit, but averages about 12%. The phenocryst ratios also
vary, but sanidine is always more abundant than quartz.
Plagioclase is a trace constituent, as is biotite, zircon,and
opaque minerals. Locally, near the top of the unit, vitric
lithic fragments identical to the overlying rhyolite of Dolan
Peak are common. The tuff of Kline Mountain may be an
ignimbrite apron related to emplacement of the rhyolite of
Dolan Peak domes and flows. Geometry of the tuff of Kline

Mountain suggests that it fills a broad, shallow paleovalley
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with as much as 200 m of relief.

Argillic and advanced argillic alteration associated
with intrusion of a rhyolite porphyry south of Kline Mountain
has converted much of the tuff of Kline Mountain to an
assemblage of kaolinite-alunite-chalcedony (Fig. 10).
Alteration minerals are present in variable proportions, but
alunite generally increases as the intrusive is approached,
kaolinite increases away from the intrusive and then declines
dramatically toward the edge of the argillic alteration.
Chalcedony occurs as disseminations in the tuff and as large
replacement bodies above kaolinite-alunite bodies. Intensity
of the alteration decreases rapidly north of NM-59 along the
continental divide. Prospect pits immediately south of NM 59
on the continental divide are excavated in the tuff of Kline
Mountain. Kaolinite is the dominant mineral and was the

mineral of interest when the prospects were developed.

Rhyolite of Dolan Peak

Coney (1976) named all the rhyolite lavas and
ignimbrites between the top of the basaltic andesite of
Poverty Creek and the base of the Taylor Creek Rhyolite the
rhyolite of Dolan Peak. The rhyolite of Dolan Peak is here
restricted to the high-silica rhyolite flows and associated
ignimbrites between the top of the rhyolite of Sawmill Peak
and the base of the La Jencia Tuff, which Coney (1976) also
included in the rhyolite of Dolan Peak (Fig. 2). The Dolan

Peak consists of more than 200 m of high-silica rhyolite
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lavas and ignimbrites that contain between 8 and 20%
phéﬁocrysts of sanidine and quartz. The quaftz/sanidine
ratio is 0.1 to 0.3 and distinctive from the quartz/sanidine
ratio of about 1 in the very similar appearing Taylor Creek
Rhyolite (Table 2). On the basis of the quartz/sanidine
ratios, Woodard's (1982) Taylor Creek Rhyolite is here
_correlated with the rhyolite of Dolan Peak. Spherulitic
devitrification is common in the rhyolite of Dolan Peak and
uncommon in the Taylor Creek Rhyolite.

The 8102 content of the rhyolite of Dolan Peak is
typically >75% (Fig. 4, Table 1). The major element
concentrations in the rhyolite of Dolan Peak are
indistinguishable from those of the Taylor Creek Rhyolite.

The rhyolite of Dolan Peak consists of both rhyolite
domes and lava flows. Many of the flows are less than 100 m
thick. The domes are more than 200 m thick and locally
exhibit intense vapor phase crystallization. Tin
mineralization, similar to that found in the younger Taylor
Creek Rhyolite, is associated with intense vapor-phase
crystallization in domes south of the area studied (Foord and
others, 1984),

Ignimbrites included with the Dolan Peak have the same
mineralogy and similar quartz/sanidine ratios as the lavas.
The geometry of many of these ignimbrites suggest that they

were deposited in cusps between coalescing domes.
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La Jencia Tuff

The La Jencia Tuff (Osburn and Chapin, 1983) is a
crystal-poor, densely welded, foliated and locally lineated
.rhyolite ignimbrite (Fig. 11). Within the study area, the La
Jencia Tuff is exposed along the continental divide north of
NM 59 and west of Kline Mountain, and pinches out immediately
south of Stiver Canyon. Where fresh, the La Jencia Tuff is
light to dark gray in color with about 7% sanidine and a
traces of quartz, plagioclase, biotite, zircon, and pyroxene
as phenocrysts in a vitroclastic groundmass. Thin,
discontinuous vitrophyres are found in Scales Canyon. The
5102 content of the La Jencia is typically about 73% (Fig.

4) .

40

McIntosh and others (1986) report a Ar/39Ar plateau

date of 28.76 + 0.15 Ma on samples of the La Jencia Tuff. The
source of the La Jencia Tuff is believed to be the Sawmill
Canyon-Magdalena cauldrons in the Magdalena Mountains near

Socorro (Osburn and Chapin, 1983).
Rhyolite of Whitetail Canyon

The rhyolite of Whitetail Canyon (Richter and others,
1986) is a crystal-poor, gray, finely flow-banded rhyolite
lava (Fig. 4). The rock contains plagioclase (5%), pyroxene
(1%) , biotite (0.25%), and traces of amphibole, and opaque

oxides set in a microtrachytic groundmass of feldspar
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microlites (Fig. 12). Perlitic cracks crosscut the
microtrachytic groundmass where interstitiallglass is
abundant. Most of the phenocrysts exhibit incipient
alteration around the edges. Vapor-phase crystallization is
pervasively mild; it imparts a mildly bleached appearance to
the rock.

The rhyolite of Whitetail Canyon is spatially associated
with the rhyolite of Hoyt Creek and both units are chemically
and texturally similar. The rhyolite of Whitetail Canyon
probably immediately postdates the rhyolite of Hoyt Creek,
but the relationships are equivocal. Those similarities and
the apparent age relationships suggest that the rhyolite of

Whitetail Canyon is a late effusive phase of the rhyolite of

Hoyt Creek.
Rhyolite of Hoyt Creek

The rhyolite of Hoyt Creek (Richter and others, 1986) is
a finely flow-banded, virtually aphyric high-silica rhyolite
lava (Fig. 4). Morphology of the lavas suggest that the
rhyolite of Hoyt Creek is a dome-flow complex with the
effusive center near Whitetail Canyon and a short, stubby
flow extending south to Hoyt Creek. The rock contains a
trace to 0.5% plagioclase and biotite and a trace each of
pyroxene, amphibole, and zircon as phenocrysts in a
microtrachytic groundmass composed of feldspar microlites.,
The microlites do not stain for potassium indicating that

they are albitic.
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The ages of the rhyolite of Whitetail Canyon and the
rhyolité of Hoyt Creek are unknown. They unéerlie the Taylor
Creek Rhyolite and thus are older than about 28.2 Ma. 1In
Hoyt and Diamond Creeks, south of the study area, the
rhyolite of Hoyt Creek overlies a sequence of basaltic
andesite that may correlate with the basaltic andesite of

Poverty Creek (Richter and others, 1986).
Rhyolite of Keith Tank

The rhyolite of Keith Tank (informal name for a single
exposure in sec. 3, T. 11 S., R. 11 W.) consists of a vitric,
flow-banded, rhyolite lava that contains quartz (1%),
plagioclase (0.8%), sanidine (0.2%), biotite (0.4%), lithic
fragments (12%), and traces of green hornblende, pyroxene,
zircon, and opaque minerals. Phenocrysts are all small,
generally less than 0.5 mm in diameter. The lithic fragments
are <1 cm in diameter and consist of flow-banded rhyolite and
coarsely crystalline gabbro (?), and basalt. The amphibole
and pyroxene in the rhyolite may in part be xenocrysts
derived from these lithic fragments. A single sample of the
unit (#10, Fig. 4 and Table 1) suggests that the unit is a
high-silica rhyolite.

Because this unit is represented by only one isolated
exposure, little is known about its age relative to other
units in the area. It underlies the Gila Conglomerate and
the sandstone of Inman Ranch and is chemically similar (Table

2) to the rhyolites of Hoyt Creek and Whitetail Canyon.
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This suggests that the rhyolite of Keith Tank is older than
the Taylor Creek Rhyolite, but no stratigra?hic relationship
with either the rhyolite of Hoyt Creek or rhyolite of

Whitetail Canyon has been established.
 Unnamed tuff

A multiple-flow, nonwelded ignimbrite occurs immediately
below the Taylor Creek Rhyolite in a small tributary to
Scales Canyon (sec. 30, T.10 S., R.10 W.) and along the
western edge of Burnt Cabin Flats. The ignimbrite is as much
as 30 m thick with no exposed base. The unit consists of a
10-m-thick, massive pyroclastic flow unit overlain by
numerous thin pyroclastic flow units. The ignimbrite is
crystal-poor and moderately pumice-rich. About 5% sanidine
and a trace of plagioclase are present as phenocrysts. The
pumice is dark-gray to black in a tan to light-gray
groundmass. The exposure is restricted to a few hundred mz,
thus precluding correlation with other units in the area.
The unit is chemically similar to, and in the same
stratigraphic position as the La Jencia Tuff, and may
correlate with it, but the close proximity of densely welded

La Jencia Tuff to this non-welded unit is problematic.
Taylor Creek Rhyolite

Named for exposures in Taylor Creek, (Elston, 1968) east

of Wall Lake (S1/2, sec. 2, T.11] S., R.12 W.), the Taylor
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Creek Rhyclite is a group of roughly time equivalent,
‘chemically similar, high-silica rhyolite lavés located on the
western flank of the northern Black Range (Elston, 1968;
Table 1 and Appendix 1B). Figure 1 shows the distribution of
the Taylor Creek Rhyolite and the various geographic
localities described in the following section. As is obvious
from Figure 1, the Taylor Creek is not a continuous unit, but
a group of discrete, widely separated eruptive centers. All
of these eruptive centers have been included in the Taylor
Creek Rhyolite because of time equivalence and similarities
of lithology and geochemistry (Plate 1).

In general, the Taylor Creek Rhyolite is moderately
crystal-rich to crystal-rich, flow-banded, white-to-buff
rhyolite lava (Fig. 13). The absolute concentration of
phenocrysts in each eruptive center is distinctive and will
be detailed below. The quartz/sanidine ratio of the Taylor
Creek is about 0.6 to 1.2 and distinguishes it from the
rhyolite of Dolan Peak that has quartz/sanidine ratios of 0.1
to 0.3 (Table 2). Both quartz and sanidine are euhedral to
subhedral. Quartz is rounded and locally deeply embayed.
Sanidine crystals are also embayed giving them a "wormy"
appearance. Plagioclase is always rounded and generally
rimmed by sanidine. Cores of plagioclase phenocrysts are
typically "wormy" and both sanidine and plagioclase are

typically glomeroporphyritic (Fig. 14). All accessory

minerals occur as euhedra except zircon which is typically
enclosed by biotite. The groundmass texture is granophyric

with rare spherulitic zones (Fig. 15). The size of the
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groundmass crystallites is correlative with intensity of
yvapor-phase crystallization. 1In mildly vapor-phase
‘crystallized zones, the groundmass crystallite size is about
'0.05 to 0.1 mm and exceeds 0.5 mm in intensely vapor-phase
crystallized zones. A complete description of the textural
and chemical effects of vapor-phase crystallization is
présented in Eggleston and others (1987a). The rare
vitric material, found only in the carapace breccias,
contains a few percent of spherulites (Fig. 16) and is always
hydrated.

The 8102 content of the Taylor Creek Rhyolite is
typically between 76 and 78%. No major element variations
occur between the various Taylor Creek Rhyolite domes (Fig.
4).

The geometry of the Taylor Creek Rhyolite bodies suggest
that the Taylor Creek Rhyolite consists of rhyolite domes and
short, stubby flows. Domes near Boiler Peak and Wall Lake
have coalesced to form eruptive centers comprising 4 or more
domes each. Carapace breccia, flow banding, ramp structures,
and pyroclastic material are associated with each rhyolite
dome and mark the boundaries between individual domes.

With the exception of the Taylor Creek eruptive center
near Wall Lake, the Taylor Creek Rhyolite consists of about
15 to 20% of 1 to 2 mm phenocrysts of sanidine and quartz in
subequal proportions. Plagioclase, biotite, and zircon occur
as trace minerals., In the Taylor Creek eruptive center, the
rhyolite consists of about 35% phenocrysts of 5 to 8 mm

phenocrysts of quartz and sanidine in subequal proportions



(49)
(Fig.llj). ‘Thé accessory minerals are similar with the
exception of sphene that is abundant in the Taylor Creek
etuptive center and rare in the other domes and eruptive
centers. The biotite, pyroxenes and amphiboles are altered
to opaque minerals, presumably during vapor-phase
crystallization.

Within the area of Plate 1, only the Nugget Gulch dome
is an isolated, single rhyolite dome. The Boiler Peak dome is
located near the middle of an effusive center that consists of
that dome as well as the Alexander Cienega, North Paramount
Canyon, and Sawmill Canyon domes. The Taylor Creek dome, in
the lower reaches of Whitewater Canyon, is the southeastern
edge of an eruptive center comprising that dome as well as
the Indian Creek, Kemp Mesa, and the North Taylor Creek
domes. The geometry of the Indian Creek and North Taylor
Creek domes is speculative because contacts are covered by
younger rocks. The geometry of the rhyolite at Squaw Creek
suggests that the vent is north of Squaw Creek, near Corduroy
Canyon, where more than one dome may be present (W. Duffield,
1985, oral communication). Other exposures of Taylor Creek
Rhyolite in the region (Fig. 1) are at Indian Peaks (north of
the area of Plate 1) and Round Mountain (south of Plate 1).
The rhyolite lava at Round Mountain appears to consist of a
single dome, but little is known about the area. Lawrence

and Richter (1986) and Richter and others (1986) have mapped

the Indian Peaks area and suggest the possibility that 2
domes are present and that these domes produced short lava

Flows.
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Age relations between the domes that comprise the
various eruptive centers are difficult to establish.
Contacts between the various domes are frequently marked by
carapace breccia and/or pyroclastic rocks. 1In the Boiler
Peak eruptive center, the Boiler Peak dome is the oldest. It
is overlain by the Alexander Cienega, the north Paramount
Canyon, and the Sawmill Canyon domes. Age relations between
these three overlying domes are not clear. Similarly, the
Taylor Creek dome is overlain by the Indian Creek, north
Taylor Creek , and the Kemp Mesa domes. The relations
between these younger domes is also unknown. No vent areas
have been documented as yet,

The total thickness of the individual domes is difficult
to ascertain. Exposures in lower Whitewater Canyon indicate
that the Taylor Creek dome is more than 250 m thick. Similar
exposures in Paramount Canyon suggest that the Boiler Peak
dome is over 200 m thick. The tops of the domes are rarely
preserved and the bases are not exposed. Individual domes
are typically 2 to 5 km in diameter. Assuming a maximum
thickness of 300 m, the total volume of the Taylor Creek
Rhyolite is more than 80 km3.

Figure 18 is a comparison of a representative sample of
the Taylor Creek Rhyolite and an average rhyolite (major
elements after Le Maitre, 1976; trace elements after Turekian
and Wedepohl, 1963). This diagram shows the enrichment of
8102, Rb, and other lithophile elements and the marked
depletion of CaoO, Fe203, Sr, and Ba. This pattern is

characteristic of all the Taylor Creek Rhyolite. Eggleston
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and others (1987b) discuss the petrology of the Taylor
Creek Rhyolite.

The age of the Taylor Creek Rhyolite has been disputed
for many years (Table 3). Elston (1973) published a
conventional K-Ar date of 24.6 +/- 0.5 Ma (new constants) on
'sanidine. Ratte and others (1984) published a conventional
K-Ar date of 27.7+/-0.9 Ma, also using sanidine. A sample
collected during the course of this study yielded a
conventional K-Ar date of 27.2 + 1.1 Ma on sanidine

* *
(Ac1%%20.07682 ppm; Ar?0*/Total art0=0.547; K=3.8722;

K40=4.723 ppm) . Maxwell and others (1986) published a
number of dates that range from about 21 to 27 Ma.

McIntosh and others (1986) reported a 40

Ar/BQAr plateau
date on the La Jencia Tuff that underlies the Taylor Creek
Rhyolite of 28.76 + 0.15 Ma. This constrains the maximum age
of all the Taylor Creek Rhyolite in Plate 1 with the
exception of the Taylor Creek eruptive center. The
relationship of the La Jencia tuff to the Taylor Creek
eruptive center is not known so its stratigraphic position
above the La Jencia is only inferred. McIntosh and others

4OAr/BQAr plateau date of 28,52 + 0.15

(1986) also report a
Ma for the Shelley Peak Tuff that overlies the Taylor Creek
Rhyolite northwest of Indian Peaks. On the rim of Whitewater
Canyon, near Wall Lake, the Bloodgood Canyon Tuff overlies
the Taylor Creek Rhyolite. The Bloodgood Canyon Tuff has
been dated at 28.2 + 0.15 Ma by McIntosh and others (1986).
These stratigraphic brackets thus place the age of the Taylor

Creek Rhyolites between about 28.8 and 28.2 Ma with the
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additional constraint that the domes near Indian Peaks may
fall between 28.8 and 28.5 Ma. All the Tayior Creek Rhyolite
is believed to fall between these limits. A single 4OAr/'BgAr
date_of 28.18 + 0.15 Ma has been obtained by McIntosh (1986,
oral communiéation) on the Nugget Gulch dome. That date
is statistically indistinguishable from the date on the

overlying Bloodgood Canyon Tuff.

Unnamed pyroclastic rocks

Pyroclastic rocks associated with the Taylor Creek
Rhyolite are widespread, but not voluminous, These deposits

consist of high-silica rhyolite pyroclastic flow, fall, and

surge deposits in variable proportions. Because these
deposits are found in widely separated, isolated exposures,
no name was assigned to them. On Plate 1, the number that
accompanies the Tt symbol is intended to suggest possible
correlations of the pyroclastic deposits with a source
rhyolite dome. These correlations are tenuous and not
accepted by all workers in the region (W. Duffield, 1986,
oral communication).

Ignimbrites are the most common as well as the most
voluminous deposits. These deposits mantle most of the
rhyolite domes in the region and consist of individual 0.5-
to-2 m thick flow units stacked to a thickness of as much as
80 m. Kyle and others (1986) describe five measured sections
in Scales Canyon on the eastern flanks of the Boiler Peak

dome. The pyroclastic deposits in Scales Canyon are
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particularly well exposed and three types of deposits have
been recognized (Fig. 19a). The lower part of the section
consists of aé much as 45 m of 0.5 to 2-m-thick ignimbrites
(Fig;‘19b). Included in this sequence are numerous 1 to 20-
cm-thick pyroclastic fall deposits as well as aeolian
sandstone that fills topography on two unconformities within
the section. Many of the ignimbrites exhibit vertical zoning
similar to that described by Sparks and others (1983) and
Fisher and Schminke (1984). Sparks and others' (1973) layers
1l and 3 are rarely preserved. Layer 2a is generally very
thin and difficult to recognize. Layer 2b is well developed
and consists of a thin basal zone of normally graded lithic
fragments, an internal zone of massive to plane parallel
bedding, and an upper zone of inversely graded pumice. Layer
3 deposits were not recognized.

Pyroclastic surge deposits were not positively
identified in this section; however, surge deposits were
observed in other areas. These deposits consist of thinnly
bedded, moderately well-sorted, fine-to-coarse ash deposits
that rarely exceed a few cm thick. Crossbedding is common in
these deposits.

The second type of deposit found in Scales Canyon
consists of coarse-to-fine pyroclastic fall deposits (F19.
19¢). 1In the measured sections, about 3 m of continuous fall
deposits were recognized (Kyle and others, 1986). The lower 2
m consist of normally graded, well-sorted pumice as much as 7
cm in diameter near the base. Near the top, the maximum

pumice is less than 1 cm in diameter. This deposit is

g
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believed to be the result of a plinian or sub-plinian
eruption. The remaining meter consists of thinnly bedded,
well-sorted, coarse ash with sparse vitric clasts.
Pyroclastic fall deposits are rarely exposed in other
outcrops of this unit. A thin, well-sorted deposit on the
east flank of the Boiler Peak dome about 2 km south of NM-=59
consists of very well sorted 2 to 5 mm pumice. This deposit
is likely a Plinian or sub-Plinian deposit.

The top of the deposits in Scales Canyon consists of a
coarse breccia believed to have been emplaced as a hot
pyroclastic flow (Fig. 19d). The deposit consists of clast
supported blocks of vesiculated Taylor Creek-like rhyolite
lava. The blocks are generally 0.1 to 0.5 m in diameter, but
blocks in excess of 3 m were found during this study. Kyle
and others (1986) report that many of the clasts in the
deposit were emplaced above the Curie temperature, indicating
that the deposits were emplaced as a hot (>500 deg. C.)
pyroclastic flow, possibly the result of collapse of a spire
or dome on the nearby Boiler Peak dome. No similar deposits
have been found elswhere in the region.

A particularly problematic type of pyroclastic deposit
is exposed north of Nugget Gulch and in the northwest wall of
Paramount Canyon. These deposits consist of large flattened,
vitric and devitrified clasts in a coarse ash matrix. The
clasts appear to be nonvesiculated juvenile magma that was
emplaced hot enough to flatten. Many clasts have length to
thickness ratios larger than 5. These deposits are

everywhere welded and locally welding is dense enough to give
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a rheomorphic aspect to the material. Similar deposits in
Italy, called piperno, are believed to be agglutinates from
felsic fire fountain eruptions (Fisher and Schminke, 1984).
A méde of eruption and emplacement similar to that which

formed piperno is envisioned for these deposits,

Tuff of Garcia Camp

The tuff of Garcia Camp (Lawrence and Richter, 1986)
consists of as much as 20 m of cliff-forming, high-silica
rhyolite ignimbrite (#20, Fig. 4). About 10% quartz, 6%
sanidine, 1% biotite, and a trace each of plagioclase,
amphibole, zircon, and opague minerals are present as
phenocrysts in a vitroclastic groundmass. Pumice is abundant
and locally imbricated. This ignimbrite underlies the Taylor
Creek Rhyolite at Indian Peaks (Lawrence and Richter, 1986)
and a correlative exposure overlies the Taylor Creek Rhyolite
of the Boiler Peak eruptive center., Intense vapor-phase
crystallization has locally produced a granophyric groundmass
texture with overgrowths on quartz and sanidine phenocrysts.

W. Duffield (1986, oral communication) and C. Maxwell
(1986, oral communication) suggest that even though the rocks
correlated with the Garcia Camp on Plate 1 are lithologically
similar to the type Garcia Camp, these rocks may be of more
local derivation. They suggest that the source of these
deposits may be the Tin Mountain dome north of Nugget Gulch.
the Tin Mountain dome is another high-silica rhyolite dome

included with the Taylor Creek Rhyolite.
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sandstone of Inman Ranch

Sandstone of Inman Ranch is a new, informal name
proposed for exposures of tuffaceous siltstone, sandstone,
and conglomerate near Inman Ranch in Stiver Canyon (sec 31,
T.10 S., R. 10 W.) (Fig. 20). The sandstone of Inman Ranch

~unconformably overlies the Taylor Creek Rhyolite and is
unconformably overlain by the Gila Conglomerate (Fig. 21).
The sandstones and siltstones are poorly sorted, moderately
indurated, and thinnly bedded. High-angle crossbedding in
well-sorted sandstones near the base of the unit suggest
aeolian deposition. Most of the unit is fluvial, however,
and consists of thin beds with scour-and-fill features at the
base of the units. Many of the paleochannels have pebble-to-
cobble-sized material lining the channel bottoms. Clast
lithologies reflect the local bedrock and in the lower
portions of the unit, clasts of Taylor Creek Rhyolite are the
dominant lithology. Higher in the section, clasts of the La
Jencia Tuff are dominant. These observations indicate a
local source for the sandstone of Inman Ranch.

Massive, poorly sorted sandstones with no obvious
internal structures (Fig. 22) occur in the upper part of this
unit. These deposits are 0.5- to 2-m-thick and contain
abundant 2- to 5-cm-diameter exotic clasts of various
lithologies. Thin, very discontinuous pebble and cobble
conglomerate occur with the sandstones. 8. Cather (1986,

oral communication) interprets this deposit to be the product

of braided stream deposition.
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Intercalated near the top of the sandstone of Inman
Ranch, in Scales and Stiver Canyons is a 2- to 8-m-thick,
nonwelded ignimbrite that consists of poorly sorted fine-to-
coarse ash, pumice, and lithic fragments. This tuff may be
the distal end of a major, regional ignimbrite. W. McIntosh
(1986, oral communication) suggested that this tuff may be
tﬁe distal end of the South Canyon Tuff (Osburn and Chapin,
1983) because of the similarities of paleomagnetic
declination and inclination.

The sandstone of Inman Ranch contains vertebrate fossils
dated by R. Tedford (1981; 1986, written communication) at

upper Oligocene to lower Miocene.
Bloodgood Canyon Tuff

The Bloodgood Canyon Tuff (Elston, 1968) is a moderately
crystal-rich, regional, high-silica rhyolite ignimbrite (Fig.
4) probably erupted from the Bursum cauldron near the town of
Mogollon (Ratte' and others, 1984). The Bloodgood Canyon
Tuff is as much as 50 m thick and contains quartz (3%),
sanidine (7%), and a traces of plagioclase, biotite, sphene,
zircon, and opaque minerals as phenocrysts in a vitroclastic
groundmass. Lithic fragments are uncommon. Within the study
area, multiple-flow, poorly to moderately welded Bloodgood
Canyon Tuff is restricted to cusps between coalescing
rhyolite domes. McIntosh and others (1986) report an
4OAr/BBAr plateau date of 28.36 + 0.15 Ma for a sample of

Bloodgood Canyon from Railroad Canyon, about 15 km northwest
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of this-study area.
Bearwallow Mountain Formation

The Bearwallow Mountain Formation (Elston, 1968)
consists of numerous andesite and latite lava flows (Fig 4).
These deposits are exposed on the west side of the study
area. Elston (1968) mapped the Wall Lake Andesite as a
separate member of the Bearwallow Mountain Formation;
however, in this report, the Wall Lake Andesite has not been
separated from the Bearwallow Mountain Formation.

Along Beaver Creek, at the west edge of the study area,
the Bearwallow Mountain Formation consists of numerous
flows with brecciated bases and tops. Breccias in Indian
Creek have been interpreted by Richter (1978) as vent
breccias. 1Isolated exposures of an aphyric andesite near
Keith Tank, in the southern part of the study area, is probably
correlative with the Bearwallow Mountain. The age of the
Bearwallow Mountain Formation in the Black Range is poorly
constrained. It overlies the sandstone of Inman Ranch and is
thus younger than lower Miocene. This places a lower limit
on the age of the Bearwallow Mountain Formation which is as

much as 150 m thick in the map area.
Gila Conglomerate

In this portion of the Black Range, the Gila

Conglomerate (Gilbert, 1875) consists of as much as 100 m of
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nearly flat-lying conglomerate and coarse sandstone
unconformably overlying all older rocks in the region. Clast
litholOgies reflect the local bedrock and are dominated by
the Taylor Creek Rhyolite. Much of the conglomerate is clast
supported with a coarse sand matrix. Induration is generally
poor to moderate; however, the unit is locally a cliff
former (Fig. 23). Within the area of Plate 1, the Gila
Conglomerate overlies the volcanic section. No other
constraints on the age are known in this area. Elston (1976)
suggests that the Gila Conglomerate spans time from about 21
Ma to about 0.9 Ma.

The Gila Conglomerate is roughly time equivalent with
the Santa Fe Group in the Rio Grande drainage. The contact
between the two units has been arbitrarily placed along the
continental divide (Elston and Netelbeek, 1965; Elston,
1976) . Both units were deposited in basins formed in
response to extension within the Rio Grande rift and Basin

and Range Province,

QUATERNARY DEPOSITS

Quaternary deposits in the study area consist of
alluvium in the larger, active stream channels and colluvium
on gentle hillslopes and in small stream channels. Piedmont
slope deposits cover much of the Gila Conglomerate. Isolated

exposures of piedmont slope deposits are found on the Taylor

Creek Rhyolite, suggesting that the entire area was

graded at some point. All of the deposits consist of
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fiﬁemto—coarse sedimentary material and are poorly indhrated.
The alluviél deposits in stream channels that drain areas of
| exposed Taylor Creek Rhyolite locally contain abundant wood

tin and cassiterite and are potential tin resources.

TERTIARY INTRUSIVE ROCKS

Rhyolite of Franks Mountain

The rhyolite of Franks Mountain (informal name; Woodard,
1982) consists of a group of high-silica rhyolite intrusives
(#24, Fig. 4) that forms a north-south trending belt that
extends from Kline Mountain on the north to Diamond Creek on
the south (Woodard, 1982). The belt may extend farther
south, but the geology farther south is poorly known. No
northward extension is known. The name "rhyolite porphyry of
Kline Mountain" that appears throughout this bulletin refers
only to the intrusive mass exposed immediately south of Kline
Mountain and does not supercede Woodard's regional
nomenclature. This nomenclature is adopted so that
individual intrusive masses of the rhyolite of Franks
Mountain can be referenced.

The rocks contain about 15% total phenocrysts consisting
of quartz (5%) and sanidine (10%) in a granophyric
groundmass. Biotite and possibly amphiboles are trace
constituents that are rarely preserved. Flowbanding and

granophyric groundmass, as well as the fact that these



(62)
rhyolites intrude the youngest rocks in the area, indicate
that Ehese intrusives were subvolcanic. Alteration
associated with the rhyolite porphyry of Kline Mountain is
‘:espbnsiple'for the advanced argillic alteration north of the
intrusive. Most of this intrusive has been silicified and
much of it has undergone argillic alteration. Near the north
end of the intrusive body, quartz-pyrite stockworks are
common. The alteration associated with this intrusive is
described in a later section. Woodard (1982) describes
similar alteration associated with many of the Franks
Mountain intrusives south of this study area.

The rhyolite porphyry of Kline Mountain intrudes the
rhyolite of Dolan Peak. The La Jencia Tuff that overlies the
rhyolite of Dolan Peak curves around the intrusive,
suggesting that the La Jencia Tuff was emplaced prior to
intrusion of the rhyolite porphyry of Kline Mountain. Change
in strike of beds above the La Jencia Tuff is not certain,
but non-welded pyroclastic rocks associated with the Taylor
Creek Rhyolite are possibly warped in a manner similar to the
La Jencia Tuff.

A conventional K-Ar date of 28.4 + 1.2 Ma was determined
on alunite from the advanced argillic assemblage near the
summit of Kline Mountain (Eggleston and Norman, 1987). The
sample was probably collected from the tuff of Kline
Mountain, but alteration was too intense to positively

correlate the unit. The association of the alteration with

this particular intrusive suggests a genetic relationship,

thus the age of the alteration is probably the age of the




(63)
intrusive. This suggests that the Rline Mountain intrusive
is younger than the Taylor Creek Rhyolite; a contention

supported by the structural geology.
STRUCTURAL GEOLOGY

The structural geology of the Taylor Creek district is
remarkably simple (Plate 1). The strata dip gently to the
west at about 8 to 10 degrees. The tuff of Garcia Camp dips
about 4 degrees to the west suggesting that 4 to 6 degrees of
tilting occurred between the time of deposition of the tuff
of Stiver Canyon and the tuff of Garcia Camp. 1In the
Alexander Canyon area, the Gila Conglomerate is flat-lying.

The paucity of faults in the region is remarkable. Fey
faults were mapped in the entire study area. The largest of
the mapped faults is located near the mouth of Whitewater
Canyon and has about 100 m of down-to-the-west displacement.
Small faults were mapped in the vicinity of Burnt Cabin Flat
and have down-to-the-west displacements on the order of a few
meters. On Sawmill Peak, near the eastern edge of the map
area, two faults with down-to-the-east displacements were
mapped. These faults, which have only a few meters of
displacement, are related to the Winston graben, the
westernmost basin of the Rio Grande rift in the region. The
westerly dip of the rocks in the northern Black Range may be
due to uplift related to the Rio Grande r1EE,

The only other structural feature worthy of note is a

change in strike of the volcanic rocks just north of Poverty
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Creek. The strike changes from north-south to N 30 E and
then changes back to north-south immediately west of Kline
Mountain, This change in strike affects rocks as young as
the Taylor Creek Rhyolite and is possibly due to intrusion

of the rhyolite porphyry of Kline Mountain. Intrusion of the
rhyolite of Franks Mountain may also be responsible for
formation of the small sedimentary basin between the eastern
Eront of the Taylor Creek Rhyolite and Franks Mountain. That

basin is now filled with the sandstone of Inman Ranch.
GEOMORPHOLOGY

Plateaus and deep canyons dominate the landforms in the
map area west of the continental divide (Fig. 24). Plateaus
slope gently to the west from the crest of the Black Range.
Near the crest, elevations are about 2440 m.; on Kemp Mesa,
25 km west of the crest, elevations are about 2290 m for an
average slope of only 6 m/km. This regional erosion surface
is cut by westerly flowing canyons as much as 300 m deep.
Numerous low rounded hills that may be paleoinselbergs are
scattered on the plateau sur face. Boiler Peak, Alexander
Peak, and Round Mountain (south of the map area) are
examples.

West of the map area, Black Mountain also rises above
this slope. ©Significance of this break in the regional
erosion surface is not obvious. Because the age of the
regional erosion surface relative to the formation of Black

Mountain is unknown, two possibilities for the break are
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offered. First, the bulk of Black Mountain, a mafic volcanic
'cenﬁer (Coney, 1976) may have been erupted onto the regional
erosion surface. This possibility is unlikely because
basalts that may have been erupted from the area of Black
Mountain have been graded. Second, Black Mountain may
have formed a high mountain mass during this period of
erosion and was too massive to be completely removed by
erosion during the time interval within which the regional
erosion surface formed. The aerial extent of this regional
erosion surface suggests that the region was tectonically
stable for a long period of time. Leopoldt (1981) suggests
that rejuvenation of the streams and incision of the deep
canyons on the western Mogollon Plateau may have begun before
5 Ma.

East of the crest of the Black Range, the topography is
mountainous with deep canyons draining into the Winston
Graben and thus into the Rio Grande. This topographic relief
results from differential vertical movements between the
Winston graben and the Black Range, which is the uplifted and

outward-tilted west flank of the Rio Grande rift.

HYDROTHERMAL ALTERATION
Kline Mountain Intrusive

Hydrothermal alteration is limited to a halo of

propylitic, argillic and advanced argillic alteration of
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felsic and mafic volcanic rocks surrounding the rhyolite
porphyry of Kline Mountain (Fig. 25). The #ropylitic
assemblage consists of epidote, calcite, and possibly
chlorite along fracture surfaces in the basaltic andesite of
Poverty Creek., Pervasive propylitic alteration was not
observed in the area. All of the basaltic andesite of
Poverty Creek in the area of Figure 25 is mildly propylitized
and the intensity of alteration decreases rapidly immediately
northwest of the area.

Argillic alteration is characterized by a kaolinite-
chalcedony assemblage that has replaced the groundmass and
locally replaced alkali-feldspars in high-silica rhyolite
ignimbrites. The argillic assemblage begins about 2 km
northeast of where NM Highway 59 crosses the continental
divide and increases in intensity southward. Near the
northern extremity of the argillic alteration, plagioclase
feldspar is altered to clay minerals, ferromagnesian minerals
are altered to various opaque oxides, manganese oxides coat
fractures, and hematite is disseminated throughout the tuff.
With increasing intensity of alteration, the groundmass was
converted to clay minerals and alkali-feldspars were locally
converted to clay minerals. The end stage of argillic
alteration is marked by conversion of the groundmass of the
tuffs to clay minerals, conversion of all alkali-feldspars to
clay minerals, and deposition of veinlets of chalcedonic
quartz in the tuff host rock. The transition from argillic

to advanced argillic alteration occurs in a zone about 1 km

wide and is characterized by the first occurrence of alunite.
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The advanced argillic assemblage is found in proximity
to the rhyolite porphyry of Kline Mountain ahd is restricted
to a north-trending zone north of the intrusive. The
controls of this north-south zone are not obvious but may be
related to as yet unrecognized faults. Variable proportions
of kaolinite, alunite, and chalcedonic quartz are
characteristic of this assemblage. Near the contact with the
intrusive, the tuff of Kline Mountain is a mixture of alunite
(70%) , kaolinite (20%), and chalcedony (10%). The proportion
of kaolinite increased northward until nearly pure kaolinite
is encountered near NM Highway 59. Large chalcedonic silica
bodies are locally present in this assemblage. Subhedral to
euhedral quartz crystals within the chalcedony are
interpreted to be relict phenocrysts and lead to the
interpretation of these bodies as chalcedony replacements of
an ignimbrite protolith.

The primary textures of the rocks affected by advanced
argillic alteration are obscured by the alteration. For this
reason, the north and west contacts of the rhyolite porphyry
of Kline Mountain and the surrounding rocks is only
approximated on Plate 1,

Silicification of the rhyolite porphyry of Kline
Mountain is incipient to intense. The most intense
silicification is in the northern part of the intrusive, 1 or
2 km south of the northern contact. 1In this area, the
silicified intrusive is locally crosscut by quartz-pyrite

stockworks. These stockworks resemble those in porphyry

molybdenum deposits, but no economic mineralization was noted
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and the molybdenum content of the area is similar to that of
the surrounding rocks (Table 1). The least-silicified part
. of the intrusive is in the southeast gquadrant of the
intrusive where local pods of non-silicified intrusive can be
found.

Bright-red hematitic alteration is locally present. The
controls of this alteration are not obvious. Float samples
of banded hematite vein material and hematite-cemented
breccia are common around the intrusive and most common in
the advanced argillic assemblage. No outcrops of this
material were discovered, thus controls on this type of

mineralization are not known.
Alteration Associated With The Taylor Creek Rhyolite

In the Nugget Gulch area, a small zone on the carapace
of the Nugget Gulch dome contains numerous pods of silicified
Taylor Creek Rhyolite lava. These pods are typically only a
few meters in diameter and consist of chalcedonic quartz with
relict quartz phenocrysts, suggesting local replacement of the
lavas by silica. Zones of clay alteration of the rhyolite
lava, 1 to 5 m in diameter, are associated with these pods of
silicification. Silicified selvages of the host rhyolite
lava as much as 10 cm wide locally enclose hematite-
cassiterite-wood tin veinlets. At both the Nugget Gulch and
Boiler Peak tin occurrences, fractures and flow planes
commonly exhibit minor hematitic alteration.

All of the alteration found in the Taylor Creek Rhyolite
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is restrictéd to within a few meters of the carapace of the
domes and where uﬁits‘overlie the domes, thdse units are not
altered. This observation suggests that the alteration
occurs while the dome is cooling, possibly due to fumarolie
processes. Condensation of fumarole gasses may provide both
acids to attack the rhyolite and produce clay minerals as
well as silica for replacement of the lavas.

Many authors, including Lufkin (1972), Goerold (1981),
and Eggleston and Norman (1983) have mistaken zones of intense
vapor-phase crystallization for zones of argillic alteration.
Clay minerals and quartz typical of argillic alteration are
generally absent. The very small amounts of clay minerals

found in these zones may be due to weathering processes.
VAPOR-PHASE CRYSTALLIZATION

Vapor-phase crystallization (hereafter abbreviated VPC)
is a post-emplacement process common in ignimbrites and
certain high-silica rhyolite lavas (Smith, 1960). The most
common effect of VPC is bleaching of the affected rock body.
Other effects include deposition of secondary quartz,
sanidine, pseudobrookite, and rarely, bixbyite in open
spaces; deposition of overgrowths on quartz and sanidine; and
in extreme cases, destruction of the groundmass. The fluids
responsible for VPC are believed to be derived from the
affected rock body during cooling and crystallization (Smith,
1960) .

Most of the Taylor Creek Rhyolite has undergone
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pervasive, mild VPC. VPC is characterized by bleaching of
the rock and growth of K-feldspar and varioﬁs silica minerals
in available. pore space. The speciation of the silica
minerals was not investigated during this study, but Smith
(1960) reports that tridymite and cristobalite are the most
common forms. Locally, pseudobrookite and bixbyite were
deposited in vugs. With the exception of the carapace
breccias on the domes, mild VPC has affected all of the
exposures mapped as Taylor Creek Rhyolite.

Locally, zones of intense VPC are found within the
individual domes. These zones are characterized by intense
bleaching of the rhyolite, dramatic increases in the
groundmass crystallite size, deposition of overgrowths on
quartz and sanidine phenocrysts, deposition of abundant
hematite, pseudobrookite, bixbyite and sparse topaz,
cassiterite and beryl in available pore space, and
recrystallization of pre-existing spherulites. The rock is
"punky", suggesting that a portion of the groundmass has been
removed. The borders of these zones are gradational over a
few meters with the mildly vapor-phase recrystallized
material. A zone of dense rhyolite, usually containing
abundant lithophysae is found above most of these zones. The
lithophysae exhibit a reverse size gradation upward. This
zone is in turn capped by carapace breccia. The distance
from the top of the intense VPC zone to the margin of the
dome is typically a few tens of meters. Chemical changes
include enrichment of Sr and the rare earth elements and

depletion of Rb, Th, and Ta. These changes are detailed in
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Eggleston and others (1987a).
TIN MINERALIZATION

Placer and lode tin deposits are associated with the
Taylor Creek Rhyolite. The only productive deposits are the
placer deposits. The placers can be subdivided into alluvial
and colluvial types. The alluvial placers are as much as a few
tens of meters wide, 2 to 3 m thick, and 2 km long and
consist of recent alluvium in valley bottoms that drain tin-
bearing rhyolite domes. Colluvial placers consisting of 1 to
2 meters of recent eluvium occur over tin-bearing rhyolite
domes and are responsible for much of the production. Nugget
Gulch and Boiler Peak are examples of productive colluvial
placer deposits. Examination of trenches in the colluvial
placers at the Juniper prospect near Indian Peaks (north of
the study area) indicates that the colluvial placers can be
very rich. No assays of the placers were performed.
Estimates of tin content are in pounds Sn/yd3 based on visual
estimates of the wood tin content of the eluvium, however,
tonnage is severely limited. The most common tin mineral in
the placer deposits is wood tin. MNuggets as large as 10 X 10
X 5 cm are known from placers, however the wood tin nuggets
are typically 0.1 to 1.0 cm in diameter. Coarse cassiterite
is present, but is volumetrically insignificant. The Taylor
Creek district has produced less than 150,000 lbs of tin
concentrates from placer deposits since the district was

discovered. The concentrates averaged 40 to 50% Sn (Maxwell
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andiéthers, 1986).

Lode tin occurrences are common, but nd production has
been reported from any of the deposits. Tin deposits visited
during this study are indicated on Plate 1 and Figure 1. The
typical tin lode consists of hematite-cassiterite-wood tin
veinlets a few meters in vertical and horizontal dimension
and as much as 5 cm thick. Cassiterite and hematite occur in
variable proportions. Individual veinlets locally contain as
much as 50% Sn, but those grades are restricted to a few
hundred kilograms of vein material. Cassiterite is typically
disseminated in the vein wallrocks. The cassiterite-bearing
wallrocks contain only a few hundred ppm Sn, but the tin
content typically drops to background values in less than 1
m. Fries and others (1942), Lufkin (1976; 1977), Kimbler and
Haynes (1980, Narsavage (1981), Foord and others (1984), and
Maxwell and others (1986) have described the mineralogy of
the tin deposits in detail.

Eggleston and others (1987c) discuss the genesis of
the deposits. On the basis of fluid inclusion, oxygen
isotopic, and field studies, they concluded that the tin
mineralization consists of fumarolic incrustations deposited
from high temperature (>650o C), magmatic fluids. The tin
mineralization was followed by very short lived epithermal
systems that deposited quartz, calcite, and fluorite in the
veinlets from meteoric water dominated Fluids at temperatures

between 340 and 130o Cx
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SIERRA CUCHILLO

Tin occurrences similar to those in the northern Black
Range are found in the Sierra Cuchillo, about 20 km east of
ﬁhe'Black Range (Fig. 26). Those deposits and the
stratigraphy of the area were briefly studied in order to
compare the tin deposits and the geology with the Black
ﬁange. Figure 26 exhibits a simplified stratigraphic section
of the volcanic rocks in the Sierra Cuchillo that is
remarkably similar to that of the Black Range. Table 4 and
Appendix 1 contain representative geochemical analyses of
samples of most of the units in Figure 26. Appendix 2
contains descriptions and locations for those samples. Table
5 contains point-count data from thin sections of many of the
units in the area.

The upper part of the section consists of high-silica
rhyolite lavas chemically identical to parts of the Taylor

Creek Rhyolite. These lavas have been informally named the

rhyolite of HOK Ranch and the rhyolite of Willow Springs
Draw. The top of the volcanic section is the rhyolite of
Willow Springs Draw, a high-silica, mildly to intensely
vapor-phase-crystallized rhyolite found on the east flank of
the Sierra Cuchillo, north of NM Highway 59. This unit
consists of phenocrysts of rounded and embayed quartz (15%),
euhedral to subhedral sanidine (18%), biotite (0.3%),
plagioclase (0.2%), zircon (tr.) and opaque oxides (tr.) in a

granophyric groundmass. 1Intense vapor-phase crystallization

_
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has locally produced bleached, punky rock from a normally
dense rhyolite lava. Heyl and others (1983f report a
fission-track date of 27.8 + 1 Ma on zircon and apatite on
the rhyolite of Willow Springs Draw. Minimum thickness of
-the rhyolite of Willow Springs Draw is greater than 200 m;
however, the top of the unit is not exposed.

In the southern part of the mapped area in Figure 26,
two mineralogically distinct trachytes separate the rhyolite
of Willow Springs Draw from the rhyolite of HOK Ranch. These
trachytes consist of thick flows that may in fact be domes of
crystal-poor trachyte lava. One of the lavas is nearly
aphyric, containing plagioclase (1%), biotite (tr), zircon
(tr), clinopyroxene (tr), and euhedral apatite (tr) in a
pilotaxitic to granophyric groundmass. The other lava
contains plagioclase (5%), biotite (1%), sanidine (1%),
pyroxene (tr), and zircon (tr) in a trachytic groundmass.

The rhyolite of HOK Ranch underlies the rhyolite of
Willow Spring Draw and is named for exposures near HOK Ranch
on the east flank of the Sierra Cuchillo (Fig. 27). This
unit is a cliff-forming rhyolite lava containing phenocrysts
of quartz (9%), sanidine (6%), plagioclase (3%), biotite
(2%), and a trace each of zircon and opaque oxides in a
granophyric groundmass. Quartz phenocrysts are rounded and

embayed. Sanidine phenocyrsts are euhedral to subhedral.

Vapor-phase crystallization is minimal. The rhyolite of HOK
Ranch and the rhyolite of Willow Springs Draw are
distinguished by the abundance of plagioclase and the paucity

of vapor-phase crystallization in the HOK Ranch. Known tin

L ——
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mineralization is restricted to the rhyolite of Willow
springs Draw. The thickness of the rhyolité of HOK Ranch is
~estimated to be in excess of 100 m.

Immediately‘below the rhyolite of HOK Ranch is 20 to 30
m of Vicks Peak Tuff (Deal and Rhodes, 1976), a very crystal-
poor, moderately to densely welded, high-silica rhyolite
ignimbrite erupted from the Nogal Canyon cauldron in the
southern San Mateo Mountains about 20 km northeast of the
Sierra Cuchillo (Osburn and Chapin, 1983). McIntosh and
others (1986) report a 4OAr/39Ar plateau date of 28.46 + 0.15
Ma for the Vicks Peak Tuff. The Vicks Peak Tuff contains
less than 5% sanidine and a trace of quartz as phenocrysts in
a vitroclastic groundmass. Granular textures in collapsed
pumice are distinctive of this unit.

A thick sequence of basaltic andesite lavas that are
tentatively correlated with the basaltic andesite of Poverty
Creek (Coney, 1976) are immediately beneath the Vicks Peak
Tuff. These lavas are as much as 200 m thick and consist of
phenocryst-poor, fine-grained flows. On Carrizo Peak, about
5 km north of NM Highway 52, this sequence of lavas contains
more plagioclase at the top than at the bottom, suggesting
that the lavas became more felsic with time. Similar
features are seen in the basaltic andesite of Poverty Creek
in the Black Range.

As much as 30 m of Kneeling Nun Tuff (Jicha, 1954)
underlie the basaltic andesite lavas. The Kneeling Nun Tuff
is a crystal-rich, rhyolitic ignimbrite erupted from the

Emory cauldron in the Black Range (Elston, 1976) and contains
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phenbcrysts of sanidine (15%), quartz (12%), plagioclase
(5?), ahd”biotite (2%) in a vitroclastic groﬁndmass. Zircon
and opaque oxides are common accessory minerals. 1In the
vicinity of HOK Ranch, "chalky" feldspars suggest that the
Kneeling Nun Tuff has been affected by a potassium
- metasomatic event similar to the potassium metasomatism
deacribed.by D'Andrea-Dinkleman and others (1983) in the
Socorro area.

Mafic lava flows, felsic ignimbrites and volcaniclastic
sedihentary rocks of the Rubio Peak Formation (Jicha, 1954f
~underlie the Rneeling Nun Tuff in the Sierra Cuchillo. These
rocks were mapped in reconnaissance fashion only, thus little
is known about them.

A pinkish, aplitic granite in the northern Sierra
Cuchillo, here informally named the granite of Iron Mountain,
was investigated because of its age. Chapin and others
(1978) report a conventional K-Ar date on biotite of 30.0 &
1.1 Ma. The granite consists mainly of K-feldspar and quartz
with subordinate plagioclase. Exsolution textures between
the K-feldspar and plagioclase are common. Locally the
granite is crosscut by numerous quartz-fluorite veinlets.

The chemistry of this granite is broadly similar to the
chemistry of the Taylor Creek Rhyolite in the Black Range and
the rhyolite of Willow Springs Draw farther south in the
Sierra Cuchillo (Table 4) . The similar age and chemistry of
the granite and the high-silica rhyolite lavas suggests that

the granite may be a subvolcanic equivalent of the rhyolites,
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DISCUSSION OF GEOLOGIC HISTORY

The following is a brief discussion of the geologic
history of the region around the Taylor Creek district. The
gédlogic history of the region begins with eruption of the
Rubio Peak Formation. The lavas in the Rubio Peak are
possiblf derived from as yet unrecognized stratovolcanos and
the sedimentary rocks are probably derived by degradation of
those volcanos. WNumerous felsic ignimbrites that occur in
this part of the section may be products of caldera collapse,
but those calderas have not yet been defined. Many of these
ignimbrites are similar to ignimbrites in the Datil, New
Mexico area and may have been derived from that area (Rr.
Harrison, 1986, oral communication).

Eruption of the Kneeling Nun Tuff (35.3 Ma) marked the
end of Rubio Peak volcanism. The Kneeling Nun Tuff erupted
during collapse of the Emory cauldron several kilometers
south of the Taylor Creek district (Elston and others, 1975).
Cather (1986) suggests that eruption of the tuff of Datil
Well (35.5 Ma) marks the beginning of extension in the Rio
Grande rift. These regional tuffs also mark the base of
bimodal volcanism in the Mogollon-Datil volcanic field
(Cather, 1986). The Kneeling Nun Tuff may likewise mark the
beginning of extension in the Black Range. R. Harrison
(1986, oral communication) reports strike-slip faulting
cutting the lower Rubio Peak Formation suggesting a

compressional stress regime as late as 38 to 36 Ma. These
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observations suggest that extension was indeed active as
eéxly as 35 Ma; however, no large extension;related basins
are known from that period,
| The tuff of Koko Well was erupted after the Kneeling Nun
Tuff, but the age and aerial distribution of the Koko Well is
not‘kﬁown. It is locally as much as 150 m thick, but the
unit is severely eroded, leaving only isolated remnants. No
source can be postulated from exposures in this study area.
R. Harrison (1986, oral communication) suggests that the tuff
of Koko Well may be correlative with the Rock House Canyon
Tuff in the Datil, New Mexico, area. The marked unconformity
on top of the tuff of Koko Well suggests an extended period
of erosion after the tuff of Koko Well and prior to eruption
of the basaltic andesite of Poverty Creek,

Following eruption of the tuff of Koko Well, a hiatus in
ignimbrite volcanism of perhaps 3 to 6 Ma occurred (McIntosh
and others, 1986). Only two regional ignimbrites are known
to have erupted during this hiatus, the Hells Mesa TuEE
(32.04 Ma; McIntosh and others, 1986) in the Socorro area and
the Caballo Blanco Tuff (31.6 Ma; McIntosh, 1986, oral
communication) in the central and southern Black Range,

Mafic volcanism is likewise rare in this interval. This
hiatus may be represented by the unconformity below the
basaltic andesite of Poverty Creek and may, in part,
correlate with a regional unconformity between the Hells Mesa
Tuff (32.2 Ma) and the La Jencia Tuff (28.8 Ma) in the
northeastern portion of the Mogollon-Datil volcaniec field.

The hiatus in volcanism and extended erosional episode
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suggésts an anorogenic period concomitant with the hiatus.

The basaltic andesite of Poverty Creek‘was erupted as
lava flows, but no source vents have been located within the
study area. R. Harrison (1986, oral communication) believes
that a number of mafic dikes found in the Black Range, south
6f'this study area may be local feeders for the Pdverty
Creek. The presence of dikes indicates an extensional stress
regime and suggests a recurrence of extension beginning about
30 Ma, although the age of the basaltic andesite of Poverty
Creek is not well constrained. Eruption of several hundred
meters of high-silica rhyolite lavas and ignimbrites
immediately followed eruption of the basaltic andesite of
Poverty Creek. Bimodal assemblages are typical of the
extensional environments in the western United States
(Christiansen and Lipman, 1972) This bimodal, basaltic
andesite-high-silica rhyolite assemblage marks the early
development of rifting and extensional basins began to form
shortly after the high-silica rhyolite eruptions began
(Chamberlin, 1978; Chapin and Seager, 1978).

Most of the ignimbrites in the Taylor Creek district are
probably locally derived and their geometry suggests that
they £ill the cusps between domes and other paleovalley
features; however, several thousand km3 of major ignimbrites
were erupted from other parts of the Mogollon-Datil volcanic
field (McIntosh and others, 1986) . These major ignimbrites
are typically high-silica rhyolites and are intercalated with
basaltic andesite lavas. Major ignimbrite eruptions abruptly

ceased about 27 Ma.

—
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The Taylor Creek Rhyolite and associated pyroclastic
rocks were erupted during this volcanic outbreak and produced
numerous domes and short flows. The domes are as much as 250
m thick, but the tops of all the exposed domes are eroded
‘indicating that the original domes were thicker than the
present exposures indicate. These domes were erupted in a
very short time, possibly in as little as 0.3 Ma. The
Bloodgood Canyon Tuff was erupted from the Bursum cauldron in
the Mogollon Mountains following eruption of the Taylor Creek
Rhyolite domes in the Wall Lake region. This observation
precludes the interpretation that the Taylor Creek Rhyolite
is the product of post-collapse ring-fracture volcanism that
followed eruption of the Bloodgood Canyon Tuff (Rhodes,
1976) .

Carapace breccias that mantle the domes and fossil
fumaroles are preserved on the flanks and near the tops of
the domes suggesting that no prolonged period of erosion
followed emplacement of the domes. This observation implies
that the lower part of the sandstone of Inman Ranch was
deposited very soon after the rhyolites were emplaced,
covering the domes and protecting the carapace breccia. This
protection was necessary to preserve the lode tin deposits
that were deposited as fumarolic incrustations within a few
tens of meters of the outside of the domes.

The sandstone of Inman Ranch covers parts of most of the
Taylor Creek Rhyolite domes and fills a shallow basin between

the easternmost margin of the Taylor Creek Rhyolite and the

crest of the Black Range where the rhyolite of Franks
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Mountain crops out. A date on the alteration associated with
_the intrusive at Kline Mountain (28.4 Ma) suégests that it
was emplaced éf about the same time as the Taylor Creek
Rhyolite; however, structural evidence suggests that the
rhyolite of Franks Mountain postdated the Taylor Creek
Rhyolite. The rhyolite of Franks Mountain forms a north-
northeast-trending belt of intrusives that parallels the
eastern margin of the basin filled with the sandstone of
Inman Ranch.

The sandstone of Inman Ranch consists of coarse
conglomerates and fluvial and aeolian sandstones near its
base. Fluvial sandstones interpreted as braided-stream
deposits dominate higher in the section. The rapid
deposition of the lower part of the unit and the presence of
clasts of La Jencia Tuff suggest that the source of the unit
was a highland to the east of the present outcrop belt. That
highland may have been due to intrusion of the rhyolite of
Franks Mountain or to uplift due to extension that was
occurring along the Rio Grande rift or to a combination of
both processes. Alternatively, the basin could be a graben
formed by extensional faulting related to extension along the
Rio Grande rift, but no such faults were recognized during
study.

The presence of the sandstone of Inman Ranch near Beaver
Creek at the western edge of Plate 1 suggests a source of
detritus to the west of Beaver Creek. Potential source

regions are covered by younger volcanic and sedimentary

rocks. Deposition of the sandstone of Inman Ranch continued
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into the lower Miocene as evidenced by the vertebrate fossils
described by Tedford (1981:; 1986, written coﬁmunication).

Overlying the high-silica rhyolite portion of the
section and the sandstone of Inman Ranch in the western part
of the study area is a thick sequence of andesites known as
the Bearwallow Mountain Formation. These rocks were erupted
from several stratovolcanos such as Black Mountain and O Bar
O Mountain that form prominent topographic features on the
Mogollon Plateau. Recent dating by J. Ratte (1986, oral
communication) suggests that much of the Bearwallow Mountain
Formation is 28 to 24 Ma, and may thus be a continuation of
the bimodal sequence begun when the basaltic andesite of
Poverty Creek was erupted.

Within the study area, volcanism ceased after eruption
of the Bearwallow Mountain Formation and deposition of the
Gila Conglomerate began. Fanglomerates and coarse
conglomerates and sandstones are typical of the Gila
Conglomerate and no lacustrine or playa deposits were found
within the study area. The Gila Conglomerate unconformably
overlies the sandstone of Inman Ranch and fills topography
created by effusive domes of the Taylor Creek Rhyolite and
other volcanic units in the region. No faults were
recognized that suggest that the area was an extensional
basin. These observations suggest that the Gila Conglomerate
may have been deposited as piedmont accumulations of detritus
derived from uplifts surrounding the Mogollon Plateau rather
than as basin-fill deposits. Highlands on the east and west

sides of the Mogollon Plateau may have been epeirogenic

—
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uplift related to extension when the Winston and Mangas
grabens were formed. An alternative explanétion for the
diétributiOn of the Gila Conglomerate is that the central
part of the Mogollon Plateau was downdropped, but that
~ process is difficult to distinguish from uplift along the
edges of the Mogollon Plateau. The region is believed to be
underlain by a batholith (Rhodes, 1976), thus downdropping of
the center of the Mogollon Plateau is improbable.

After a period of prolonged erosion and £111iny of
topographic lows with the Gila Conglomerate, the region
was graded. Pediments occur on the Taylor Creek Rhyolite,
Bearwallow Mountain Formation, and on the Gila Conglomerate.
Concordant surfaces can be found throughout the Mogollon
Plateau. More recent uplift rejuvenated and incised streams
on the Mogollon Plateau. Canyons are now as much as 300 m
deep with very steep sides. The age of this rejuvenation is
unknown. Leopoldt (1981) suggests that uplift of the
Mogollon Plateau occurred between 8 and 4 Ma and was
contemporaneous with epeirogenic uplift elsewhere in the Rio

Grande rift (7 to 4 May Chapin, 1979) and in Cgolorade
(Pliocene; Scott, 1975) which has continued to the present at
a lesser rate.

A similar history is envisioned for the Sierra Cuchillo,
however, the entire mountain range has been rotated so that
dips are 20 to 40° to the east. The Sierra Cuchillo is part
of an extensive domain of east-tilted, intrarift blocks
extending southward from the Socorro area (Stewart, 1980).

This rotation is believed to be related to extension along
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the Rio Grande rift. éasins on either side of the Sierra
Cuchillo, the Winston graben on the west and.the Palomas
baéin on the east (Kelley, 1979) are filled with fluvial

sedimentary rocks of the Santa Fe Group.
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Table 1. Geochemistry of selected samples from the Taylor
Creek district. Complete sample descriptions are in
Appendix 2, analytical techniques are in text. Tkn-Kneeling
Nun Tuff; Tkw-tuff of Koko Well, lower 10 m.; Tpc-l-lower
part of basaltic andesite of Poverty Creek; Tpc—2-upper part
of basaltic andesite of Poverty Creek; Tsc-tuff of Stiver
Canyon; Tkm-tuff of Kline Mountain; Tdp-rhyolite of Dolan
Peak; Tlj-La Jencia Tuff; Tkt-rhyolite of Kieth Tank; Thec—
rhyolite of Hoyt Creek; Twh-rhyolite of Whitetail Canyon;
Ttc-2-Taylor Creek rhyolite, Nugget Gulch dome; Ttec-4-Taylor
Creek Rhyolite, North Paramount Canyon dome; Ttc-5-Taylor
Creek Rhyolite, Boiler Peak dome; Ttc-6-Taylor Creek
Rhyolite, Alexander Cienega dome; Ttc-7-Taylor Creck
Rhyolite, Taylor Creek dome; Tte-8-Taylor Creek Rhyolite,
Indian Creek dome; Ttc-9-Taylor Creek Rhyolite, Kemp Mesa
dome; Tge-tuff of Garcia Camp; Tbe-Bloodgood Canyon Tuff;
Tbm-1-Bearwallow Mountain Formation; Thm-2-Bearwallow
Mountain Formation; Tkmrp-rhyolite porphyry of Kline
Mountain.




Ref. #

unNET

SAMPLE

Total

As
Ba
Br
CL(%)
Cr
Cs
F(%Z)
Ga
Hf
Mo
Ih
Ni
Pb
Rh
Sh
Sc
Se
Sn
8y
Ta
Th
u

fu
Th
Yh
Lu

1

Tkn -

19

0.27
13.94
1:77
0.02
0.57
0.99
2.90
4.93
0.06
1.04
99.09

134

2
Thkw
123

69.80
0.45
15 log
2.15
0.01
0.42
0.28
3.12
b.h4
0.08
1:27
99.11

478

.3

Tpe-1
41

52.23
1.11
16.34
9.04
0.14
6.29
8.44
3.50
1.32
0.25
1.39
100.05

1.0
526

1.0
272

1.3

23
0.2
20.9
<1.0
<6
581
0.4
<3
<3
183
20
87
153

17
41
26
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4
Tpe-2

39
61.77
1.05
17.50
5.63
0.01
0.75
3.85
4.30
3.09
0.53
1.32
100.30

1328

52
25

1
13

25
906
<3
<3
124
18
82
275

5 6 i 38
Tsc Tsp Tlem Tdp
23 22 57 55

75.40 71.45 73.33 76.41
0.16 0.48 0.14 0.18
11.96 14.24 11.96 12.09
1.10 2.03  1.62 1.65
0.04 0.02 0.03 0.03
0.28 0.27 0.71 0.16
0.38  0.33 0.62 0.23
2.85 5:11 1.86  3.64
5.58 6.13 4.96 5.27
0.03 0.07 0.01 0.02
1.26 0.45 4.96 .58
99.04 100.58 100.20 100.26
2.5 <0.2 1.1 1.3

82 81 28 <16
1.0 <£1.0 2.2 <0.5
3 <10 <10 6
2.6 2.8 14.6 2.5
16 21 19 19
7.0 19.0 11.0 12.2
1 2 3 2
23 27 36 32
<5 <5 <5 <5
20 23 29 30
202 171 329 223
0.2 0.1 0.2 0.1
3.7 10.0 3i5 4.8
<1.0 0.1 0.1 <1.5
<6 6 10 7
13 3 28 4
1.8 2.1 2.8 2.5
23 13 27 25
b 5 7 6
<3 <3 <3 3
45 89 126 124
40 94 100 73
172 763 290 256
31 68 58 122
59 153 123 213
22 78 55 115
547 15.7 12.9 21.9
0.32  3.37 0.49 0.96

1.0 2.5 2.6 3.4
4.1 8.2 11.0 10.0
0.65 1.30 1.82 1.49

9
T1j
177

72.42
0.35
13.51
1.87
0.07
0.11
0.61
4.34
5.41
0.06
0.66
99.41

<6
33
26
3

8
59
64
504

10
Tkt
218
73.71
0.19
12.58
1.26
0.06
0.55
0.834
3.28
4.91
0.03
3.25
100.66

3.8
106
0.5
<10
6.4
18
6.4
3
21
0
30
236
0.5
3.0

67
1.7
27
6
3
38
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The
259
73.83
0.12
12.34
0.94

0.04

0.29
0.86
3.44
4.28
0.02
h.h6
100.62

0.6
685

2.8
<10

5.1

3.3
2
15
<33
27
222
0.2
2.3
<6
73
1.6
24
6
{3
39

116

40

80

27
5.1
0.62
0.9

12
Twh
260

e e

3.74
100.44

0.5
900

2.9
<10

2.8

282

46
96
37

(

13
Tete=2
142
77.05
0.12
11.72
1::0
0.05
0.28
0.46
3.16
4.71
0.02
0.84
99.51

10.0
33
0.005
12
5.0
0.17
19
7.1
K
33
<5
26
288
0.4
2.6

16
94
42
160

48
110
40
10.3
0.33
1.8
10.8
1.57

99)

14
Tte=4
223

1.9
h4
<0.3
<1

8.2
22

8.2
49

<5

26
375

0.1

2.1
<0.1
<6

5

hoh

34

5

69

37
177

26
122
25
7.1
0:.21
1.7
8.6
1.34

15
Tte=5

149
74.54

0.09
12.05

0.003
14
10.3

0.20
22

7.9

5
47
<5
36

360

0.4

2.4

0.6
12

2

4!8
41
14
<3

131
73
168

40

98

37

11.6
0.17

23

13.8
1.94

16
Tte—-6
215

o o s e

76.71
0, L1
11.94
1.08
0.05
0.24
0.23
3.53
5.04
0.02
0.56
99.51

8.1
55
0.3
<1
5.0
21
8'0
47
<5
29
349
0.4
2.0
10.4
<6
4
4.3
32
8
112
45
175

37
91
41
10.4

0.22

2.4
11.2
1.77

e

<6
6.8
0.15
19
6.7
36
<5
22
247
<0.1
3.2
0!7
<6
55
5.4
30
9
<3
101
37
151

45
106
4l
10.1
0.40
1.9
10.3
1.32

37
<5
26
257
<6
11

30
<43
6
77
42
156

19
Tte-9

R —

77.84
0.14
11.71
1.06
0.05
0.20
0.26
3.42
5.14
0.01
0.15
99.98

10
b4
114
h2
162

41
103
47
10.3
0.33

19
8'5
33
6
24
289
0.1
2.5
<0.5
<6
6
3.4
29
9
94
33
209

50
120
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Total

As
Ba
Br
CL(%)
Cx
Ce
F(%)
Ga
HE
Mo
Nh
Ni
Fh
Rh
Sh
S5c
Se
Sn
Sr
Ta
Th

La

Nd
Sm
Eu
Th
Yb
Lu

21
The
203
77.09
0.19
12.11
L.14
0.08
0.19
0.43
4.07
4.99
0.14
0.47

al
<10

21,

(100)

22 23
Thm=1 Tbm-2
217 . 256
58.55 59.55

1.46 1.04
14.78 16.10
7.24  6.61
0.10 0.10
2.15 . 3.44
424  5.57
5.77 3.45
3.86 2.58
0.74  0.34
1.62 2.25
100.90 100.51 101.03
<l.4 <€0.7
1550 1070
£0.7 0.9
<10 47
2.1 0.9
21 -
11.7 7.6
22 16
6 <38
12 15
113 90
0.1 <0.1
12.5 13.9
0.9 £0.8
744 570
1.3 0.9
10 8
2 1
63 40
103 e
475 304
73 49
168 101
89 48
15.6 9.0
3= 51 1.81
1.9 1.1
5.4 3.3
0.82 0.51

24
Tkmrp
125

e

114
108
348
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‘Table 2. Point count data (in volume %) for selected samples
of various units in the Taylor Creek district. See text and
plate 1 for unit descriptions. Complete sample descriptions
are in Appendix 2. Q/S is the quartz/sanidine ratio. Tsp-

. rhyolite of Sawmill Peak; Tdp-rhyolite of Dolan Peak; Tkt-
rhyolite of Kieth Tank; Twh-rhyolite of Whitetail Canyon;
Ttel-Taylor Creek Rhyolite, Squaw Creek dome; Ttc2-Taylor
Creek Rhyolite, Nugget Gulch dome; Ttc5-Taylor Creek
Rhyolite, Boiler Peak dome; Ttcé6-Taylor Creek Rhyolite,
Alexander Cienega dome; Ttc7-Taylor Creek Rhyolite, Taylor
Creek dome; Ttc9-Taylor Creek Rhyolite, Kemp Mesa dome; Tgc-
tuff of Garcia Camp.

o e e 4 o e vm e Vv e e e S ULE SR SN M SN LN SN S SN SIS SN SN A3 NS S S N SoS e e e e s e T e e . i e . .

Unit Tsp Tdp Tdp PRE Twh Ttcl Ttc2 Ttc2 Ttc4d
Sample 21 56 220 218 232 124 136 140 153
points 2000 1787 500 500 500 2000 2000 2000 2000
quar tz tr 1zl Biy 2 1.0 i 9.6 8.4 10.4 6.5
sanidine 5 a3 5.4 15.2 042 -=-~ 11.5 8.9 14.0 9.3
plagioclase =-- -—— -—— 0.8 b2 —— —— - -
biotite 0.3 ——— 0.4 0.4 0.2 0.1 0.2 0.4 0.1
amphibole —_——— 0.k ——— tr tr - e ——— -
pyrogene - - -—=  tr 1.0 o B ~—= ~—e
opaques vr 5% 5 ke Er tr kr tr Er tr
zircon ol o tr tr tr tr tr o tr kEr
sphene e _—— s ——— e - - - ——
lithics —— S - 12.4 S—_— F— T e o
total

phenocrysts 5.6 6.6 20.8 2.4 5.4 21.2 17.5 24.8 15.9
0/8 —— 0.2 0.3 5.0 _— 0.8 0.9 0.7 0.7

S TRt v o m Sem G A LR LS SR R = e e TR T TN AN T N S R e S 4% 4eS e T TR PR T R TER TRE TIN TN SR NN N NN N G S S iR S el e e o o v e

Unit Tte5 Tte5 Tke6 Tte7 Tte7 Tkc9 Teed Tgc
Sample 221 149 213 10 L55 1 167 209
Points 1000 2000 2000 2000 2000 2000 2000 500
quar tz 7.2 7.2 8.0 11.8 17.3 15.5 18.9 10.0
sanidine 6.6 8.0 13.0 14.8 13.9 14.7 16.0 6.2
plagioclase 0.2 0.8 Qak o X7 0.8 0.9 0.7 ———
biotite 0.2 0.2 0.2 0.6 1.0 0.3 0.5 0.6
amphibole tr tr - ——— - - —— -
pyroxene = - oo R e iy —— e == t¥

opagques Er tr 0.2 Ekr [ 4 [ 4 tr tr

zZircon tr tr tr kr 0.2 tr tr tr

sphene —-——— - -—— tr £x tr =4 =

lithics T e S U o

T pepe——

Total
phenocrysts 14,2 16.2 21.5 28.9 33.2 21.4 36.1 16.8
0/8 1.1 0.9 0.6 0.8 e 1.1 1.2 1.6

TR rm G e e et i G e e e e S wEm em wmm im MER S S Smm mE o e e S e em . e e
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Table 3. Isotopic dates for the Taylor Creek Rhyolite. All
conventional K-Ar dates are corrected to the constants of
Steiger and Jaeger (1977). All dates are on sanidine.

e e e e e o e e e e i SN SN S S i S e m m L S o SiE = S e S s s e e e T e T e e —

pDate (Ma) Type Source
24.6 + 1.5 K/Ar Elston and others, 1973
27.7 + 0.9 K/Ar Ratte' and others, 1984
26.3 + 1.7 K/Ar Maxwell and others, 1986
25.9 + 0.9 K/Ar Maxwell and others, 1986
25.7 + 0.9 K/Ar Maxwell and others, 1986
25,9 + 2,1 K/Ar Maxwell and others, 1986
+ 25.0 + 0.9 K/Ar Maxwell and others, 1986
25.9 + 0.9 K/Ar Maxwell and others, 1986
26.6 + 1.0 K/Ar Maxwell and others, 1986
27.3 + 1.0 K/Ar Maxwell and others, 1986
27.0 + 1.0 §6Ar 39 this study
28.18 + 0.15 Ar/""Ar W. McIntosh, 1986, oral comm.
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“Table 4. Geochemical analyses of selected samples from the
Monticello Cutoff area. See text for analytical methods and
Appendix 2 for complete sample descriptions., Trp-Rubio Peak
- Formation andesite; Trptl-Rubio Peak Formation ignimbrite;
Trpt2-Rubio Peak Formation ignimbrite; Tkn-Kneeling Nun Tuff;
Ttrl-Unnamed trachyte lava; Ttr2-Unnamed trachyte lava; Thok-
rhyolite of HOK Ranch; Twd-rhyolite of Willow Springs Draw.



UNIT (1) Trp
SAMPLE # 245
SiO2 61.73
T10; 0.54
A1283 17:34
Fe 03 4.60
MgO 2728
Ccao 1.58
Na,O 4.60
K, 0 4.79
P 05 0.27
L1 3,30
TOTAL 101.10
NS -

Ba 1484

Br -
Cl(%) -

Cr <10

Cs -
F(%) -

Ga -

HE -

Mo -

Mb g

Mi -

Pb 14

Rb 100

Sb -

Sc -

Se —

Sn <5

Sr 635

Ta -

Th <3

U <3

v 19

Y 19

Zn A,

nr 155

La -

Ce -

Nd --

Sm -

Fu -

Th -

Yh -

Lu -

o i em

0.49
99.37

1168
<10
23

25
236

-
-

-

<5
110
30
3
28
47

-

526

= e

1.18
100.74

1338

25

160

e

<5
140

———

242

185

——

Trrl T2
237 239
65.19 66.11
0.44 0.44
17.15 16.36
3.07 2:93
0.12 0.17
0.52 0.49
1.14 1.00
6.09 5.86
5.56 5.66
0.17 0.16
0.46 0.64
99.90 99.82
<0.3 1.4

2124 1291
b 0.8
21 <%

0.5 0.7
13.4 1545
95 63
e <12
20 23
109 119
€0.1 <0.1
5.6 6.6
<0.8 <0.2
<5 <5
97 60
3 3.5
16 18
3 3
14 9
46 56
601 706
85 939
168 187
66 77
10.6 120
2.9 2.7
1.4 1.6
4.4 5.5
0.73 0.89

Thok
180

e

h
355
Lud

103
51
200

55
140
59
12.3
0.65
242
11.1
1.75

Twd
115

i e e v

0.15
12.28
1.12
0.06
0.21
0.31
3.45
5.16
0.02
0.51
99.74

36
85

0.004
<9
4.2
0.19
19
7.6
&
36
8
21
259
9
3.3
0.4
25
16
345
29
8
<3
116
57
187

59
132
61
12.9
0.51
2
10.6
1.42
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. Table 5. Point count data for various units in the Monticello
- Cutoff area (in volume %). Points is the total number of
points counted on the thin section. See Appendix 2 for
complete sample descriptions. Ttrl-unnamed trachyte lava; Tkn-
Kneeling Nun Tuff; Thok-rhyolite of HOK Ranch; Twd-rhyolite
of Willow Springs Draw.

gNIT Trtl Tkn Thok Twd Twd
SAMPLE # 244 243 248 115 116
POINTS 500 500 2000 500 500
QUART?E i 6.8 4.2 8.6 10.6 14.6
SANIDINE 6.4 5.2 6.1 18.0 17.4
PLAGIOCLASE 2.0 11.8 2.8 002 0.2
BIOTITE 1.8 3.8 2.4 n.2 0.4
OPAQUES tr tr tr o o 1 o
ZIRCON ol of 7 tr 8 tr
TOTAL

PHENOCRYSTS 17.0 25.0 19.9 29.0 32.6
GROUNDMASS 83.0 75.0 80.1 71.0 67.4
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Figure 1, Generalized geologic and location map for the
Taylor Creek district. Geography (triangles): IP--Indian
Peaks; BP--Boiler Peak; AC--Alexander Cienega; WL--Wall Lake:
RM--Round Mountain. Lode tin occurrences (hammer and
shovel): JC--Juniper Claims; SC--Squaw Creek; NG--Nugget
Gulch; PC--Paramount Canyon; BP--Boiler Peak; KM--Kemp Mesa;
TC--Taylor Creek.
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Figure 2., Correlation of nomenclature for units in

the Taylor Creek district. With the exception of Harvey
(1985) , the nomenclature for the area has been based on Coney
(1976) with minor additions and revisions.

NOTES :
1) In part correlates with sandstone of Inman Ranch.
. 2) Considered here to be a phase of the Taylor Creek
Rhyolite.
3) In part correlates with the sandstone of Inman Ranch
and in part with Tt (this study) .
4) Ignimbrite at top of the Dolan Peak correlates with
the La Jencia Tuf€f.
5) Correlates in part with the sandstone of Inman Ranch.
6) Correlates with Tt (this study) .
7) Correlates in part with the tuff of Stiver Canyon,
the tuff of Kline Mountain, and the TLa Jencia Tuff.
8) Correlates in part with the sandstone of Inman Ranch.
9) Correlates in part with the sandstone of Inman Ranch,
10) Correlates in part with Tt (this study) and Bloodgood
Canyon Tuff.
11) Includes nomenclature from Lawrence and Richter,
(1986) .
12) Correlates with the tuff of Garcia Camp and Tt (this
study)
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Figure 3. Stratigraphic section of bedded rocks in the
Taylor Creek diﬁtri§§. Age information based on McIntosh and

others (1986) Ar/""Ar dates. See text for unit
descriptions.
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Tg-- Gila Conglomerate
28.2 Tbw~-Bearwallow Mountain Fm
The—Bloodgood Canyon Tuff
Tir— sandstone of Inman Ranch
Tgc— tuff of Garcia Camp
282 Ttec—Toylor Creek Rhyolite
Tt-—unnamed pyroclastic deposits
Tot —unnamed ignimbrite
Tl]—La Jencia Tuff
Tkt—rhyolite of Kieth Tank
Twe-rhyolite of Whitetail Canyon
The—rhyolite of Hoyt Creek
Tdp-rhyolite of Dolan Peak
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Tkm Tkm—tuff of Kline Mountain

Tsp Tsp = rhyolite of Sowmill Peak
c Tsc— tuff of Stiver Canyon
Tpe

Tpc — basaltic andesite of Poverty

\-/,, Creek
Tk

w Tkw—tuff of Koko Well

Tkn 135.2 Tkn—Kneeling Nun Tuff

Trp - Trp— Rubio Peak Fm
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Figure 4, Si0_-total alkali classification diagram based on
the IUGS suggegted classification proposed by Le Maitre
(1984) . Numbers refer to the headings in Table 1.
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Figure 5. Typical exposures of the andesitic lava flows of
the Rubio Peak Formation in Poverty Creek, about 1 km from
Poverty Creek Store at the east edge of Plate 1.
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Figure 6. Exposure of the Kneeling Nun Tuff immediately east
of Mud Hole. Dip is to the left (west) and defined by
flattened pumice. Joints are subparallel with dip.
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Figure 7. View looking north at the stratigraphic section at
Mud Hole. The foreground consists of the basaltic andesite
of Poverty Creek. The light colored middle portion of the
hill is the tuff of Stiver Canyon. The cliff forming unit

at the top of the ridge is the rhyolite of Sawmill Peak.
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Figure 8, Typical "felty" texture in the groundmass of the
rhyolite of Sawmill Peak. The phenocryst at the top of the
photograph is sanidine. Field of view is 2.5 mm.
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Figure 9. Typical exposures of the tuff of Kline Mountain.

At this locality, the tuff has a pink tint, possibly due to

alteration related to a nearby rhyolite intrusive. At other
localities, this tuff is white.
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Figure 10. Exploration excavations at the kaolinite
prospects locally known as the "clay pits". The alteration
is an advanced argillic assemblage consisting of kaolinite
and minor alunite., The darker gray material in the center of
the photograph is chalcedonic quartz believed to be the
product of silica replacement of the tuff of Kline Mountain.
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Figure 11. Exposures of the La Jencia Tuff on the north bank
of Scales Canyon. The tuff is densely welded and crystal-
poor. The prominent ledge at the top of the exposure is
about 1 m high. The slope below the top ledge is due to a
vitric zone in the tuff. The differences in texture indicate
that the unit consists of multiple pyroclastic-flow deposits.
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Figure 12. Photomicrograph of the rhyolite of Whitetail

Canyon. The phenocrysts of plagioclase (white) and biotite
(dark) are set in a microtrachytic groundmass with perlitic
cracks. Field of view is about 2.5 mm.
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Figure 13. Flowbanded Taylor Creek Rhyolite below Wall Lake.
The fan-like geometry of the flowbanding may indicate an
underlying vent area but is probably due to ramping of a
moving lava lobe over a previously erupted lobe.
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Figure 14, Glomeroporphyritiec sanidine with a core of
plagioclase in the Taylor Creek Rhyolite. With the exception
of the plagioclase in the center, the entire view is filled
with sanidine., The field of view is about 2.5 mm.
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Figure 15. Granophyric texture typical of the Taylor Creek
Rhyolite. The field of view is about 2.5 mm.
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Figure 16, Relict spherulites in the Taylor Creek Rhyolite.
The radial texture is outlined by opaque oxides. The
original, fine-grained, radial quartz and sanidine have been
recrystallized to coarse granophyric quartz and sanidine.
Field of view is about 2.5 mm.
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Figure 17. Photomicrograph of a thin section from the Taylor
Creek dome near Wall Lake. The groundmass is granophyric.
Mineralogy: Q-quartz, S-sanidine, B-biotite, Sp-sphene.

Field of view is about 2.5 mm.
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Figure 18. Enrichment-depletion diagram for typical Taylor
Creek Rhyolite. The major elements are compared to the
average rhyolite of Le Maitre