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ABSTRACT

Part I

The Mazatzal Mountains are located in Gila, Yavapai, and Maricopa
counties in central Arizona. The rocks in the central part of this
range are dominantly Precambrian, and the only younger stratified rocks
are of Tertiary or younger age. The Precambrian rocks have undergone
a Precambrian regional metamorphism to lower greemschist grade.

Two main mappable units of stratified rocks are present: the
Alder series and the Red Rock rhyolite. Previous work (Wilsom, 1939)
had indicated that the Alder series is a clastic sedimentary pile, and
that it lies in fault contact with an older Red Rock rhyolite. This
work shows that the Alder series consists of about one-third directly
accumulated volcanic material, another third of slightly reworked
volcanic material, and the remaining third of argillites, quartzose
sandstones, and limestones. The total thickness of the section is
unknown, but is at least 14000" (4200 metérs). The overall character
of the Alder series is eugeosynclinal, in view of its great thickness,
the abundance of volcanics, the thick sections of volcanic sandstones
and wackes, and an overall trend towards more shallow-water deposited
rocks towards the top of the section. The volcanics of the Alder
series, however, are predominantly felsic (dacites to rhyolites), and
basalts and pillow lavas, though present, are not abundant.

The Red Rock rhyolite is a thick (at least 1000 meters) pile of

extrusive rhyolitic volcanics including abundant ash-flow tuffs. There
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is no evidence of a fault between the Red Rock rhyolite and the Alder
series. The Red Rock rhyolite lies with depositional contact and
without apparent unconformity on the uppermost Alder series beds. In
the lower Gold Creek area, a feeder dike to the Red Rock rhyolite
penetrates the uppermost Alder series, and broke the surface at the
time of accumulation of the Red Rock rhyolite.

The lithologies of the Alder series show a fairly continuous
evolution from sediments and volcanics accumulated in relatively deep
water to sediments and volcanics accumulated in progressively more
shallow water, and finally to sediments and volcanics accumulated under
intermittently subaerial conditions. The basin of accumulation of the
Alder series became progressively more shallow, at least partly because
of the large volumes of volcanic material which accumulated there, until
the eruption of the tremendous amounts of volcanics of the Red Rock
rhyolite obliterated the remaining vestiges.

The Red Rock rhyolite is petrographically and chemically indis~-
tinguishable from some of the volcanics in the uppermost Alder series.
It evidently accumulated from sources which were active in latest Alder
series time and which contributed to the uppermost Alder series section.
Thus at least locally, the Alder series - Red Rock rhyolite contact
intertongues. The thickness of the Red Rock rhyolite and the abundance
of associated intrusives increases to the northeast, suggesting a
probable direction of the source area, perhaps the Precambrian alkali
rhyolite complex of Tonto Basin described by Conway (1973).

Several generations of shallow intrusive rocks penetrate the Alder



series and the Red Rock rhyolite. Two types of felsic porphyries were
emplaced before folding, while one type of felsic porphyry was
emplaced after folding. Mafic volcanic sheets and dikes which
intruded in and near F?e Red Rock mass of the Red Rock rhyolite may have
been emplaced-during gﬁ%’folding.

Chemical analyses were obtained for nine samples of the Pre~
cambrian rocks of the central Mazatzal Mountains. These analyses
suggest that the volcanic rocks of the lower Alder series are dominantly
dacitic, while the upper Alder series volcanics are dominantly rhyolitic.
The chemical composition of the upper Alder series volcanics and the
Red Rock rhyolite are generally quite similar to modern, unaltered
alkalic rhyolites.

The structural framework of the area is dominated by tight, north-
eastward-trending folds. The Red Rock rhyolite is exposed at the cores
of synclines, while a faulted anticlinal structure cuts off the oldest
Alder series beds to the southeast of Mt. Peeley. These large-scale
structures are of Precambrian age.

Isotopic age determinations using the U~Pb method on cogenetic
zircon fractions were performed on upper Alder series volcanics. The
apparent age indicated by the analyses is 1730 * 20 m.y. The upper
Alder series volcanics are not distinguishable in apparent age from the
Red Rock rhyolite as determined by Silver (1964). This apparent age is
distinctly younger than the ages obtained for previously-correlated

rocks in the Prescott-Jerome area, and confirms the suspicions of

Anderson et al (1971) that the Yavapai schist of the Prescott-Jerome
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area is not correlable with the type Alder series.

Part II

The lead of highépurity, acid-washed K-feldspar concentrates from
five Precambrian granites was removed in a stepwise fashion by two
different techniques. Both the technique of stepwise volatilization
under vacuum and the technique of stepwise partial attack by hydro-
fluoric acid yielded leads from the same K-feldspar concentrate which
varied significantly in their isotopic composition.

The patterns of lead isotopic variation from the feldspar con-
centrates show that the lead isotopic heterogeneity is due to a variable
component of radiogenic lead which was generated since the crystalli-
zation of the rock. Two classes of lead isotopic variation were
observed:

(I) Parallel and colinear variation in the 206/204, 207/204,
and 208/204 ratios, suggesting that the feldspar incorporated lead
derived from long-term uranium and thorium decay from a source with
constant Th/U, and

(II) Variation in the 206/204 ratio independent of any 207/204
and 208/204 variation. This suggests that the feldspar contains lead

derived from the continuing separation and concentration of a U238

intermediate~daughter, probably Rn222.
The amount and type of radiogenic lead incorporated by the five

feldspar concentrates correlates with the concentrations of uranium

and thorium in the rocks and with the geologic age and history of the
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rocks. Thus the rock with the highest uranium content (the Lawler

Peak granite) has the K-feldspar with the greatest amount of uranium-
derived radiogenic lead, and the rock with the highest thorium content
(the Marble Mts. granite) has the K—ﬁeldspar with the greatest amount
of thorium-derived radiogenic lead. The calculated Th/U values for the
sources of the radiogenic leads ranges from two to eleven. Th/U values
in this range are reasonable for several common granitic accessory
minerals of appreciable U and Th content, but are higher than the Th/U
values of the zircons in the rock.

For two of the rocks, the Payson granite of Arizona and the
Giants' Range granite of Minnesota, the composition of the radiogenic
lead of the K—feidspar concentrates suggests that the rocks were dis-
turbed by nearby Precambrian intrusives. The apparent time of incor-
poration of the radiogenic lead of the K-feldspar of the Giants’ Range
granite is 1010 #* 150 m.y., which correlates well with the time of
intrusion of the Duluth gabbro complex at 1120-1140 m.y. (Silver and
Green, 1972).

Although the least radiogenic lead fractions derived from the
K-feldspar concentrates were significantly closer to the composition
of the original feldspar lead, in no case was the original feldspar
lead isolated. Moreover, because the least volatile lead fractions of
some of the feldspar concentrates were more radiogenic in character
than fractions of lesser volatility, it appears that the technique of
stepwise volatilization is not promising for the routine isolation of

original feldspar leads. The technique of stepwise hydrofluoric acid
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attack, however, yielded a greater isolation of original feldspar leads
in fewer and simpler steps. This technique may be useful for the
routine removal of the greatest part of the radiogenic lead cémponent
of Precambrian feldspars, and with further development may lead to the
complete isolation of the original leads of such feldspars.

The isotopic compositions of the least radiogenic fractions of
the three 1450 + 20 m.y. southwestern granites have almost no variation
in 207/204 (15.39 * .02) and less than 1% variation in 206/204 (16.32
* ,08). Calculations using the patterns of lead isotopic heterogeneity
of these feldspars suggest that the original 206/204 values of these
rocks were close to 16.16. The observed least radiogenic 208/204 value
of the high—thorium (142 ppm) Marble Mts. granite is distinctly higher
than those of the other two 1450 * 20 m.y. granites. These patterns
suggest that these rocks were derived from a common, long-lived source,
which source underwent a differentiation so as to cause a change in
Th/U and Th/Pb a few hundreds of millions of years before the emplace-

ment of the granites.
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INTRODUCTTION

PREVIOUS WORK AND REGIONAL SETTING

The Precambrian rocks of the central Mazatzal range were first
described by Ransome (1915, 1916), who inspected the quicksilver
deposits of the area, and constructed a schematic geologic sketch-map.
Lausen (1926) briefly studied the quicksilver deposits. Wilson (1939)
mapped the area now covered by the northern half of the Reno Pass quad-
rangle to a scale of about 1:60,000, and focused his attemntion to the
Precambrian geology. 1In this classic paper, the Alder series and the
Red Rock rhyolite were first defined.

Wilson regarded most of the contrasting lithologies of the Alder
series as being in fault contact. These lithologies were described as
shales, metashales, argillaceous grit (locally schistose), conglomerate,
and quartzite. He considered the Red Rock rhyolite as being in fault
contact with the Alder series, and, because of clasts similar to the
Red Rock rhyolite in conglomerates of the Alder series, regarded the
Red Rock rhyolite as older than the Alder series.

By the time of publication of Wilson's 1939 paper, the work of
geologists over the preceding forty years had allowed a degree of
understanding of the regional stratigraphy and geologic history of the
Precambrian rocks of Arizona to be reached (Wilson, 1922:; Dartom, 1925;
Hinds, 1936, and alsoc Ransome, 1903; Jaggar and Palache, 1905; Lindgren,

1926), and the rocks of the central Mazatzal range assumed a regiomnal



significance to the Precambrian geology of Arizona. At this time, the
Precambrian chronology of central Arizona was believed to be essentially
the following (in chronological order):

Deposition of a thick sequence of volcanic and sedimentary rocks
whose basement is not exposed,

- These rocks were termed the Yavapai Schist (Jaggar and Palache,
1905; Lindgren, 1926) or Yavapai Group (Wilson, 1939), and were
recognized in the Jerome-Prescott region, the Mazatzal range,
eastern Tonto Basin, Pine Creek, and the Del Rio area. The type
Alder series and Red Rock rhyolite were considered by Wilson to
be part of the Yavapai Group —

followed by,
Regional uplift and erosion,
followed by,
Deposition of the Mazatzal quartzite and related rocks;

- In the Mazatzal range and in Pine Creek, an unconformity was
recognized between the Deadman quartzite (Mazatzal range) or
Mazatzal quartzite (Pine Creek) and the underlying Red Rock
rhyolite. The Mazatzal quartzite and the Deadman quartzite
are typically massive, reddish, cross-bedded quartzites. The
Mazatzal quartzite was recognized in the northern Mazatzal range,
in Pine Creek, in eastern Tonto Basin, on Four Peaks, and in the
Del Rio area near Prescott — |

followed by,
Uplift, faulting, metamorphism, and intrusion of granites,

- This event was termed the Mazatzal Revolution by Wilson,



followed by,

Long erosional interval, then deposition of the younger Pre-~
cambrian Apache series.

However, Anderson (1951) later cautioned against correlation of
such units as the type Alder series and the type Yavapai schist in the
absence of direct physical relationships such as superposition of beds.
He also warned against correlation of the structural events recorded
by the older Precambrian rocks of Arizona in the absence of firm litho-
logic correlations, but did regard the "Mazatzal Revolution" as being a
possible and singular older Precambrian orogeny.

Cooper and Silver (1954) noted a possible correlation between
the Pinal schist of the Johnny Lyon Hills of southeast Arizona and the
Yavapai schist. They suggested that they may have originated in a
major geosynclinal trough of unknown extent, and which was the orogenic
site of the Mazatzal Revolution.

Gastil (1958) correlated rocks in the Diamond Butte quadrangle,
about thirty miles east of the central Mazatzal range, with the type
Alder series, Red Rock rhyolite, and Mazatzal quartzite. Unlike Wilson,
however, Gastil regarded the (correlated) Red Rock rhyolite as younger
than the (correlated) Alder series. Silver (1964) obtained an apparent
age of 1715 * 15 m.y. for the Red Rock rhyolite, for the correlated
unit (Flying W formation) in the Diamond Butte quadrangle, and for a
thin rhyolite interbedded in the Mazatzal quartzite at Pine Creek. He
also obtained an apparent age of 1660 * 15 m.y. for a post—-deformational
granite located about ten miles south of the type Red Rock rhyolite and

Alder series, and suggested that the type Mazatzal orogeny must have



occurred within the 1660 m.y. - 1715 m.y. interval. The coincidence of
this interval with the time limits established by Silver on older Pre-
cambrian deformation in southern Arizona and California were regarded
by him as indicative of a widespread orogenic event equivalent to the
Mazatzal revolution. This term, however, has been recently abandoned
both by Silver (personal communication) and Livingston and Damon (1968)
in view of disagreement on its proper usage and possible inclusion
within the term of more than one orogenic event.

Later work by Silver (1967) and Blacet et al. (1971) yielded
apparent ages of 1760 m.y. to 1820 m.y. for the volcanics in the type
Yavapai schist, which implies that the Red Rock rhyolite cannot be
contemporaneous with the Yavapai schist of the Jerome-Prescott region.
Anderson et al (1971) have recently abandoned the correlation of the
type Alder series with the type Yavapai.

Livingston and Damon (1968) obtained an apparent age of 1600 *
100 m.y. on a rhyodacitic ignimbrité which they correlate with the Red
Rock rhyolite, and apparent ages of 1400-1425 m.y. on plutons intrusive
into Mazatzal quartzite-correlated rocks. They suggest that the
Mazatzal revolution occurred at about 1400-1425 m.y.

Silver (1967) has suggested that the pre-Apache stratified rocks
of Arizona fall into two age groups: the older with ages of 1760-1820
m.y. (north of 33°N latitude), and the younger with ages of 1710-1725
m.y. (south of 34°N latitude), east of 112°W longitude). The boundary
between these two age provinces was not directly observed, and may cross

the Mazatzal range near the area mapped in the present study.



SCOPE AND PURPOSE OF PRESENT WORK

This study was undertaken with three main aims;

1) to determine the relation of the Red Rock rhyolite to the
Alder series,

2) to determine the internal stratigraphy of the Alder series
(and Red Rock rhyolite, if possible) and the actual petrologic nature
of the rocks, and

3) to determine the nature and timing of the deformation,
intrusive, and metamorphic history of the Alder series and Red Rock
rhyolite.

The first aim is important for several reasons. The relative
ages of the Red Rock rhyolite and the Alder series as interpreted by
Wilson (1939) have been disputed by Gastil (1958, and above, p. 3), and
in any case Wilson's assignment does not seem to be based on conclusive
evidence. But if Wilson is correct, and the Red Rock rhyolite is older
than the Alder series, then Silver's radiometric date of 1715 #* 15 m.y.
for the Red Rock rhyolite requires that the Alder series cannot be
correlable with the type Yavapai schist.

If the Alder series is older than the Red Rock rhyolite, the
contact between the two would become of some importance. The boundary
of the two older Precambrian age‘provinces proposed by Silver (1967,
and above, p. 4) must pass within about fifteen miles of the northern
Reno Pass quadrangle area. Thus the Red Rock rhyolite-Alder sefies
contact might represent a major time break and province boundary.

The uncertainty in correlation among the type Alder series,



Yavapai schist, Pinal schist, and the Alder series-correlated rocks
in the Diamond Butte area required the determination of a stratigraphy
within the Alder series and Red Rock rhyolite. Also necessary to re-
duce the uncertainties in these correlations is an understanding of the
environment of accumulation of the type Alder series rocks, and a good
petrologic characterization of the various lithologies in the formation.
The third aim was, of course, necessary for the determination of
the stratigraphy of the Red Rock rhyolite and Alder series. The
deformational, intrusive, and metamorphic history of the rocks also was
studied for the purpose of possible correlations with orogenic events

which deformed other older Precambrian rocks in Arizona.



GEOGRAPHY

LOCATION AND ACCESSIBILITY

The area mapped comprises approximately the northern half of the
Reno Pass 7%' quadrangle, central Arizona, as is roughly bounded by the
meridians 110°30', 111°22'30"W, and the parallels 34°00°, 33°56'15"
(fig. 1). The area lies in the central part of the Mazatzal range, in
Maricopa and Gila counties. A good paved highway, Arizona State High-~
way 87, crosses the area and permits rapid access from either the town
of Payson, about 30 miles to the north, or Phoenix, about 50 miles to
the south. Access north of Arizona 87 is provided by a dirt road which
skirts Pine Butte, turns west at the northern boundary of the Reno Pass
quadrangle, and ends at Thicket Springs on the southeast flank of Mt.
Peeley. Truck and jeep roads provide access to the various mercury
mines in the area. The only good road on Mt. Ord is the access road to
the microwave and fire lookout installations on its summit. WNorth of
the Reno Pass quadrangle, in the 15' Payson quadrangle, most of the
adjoining area is in the Mazatzal Wilderness area, where access is

restricted to a few foot trails.

PHYSICAL FEATURES, CLIMATE, AND VEGETATION

Most of the mapped area north of Slate Creek can be regarded as
a south-facing slope of the Mazatzal Mountains. The highest elevations
in the mapped area are the slopes of Mt. Peeley, about 6600', and the

lowest elevations in the Slate Creek drainage, about 3500'. The main
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drainages are the East and West forks of Sycamore Creek (referred to as
Alder Creek in the work of Wilsonm, 1939). These creeks are almost dry

in the summers, but may flow several feet deep during the early spring

months. The main drainages, mountains, springs, and roads of the area

are shown in figure 2.

The topography is one of prominent stream valleys, steep slopes
and rounded ridges. Plant cover varies from grasses and cactus on the
lower elevations to manzanita, 'scrub' oak, locust and juniper between
about 4500' and 5500', to forests of pine, oak, cedar and juniper on
the highest north-facing slopes.

The climate is characterized by cool winters, with daytime
temperatures seldom falling below 35°F, and hot summers, with daytime
temperatures in the 85°-100°F range. Rainfall is modest, probably
about 15" per year.

There is generally less than about ten permanent occupants of the
area, with those people located at the various mining camps. The land
is used as cattle range, and there is sporadic activity at some of the

mines.
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GEOLOGIC UNITS

ALDER SERIES

General Characteristics

The Alder series (defined by Wilson, 1939) is a thick section
(more than 14,000') of metavolcanic and metasedimentary rocks intruded
by several generations of sheets and dikes (fig. 3). Although the rocks
of the Alder series have been sheared and foliated to varying degrees,
and undergone greenschist facies metamorphism, the original lithologic
character of much of the section can still be ascertained. In most
cases, therefore, lithologic terms describing the Alder series rocks are
not referred to as, for instance, meta-sandstones, meta-tuffs, or meta-
congjomerates, but rather as sandstones, tuffs, or conglomerates.

An important characteristic of the Alder series is its volcanic
content. About one-third of the section is directly accumulated vol-
canic rock -— mostly felsic pyroclastics -- while another third is sedi-
mentary rock rapidly derived from a volcanic source-terrain (volcanic
sandstones and graywackes). Of the remainder of the section, about one-

half is argillaceous rock, and half quartz wackes and quartzites.
Environment of Accumulation

The overall character of the Alder series is eugeosynclinal, in
view of such eugeosynclinal characteristics (Pettijohn, 1957; Kay, 1951)
as its

a) relatively great thickness
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GENERALIZED STRATIGRAPHIC COLUMN OF ALDER SERIES
Northwest limb of Red Rock Syncline :

.
K
Qi

".b;;é.g S

Red Rock rhyolite

P

Telephone Canyon member

- Cross~bedded quartzites and quartz wackes,
minor conglomerates, slates, and tuffs.
{(Gold Creek Area: includes abundant tuffs)

Oneida member

- Flattened Pumice Tuffs, cobble conglomerates,

and minor sandstones.

2000 —2k—2500' ———sbo— 2000! SR

East Fork member

=~ Slates, in part tuffaceous , silistones,

minor limestone and sandstone.

Y/ 4000

Cornucopia member

= Upper: dacitic volcanic breccia

- Middle: basaltic flows, pillow lavas,
and bedded cherts

- Lower: subaqueous lithic-crystal tuffs.

te—2200" v

Horse Camp member

- Voleanic sandstones, volcanic wackes,
sedimentary breccias, minor conglomerate,

limestone, and slates.

West Fork member

= Slates and phyllitic siltstones.

Crystal=lithic tuffs
- Subagueous crystal-lithic tuffs,

Figure 3
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b) abundance of extrusive volcanics, including some pillow lavas

¢) thick sectioﬁs of volcanic sandstones and graywackes

d) overall trend towards more mature and more shallow-water

deposited rocks at the top of the Alder series section
(quartzites, quartz wackes, conglomerates).
However, the Alder series deviates in character from classical eugeo—
synclinal sections in that the mafic volcanics (pillow-lavas and other
basaltic flows) are distinctly less abundant than dacitic to rhyolitic
volcanics. Also, the argillaceous rocks of the Alder series are less
abundant than the volcanic sandstones and gréywackes.

The relatively minor amount of basaltic rocks present in the ex-
posed Alder series section, however, may not be representative of the
complete section. The general trend of lithologic variation with posi-
tion in the section, in fact, suggests that the Alder series rocks below
the lowest exposed horizons could contain abundant additional basaltic

flows.

Evolution of the Alder Series Depositional Basin

The lower half of the exposed Alder series is composed mostly of
slates, poorly bedded and sorted volcanic sandstones, subaqueous dacitic
tuffs, pillow lavas, and bedded cherts. In this part of the sectionm,
such sedimentary structures and cross-bedding, ripple-marks, and scour-
ing are very rare. These rocks were accumulated under exclusively sub-
aqueous conditions, and in water deep enough so that they were deposited
below the wave and current base. The presence of cherts interbedded

with pillow lavas is also suggestive of relatively deep water, since a
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high water pressure greatly favors a high degree of concentration and
supersaturation of dissolved silica (Bailey et al., 1964, p. 65).

The first true conglomerates, with abundant rounded cobbles,
appear at the base of the Oneida member of the Alder series, about
4000' below the base of the Red Rock rhyolite. Above this horizon,
the first sediments giving evidence of significant reworking and of
current effects are present. The abundance of such rocks increases
with relative position in the section. In the uppermost member of the
Alder series (the Telephone Canyon member), the dominant lithologies
are cross-bedded true quartzites and quartz wackes. In this part of
the section, subaerial felsic volcanic material first occurs, with
progressively greater abundance towards the northeast. The chemical
similarity of these vélcanics to the overlying Red Rock rhyolite and
the spatial coincidence of pronounced increase in abundance of these
volcanics, the Red Rock rhyolite, and petrologically similar shallow
intrusives, all argue that these subaerial Alder series rhyolites are
related to the Red Rock rhyolite.

Thus the trend of lithologies with position in the section
suggests that the basin of accumulation of the Alder series became
progressively shallower starting at Oneida member time, until near-
shore sedimentary facies such as cross-bedded quartzites were common.
At the same time that the near-shore facies rocks were being abundantly
laid down, rhyolitic vulcanism with sources to the northeast were em-
phasizing the effects of the uplift of the basin by pouring in large
volumes of felsic volcanic material. The result was the attainment of

intermittent subaerial conditions towards the northeast in latest
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Alder series time, while a continuous section of shallow-water sediments
was accumulating elsewhere.

The eruption of the large volumes of rhyolite of the Red Rock
rhyolite occurred either during the accumulation of the latest quartz-
ites or after a short period of final uplift. The appearance of the
Red Rock rhyolite -- massive, exclusively subaerial, and at least 4000’
thick -- marked the end of the Alder series depositional basin. More-
over, no later deep basin was evidently developed in the same area.
Overlying the Red Rock rhyolite, just north of the mapped area, is a
thick section of cross-bedded quartzites and shales (the Mazatzal and
Deadman quartzites and the Maverick shale), while in the Tonto Basin
area, the Alder series-correlated rocks are overlain by rocks similar
to these cross-bedded quartzites (Clay Conway, personal communication).

The area of the crust which was involved in the downwarping
which resulted in the basin of Alder series accumulation was at least
25 miles in length (the distance to the correlable rocks in Tonto Basin
to the northeast). The area might well span more than 150 miles, how-
ever, as the eugeosynclinal rocks of the Pinal schist in the Dragoon
quadrangle, described and dated by Silver (1955, 1961, 1967) are
similar in age (1715 % 15 m.y.) and character to the rocks of the Alder

series.

Mapping Style

Detailed stratigraphic control within the Alder series was
difficult to obtain, because the conditions of accumulation which

controlled the lithologies of the Alder series were evidently quite
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variable, both in time and space. Only relatively thick and laterally
persistent lithologic types proved to be generally mappable, and even
these commonly showed significant variations along strike.

The boundaries of many of these mappable units are gradational
over distances of 100 to 1000 feet; thus relatively small-scale struc-
tures which slightly offset such contacts might have well remained
undetected. Also, variations in the degree of foliation and recrystal-
lization of these weakly metamorphosed rocks obscure correlations of
lithologies over distances of miles.

The area north of Arizona State Highway 87 was mapped in some
detail. On the north slopes of Mt. Ord, south of this highway, much
poorer exposures and access allowed only what must be called reconnais-
sance mapping to be dome in this area. Much of the information on
these rocks stems from observations (hand-specimen and thin-section)
on samples taken at about 800! intervals along the Mt. Ord access road.
Some of the contacts along this road are located only to the accuracy
of the sample spacing, since the degree of alteration of the rocks im
the roadcuts in many cases precludes accurate field identification of
their genetic type.

In this report, unnamed drainages will be named according to the
elevation, from the appropriate topographic base, at which they join a
named drainage. Thus the tributary of Gold Creek which intersects Gold
Creek near 4080', according to the Reno Pass quadrangle topography, is
referred to as the 4080°' fork of Gold Creek. The drainages referred

to in this report are identified in figure 2.
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View looking northwest from the divide between the east and
west forks of Sycamore Creek. The West Fork of Sycamore
Creek is the drainage in the right foreground. The Red
Rock rhyolite makes up the far ridge, whose high points to
the southwest and northeast, respectively, are Sheep Mt.
and Mt. Peeley. The Red Rock rhyolite-Alder series contact
is exposed on the near flank of the ridge. The light-
colored, resistant rocks cropping out on the ridges of the

middle distances are unfoliated rhyodacitic intrusive
sheets.
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Plate 1
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Plate 2: View looking south towards Mt. Ord (high peak in distance)
across Slate Creek. Resistant quartzite beds in the Alder
series crop out along the north flank of Mt. Ord. The
change in vegetation from brush to pine and juniper high on

the mountain approximately marks the Alder series-Mt. Ord
andesite contact.
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Plate 2
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Mapped Units

CRYSTAL-LITHIC TUFFS

The oldest exposed rocks of the Alder series on the northwest
side of the Red Rock syncline are massive, typically blue-green,
crystal-lithic tuffs. They comprise a typically non-resistant unit
which crops out poorly, except in creek beds. The lower contact is a
fault which juxtaposes breccias of the Cornucopia member against the
crystal-lithic tuffs. The unit grades upward into the maroon slates of
the West Fork member of the Alder series. The latter tramsition is
marked by interbedding of crystal-lithic tuffs with slates or foliated

mudstones, and occurs in a stratigraphic thickness of about 150°.

Lithologiés

The crystal-lithic tuffs are composed exclusively of massive,
coarsely foliated, coarse-grained tuffs composed of altered volcanic
fragments and crystals of plagioclase and quartz. Typical rocks of the
unit are a pale blue-green color on fresh surfaces, and weather to
various shades of tan. Angular, ¥ mm to 2 mm pink plagioclase grains
are visible in hand-specimen, and appear to be set in a fine-grained
matrix.

Thin-section examination of the crystal-lithic tuffs shows that
they are composed of from 5% to 40% quartz and p%agioclase grains of
greater than 0.1 mm size (the ratio of quartz to plagioclase varies
from about 0.1 to 1.5 in four thin-sections examined), from 607 to 90%

volcanic lithic clasts, and less than about 5% of fine-grained matrix
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material (plates 3, 4).

The larger grains of quartz and plagioclase (unzoned albite or
possibly sodic oligoclase) are subhedral and 0.1-2 mm in size. Many
of the quartz grains show rounding and embayment. The lithic fragments
are moderately elongate in the direction of foliation (length:width in
cross~section of two to four), and average about 2 mm in length. They
are fine-grained, leucocratic, and are partially altered to sericite and
chlorite. Some of the lithic clasts contain quartz or plagioclase
phenocrysts. Because of the difficulty in distinguishing between highly
altered, fine-grained lithic fragments and any altered, fine-grained
matrix around the larger lithic and crystal clasts, the estimate of
less than 57 matrix material in the rock is somewhat crude.

Most of the lithic clasts apparently deformed during the meta-
morphism and not accumulation, because neither extreme flattening
(length/width fatios greater than 5) nor deformation of lithic clasts
around angular crystals are common, except in samples from the uppermost
part of the unit.

Braids and elongate aggregates of sericite and chlorite are
abundant. Epidote is present in only trace amounts, although the

chlorite mode averages about 157.

Structures

The unit as a whole is devoid of small-scale depositional
structures. Eﬁamination of thin-sections of four samples from the
lowest-exposed to the uppermost horizons suggests an increase of more

highly deformed (hence, possibly pumiceous) lithic clasts towards the
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Photomicrograph of crystal-lithic tuff member of the Alder
series (2 x 3 mm field, plane polarized light). The larger,
lighter grains are plagioclase. The 'matrix' comsists
mostly of plagioclase, sericite, and some chlorite, and is
actually mostly altered lithic clasts.

Same as plate 3, but crossed nicols.
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Plate 3
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top of the unit, possibly reflecting a gross grading.

Mechanical deformation of the unit near the fault which forms
its northwesterly limit is not readily apparent, except for the pres-
ence of numerous small (5-10 mm widths), discordant quartz grains. The
breccias of the Cornucopia member near this fault are, in contrast,

intensely veined and brecciated.

Distribution

The unit is exposed in a northeast-trending belt which passes
within 2000’ southeast of Thicket Springs. Best exposures are obtained
in the drainage which intersects the West Fork of Sycamore Creek at
4920" elevation. The exposed thickness of the crystal-lithic tuffs
varies from about 1000' at the western boundary of the Reno Pass
quadrangle to no exposure at the northern boundary of the quadrangle,
due to progreséive truncation by faulting.

No confidently correlable rocks were observed on the southeast
limb of the Red Rock syncline. The Ord member sandstones and tuffs,

however, may be related (p. 26).

Environment of Accumulation

The abundance and preservation of the igneous forms of the quartz
and plagioclase grains require that the materials have been Very rapidly
incorporated from the volcanic source. However, the absence of both
large (over 4 mm) clasts and significant fine-grained matrix material
is evidence of an efficient sorting process. These characteristics are

best obtained by the mechanisms described by Fiske and Matsuda. (1964)
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in connection with submarine ash-flow deposits. The relatively fine
grain size of these tuffs may reflect a relatively distant source. An
air-fall origin for these tuffs cannot be ruled out; however, the

degree of winnowing of fine ash which is required seems unlikely.

ORD MEMBER

The oldest exposed rocks of the Alder series on the southeast
side of the Red Rock syncline are fine-grained, chlorite~rich meta-
sandstones and interbedded dacitic tuffs. These rocks, mapped only in
reconnaissance, conformably underlie the coarse, bedded sandstones of
the Horse Camp member, and are intruded by Pine Mt. Porphyry-type
rhyodacitic rocks.

The contact of the Ord member with the overlying Horse Camp
member is gradational over about 100' of section, and is marked by the
disappearance (going down-section) of bedding, decrease of grain size
from coarse to fine sand, and appearance of persistent blue-green
(when fresh) color. The unit is not resistant, and is poorly exposed

except in the larger drainages.

Lithologies

In outcrop, the rocks are typically massive, well-foliated,
fine to medium-grained, and blue to blue-green in color. No sedimentary
structures were observed.

Thin section examination shows that they consist predominantly

of .05 mm -~ .5 mm angular to subrounded quartz. The original matrix

material has recrystallized to chlorite, sericite, and opaques, present
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as parallel stringers and elongate aggregates. The quartz grains are
subequant to slightly elongate (parallel to foliation), with a mosaic
structure present in soﬁe of the larger grains. The abundance of
quartz grains in the sandstones varies from about 40% to 70% (plates
5 and 6). ©No feldspar grains are visible in thin section.

The abundance of chlorite and opaque minerals in the sandstones
of the Ord member is in contrast with the low content of femic minerals
in most of the sandstones of the rest of the Alder series. This evi-
dently reflects an original matrix rich in Fe and Mg. Possibly this
matrix consisted, in part, of fine ash of dacitic composition from the
dacitic tuffs(?) intercaled in the unit.

These tuffs(?) are dark blue, massive, foliated, fine-grained
rocks exposed in the middle of the unit. In thin section, chlorite,
epidote, and fine-grained opaques are seen to comprise up to 90% of the
rock, with very fine-grained quartz and feldspar(?) making up the re-
mainder. Trace amounts of subhedral, corroded, 0.1 mm ~ 0.5 mm quartz
and plagioclase phenocrysts are present. The rock is identified as a
possible tuff because of strong textural suggestions of abundant,

compressed relict shards.

Distribution

The Ord member of the Alder series is exposed on the Mt. Ord road
near the 5000' level, and again between the elevations of about 5600°
and 5780"'. The precise distribution of the Ord member and intrusives
into it along the Mt. Ord road may be more complex than as mapped

~because, without outcrops of fresh rock, the two lithologies are not
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Plate 5: Photomicrograph of Ord member sandstone (2 x 3 mm field,
plane polarized light). Lighter grains are quartz, medium-
gray, highly elongate patches are chlorite. Note elongation
and alignment of quartz grains parallel to foliatiom.

Plate 6: Same as plate 5, but crossed nicols.
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Plate 5

Plate 6
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easily distinguishable. In the north-flowing fork which joins Slate
Creek at 3600' elevation, the unit crops out from as low as about 4620',
to at least as high as 4800'.

No strictly comparable rocks to the Ord member lithologies crop
out on the northwest 1imb of the Red Rock syncline. However, the
slates, siltstones, and fine-grained sandstones of the West Fork member
occupy a similar stratigraphic horizon and may be equivalent to the Ord
member, but slightly more reworked and with oxidized instead of reduced
iron. An alternate correlation is that, in the absence of West Fork
member lithologies on Mt. Ord, the Ord member impure sandstones and
dacitic tuffs represent a finer-grained facies of the crystal-lithic
tuffs. This correlation implies that the Ord member was accumulated
further from the volcanic source of the crystal-lithic tuffs, so that
the volcanic material of the Ord member was introduced by air-fall

rather than submarine debris flow.

WEST FORK MEMBER

The West Fork member of the Alder series (new name, for exposures
in the upper West Fork of Sycamore Creek) is a\predominantly fine~
grained sequence of slightly metamorphosed shales, siltstones, and
volcanic sandstones. The most common lithology is a maroon phyllite
with intermittent laminations of lighter colored rock.

The West Fork member conformably overlies the crystal-lithic
tuffs of the Alder series, except where the tuffs are cut out by the
Thicket Springs fault. The unit conformably underlies the volcanic

wackes and sandstones of the Horse Camp member. This contact is
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gradational, and was defined in the field by the first appearance,
going up-section, of persistent sandy lithologies. In the northeast
part of the mapped area, the contact is intruded by a relatively thick
(800') felsite sheet.

The unit is non-resistant, and crops out poorly even in creek

bottoms.

Lithologies

Within the boundaries of the Reno Pass quadrangle, the West Fork
member consists predominantly of maroon slates and phyllites, and con-
tains only minor interbeds of sandstone. Just north of the northern
boundary of the Reno Pass quadrangle, however, abundant, medium-grained
sandstones and wackes crop out in roadcuts on the Thicket Springs road.
Near the western boundary of the quadrangle, the unit contains inter-
calated, pale blue, fine-grained tuffs, but these rocks do not persist
to the northeast.

Microscopic inspection of the slates shows that they consist of
very fine-grained (less than .0l mm) reddish-brown opaques and equally
fine-grained quartz and feldspar(?), in about equal abundance. The
‘slightly coarser—-grained phyllites contain abundant (40%) sericite as
oriented, highly elongate patches and finely disseminated flakes. The
coarsest—grained sample examined (collected in the north fork of
McFarland Canyon) contains about 30% poorly sorted, ahgular, 0.1 mm -
0.4 mm quartz and plagioclase (plagioclase the more abundant), some of
which are subhedral. Euhedral, 1 mm pyrite crystals are present in

trace amounts. The matrix in this coarsest-grained sample is more

'
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abundant than the clasts, and contributes about 25% chlorite, 35%
sericite, and 10% quartz + feldspar to the modal composition of the

rock.

Sedimentary Structures

Graded bedding, cross-bedding, and channeling are absent from
most outcrops of the West Fork member. The outcrops of sandy beds near
the Gila-Maricopa county line (in the Payson quadrangle) do contain
such structures, however, and give consistent southeast directions for

the tops of the beds.

Metamorphic and Deformational Effects

The West Fork member is consistently and pervasively foliated,
so that the finer-grained rocks have a slaty cleavage, and some a
micaceous sheen on parting surfaces. Although the slates are not

competent, foliation and bedding are generally concordant.

Distribution

The West Fork member is exposed in a northeast-trending belt
which intersects the West Fork of Sycamore Creek at the 5000°' level.
The best exposures of tﬁe unit crop out in the main tributaries to
the West Fork of Sycamore Creek. ,

The lithologies of the West Fork member were mot reeognized on
the southeast 1imb of the Red Rock syncline (on Mt. Ord). The

chlorite~rich sandstones and siltstones of the Ord member (see p. 30),

however, may be correlable.



33

Thickness.

The West Fork member attains a maximum apparent exposed thickness
of about 2000' at the southwest limit of the mapped area. To the north-
east, near the northern boundary of the Reno Pass quadrangle, the thick-
ness is as low as about 1000°. The apparent variation in thickness of
the unit may in part be due to a degree of duplication of section by

folding to the southeast.

Fnvironment of Accumulation

The general fine-grained character and lack of abundant sedi-
mentary structures reflecting current action suggests that the deposi-
tional enviromment was reasonably placid. The textural immaturity of
the larger clasts in the coarser lithologies, however, may indicate that
a slow input of relatively fresh material, rather than extensive re-
working of older material, was responsible for the character of the
unit. A very modest gradient between the source region and the sites
of deposition, therefore, is indicated. This is comnsistent with the
lack of significant volcanic material in the sediments, and implies

that a period of volcanic quiescence obtained during deposition.

HORSE CAMP MEMBER

The Horse Camp member of the Alder series (new name, for typical
exposures near Horse Camp Seep) is characterized by:

1) the abundance of volcanic lithic clasts in its beds,

2) a predominantly moderate (¥ - 4 mm) grain size, and

3) dits sedimentary nature.
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The unit lies conformably above the West Fork member on the northwest
side of the Red Rock syncline, and conformably above the Ord member on
the southeast side of the syncline. It lies conformably below the
Cornucopia member.

The rocks of the Horse Camp member crop out moderately well,
although continuous exposures are found only in the larger drainages.
Silicified and quartz-veined zones within the unit, however, are re-
sistant, and form northeast-trending ridges which crop out continucusly
for more than a mile.

The stratigraphic upper limit of the Horse Camp member was
defined in the field by the disappearance of sedimentary structures and
textures (but not necessarily all stratification), and microscopically
by the appearance of abundant volcanic textures that would normally be
destroyed during sedimentation (see the discussion of such textures in

the description of the Cornucopia member).

Lithologies

The most common lithology in the Horse Camp member is a medium to
coarse-grained, poorly sorted, faintly bedded volcanic sandstone (plates
7 and 8). Phyllites, gravelly volcanic wackes, sedimentary breccias,
and cobble conglomerates are present in the unit to a subsidiary degree.

N

Limestone, dolomite, and bedded chert beds are locally presént, but do
not form persistent horizons.

The volcanic sandstones and wackes are typically gray to blue~

green in stream-polished outcrops. On ridges and in roadcuts, the rocks

are commonly tan, maroon, and pale purple. Foliation within the



35

Plate 7: Photomicrograph of volcanic sandstone of Horse Camp member
(Alder series). Light-colored clasts are plagioclase and
quartz, gray grains are both sericitized plagioclase and
altered felsic volcanic clasts. The dark clasts are
evidently altered mafic volcanics, some displaying relict
plagioclase lathes. 2 x 3 mm field, plane polarized light.

Plate 8: Same as plate 7, but crossed nicols.
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Plate 7

Plate 8
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volcanic sandstones and wackes is generally faint, although in highly
weathered outcrops it may be quite evident.

The identifiable clasts of hand-specimens of tﬁese rocks are
fine-grained lithic fragments (generally volcanic if identificable,
occasionally shale), plagioclase, quartz, and jasper. Microscopic
examination of the volcanic sandstones and wackes reveals the plagio-
clase to be unzoned, partially sericitized albite (possibly also some
sodic oligoclase). The lithic fragments are of two main types:

1) felsic volcanics —-- composed either of fine-grained, inter-
locking quartz and feldspar (less than .05 mm in grain size), or of
ultrafine~grained (less than .0l mm) material, similar in texture to
the lapilli in the lithic-crystal tuffs of the overlying Cornucopia
member; or,

2) mafic volcanics —- partially or wholly altered to opaque
minerals. Some clasts display abundant, small plagioclase laths in
the opaque matrix (possibly relict hyalopilitic texture).

A minor clast type is composed wholly of chlorite. These probably also
are altered mafic volcanics.

The matrix material of the volcanic sandstones does not generally
exceed 57 of the rock, and has been recrystallized to sericite, chlorite,
opaque minerals, and clays(?). No detrital heavy minerals/were observed,
possibly due to small grain-size and the obscuring effects of the matrix.
The volcanic sandstones are generaily moderately to poorly sorted,
although a few very poorly sorted beds are present (motably exposed in
roadcuts on the Thicket Springs road), and also some more texturally

mature, phyllite-transitional types near the base of the unit.
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The sedimentary breccias contain poorly sorted, %" - 18" clasts
of felsic volcanics, shale, sandstone, and jasper in a poorly sorted,
sandy matrix., Conglomerate beds in the Horse Camp member are composed
of pebbles and cobbles of felsic volcanics and jasper.

Carbonate beds within the Horse Camp member are typically thin
(1" - 20") and dolomitic. Interbeds of massive volcanic wacke, and
chert and jasper bands (1" - 3" thick) are common. Rare beds of massive,
pink limestone up to 50' thick also occur. Bands of bedded chert or
jasper are present in some outcrops of the volcanic sandstones and
wackes.

On the southeast limb of the Red Rock syncline, on Mt. Ord, the
Horse Camp member lithologies are somewhat different than the above
described types in that,

1) they are richer in quartz and much poorer in mafic volcanic
lithic clasts,

2) the unit includes beds of massive, highly resistant,
moderately sorted quartzites,

3) sedimentary breccias and conglomerates are less common, and,

4) the rocks are more foliated, so that lithic clasts are dis-

tinctly stretched, and even quartz clasts somewhat deformed.

Sedimentary Structures

Original bedding is well-preserved in the outcrops of the Horse
Camp member on the northwest 1imb of the Red Rock syncline. Bedding
thicknesses are thinnest (as thin as a few inches) in the lower horizoms

of the unit, whereas the upper horizons tend to be massive.
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Crossbedding, graded bedding, and channeling were rarely observed in
outcrops (such outcrops were found at only four localities, all on the

northwest limb of the syncline).

Metamorphic and Deformational Effects

On the northwest limb of the Red Rock syncline, the medium and
coarse~-grained lithologies are relatively free from metamorphic and
deformational effects. Microscopic examination of the rocks reveals
the presence of oriented sericite and elongate aggregates of opaque
minerals, probably resulting from alteration of matrix material. The
clasts have also been affected, but in a more subtle manner. The quartz
grains are, in general, fresh-looking (sharp rims, clear, angular), but
in the more foliated rocks have been slightly stretched, concordant
with foliation, and have developed ragged edges. The plagioclase grains
are fresh looking in some of the rocks, but more commonly are partially
or completely altered to sericite and/or epidote. Authigenic or meta-

morphic overgrowths on the quartz and plagioclase grains are uncommon.

[y

5
Euhedral carbonate rhombs which crosscut the sedimentary textures

are scattered through some of the rocks, as well as 1 mm — 3 mm pods of
carbonate aggregates. These rhombs (ankerite?) alter to a brownish,
amorphous material.

The rocks of the Horse Camp member exposed on Mt. Ord, as men-
tioned above, are more sheared. Even the lithic clasts in these rocks
are stretched and partially altered to sericite, and the quartz clasts
are markedly stretched and even sericitized at their leading and

trailing edges.
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Distribution

The Horse Camp member is exposed in two northeast—-trending belts
flanking the Red Rock syncline. On the northwest side, the unit crosses
the West Fork of Sycamore Creek between the elevations of about 4700
and 4900'. It is best exposed in the West Fork of Sycamore Creek, and
in the Horse Camp Seep area. Southeast of the syncline, the unit
crosses the Mt. Ord road between about 4600' and 5000°, with best

exposures in the northward flowing fork which joins Slate Creek at 3600°.

Thickness

On the northwest 1imb of the Red Rock syncline, the Horse Camp
member varies in thickness from 2000' to 3500', thickening to the north-
east. On Mt. Ord, the unit varies from about 700' to 1800°' in thickness,
also thickening to the northeast. Coarser-grained lithologies (coarse
volcanic wackes and breccias) seem to be more abundant to the northwest,

and may be responsible, at least in part, for the trend of thickening.

Environment of Accumulation

The heterogeneous character of the sediments of the Horse Camp
member, and the abundance of volcanic debris as clast material, suggest
an enviromment in which sedimentation was the result of ervosion of a
volcanic topography of significant complexity. The source regions may
have harbored active volcanic centers, which centers either increased in
activity with time, or migrated closer to the observed site of deposi-
tion. Such a conclusion is reasonable from the tfend of the unit to

contain more unreworked volcanic material towards the uppermost beds,
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so that a complete gradation, up-section, into the subaqueous ash or
debris flows of the Cornucopia member occurs.

Periods of active vulcanism of either great intemsity or of
close proximity would have increased the relief of the source areas of
the sediments of the Horse Camp member, resulting in an increased
clastic input, and thus in deposition of the coarsest and most immature
sediments (breccias, conglomerates, and grits) of the unit. Periods of
either volcanic quiescence or relatively great distance of active
volcanic centers would have allowed reworking of a much reduced clastic
input, resulting in deposition of the moderately sorted sandstones,
argillites, and limestones of the unit.

The absence of common current-indicating structures in the sand-
stones of the Horse Camp member implies relatively deep~water deposi-
tion. Evidence of deposition by large-scale gravity slides or turbidity
currents was not recognized, however. This suggests that although the
gradient between the source region and the depositional region was
steep enough to permit accumulation of coarse, immature material, it was
shallow enough to prevent large-scale subaqueous transport and deposi-
tiomn.

Some information as to the source-regions of the Horse Camp
member is given by an apparent, but subtle, dincrease in coarser sand-
stone and breccia lithologies to the northeast, combined with the
generally finer-grained character of the unit on Mt. Ord. The implied

direction of the source-region is thus roughly northeast.
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CORNUCOPIA MEMBER

The Cornucopia member of the Alder series (new name, for expo-
sures near the Cornucopia Mine) consists of coarse lithic tuffs, fine
vitric tuffs, basaltic flows, bedded cherts, and felsic volcanic
breccias. The unit conformably overlies the volcanic sandstones of the
Horse Camp member, and underlies the slates and limestones of the East
Fork member. Most of the lithologies of the Cornucopia member are
poorly exposed. In some localities, however, the volcanic breccias and
brecciated chert and jasper are resistant.

The contact of the Cornucopia member with the East Fork member
is not exposed, or is intruded by sheets of the Pine Mt. porphyry. The
contact with the underlying Horse Camp member (examined in detail bnly
on the northwest side of the Red Rock syncline) is gradational over a
thickness of section of about 500°'. It was defined in the field by the
disappearance of sedimentary structures and textures, going up—-section,
and microscopically by the appearance of volcanic textures that would
normally be destroyed during sedimentation. Such textures include the
presence of abundant euhedral and subhedral quartz grains (many being
intricately corroded and embayed), delicate relict ghard forms, and
pumice fragments which show evidence of deformation during or shortly
after accumulation. Transitional lithologies between the upper Horse
Camp and lower Cornucopia members may be seen, in thin section, to be
essentially texturally immature volcanic debris, but without preserva-
tion of the most delicate volcanic textures. They are difficult to

classify in outcrop.
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Lithologies
In the East Fork of Sycamore Creek, a gross internal strati-
graphy of the Cornucopia member may be applied which appears valid for

most of the exposures on the northwest side of the Red Rock syncline.

Thickness Predominant Lithologic Type
top
500+ Dacitic~rhyodacitic volcanic cobble breccias
1000°+ Basaltic flows, pillow lavas, intercalated
bedded chert
100°+ Fine-grained vitric tuffs
4007+ Lapilli-crystal tuffs
bottom

Except for the zone of the bedded cherts, these lithologic types
were not mapped as separate horizons due to the difficulty of identify-

ing weathered samples and to generally poor exposures of this unit.

Lapilli~Crystal Tuffs:

These rocks, present at the base of the unit, appear massive
and medium-grained in outcrop, with colors of blue-green to gray
(when fresh). Some coarse-grained types show elongate, fine-grained
lithic fragments up to 5 mm in size. The average size of the lithic
clasts is 1 mm to 2 mm. Angular, pink and white feldspar is present
in 5% - 207 abundance. In some exposures, a faint stratification
is discernible, but in general these tuffs appear structureless

on a scale of a few feet, displaying neither bedding nor clast size
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grading. Towards the top of the zone of occurrence of the lapilli-
crystal tuffs, coarse breccias are intercalated. These breccias contain
angular clasts of fine-grained, felsic volcanics from less than one-half
inch to about two feet in size. The clasts vary in color and texture,
and were evidently derived from a heterogeneous source. The wide size
range, lack of sorting, and presence of a significant‘(more than 15%)
finer-grained matrix to the clasts suggests a subaqueous debris flow
origin for these coarse breccias.

Microscopic examination of the lapilli-crystal tuffs (plates 9,
10, 11, 12) shows that they consist typically of abundant (20% - 70%)
very fine~grained felsic lapilli. These lapilli occur both as flattened
or otherwise deformed shapes, and also as angular, crudely equant types.
The deformed lapilli tend to be crudely spindle-shaped, and to be
dented by angular feldspar or quartz crystals. Some lithic fragments
exhibit vague, delicate, close-spaced parallel linear elements which
R. S. Fiske (personal communication) suggests may be relict long-tube
pumice textures. All of the lithic fragments are very fine-grained
(less than .05 mm, generally less than .01 mm). They are all more or
less altered to sericite and/or chlorite, and possibly ultrafine-grained
epidote.

Quartz and plagioclase (albite or possibly sodic oligoclase)
crystals are present, with abundances ranging from 57 to 30%, and
plagioclase/quartz ratios from one to twenty. Most grains are anhedral
to subhedral, with a few euhedral grains of both quartz and feldspar,

and appear typically igneous. Many of the quartz crystals are. rounded
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Plate 10:
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Photomicrograph of lapilli-crystal tuff from Cornucopia
member (Alder series). All of the lighter grains are

sodic plagioclase. The grain in the top center of the

field is an altered, fine-grained felsic volcanic clast,

as is the large grain in the center of the field. Note

the texture of fine, parallel lineaments in the large lithic
clast (relict long-tube pumice texture?). 2 x 3 mm field,
plane polarized light.

Same as plate 9, but crossed nicols.
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Plate 9

Plate 10
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Plate 11: Photomicrograph of lapilli-crystal tuff from Cornucopia
member (Alder series). Lighter grains are both quartz and
sodic plagioclase. The lithic clasts are fine-grained,
felsic volcanics, partially altered to sericite and
chlorite. Note faint, relict long-tube pumice textures (?)
in some of the lithic clasts, deformation of ome lithic
clast by another in the lower center. 6 x 9 mm field,
plane polarized light.

Plate 12: Same as plate 11, but crossed nicols.
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Plate 11

Plate 12
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and embayed. The plagioclase is moderately fresh looking, with a slight
sericitic alteration, and is unzoned. The size range of most of the
quartz and plagioclase grains is 0.2 mm - 1 mm.

Possible relict shard forms are visible in the matrix material,
and are now composed of fine-grained quartz, sericite, and feldspar.
Many delicate arcuate and forked shapes, from 0.1 mm - 1 mm, are present.

The amount of matrix material in these rocks is difficult to
estimate, as the boundaries of fine-grained, partially sericitized or
chloritized lithic fragments are somewhat obscure, but appears to be

less than 10%, and possibly less than 5% (see plates 7-10).

Vitric Tuffs:

In the East Fork of Sycamore Creek, between the zones of lapilli-
crystal tuff and bedded chert-pillow lavas, about 100" of bedded, dense,
fine-grained, blue to white rock is exposed. 1In thin-section, these
rocks display abundant relict outlines of .05 mm to 0.1 mm shards. No
phenocrysts were observed, and most of the original textural elements
are obscured by sericitization and by recrystallization to fine—gfained9
interlocking quartz and feldspar. These rocks were recognized only in

the above locality.

Basaltic Flows, Pillow Lavas, and Bedded Cherts:
Basaltic flows and pillow lavas crop out in several localities.
They tend to be poorly exposed, so that their character is evident
only in major drainages where fresh exposures are common. They
are restricted to the stratigraphic zone indicated om page 43, but

are not always present within this zone. Northwest of the Red Rock
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syncline, they are intimately associated with thin units of bedded cherts.

The basaltic flows and pillow lavas are typically dark gray to
dark blue, coarsely foliated, and fine-grained except for abundant
% mm - 2 mm amygdules of calcite, or of subsequently weathered-out
minerals. The amygdules are commonly elongate and aligned. Best ex-—
posures of pillow structures are in the East Fork of-Sycamore Creek
(plate 13), where small (about 6" x 12"), flattened, aligned pillows
rest in a matrix of fine-grained, tan, dolomitic material. On the
southeast limb of the Red Rock syncline, the pillow lavas are not
associated with bedded cherts, and tend to have much larger pillows
(about 18" x 36") and no dolomitic matrix. Northwest of the Thicketl
Springs fault, no pillow lavas occur within the mapped area; however,
reconnaissance in the Cornucopia member in Deer Creek, about one mile
north of the northern limit of the mapped area, shows that they are not
completely missing in this part of the structure. These exposures are
of 6" - 36" pillows, some of which are broken, in a dense, fine-grained
matrix which is in part dolomitic. The pillows are amygdaloidal, with
the elongate amygdules aligned roughly parallel with the rims of the
pillows.,

Thin-section examination of the basaltic rocks shows that albite
phenocrysts up to 1 mm are preserved and abundant in some types, but
absent in others. 1In samples with well-preserved groundmass textures,
plagioclase or relict plagioclase is present as randomly oriented
lathes (.05 mm - 0.1 mm). Some of these rocks, however, retain no trace

of original groundmass texture. Other minerals in the groundmass are
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Plate 13: Pillow lava in Cornucopia member (Alder series) exposed
in the East Fork of Sycamore Creek. For microscopic
appearance of the rock, see plate 16.

Plate 14: Photomicrograph of basaltic flow in Cormucopia member,
containing pseudomorphs of chlorite and carbonate after
olivine(?) and pyroxene. Amygdules of chlorite and
carbonate are also present. 6 x 9 mm field, plane
polarized light.
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Plate 13

Plate 14
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chlorite, carbonate, and opaque minerals. Only one sample examined
showed relict mafic phenocrysts. This rock (plates 14, 15, 16) contains
abundant chlorite and carbonate-filled forms which suggest the shapes

of phenocrysts of pyroxene and olivine. It is the only Alder series
rock examined which retains definite petrographic indication (besides
abundance of opaque minerals and chlorite) of an original mafic compo-
sition. The abundant amygdules of the rock consist either of fibrous
chlorite, carbonate, or both (plate 16).

On the northwest side of the Red Rock syncline, the zone of
basaltic flows and pillow lavas contaiﬁs several thin (15' - 50') units
of bedded chert and jasper. The beds are thin (at most 6'), with colors
of blue, black, white, and red. At several localities -~ notably Gold
Creek and the West Fork of Sycamore Creek ~- the chert and jasper are
brecciated and are embedded in a matrix of fine-grained, dense, blue
rock (plate 17), or in tan dolomite (plate 18).

Microscopic examination of the bedded cherts shows that they con-
sist of very fime-grained, interlocking, quartz + feldspar(?) (less than
.005 mm), reddish amorphous opaque»minerals, and disseminated, fine
(.05 mm - .1 mm) rhombs of carbonmate (ankerite?). The opaque minerals
and the carbonate define a faint stratification of the rock. The matrix
of the bedded cherts was examined in one sample, and proved to be of
very fine-grained (less than .005 mm) material, evidently chlorite,
sericite, and amorphous opaques. The matrix displays a gross structure,
defined by concentrations of the opaque minerals, which is strongly

suggestive of slightly deformed crossbedding on a 1 mm scale.
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Plate 15: Photomicrograph of matrix of rock shown in plate 14,
showing relict texture of randomly oriented plagioclase
lathes, 2 x 3 mm field, plane polarized light.

Plate 16: Photomicrograph of a pillow from the outcrop shown in
plate 13, displaying abundant, aligned amygdules of chlorite
(predominantly), quartz, and carbonate. 6 x 9 mm field,
plane polarized light.
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Plate 15

Plate 16
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Plate 17: Jasper breccia in Cornucopia member (Alder series) exposed
in upper Gold Creek. The clasts are fragments of bedded
jasper and chert. The matrix (dark blue in color) is very
fine~grained, tough material, possibly altered and silici-
fied volcanic ash. Undisturbed bedded chert and jasper
crop out, with continuous exposure, about ten feet from
the site of the photograph.

Plate 18: Jasper breccia in Cornucopia member (Alder series), exposed
in the West Fork of Sycamore Creek. The dark clasts are
fragments of bedded jasper and chert, and the white,
irregular patches and veins are quartz. The matrix is
dolomite.



Plate 17

Plate 18
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Volcanic Breccias:

The uppermost lithologic type of the Cornucopia member generally
consists of coarse, felsic volcanic breccias (plates 19, 20) containing
angular to subrounded clasts from less than an inch to more than two
feet in size. The breccias occur as massive beds, at least 30' thick,
in a zone 500" to 1000' thick on both sides of the Red Rock syncline
and Thicket Springs fault.

The breccias crop out poorly, except on the south flank of Mt.
Peeley, near the McFarland Canyon pack trail, where five to 10-foot
reefs of the rock stand in relief. The clasts range in color from dark
gray to dark blue to white, and are generally roughly equant in shape.
In most outcrops, however, a few of the clasts are elongate, and in one
outcrop on Mt. Ord, a majority of clasts are both elongate and aligned.
The clasts contain abundant pink or white 1 - 2 mm feldspar phenocrysts
in a fine-grained, dense groundmass. Bleached rims, about %" to 1"
wide, are present in the clasts of breccias on the south flank of Mt.
Peeley, but do not represent a widespread feature.

Because of the similarity in texture and composition of the
clasts of the breccia and the matrix of the breccia, it is difficult to
distinguish the boundaries of the clasts in the outcrop. Consequently,
the clastic nature of the rock is generally obscured except in fairly
fresh exposures. The only clasts observed besides the felsic (plagio-
clase or plagioclase~quartz) porphyries were very sparse jasper pebbles,
present in only a few outcrops.

In thin-section, the clasts of the volcanic breccia showl% mm to

4 mm subhedral to euhedral quartz and plagioclase phenocrysts.
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Plate 19: Volcanic breccia in Cornucopia member (Alder series), south
of Thicket Springs. The clasts and matrix material are
plagioclase~quartz porphyry.

Plate 20: Close-up of volcanic breccia of Cornucopia member (near
the location of plate 19).
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Plate 19

Plate 20
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The plagioclase phenocrysts are unzoned, moderately fresh albite, in
some cases partially altered to epidote. Aggregates of chlorite and
epidote, pseudomorphic after hornblende(?) phenocrysts are present in
some of the rocks. The groundmass consists of fine-grained (.01 mm to
.05 mm), interlocking quartz and feldspar, and is altered to a variable
degree (107 -~ 307%) to fine-grained sericite, chlorite, and epidote.
Thin-sections cut across clast-matrix boundaries show no essential dif-
ference in mineralogy between clast and matrix, or between different
clasts. The clasts are visually discernible from the matrix by differ-
ences in phenocryst size and abundance, and in degree of alteration of

the fine-grained groundmass (plate 21).

Metamorphic and Deformational Effects

Lapilii-Crystal Tuffs:

Elongate aggregates of sericite, chlorite, and opaque minerals
oriented parallel to the foliation of these rocks are characteristic.
Chlorite also dccurs as droplet~like forms in the more altered lapilli,
and in areas which appear to have been rich in glass shards. Epidote is
either absent, or is present only as very fine, disseminated grains.

Most samples examined contain anhedral carbonmate grains which crosscut the
depositional and deformational texture of the rock. These carbonate grains
are large (up to 5 mm), and contain dust-like opaque mineral inclusions
which are oriented so as to cause the grains to appear pleochroic.

The freshest outcrops of the lapilli-crystal tuffs show only a
faint foliation; however, the foliation is generally comspicuous in

weathered outcrops.
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Plate 21: Photomicrograph of dacitic volcanic breccia from Cornucopia
member. At least three textural domains are visible in the
photomicrograph. All phenocrysts are albite. 6 X 9 mm
field, crossed nicols,

Plate 22: Deformed slates of East Fork member (Alder series) in the
East Fork of Sycamore Creek.
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Plate 21

Plate 22
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Basaltic Flows, Pillow Lavas, and Bedded Cherts:

Although the degree of recrystallization of the basaltic rocks
is such that virtually no original mafic minerals remain, the degree of
shearing, and thus of shear-induced recrystallization, seems to have
been slight. Equant mafic mineral pseudomorphs and irregular-shaped
amygdules have not been stretched; nor have the delicate relict ground- -
mass textures shown in plate 16 been modified. The absence of identifi-
able epidote in the basaltic rocks implies either that,

1) metamorphic reaction kinetics played an important part in
establishing the present mineral assemblage, since epidote is normally
formed from low-grade metamorphic recrystallization of mafic volcanics,

or

2) the rocks were essentially spilitic, inhibiting epidote
formation by lack of calcium.

The latter possibility is discussed in a later section.

The bedded cherts also show little metamorphic and deformational
effects. They are not foliated, nor do they show tight folding. They
do, however, display some open folding on a scale of tens of feet. The
fine-grain size of the quartzo-feldspathic parts othhe cherts, and the
dust-like character of the opaque minerals in some of them indicates

relatively little metamorphic recrystallization.

Volcanic Breccias:
The volcanic breccias, like the other lithologies of the Cornu-
copia member, are only slightly foliated. They typically weather into
large, roughly equant to slightly tabular boulders. Midroscopic effects

of deformation are similarly slight. Sericitization of feldspérs and of
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the groundmass is not pronounced, and takes the form of disseminated
flakes and randomly oriented aggregates rather than the elongate, prefer~
entially oriented aggregates of the more strongly foliated rocks of the
Alder series.

Epidote is always present in the breccias, and occurs as fine-
grained aggregates and disseminated grains after parts of the groundmass
and plagioclase phenocrysts. Minor amounts of chlorite are also present,
and are generally associated with epidote aggregates. The albitic com-
position of the unzoned, rather large plagioclase phenocrysts clearly
reflects metamorphic albitization of these crystals, in view of the normal

Ca0 content of the rock (table II, Appendix I).

Cornucopia Member: Chemistry

One sample of the volcanic breccia lithology, and two of the
lapilli-crystal tuff lithology were analyzed for their major element
chemistry (table II, Appendix I). The breccia, except for a rather low
KZO content, is very similar to Nockolds' average dacite + dacite-
obsidian (Nockolds, 1954). The two lapilli-crystal tuff samples both
have normative corundum (2.8% for I, 0.7% for II), reflected in the
presence of sericite, and may have undergone some change in Na, K, and
Si concentrations during sericitization. Their present chemical compo-
sition, however, is also close to Nockolds' average dacite + dacite-
obsidian, except for their CaO and (equivalent) FeO contents. Compara-
tively, the two lapilli-crystal tuff samples are distinctly low in CaO,

and high in equivalent FeO. The three Cornucopia member samples are
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plotted on quartz-plagioclase-orthoclase and AFM diagrams in figures 5

and 6, respectively, in Appendix I.

Enviromment of Accumulation

Lapilli-Crystal Tuffs:

A direct, pyroclastic volcanic origin for the lapilli-crystal
tuffs of the Cornucopia is suggested —- but not proved -- by several
textural features of the rocks. The abundance and preservation of
euhedral and subhedral quartz and feldspars and the presence of delicate
relict shard forms is inconsistent with any degree of normal sedimentary
transport. Mass transport of large volumes of material such as in a
turbidity current or subaqueous debris flow, however, could have pre-
served these textures.

The abundance of similar-appearing, very fine-grained pumiceous
clasts in the rocks suggests either direct pyroclastic derivation from
a volcanic source or rapid erosion and deposition from such a source.
The scarcity of fine-grained matrix material in the lapilli-crystal
tuffs, and the degree of sorting of the clasts, however,‘favors the
interpretation of accumulation by subaqueous ash-flows, as described by
Fiske and Matsuda (1964). Such ash-flows are described by them as
derived from downslope movements of cold slurries of ash and pumice from
the flanks of erupting, submariné volcanoes. Qualities characteristic
of such deposits are an abundance of pumiceous clasts, many of which are
elongate and contain long, tube-like bubbles (long-tube pumice), scar-
city of fine-grained matrix material, a high degree of sorting, and

grading of the individual flows and of the overall deposit.
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The lapilli-tuffs of the Cornucopia member meet all but the last
criterion. Relict long-tube pumice texture may be faintly seen in some
of the clasts in plates 9-12 (suggested by Fiske, personal communication),
and is not uncommona* Small and large-scale clast size grading was not
recognized in the field, however, The absence of apparent grading, the
presence of intercalated, poorly sorted breccias, and the transitional
nature of the base of the rocks (from volcanic sandstones to lapilli
tuffs), are important differences from the subaqueous ash-flow deposits
described by Fiske (1963) and Fiske and Matsuda (1964). A possible
explanation is that the lapilli-tuffs of the Cornucopia member were
deposited much further from the volcanic sources. If this were the case,
then the ash-flows would tend to be slightly reworked towards the limit
of their travel, and to be intercalated with debris flows from sub-
marine slopes composed of typical subaqueous ash-~flow material. The
upper Horse Camp member-lower Cornucopia member transition might then
mark the time of volcanic input that was either sufficiently nearby or
sufficiently large that epiclastic reworking would no longer be

operative.

Basaltic Flows and Bedded Cherts:
The stratigraphic assemblage of pillow-lavas and bedded cherts is
rather common in eugeosynclinal assemblages (Turner and Verhoogen, 1960,

p. 261; Bailey et al., 1964, p. 65). It is now widely believed (Turner

*
According to Fiske and Matsuda (1964), pumice with equant, non-communi-
cating vesicles float and are dispersed, whereas the long-tube variety
quickly becomes waterlogged by capillary action, and sinks.
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and Verhoogen, ibid., Bailey et al., ibid.) that the bedded cherts
associated with the pillow lavas were formed by either chemical or
organic precipitation of silica from greatly supersaturated seawater,
the reaction of the molten or very hot and glassy basaltic pillow lavas
with sea water supplying the necessary silica. The pillow lavas are,
in many cases, spilitic. As mentioned above (p. 64), the Cornucopia
member pillow lavas, being low or lacking in epidote, may also be essen-
tially spilitic. The main difference between the Cornucopia member
pillow lava~-bedded chert association and typical eugeosynclinal assem—
blages is the relative insignificance of the thicknesses of both the
basalts and the bedded cherts in the Alder series section.

The bedded cherts —- especially those zones which are brecciated
-- were remarked on by previous geologists. Ransome (1915, 1916) and
Lausen (1926) evidently regarded the bedded cherts and jasper as being
within the stratified section, while Wilson (1939) concluded that they
are Tertiary hydrothermal deposits that rested on an erosion surface of
the Alder series.* This study shows that the bedded chert and jasper
are clearly within the Alder series. They show no discordance, even
when brecciated, at their contacts with the basaltic rocks of the Cornu—
copia member, and they occur in a conformable stratigraphic zone which
persists for at least four miles. Outcrops in Gold Creek which display

both bedded and brecciated jasper in a single exposure (plate 17 shows

%
An apparently conformable, northeast~striking body of massive jasper of

apparent replacement origin is present within the Horse Camp member about
1000° southwest of Pigeon Spring. This body should not be confused with
the cherts and jasper within the Cornucopia member. ‘



69

the brecciated jasper in this outcrop) prove that the bedded and brec-
ciated chert and jasper are of the same origin.
The mechanism of brecciation and of formation, locally, of the

carbonate matrix is not clear. Pertinent observations are that,

1) breccias with carbonate matrix are themselves veined by nets
or boxworks of %" - 3" quartz veins (plate 18),

2) breccia zones may be thin -- down to a foot thick -- and are
conformable with the bedding of the unbrecciated chert and jasper,

3} conformable, inch-thick dolomitic veins or beds occur within
the Alder series rocks for hundreds of feet on either side of the zones
of jasper breccia with a carbonate matrix, and

4) the sole clast lithology of the breccias is chert and jasper.

It is possible that the zone of brecciation is due to bedding-
plane shearing (during the regional deformation of the area) restricted
to the zone of thin-bedded and relatively incompetent cherts and jasper.
The appearance of the breccias in Gold Creek, however, (plate 17) is
more suggestive of a sedimentary, intraformational breccia, because the
matrix is very similar in appearance to the fine-grained, dark-colored
tuffs which crop out on either side of the breccia zone. Also, no
quartz veining is present in this locality.

A reasonable explanation for these jasper and chert breccias is
that they were formed contemporaneously with the accumulation of the
volcanics and bedded cherts by small-scale gravity sliding or by current
breakup of possibly still soft bedded silica-rich material, during a

period of volcanic quiescence.
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Volcanic Breccias:

The identification of the breccias of the Cornucopia member as
volecanic, rather than sedimentary, is made because of the textural
immaturity and lithologic similarity of the clasts, the identity of
composition of the clasts and their matrix, and the absence of any
sedimentary textures within the zone of the breccias. It is also note-
worthy that intercalated lithologies which occur in the Thicket Springs
area and are not coarsely clastic are coarse crystal tuffs of similar
composition te the breccia.

The absencevor scarcity of clasts deformed during accumulation is
consistent with the accumulation of relatively cool material. The ab-
sence of pumiceous clasts suggests that the breccias are not the result
of a simple (little or no sorting) pyroclastic event. Submarine debris
flows, triggered by volcanic activity and from a uniform volcanic source
region, are a reasonable mechanism for the formation of these breccias.
A direct pyroclastic origin is also possible, since pumiceous clasts
would likely be sorted from the denser, solid fragments in an aqueous
environment. The great areal extent of the Cornucopia member breccias
suggests that volcanic event was a major one, and that there existed a
significant gradient between the source regions and the depositional

regions now exposed.

Cornucopia Member: Distribution

The Cornucopia member is exposed in three northeast-trending
belts. On the lower flanks of Mt. Peeley, the volcanic breccia lithology

of the unit is exposed in a continuous band which extends for several
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miles both to the northeast and west of the Reno Pass quadrangle. Only
this uppermost Cornucopia member lithology is exposed here, as the lower
parts of the unit are faulted out against the Thicket Springs fault.

The second belt crosses both forks of Sycamore Creek, intersect-
ing the locality of the Cornucopia mine, and is continuous for at least
five miles. All of the described lithologies are present within this
belt:; however, they do not uniformly'persist for the mapped length. The
fine-grained vitric tuffs were recognized only in the region near the
East Fork of Sycamore Creek. The basaltic flows and pillow lavas do not
persist as far northeastward as upper Gold Creek, although a few bedded
cherts are still present there.

The third belt, on the north flank of Mt. Ord, crosses the Mt.
Ord road between the elevations of about 4600°' and 4400'. The breccias
persist across the mapped part of Mt. Ord, and basaltic flows and pillow
lavas crop out in at least one drainage. Bedded cherts apparently are
missing from the Mt. Ord section. The lapilli tuffs are probably
present, but were not identified microscopically in the samples taken
from this area.

The trends defined by the distribution of the Cornucopia member
lithologies are,

1) disappearance of the uppermost lithologies —- volcanic
breccias, flows,‘and pillow lavas -- to the northeast,

2) thickening of the lapilli-crystal tuffs to the northeast
(northwest of the Red Rock syncline axis), but

3) apparent thinning or disappearance of the lapilli-crystal

tuffs to the southeast (southeast of the Red Rock syncline axis), and
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4) thinning of the entire Cornucopia member across the Red Rock
syncline axis to the southeast.
The first two trends suggest a volcanic source-region distinct from the
source-regions of later Alder series and Red Rock rhyolite volcanic

material.

EAST FORK MEMBER

The East Fork member of the Alder series (new name, for exposures
in the East Fork of Sycamore Creek) consists of typically maroon slates
and phyllites, with subsidiary limestone, limey sandstone, and local
coarse lithic wackes. The unit crops out poorly except in creek beds.
The East Fork member overlies the volcanic breccias of the Cornucopia
member, and underlies the jasper-bearing conglomerate or grits of the
Oneida member (northwest of the Red Rock syncline), the quartzites and
tuff-breccias of the Oneida member (southeast side of syncline, Mt. Ord),
or the Red Rock rhyolite (Mt. Peeley).

The contact relations with the Oneida member are conformable and
gradational over a few tens of feet. The contact with the Red Rock
rhyolite on Mt. Peeley appears conformable within a stratigraphic thick-
ness of about one hundred feet for the mile length along which the
vitric tuff sub-unit is exposed, and within one thousand feet for the
three miles of observed contact. The contact itself is not exposed, but
appears to be depositional, as no evidence of unusual shearing was de-

tected in the regions giving best exposure near the contact (within
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ten to one hundred feet).

Lithologies

Northwest of Red Rock Syncliné (East and West Forks of Sycamore
Creek, Gold Creek):

The East Fork member lithologies in this region are maroon-
colored slates and phyllites with subsidiary limestones and limey silt-
stones. The slates commonly show a fine lamination and, in some cases,
sandy interbeds. The uppermost horizons of the unit are relatively
coarse-grained, and contain small pebbles of jasper. The grain size and
abundance of jasper pebbles increases with proximity to the conglomerate
of the Oneida member.

Near the base, a persistent thick limestone bed, about 50° thick,
is present. The limestone is a reddish-maroon, massive, and contains
a variable (17%-30%) degree of clastic (coarse sand, quartz and jasper)
material. At Gold Creek, near the northeastward limit of mapped East
Fork member, the slates and phyllites (and sandstones, which appear in
this region) are limey for a few hundred.feet on either side of the
limestone exposure.

Microscopic examination of the laminated slates shows that they
are in part tuffaceous, with the coarser interbeds (laminae) containing
abundant recrystallized (to fine-grained quartz and feldspar) coarse
shards (see plate 23). The finer-grained laminae are now composed of
reddish opaque minerals, and very fine-grained (less than .01 mm) quartz
and feldspar. Sericite stringers are abundant in the finer-grained

laminae.
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Plate 23: Photomicrograph of phyllite of East Fork member (Alder
series). Note abundant, light-colored shard-forms.
2 %x 3 mm field, plane polarized light.

Plate 24: Photomicrograph of vitric tuff sub-unit of East Fork
member, showing abundant relict shards and angular chips
of quartz and feldspar in a fine-grained matriz. 2 X 3 mm
field, plane polarized light.
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Plate 23

Plate 24



76

Mt. Peeley Lithologies:

The dominant lithologies here are also maroon slates and phyllites;
coarser—-grained interbeds, however, are not uncommon in the area between
Deer Creek (in the Payson quadrangle) and the Gila-Maricopa County line
(also in the Payson quadrangle, near its southern boundary). These
coarse-grained rocks are volcanic sandstones with sparse, angular quartz
and abundant fine-grained, elongate (oriented) lithic clasts, moderately
to poorly sorted.

The basal beds of the Mt. Peeley exposures of the East Fork
member are fine to medium-grained, pale blue-green, well-foliated rocks
which grade into the maroon phyllites° The clasts appear in hand-
specimen to be angular, ¥ ™? - 1 mm feldspar and fine-grained lithic
fragments.

In thin-section, the laminated slates appear very similar to the
tuffaceous slates exposed in the East Fork of Sycamore Creek. They
contain abundant, coarse shards in coarse-grained laminae, and fine-
grained opaques, quartz and felspar in the fine—grained and deeply
colored (maroon) laminae. The coarse volcanic sandstone interbeds ex-
posed near Deer Creek show, in thin~section, abundant fine-~grained lithic
clasts of varying composition (based on degree of chloritization or on
opaque mineral abundance), most of which are pronouncedly elongate in
the plane of bedding. The most common lithic clast type consists of
fine-grained (.01 mm - .05 mm) interlocking quartz and feldspar, with a
variable amount of sericite. Many of the clasts, however, consist

mostly of black opaque minerals or of opaque minerals and chlorite.
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Quartz is not abundant (about 3% mode), and occurs in forms which strong-
ly suggest that they were broken subhedral phenocrysts.

The proportion of matrix material is difficult to estimate in the
presence of the metamorphic effects on the volcanic clasts (so that fine-
grained epidote, chlorite and sericite obscure clast boundaries), but is
probably less than 10%.

The basal blue-green, medium-grained béds of the unit on Mt.
Peeley appear, in thin-section, to be tuffaceous, with a high crystal
content. Quartz and plagioclase (in equal abundance) form about 30% of
the rock, and occur as subhedral to anhedral 0.1 mm to 3 mm grains. A
few fine-grained, leucocratic lithic fragments of 1 mm - 3 mm size are
resolvable, but the degree of alferation of the rock (about 35% serici-
tized) and the abundance (157) of disseminated, fine-grained opaques
prohibit identification of the original character of the rock. Both

leucocratic lithic fragments or coarse shards might have been abundant.

East Fork member - vitric tuff sub-unit:

A massive, fine-grained tuff occurs within the uppermost horizons
of the East Fork member on Mt. Peeley, near Thicket Springs. This
lithology forms a mappable sub-unit within the East Fork member, and is
valuable as the only such horizom close to the overlying Red Rock
rhyolite. It crops out for about 3/4 mile only, and has an average
thickness of about 250'. The tuff is overlain and underlain by silt-
stones and mudstones, with the lower contact not exposed. The upper
contact is sharp to within a few feet, and is distinguished primarily

by a color change from pale green (the color of the unweathered tuff) to
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light maroon.

The rocks of this sub-unit crop out poorly, but are exposed in
road and trail cuts. In outcrop and hand-specimen, little or no folia-
tion is visible. The rock weathers to a light brown color, and is
weathered to this color along pervasive, irregular fractures. Milli-
meter-sized crystals of quartz and feldspar are distinguishable in hand
samples from the lower horizons of the unit, although not abundant, but
are not visible in samples from the middle and uppermost horizoms. The
rock is generally fine-grained, and shows no bedding either on a small
or large scale.

Microscopic examination of samples from this tuff unit reveals,
in the higher horizons, the presence of abundant relict shards from
«01 mm to .05 mm (plates 24, 25). The shard-bearing type also contains
about 10% opaque minerals, which occur in elongate forms defining a
planar texture. About 5% of angular chips of .0l mm - .05 mm quartz and
feldspar are present throughout the rock. Fine-grained quartz, feldspar,
and sericite make up the remainder of the shard-bearing types.

Some samples of the sub-unit near the shard-bearing horizons do
not show any relict shards, although the other textures and the mineral-
ogy of the rocks are very similar. Samples from the lower parts of the
sub-unit contain about 3% sodic plagioclase phenocrysts (1 mm - 3 mm,
subhedral to anhedral) and trace amounts of ¥ mm - 1 mm, subhedral to
anhedral quartz in a fine-grained, dense, interlocking groundmass of
quartz, feldspar, and sericite. The sericite is abundant (about 25%) and

oriented so that the rock has microscopically visible foliation.
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Plate 25: Photomicrograph showing detail of thin-section of vitric
tuff sub-unit of East Fork member. Note characteristic
shapes of relict shards. 0.5 x 0.7 mm field, plane
polarized light.

Plate 26: Flattened pumice fragment with flame structure in tuff

of Oneida member (Alder series) in the East Fork of
Sycamore Creek.



Plate 25

Plate 26
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Mt. Ord Lithologies:

In the northward-flowing creek which joins Slate Creek at 3600°
elevation, the rocks of the East Fork member are thin-bedded (1/16" to
6"), fine to medium-grained, moderately foliated types with colors from
purple and blue to white. They are interbedded with 10° to 20' thick
beds of massive, white to pink, coarse-grained quartzite. The clasts of
the thin-bedded clastics were not examined microscopically. The quartz-
ite clasts are poorly sorted, amgular, and are stretched parallel to
foliation. About 157 of the rock consists of a partially seriticized
matriz of fine-grained quartz + feldspar. The quartz clasts are strained,

and the smaller ones are ragged edged and partially sericitized.

Sedimentary Structures

Structures such as graded or cross-bedding and channeling are
rare within most of the East Fork member. However, a few exposures
which contain interbeds of sandstone do show multiple cycle graded bed-
ding, and the coarse interbeds in outcrops between the Gila-Maricopa
county line and Deer Creek show numerous examples of all three struc-
tures. In this area, the direction of bedding tops is comsistently to
the northwest.

In the outcrops in the East and West forks of Sycamore Creek,
and in upper Gold Creek, only one exposure giving direction of bedding
tops was found. This outcrop, which has multiple graded bedding of
thin sandstone beds, gives southeastward tops. No original bedding
orientation information was obtained from the Mt. Ord exposures of the

unit.
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Outcrops which display deformation which may be contemporaneous
with deposition were observed in the East Fork of Sycamore Creek
(plate 22). Crumpled, folded, and rotated regions of slate occur within
otherwise well-bedded rock, and are possibly due to penecontemporaneous,

soft~sediment deformation.

Metamorphic and Deformational Effects

The coarser-grained rocks of the East Fork member have undergone
the greatest degree of recrystallization, probably due to the greater
content of Ca, Mg, and K (in the feldspars and lithic fragments). Seri-
cite is most abundant in the coarser—-grained rocks, as is epidote.
Chlorite, though not abundant in any of the samples of the East Fork
member examined in thin-section, is generally present with 17 - 57 mode
in both fine and coarser-grained types.

The preservation of the very fine-grained textures of the slates
and phyllites shows that both the grade of metamorphism and the approach
to equilibrium of the métamorphic mineral assemblage was not great.

This is all the more significant when the degree of foliation and other
deformation which the slates and phyllites record is considered.

Although the upper and lower contacts of the East Fork member are
conformable with the foliation, the rocks within the unit are, in many
cases, folded and distorted so that foliation is obligue to bedding,
small~scale (tens of feet) and larger-scale (hundreds of feet) folding
is observed and inferred, and several planes of foliation are displayed.
In most of the section, however, a single plane of foliation is con~-

cordant, or nearly concordant, with bedding planes.
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The East Fork member is exposed in three northeast-trending
belts. The belt which crosses the southeast flank of Mt. Peeley varies
in thickness from about 500' to over 1800'. No general trend of thick-
ening can be established (reconnaissance to the west of the mapped area
in the Mt. Peeley region indicates that the apparent trend of westward
thinning does not persist).

On the northwest side of the Red Rock syncline, the apparent
thickness of the East Fork member varies from 1500' to 2500'. This
apparent thickness may include some dupi?iation due to folding, as the
slates are strongly deformed in some localities. Best exposures are in
the East Fork of Sycamore Creek between about 4560°' and 4800'.

On the southeast side of the syncline, on Mt. Ord, the apparent
thickness varies from 200’ to 800', thickening to the southwest. The

unit here is best exposed in the northward-flowing creek which joins

Slate Creek at 3600°.

Envirvonment of Accumulation

The East Fork member was evidently deposited under conditions of
slow clastic input, hence limited local relief, and whereby only the
finest-grained and most easily transported volcanié%debris could be in-
corporated. The presence of limestone within the unit confirms the
relative quiescence of the depositional ‘environment.

The basal lithology of the vitric tuff sub-unit has a dense,
fine-grained groundmass and evidently conformably underlies the upper,

clastic~appearing and shard-rich lithologies. Thus the vitric tuff
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sub-unit may represent an air-fall tuff with an intensely welded base.
If this is so, then this part of the East Fork member was accumulated
subaerially. The limited extent of outcrop of the vitric tuff sub-unit
probably reflects a limited region of shallow water or above water
rather than a localized pyroclastic input, because such fine ash would
probably have been rapidly and widely disseminated by a deep-water
enviromment.

The source regions of the East Fork member appear to be similar
to those of the underlying Cornucopia member, in that apparent thinning
to the northeast, southeast, and northwest suggest a generally south-

westerly direction for the source region.

ALDER SERIES - ONEIDA MEMBER

The Oneida member of the Alder series (new name, for exposures
near the Oneida mine in the East Fork of Sycamore Creek) consists of
tuffs and tuff-breccias alternated with conglomerates, conglomeratic
quartzites, and wackes. The unit conformably overlies the East Fork
member, and conformably and gradationally underlies the quartzites of
the Telephone Canyon member. The latter contact was defined by the
first appearance, going up-section, of abundant and persistent sand-

stones and quartzites.
Lithologies
Northwest Limb of Red Rock Syncline:

The dominant lithologies of the Oneida member are felsic tuffs

and tuff-breccias. In outcrop, these rocks are dark gray, blue, or
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purple in color, fine-grained but with sparse, 1 mm subhedral quartz and
feldspar, and in some cases contain barely distinguishable flattened
felsic volcanic lithic clasts. These lithic clasts range from a few
inches to a foot in length9 and in some outcrops show flame-like termi-
nations. Some of the smaller clasts are highly flattened, with wispy
outlines (plates 26, 27). Such textures strongly imply that these
features are flattened pumice fragments, and the rocks coarse tuffs.
Some outcrops of these rocks éontain felsic volcanic clasts and (very
rare) jasper clasts which are only slightly deformed (length:width
ratios in cross-section less than two). The matrix of these clasts is
similar to those of rocks containing only highly flattened clasts —
very fine-grained, dense, and usually sparsely dotted with crystals.
Microscopic examination of the tuffs shows that the matrix is
similar to the clasts, with both containing 5% - 20% phenocrysts of
subhedral to anhedral quartz and/or sodic plagioclase from % mm to 5 mm
in size, in a matrix of ﬁartially sericitized, fine-grained interlocking
quartz and felspar. Many of the phenocrysts are elongate and show evi-
dence of temnsional fracturing. Opaque minerals make up 5% to 10% of the
rocks, and occur both as small (.01 mm - 0.1 mm) disseminated, anhedral
grains and as embayed, subhedral, ¥ mm - 2 mm grains. The sericite
distribution (generally about 35% modal abundance), together with trains
and fine elongate traces of opaque minerals, define a pronounced folia-
tion. The quartz and plagioclase phenocrysts are also affected by the
sericite, so that the leading and trailing edges of elongate and aligned
quartz grains are ragged, and the plagioclase is partially sericitized

(plates 28, 29).
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Plate 27: Tuff of Oneida member in the West Fork of Sycamore Creek.
The rock contains abundant, very highly flattened (and
stretched?) pumice fragments. The field of view of the
photograph is about 2' x 3',
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Plate 27



Plate 28:

Plate 29:
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Photomicrograph of flattened pumice tuff of Oneida member
(Alder series). Foliation is defined by sericite, and by
alignment of elongate opaque minerals and quartz. All of
the phenocrysts in this field are quartz. The high degree
of sericitization and foliation prohibits distinction of
primary lapilli boundaries. 6 X 9 mm field, plane
polarized light.

Same as plate 28, but crossed nicols.



Plate 28

Plate 29
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The textures of these tuffs suggest that they were welded tuffs;
however, the degree of recrystallization of these rocks does not permit
identification of such diagnostic features as deformed shards. It cannot
be ruled out that the pumiceous clasts were flattened during accumula-
tion in an aqueous environment by load deformation of the soft, altered,
glassy pumice.

A pebble to cobble conglomerate (about 200" thickness) is the
basal lithology of the Oneida member northwest of the Red Rock syncline.
Its clasts are jasper and felsic volcanics, neither of which are much
deformed. The matrix is predominantly sand-sized, and in some horizons
grades into coarse sandy interbeds. The stratigraphic position of this
conglomerate is extensively intruded by the Pine Mt. porphyry. The
coarsest facies are thus exposed intermittently, in the East Fork of
Sycaﬁore Creek, and about two miles northeast of Pine Butte. A con-
glomerate facies gradational with the underlying East Fork member slates,
with mostly pebble-sized jasper and rhyolite clasts, is exposed against
the northern and northwestern Pine Mt. porphyry contact on Pine Butte.
This lithology contains more and finer-grained matrix and interbedded
phyllite than the conglomerate in the East Fork of Sycamore Creek.

A cobble conglomerate with highly stretched felsic volcanic
clasts (and some much rarer, slightly deformed jasper clasts), about
300" thick, overlies the basal conglomerate in the East Fork of Sycamore
Creek. The felsic volcanic clasts vary in color from white to tan to
purple, and have dimensions from %" x 6" to 1" x 12" (cross—sections
perpendicular to cleavage) for the more elongate to about 2" x 5" for

the least elongate. The matrix of the clasts constitutes about 25% of
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the rock, and is fine-grained. Rocks of this type are alsoc present as
interbeds throughout the Oneida member.

Higher in the section, the matrix material of the conglomerate
is coarser (sand and granule size) and contains abundant quartz and
lithic granules. Sandstone interbeds are more common up-section. In
the East Fork of Sycamore Creek, by about 1750' stratigraphically above
the base of the Oneida member, the rocks are fine-grained and dense,
with no sedimentary structures or textures. The tuffs described above
are common in the upper two-thirds of the unit, and are interbedded with

a few stretched cobble conglomerate beds and sandstones.

Southeast Limb of Red Rock Syncline:

The jasper—bearing conglomerate which marks the base of the
Oneida member northwest of the Red Rock syncline axis is not present in
the southeast 1limb of that structure. Here, the unit chosen to mark the
base of the Oneida member is a 50' thick, resistant, poorly sorted
coarse~grained quartzite. Stratigraphically below this unit are several
hundred feet of thin-bedded sediments which locally grade into quartz-
ites. Agglomeratic(?) rocks are exposed for about 1000' above the basal
unit. These agglomerates (?) appear, on first impression, to be fine-
grained, purple and blue slates and phyllites without coarse clastic
texture. Closer examination, however, reveals the presence of highly
elongate (about 1" x 15" in cross—section) clasts. In thin-section,
these rocks may be seen to contain abundant millimeter-sized, elongate
amygdules(?) of carbonate in a matrix of disseminated, anhedral opaque

minerals (predominant), very fine-grained carbonate, and sericite(?).
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Epidote, albite, and chlorite are not present. These clasts were
possibly originally vesicular mafic volcanics which have been altered
(either before or during metamorphism) from their original chemical
composition, so that the usual low-grade metamorphic mineral assemblage
for a mafic volcanic was not produced.

The agglomerates(?) are intruded in several horizons by dark
green, massive, unfoliated or faintly foliated mafic intrusives. These
rocks have been recrystallized to an assemblage of chlorite-opaques-
epidote-plagioclase. They have poorly defined contacts_with the country
rock.

The upper layers of the Oneida member on the southeast limb of
the Red Rock syncline exposed in Slate Creek and Telephone Canyon are
predominantly maroon, white, and pale blue slates. Thin-section exami-
nation of these slates suggests the presence of abundant, 0.1 mm -

0.5 mm relict shards disseminated throughout some of them; much of this
slaty section, therefore, is probably tuffaceous.

The uppermost layers of this part of the Oneida member contain
some sandstone and quartzite beds interbeddedlwith the slates. The.
uppermost extent of the unit was chosen to be the first appearance,

going up-section, of persistent quartzites and sandstones.

Sedimentary and Volcanic Structures

Only one bedding top determination was made in the Oneida member,
although several sedimentary zones are present in the unit. This deter-
mination was made from channeled sandstone interbeds in the basal con-

glomerate in the East Fork of Sycamore Creek, and indicated southeast

tops.
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Original volcanic structures within the pyroclastic rocks of the
unit are commonly obscured by the intense deformation which they have
undergone. A difficult question is thus raised by those outcrops which
display both highly elongate felsic volcanic clasts, and near-equant
jasper and felsic volcanic clasts (always less abundant than the highly
elongate type) in the same outcrop. In these cases, it is not clear
whether the elongate clasts were tectonically stretched, or whether much
of the elongation is due to deformation during accumulation (as hot
pumice fragments or soft, hydrated and altered pumice fragments). The
coexistence of apparently deformation-resistant (near-equant) clasts
and highly deformed clasts suggests that the near-equant felsic volcanic
clasts were either intrusive or massive extrusive types, whereas the
highly flattened clasts were pumice fragments which would have been
easily deformed either tectonically or during accumulation.

Outcrops which have extreme (length:width ratios in cross-—
section of greater than ten, with flame-like terminations) elongation of
clasts and with few or no jasper or near-equant felsic volcanic clasts
are probably purely tuffaceous in composition. The matrix of these
rocks is both macroscopically and microscopically nearly identical to
the clasts. These coarsely clastic tuffs, in some exposures, grade into
rocks with only the faintest clastic textures, such as in plates 26 and

27.

Metamorphic and Deformational Structures

The rocks of the Oneida member are pervasively foliated. Except

for the basal conglomerate in the East Fork of Sycamore Creek, hearly
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all lithologies are quite schistose, witﬁ the dominant northeasterly-
striking cleavage characteristic of the region. The foliation is
locally discordant with bedding, and there is a second foliation
(similar in strike to the dominant foliation, but slightly shallower
dip) in some outcrops, but no persistent structural pattern was recog-

nized.

Oneida Member: Chemistry

One sample from the flattened pumice tuff lithology of the

Oneida member was analyzed for its major element composition (table II,
Appeﬁdix I). The rock has 4.67% normative corundum, reflected by an
abundance of sericite in its mode. The main effect of the alteration
which presumably accompanied the sericitization was evidently a loss of
K. Otherwise, the composition of the rock (except for its high equiv-
alent FeO content) is similar to that of other felsic volcanic rocks
with similar silica contents. If the calcium and sodium contents of
the sample have not been greatly altered, the original rock appears to
have been an (iron-rich?) alkali rhyolite.

The chemical composition of the sample is plotted on quartz-
plagioclase~orthoclase and AFM diagrams in figures 5 and 6, respectively,

Appendix I.

Distribution

On the northwest side of the Red Rock syncline, the best ex~
posures of the Oneida member are in the East and West Forks of Sycamore
Creek. The only complete section of the unit is found in the East Fork

of Sycamore Creek, where its apparent thickness is about 2500°. The
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unit is extensively intruded by the Pine Mt. porphyry on the northwest
gide of the Red Rock syncline.

On the southeast side of the syncline, the apparent exposed
thickness is about 2800', and does not appear to vary significantly.
Best exposures are in the northward-flowing fork of Slate Creek which

joins Slate Creek at 3600', and in lower Telephone Canyon.

Enviromment of Accumulation

The rocks of the Oneida member on the northwest side of the Red
Rock syncline form a suite apparently accumulated under subaerial(?) to
shallow subaqueous conditions. 1If the lithic tuffs with highly flat-
tened clasts were welded ash-flow tuffs, then they accumulated under
subaerial conditions (Rankin, 1960), and the sandstones and quartzites
probably represent near-shore depositional facies. The cobble con-
glomerates (except for the basal conglomerates), in view of their poor
sorting and lack of sedimentary structures or sandstone interbeds, may
be debris~flow derived. If the lithic tuffs accumulated in a subaqueous
environment, they may also have resulted from debris flows. Thus the
source terrane of the coarsely clastic material of the Oneida member was
evidently dominantly or exclusively volcanic, and composed of massive
and pumiceous felsic volcanics. The lithic tuffs reflect a significant
volume of volcanic activity contemporaneous with deposition.

The basal conglomerate of the Oneida member (on the northwest
side of the syncline) probably records the resumption of Alder series
vulcanism. This vulcanism may have created the necessary felsic vol-

canic material and relief required for transport of the clasts of the
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conglomerates, debris flows, and stretched pumice tuffs. The period of
greatest volcanic activity was evidently early in Oneida member time,
because the unit as a whole is grossly graded. A gradual dimunition of
volcanic activity, coupled with erosion of the source regions, resulted
in the deposition of less of the coarsely clastic and less volcanic-rich
lithologies towards the top of the unit.

On the southeast side of the Red Rock syncline, the Oneida
member is much poorer in conglomeratic rocks, and much richer in fine-
grained (now slaty) tuffs. This trend indicates that the source regions
of the Oneida member volcanics and conglomerates lay in a northerly or

northwesterly direction.

TELEPHONE CANYON MEMBER

The Telephone Canyon member (new name, for exposures in Tele-
phone Canyon) is a series of sandstones (quartzites, quartz-wackes, and
lithic-feldspathic wackes), granule conglomerates, with subordinate con-
glomerates, slates, tuffs, and mafic flows in most of the mapped area.

In the northwest part of the mapped area, the unit also contains abundant
massive and bedded tuffs and felsic volcanic breccias. A distinctive
characteristic of the sandstones of the Telephone Canyon member is their
abundant crossbedding (plate 30).

The Telephone Canyon member conformably overlies the tuffs of
the Oneida member, and conformably (or disconformably?) underlies the Red
Rock rhyolite. The latter contact is intruded in most localities by

mafic sheets, and 1s discussed in the section on the Red Rock rhyolite.
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Plate 30: Cross—~bedding in conglomeratic sandstone of the Telephone
Canyon member (Alder series). Lower Gold Creek.
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‘ Plate 30
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The sediments of the unit typically are moderately resistant,
with fair outcrop even on slopes and ridges. The quartzites of the unit
are quite resistant, and were mapped explicitly to give a degree of

internal stratigraphic control.

Lithologies

The most common lithologic types within the unit (except in the
area north of Cane Springs Canyon) are medium to coarse grained,
moderately to poorly sorted sandstones. Those sandstones and granule
conglomerates with clasts large enough to be identifiable in outcrop
display clasts of quartz (most abundant), feldspar, jasper, and fine-
grained lithic fragments. The sandstones are commonly white, tan, or
blue-purple in color and weather to a rusty brown.

Granule and pebble conglomerates are intercalated within the
sandstones. These conglomerates contain some jasper fragments, but in
all cases, the most commén clasts are massive felsic volcanics. The
coarse clastics are more common in a northeasterly direction. Thin-
section examination of the sandstones shows that they are mostly quartz
wackes and quartzites, with moderately to poorly sorted, angular clasts.
The matrix material is fine-grained quartz, feldspar, and sericite.
Detrital heavy minerals are not abundant, but a few small zircon and
tourmaline grains are present in some of the sandstones. Opaque minerals
are also present in the matrix to a variable degree (generally less than
10% of the matrix), and occur as elongate patches and braids parallel to
foliation (see plate 31).

The lithic and feldspathic wackes contain abundant angular and



Plate 31:
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Photomicrograph of quartz wacke from lower Telephone Canyon
member of Alder series. The foliation of the rock is
defined both by elongation and alignment of the quartz
clasts and by preferred orientation of the quartz, feldspar,
and sericite of the matrix. Note the ragged appearance of
the leading and trailing edges of the quartz clasts, due

to incipient reaction.
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Plate 31
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subhedral sodic plagioclase (qg less than 1.54), and at least two types
of volcanic lithic clasts. The more common lithic clast type is a fine-
grained, felsic volcanic which in some cases contains small (less than
% mm) quartz or feldspar phenocrysts. The less common type has been
altered to amorphous opaque minerals or to chlorite. These clasts were
evidently originally mafic volcanics. The lithic and feldspathic wackes
are most abundant in the uppermost Telephone Canyon member.

A few mafic volcanic flows occur as 20' - 50' thick beds in the
Telephone Canyon member in the Gold Creek area. Here, they persist for
over a thousand feet along strike. Only the presence of vesiculated
tops and persistence over a significant distance in a well-defined
stratigraphic horizon permits these flows to be distinguished from the
andesitic~dacitic intrusive sheets. In some cases, it is possible that
such flows were mapped’as the intrusive sheets.

North of Cane Springs Canyon, on the north of the Red Rock
syncline, the Telephone Canyon member is markedly different in overall
lithologic character. The difference is enough that the characterization
of the unit as a series of sandstones, wackes, and conglomerates i1s not
valid in this area. Two trends distinguish the northeastern exposures
of the Telephone Canyon member; the greater and progressive thickness of
the unit north of Cane Springs Canyon, and the much greater (or dominant)
quantity of rhyolitic volcanic material, both directly accumulated and
reworked. The change in character is evidently grad