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ABSTRACT

Continental red-bed deposits, the "Red Beds," exposed in the 

Plomosa Mountains, western Arizona, consist of a complex assemblage 

of coarse- to fine-grained, quartz-rich clastic and finely crystalline, 

gypsiferous carbonate rock. Lithologic types are arranged strati- 

graphically as a succession of fining-upward cyclothems.

The "Red Beds" nonconformably overlie a Mesozoic rhyodacite 

porphyry, and conformably overlie volcanic arenite derived in part 

from the porphyry. The Livingston Hills Formation conformably over- 

lies the "Red Beds."

The "Red Beds" represent channel, pointbar and floodplain 

deposits of a meandering stream system. The source was located to 

the north or northwest and consisted primarily of a Paleozoic cratonic 

sequence.

The "Red Beds" are lithologically equivalent to member one of 

the McCoy Mountains Formation, southeastern California, and are time 

equivalent to the basal portion of the Livingston Hills Formation.

All may be Early Cretaceous in age.

Mesozoic strata in western Arizona and southeastern California 

were deposited in a west- to northwest-trending, block fault basin 

system.

Spatially associated with the "Red Beds" are Precambrian

igneous. Paleozoic sedimentary, Mesozoic igneous, volcanic and
ix
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sedimentary and Cenozoic igneous, volcanic and sedimentary lithologic 

units. Structural events include Cretaceous-Tertiary thrust faulting 

and Late Tertiary strike-slip faulting.



CHAPTER 1

INTRODUCTION 

The Problem

The stratigraphy of western Arizona is poorly understood. 

Consequently, the geologic and tectonic histories of the area are 

speculative.

Since the reconnaissance mapping by Wilson (1933, 1960), 

sedimentary and metasedimentary rocks have been known to crop out in 

western Arizona. Wilson (I960) and the Geologic Map of Arizona 

(Wilson, Moore and Cooper, 1969) portray exposures of Paleozoic, Meso

zoic and Mesozoic/Paleozoic undifferentiated strata in many of the 

mountain ranges,

McKee (1947) described a conglomeratic unit near Quartzsite, 

Arizona, that contains Paleozoic clasts.

Miller (1966) mapped the southern half of the Plomosa Moun

tains located south and east of Quartzsite, He recognized several 

distinct stratigraphic units. These included Precambrian(?) meta- 

yolcanic rocks; Precambrian(?) metasedimentary rocks; a relatively 

thin Paleozoic sequence consisting of fossiliferous limestone, mature 

sandstone and minor shale; a Lower Mesozoic (?) clastic*sequence and a 

very thick Upper Mesozoic or Lower Tertiary sequence.
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The area mapped by Miller (1966) was revised and published as 

the Geologic Map of the Quartzsite Quadrangle, Yuma County, Arizona 

(Miller, 1970), On this map the metavolcanic rocks were assigned a 

Precambrian or Mesozoic age. Marble, quartzite and schist comprising 

the metasedimentary rocks were recognized by Miller (1970) as plas

tically deformed Paleozoic sediments. Lithologic correlation of 

undeformed Paleozoic rocks with formations on the Colorado Plateau 

and in southeastern Arizona allowed adoption of existing terminology 

to name stratigraphic units. The Lower Mesozoic(?) clastic sequence 

was informally named and interpreted as continental red-bed deposits. 

And lastly, the Upper Mesozoic or Lower Tertiary sequence was formally 

defined as the Livingston Hills Formation (Miller, 1970).

The Livingston Hills Formation is the only unit to have re

ceived further study (Harding,1978), It consists of matrix-supported 

conglomerate, graded arkosic sandstone and siltstone that represent 

alluvial fan and tidal flat(?) sedimentation. Complex facies relation

ships with the continental red-bed deposits of Miller (1970) were 

suggested (Harding,1978),

Although Miller (1966, 1970) previously correlated these red- 

bed deposits with fedbeds of the Moenkopi Formation of the Colorado 

Plateau, they are lithologically dissimilar, In fact, the red-bed 

deposits of Miller (1970) consist of a complex sequence of interbadded 

mudstone, siltstone, sandstone, conglomerate and carbonate rock that 

is not even red. Actually, like the Livingston Hills Formation, the
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red-bed deposits seem to have no previously described lithological 

equivalent in Arizona.

Therefore, a study of these continental red-bed deposits, 

(hereafter referred to as the "Red Beds"), was undertaken in hopes of 

clarifying at least certain aspects of local and regional stratigraphy 

Specifically, an attempt is made to accurately describe the sequence, 

define the lower and upper contacts, interpret the environment(s) of 

deposition, determine provenance, refine the age, make local and 

regional correlations and to characterize the tectonic setting.

Methods of Study

This study concentrates primarily on outcrops in the southern

most Plomosa Mountains, Yuma County, Arizona, where the "Red Beds" 

are best exposed and mapped (Figure 1). However, outcrops were also 

studied to the north and east in Arizona, and to the west in Arizona 

and California, to aid in regional interpretations.

Extensive faulting and folding in the Plomosa Mountains, and 

the nature of the sedimentary sequence, inhibit attempts at recon

struction of a complete stratigraphic succession. Therefore, several 

partial sections were measured where contact relationships were 

observable and where continuous successions were best exposed. 

Virtually every exposure of the "Red Beds" in the Plomosa Mountains 

was observed and sampled to insure that no significant data gaps 

occurred.

Stratigraphic sections were measured with a Jacob staff and 

Brunton compass. Every observable change in lithology was noted.
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Descriptive nomenclature is that of Folk (1959, 1962, 1974); McKee 

and Weir (1953); Streckeisen (in Hyndman, 1972) ; Higgins (1971). The 

term quartzwacke is used for quartzarenites containing greater than 

15% matrix (Pettijohn,1975), Color is described using the Geological 

Society of America rock color chart (Goddard and others, 1975).

Approximately 160 thin sections of the "Red Beds" and associ

ated rocks were studied as an aid to field descriptions. Of these,

110 are from a single stratigraphic succession within the "Red Beds" 

(see Appendix A). Point counts were made using the "line technique" 

described by Galehouse (1969) in an attempt to quantitatively analyze 

the various rock types and the succession in general. A minimum of 

300 points per slide were counted in order to assure statistical 

validity (Van Der Plas and Tobi,1965; see Appendix B),

Pebble counts of conglomerates were made in order to character

ize provenance and delineate possible facies trends (see Appendix C),

At each location, lines were drawn perpendicular to bedding at a 

spacing of 20 cm. The lithology, rounding and maximum and minimum 

apparent diameters were recorded for each pebble that intersected a 

line. One hundred pebbles were identified at each location. In 

addition, the size and lithology of the largest pebble within a one 

meter radius of the count zone was recorded,

Paleocurrent information is derived from measurements of the 

orientation of all noticeably imbricated pebbles and identifiable 

cross-stratification. Local bedding attitudes were rotated out.using 

a stereographic (Wulff) net.



Finally, twelve separate samples of carbonate-rich rocks were 

dissolved in 10% glacial acetic acid in an attempt to recover micro

fossils. The insoluble residue was studied with both a binocular and 

petrographic microscope.
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CHAPTER 2

DESCRIPTIVE STRATIGRAPHY AND PETROGRAPHY

Introduction to the "Red Beds"

The "Red Beds" in the southern Plomosa Mountains consist of

a complex assemblage of coarse- to fine-grained clastic and finely 
crystalline carbonate rock. The various rock types are not separable 

into distinct members, but rather they occur in an interbedded 

fashion. All rock types occur within a very short stratigraphic 

interval.

A compilation of 99 point counts of rock units from a single 

stratigraphic succession within the "Red Beds" is presented in Figure 

2. Conglomerates are not included. The poles of the triangle are 

detrital grains, matrix and carbonate plus gypsum. All grains larger 

than medium silt are included as detrital grains, and matrix is de

fined as all non-chemical components finer than 0.03 mm in size 

(Pettijohn, 1975).

In order to discuss the characteristics of these rocks in a 

coherent manner, the points have been divided into groups. One 

natural group is clearly visible near the carbonate plus gypsum pole. 

These are microsparites. Essentially, they represent slightly recrys

tallized calcareous mudstones.

7



DETRITAL GRAINS
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Figure 2. Ternary,Diagram Showing Composition and Classification 
of 99 Rock Units from a Stratigraphic Section within 
the "Red Beds"
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Most other points, representing clastic rocks, lie along a 

continuum extending between the detrital grain and matrix poles.

Groups have been delineated according to previously defined textural 

parameters (Krumbein and Sloss, 1957; Folk, 1974; Pettijohn, 1975). Mud

stones are composed of at least 75% matrix. Siltstones are those 

rocks containing at least 50% silt and/or clay of which at least two- 

thirds is silt-sized. Matrix-rich sandstones, commonly termed wackes, 

contain between 50 and 85% sand-sized grains, while true sandstones 

contain at least 85% sand-sized grains. Rocks that do not fall into 

the carbonate cluster or along the clastic continuum are not easily 

classified. Many primarily represent products of diagenesis rather 

than products of deposition.

Mudstone

Mudstone comprises approximately 40% of the total strati

graphic section, and is the most abundant lithologic type within the 

"Red Beds." Mudstone weathers to slopes that are generally covered 

with debris and poorly exposed. Color ranges from grayish red purple 

to grayish purple and is independent of the degree of weathering.

Where shearing is intense, color may be bleached to very pale green. 

Much mudstone has a slight phyllitic luster.

Mudstone units vary from 0.2 to 9.5 m in thickness. Average 

thickness is 2.3 m. Penetrative cleavage causes most mudstone to 

appear massive, but rarely thin beds are visable. Mudcracks have been 

reported (Miller, 1966), but other sedimentary structures that may



exist are obscured by the cleavage. Generally, cleavage is most 

strongly developed where mudstone is in contact with coarser-grained 

strata.

Rarely, biogenic structures occur. Mottling which may repre

sent bioturbation, and vertical clay-filled burrows are most common.

Contacts between mudstone and coarser-grained, clastic rock 

commonly are gradational. Contacts between mudstone and microsparite 

commonly are sharp and distinct. Mudstone units are laterally con

tinuous (more than 50 m), but may vary in carbonate content.

Most mudstone consists of a hematitic and argillaceous 

matrix that has been partially recrystallized to microcrystalline 

quartz and chlorite. Sericite and microsparitic calcite also may 

occur. Chlorite and sericite laths are arranged parallel to cleavage, 

suggesting formation during deformation (Figure 3).

Much mudstone is very slightly dolomitized. It also may 

contain randomly oriented veinlets filled with sparry calcite, or 

rarely, with chalcedonic quartz. Intensely sheared mudstone may 

possess large zones that are chloritized and/or epidotized. Although 

no mudstone is distinctly cataclastic, some exhibits incipient fluxion 

structure.

Very fine grained quartz sand and silt are very common in 

mudstone. Grains are subrounded to subangular and may contain 

optically oriented silica overgrowths. Some overgrowths have been 

physically abraded. Grains of microcrystalline quartz, (chert), silt- 

stone and hematitic mudstone also are common, but are not abundant.

10
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Figure 3. Dolomitic Mudstone from the "Red Beds" Showing 
Alignment of Micaceous Laths (Crossed Nicols)—  
Field of view is 880 microns wide
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Lithic grains are generally slightly chloritized and have gradational 

contacts with the matrix. Detrital grains may be replaced by calcite.

Many minerals are present in trace amounts in mudstone. The 

most common include detrital grains of muscovite, magnetite, rutile, 

tourmaline and zircon. Magnetite is always partially altered to hema

tite and rutile is almost always partially altered to leucoxene. 

Tourmaline generally contains overgrowths. Rarely, zircon occurs as 

a euhedral, doubly terminated crystal.

Minerals that are present only very rarely in mudstone include 

euhedral biotite and feldspar. Euhedral biotite is brownish-green 

and is partially altered to chlorite. Feldspar occurs as highly 

altered detrital grains and as authigenic, euhedral, zoned plagio- 

clase, (albite?).

Sandstones

Sandstone and matrix-rich sandstone vary widely in amount of 

matrix present, but they are similar with or gradational to one 

another in most physical and petrographic characteristics. All dis

tinct differences between the two are described.

Sandstones comprise approximately one-fourth of the strati

graphic succession. They are the most prominent cliff- and ledge

forming units within the "Red Beds", Color ranges from light shades 

of red and pink to gray, and is generally at least partially obscured 

by a coating of desert varnish. Very calcareous sandstones tend to 

be light brown.
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Units range in thickness from 0.3 to 6.2 m. Average thickness 

is 1.6 m. Sandstone units tend to be thicker than matrix-rich sand

stone units.

Strata commonly are thin to thickly bedded. Bedding and 

grain size are directly related in that thin beds tend to be finer 

grained than thick beds. Desert varnish generally obscures stratifi

cation, but where visible, sets consist of very thinly bedded to 

laminated strata. As with bedding, grain size and stratification are 

directly related. Laminated strata tend to be finer grained than 

very thinly bedded strata.

Cross-stratification is not abundant, but locally it is well 

developed. Medium- to small-scale, medium- to low-angle trough and 

tabular planar sets are most common. Many crossbedded units contain 

a relatively low percentage of silt and clay. Orientation of 47 sets 

of cross-stratification is shown in Figure 4. Southeasterly or 

southerly transport is suggested.

Other sedimentary structures either are rare or are obscured 

by desert varnish and rock cleavage. Small heavy mineral concentra

tions locally occur along bedding planes. Cuspate and parallel 

ripples, and parting lineation, also occur but are very rare.

Sandstone generally is medium to fine grained, while matrix- 

rich sandstone generally is fine to very fine grained. Both contain 

coarse to very coarse grains and small pebbles. Grains commonly are 

well to subrounded. Very fine grains may be subangular. Almost all 

sandstones are moderately sorted. Poorly sorted sandstones are absent.



CROSS-STRATIFICATION
47 MEASUREMENTS

N

Figure 4. Orientation of the Down-dip Trends of Cross
stratification in Sandstones from the "Red Beds"
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Most sandstones occur in composite sets overlying channel-form 

conglomerates. Composite sets average approximately 8.0 m in thick

ness. Where sandstones form the base of the sequence, the basal 

contact commonly is sharp and distinct. Otherwise, contacts generally 

are gradational. Many sandstones show an upward decrease in grain 

size and grade into siltstone. Most sandstones are laterally con

tinuous (more .than 50 m), although they may thicken and thin.

Detrital grains of monocrystalline quartz are the major 

component of all sandstones. Detrital lithic grains of microcrystal

line quartz, (chert), and siltstone are common, but very rarely : 

comprise more than 15% of the detrital constituents. Polycrystalline 

quartz, mudstone, feldspar (?) and unidentifiable, semi-isotropic, non

micro li tic lithic fragments occur rarely. Polycrystalline quartz 

exists both as aggregates of silica-cemented, rounded grains, (quartz- 

rich sandstone), and as aggregates of elongate grains with sutured 

contacts, (quartzite). Detrital feldspar(?) in significant quantity 

is present only as very fine, intensely sericitized grains in which 

diagenetic growth of micaceous minerals has completely obscured the 

original grain and its boundary. Such micaceous masses, (feldspar?), 

commonly only occur in silica-cemented quartzarenite. These masses 

may actually represent extensively recrystallized matrix.

Many grains commonly are partially or rarely totally replaced 

by sparry or microsparitic calcite, but chert appears more susceptible 

to replacement than other grains. In rock with abundant matrix, 

grains, especially lithic grains, may be partially chloritized such
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that they appear gradational with the matrix. Deformation has caused 

much of the detrital quartz to strain. In extreme examples, grains 

develop a pseudo-polycrystallinity or are fractured and milled.

Silica in the form of optically oriented overgrowths is the 

most abundant cement in sandstones (Figure 5). Sparry calcite also 

is common, but it is not volumetrically abundant. Rarely, micro- 

sparitic calcite, chalcedonic quartz, microcrystalline quartz, or 

dolomite cement is present. In sheared strata, or in rock adjacent 

to quartz pegmatite veins, silica overgrowths commonly have sutured 

contacts. Some overgrowths appear to be physically abraded, implying 

formation prior to transportation and deposition.

Almost all sandstones have a partially recrystallized matrix 

of microcrystalline quartz and chlorite. Sericite, epidote, and 

disseminated hematite may also be present. Disseminated clay is not 

common. Rarely, a zone consisting of several grains and matrix 

material is chloritized and/or epidotized. In matrix-rich sandstone, 

diagenetic micas may be aligned parallel to cleavage, suggesting 

formation during deformation. Approximately one-half of the sand

stones contain a dolomitized matrix.

Detrital grains of muscovite, tourmaline, rutile, and zircon 

commonly are present in trace amounts in sandstones. Tourmaline 

generally has overgrowths, and rutile generally is at least partially 

altered to leucoxene. Very rarely, biotite, feldspar and magnetite 

are present in trace amounts. Biotite is euhedral and partially 

altered to chlorite. Feldspar exists as detrital grains partially



Figure 5. Quartzarenite from the "Red Beds" Showing Cementation 
by Quartz Overgrowths (Crossed Nicols)— Field of view 
is 880 microns wide
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altered to clay and as authigenic euhedral crystals of zoned plagio- 

clase, (albite?). Magnetite is partially altered to hematite.

Siltstone

Approximately 15% of the total stratigraphic succession is 

comprised of siltstone. Most siltstone weathers to steep slopes and 

ledges that form step-like surfaces. Color is generally grayish red 

purple or a shade of red. Weathered surfaces commonly are similar in 

color to fresh surfaces except when they are coated with desert 

varnish and are much darker. Where shearing is intense, color may be 

bleached to light shades of green, gray and orange. Rarely, silt

stone has a slight phyllitic luster.

Siltstone units range from 0.1 to 2.9 m in thickness.

Average thickness is 1.2 m. The siltstone generally is thin to 

thickly bedded. Commonly, penetrative cleavage obscures bedding, 

and the siltstone appears massive.

Contacts between siltstone and other clastic units generally 

are gradational except where overlying conglomerate or coarse-grained 

sandstones have channeled into the siltstone. Contacts between silt

stone and calcareous strata generally are sharp. Carbonate content 

may vary laterally within siltstone units.

Siltstone commonly appears internally structureless. Rarely, 

ripple laminations (?) and vertically oriented invertebrate burrows 

filled with non-calcareous, hematitic mud are present (Figure 6).

Coarse quartz silt plus fine- to very-fine quartz sand is the 

primary constituent of all siltstone. Lithic grains of
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Figure 6. Vertically Burrowed, Ripple-laminated (?) Siltstone from 
the "Red Beds"
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microcrystalline quartz, (chert), and siltstone also are present, but 

are not abundant. Rarely, intraclasts of hematitic mudstone and 

siltstone, and lithic grains of polycrystalline quartz, are present 

in small amounts.

Grains generally are subrounded, but may be well rounded or 

subangular. They almost always are moderately sorted. Grain 

boundaries, especially those of lithic grains, commonly are chlori- 

tized. In calcareous siltstone, many grains may be partially or 

totally replaced by either microsparitic or sparry calcite.

In severely sheared siltstone, grains may be strained, frac

tured, crushed, rotated and aligned with the direction of shear.

Some quartz grains may become so strained that they develop a pseudo

polycrystallinity. Fluxion structure locally may be developed. 

However, in no case are siltstone strata dominantly cataclastic in 

origin.

Cement in siltstone most commonly is present as optically 

oriented silica overgrowths on quartz and/or microsparitic or sparry 

calcite. Some silica overgrowths have apparently been inherited from 

a previous history because they are abraded and rounded.

Matrix in siltstone resembles mudstone in both composition 

and fabric. All matrix is hematitic and has been at least partially 

recrystallized to microcrystalline quartz and chlorite. Micro

sparitic calcite, sericite and disseminated clay also are common 

components. Many authigenic micaceous laths are aligned parallel to 

cleavage, suggesting formation during deformation. Rarely, the matrix
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in siltstone is dolomitized, and intensely sheared siltstone may con

tain felted masses of chlorite and/or epidote.

Many different minerals commonly are present in trace amounts 

in siltstone. The most common include detrital grains of muscovite, 

tourmaline, zircon, magnetite and rutile. Tourmaline generally has 

overgrowths. Magnetite is always partially altered to hematite and 

rutile may be at least partially altered to leucoxene. Very rarely, 

detrital grains of feldspar altered to clay and euhedral biotite 

partially altered to chlorite are present. Authigenic plagioclase, 

(albite?), and anataseC?) also may be present.

Carbonates

Finely crystalline carbonate rock comprises approximately 15% 

of the total stratigraphic section. However, in terms of number of 

distinct units within the sequence it is the most abundant lithologic 

type. Calcareous strata weather to prominent ledges and typically, 

are very colorful. Color commonly is a shade of brown, red, or 

purple, although shades of gray, pink, yellow and orange also occur. 

Moderate yellowish brown and grayish red purple are the most common 

colors. Weathered surfaces generally are somewhat darker than fresh 

ones, and they may be coated with desert varnish in part.

Calcareous units range from 0.1 to 4.4 m in thickness. Mean 

thickness is 0.7 m, but median thickness is only 0.2 m, and less than 

one quarter of the units have a thickness exceeding the mean. Almost 

all of the thicker units are shades of red or purple, causing red and
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purple units to have a mean thickness greater than twice that of brown 

units.

Calcareous strata commonly are thinly bedded. Individual 

strata generally are discontinuous laterally, but the calcareous unit 

as a whole tends to be laterally persistent.

Contacts between calcareous and clastic strata generally are 

sharp and distinct. Changes in weathering character and intensity of 

cleavage occur across contacts.

Mottling is common in calcareous strata. Most appears to be 

the result of bioturbation. Invertebrate burrows generally are filled 

with non-calcareous mud, and most are vertically oriented. Small (0.5 

mm) calcite-lined tubules of unknown origin are abundant in some beds. 

One structure, vaguely resembling a segmented worm, was discovered.

Its significance is not known.

Rarely, calcareous strata rich in gypsum may have dessication 

cracks. Otherwise, except for normal bedding, rare cleavage, and 

biogenic structures, calcareous strata are structureless.

All dominantly calcareous rock consists primarily of slightly 

recrystallized calcareous mud and is classified as microsparite. 

Within any given sample, some micritic calcite commonly is recrystal

lized to coarse sparry calcite. Randomly oriented veinlets filled 

with coarse sparry calcite are also present.

All microsparite is very hematitic, and most is very argilla

ceous. Both hematite and clay commonly are disseminated throughout 

the rock, but may be concentrated at the boundaries of coarsely
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recrystallized zones or structures. Approximately one-half of the 

microsparitic units contain petrographically recognizable gypsum.

Gypsum occurs as scattered fibrous and microcrystalline aggregates 

(Figure 7). In extreme examples, gypsum may account for nearly 30% 

of the rock.

Much microsparite contains distinctly quartz-rich and chloritic 

segregations that resemble mudstone in composition and texture. Most 

appear to represent contamination due to bioturbation.

Microsparite is not dolomitized, but where it is in contact 

with more competent strata, it may be slightly epidotized.

Very fine grained quartz sand and silt of detrital origin is 

a common constituent, but it is not abundant. Rarely, quartz may have 

optically oriented overgrowths. Generally, both grain and overgrowth 

are at least partially replaced by microsparitic or sparry calcite.

Muscovite, tourmaline, zircon and rutile may be present in 

trace amounts. Rutile commonly is partially altered to leucoxene. 

Tourmaline may have overgrowths. Magnetite, feldspar and biotite are 

very rare.

Pebble-supported Conglomerate

Pebble-supported conglomerate comprises approximately 5% of 

the total stratigraphic section. Commonly, conglomerate forms cliffs 

and ledges or crops out on the top of isolated exposures because it 

is very resistant to weathering. Color generally is obscured by a 

coating of desert varnish, but where visible it varies from light gray 

and orange to variegated.
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Figure 7. Hematitic Gypsiferous Microsparite from the "Red Beds" 
(Crossed Nicols)— Field of view is 880 microns wide



Thickness of conglomerates varies from approximately 0.2 to 

3.0 m. The conglomerates are massive except for the thickest ones, 

which may be thickly bedded. Rock cleavagd generally is absent.

The basal contact is always an irregular surface of erosion 

except where conglomerates are interbedded with sandstones. Relief 

of as much as 2.0 m locally is developed on underlying strata. Peb- . 

bles commonly show a crude fining upward trend, and, therefore, the 

upper contact is gradational. Conglomerates grade upward to sand

stones that are gritty or pebbly.

Conglomerates are highly variable laterally. They generally 

are discontinuous and may change stratigraphic position.

Most of the pebbles are well rounded and egg or ovate in 

shape. Where disc-shaped pebbles occur, they may be imbricated 

(Figure 8). Downstream trends for 120 imbricated pebbles from numer

ous conglomerates are plotted in Figure 9. A southerly direction of 

transport is indicated.

Pebble compositions include quartzarenite, quartzite and/or 

chert, limestone and dolomite. Quartzite and chert could not 

effectively be distinguished in the field due to slight recrystalliza

tion of the chert. Petrographic evidence suggests that chert is more 

abundant than quartzite. No volcanic, plutonic or metamorphic 

pebbles were ever positively identified in the pebble-supported 

conglomerates, even though several extensive attempts were made to do
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Figure 8. Conglomerate from the "Red Beds" Showing Imbricate 
Pebbles
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Figure 9. Orientation of the Up-dip Trends of Imbricate Pebbles in 
Conglomerate from the "Red Beds"
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Quartzarenite pebbles consist of coarse- to fine-grained sand. 

Grains are well rounded and well sorted. Silica cement predominates, 

but locally calcareous cement is present. Quartzite and chert are 

light in color. Rarely, chert pebbles contain external molds of 

brachiopods and crinoid columnals. Limestones and dolomites are 

finely crystalline to micritic and are dark gray to brown.

Quartzarenite is always the most abundant pebble lithology.

In the Plomosa Mountains, abundance ranges from 49 to 74%. Quartzite 

plus chert abundance ranges from 25 to 49% and limestone plus dolo

mite abundance is less than 5%.

Average pebble diameters, were calculated by adding the maxi

mum and minimum apparent diameters and dividing by two. In the 

Plomosas, the means of the average pebble diameters range from 3.3 

to 2.3 cm. Means for quartzarenite are always greater than those for 

quartzite plus chert. Means for limestone and dolomite cannot validly 

be compared due to the small sample size.

Neither conglomerate abundance, pebble size nor pebble composi

tion reflect any recognizable trend within the area of outcrop. 

Furthermore, faulting and folding have complicated relationships making 

it impossible to demonstrate any stratigraphic trend as well.

The matrix of pebble-supported conglomerate is compositionally 

similar to the matrix-rich sandstone. The matrix is composed of 

coarse- to very fine grained quartz, microcrystalline quartz, (chert) 

and minor sedimentary rock fragments including quartzite, siltstone 

and mudstone as intraclasts. Grains are subrounded to subangular and
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are moderately sorted. Both siliceous and calcareous cements occur. 

The matrix commonly is very hematitle. Compared with the other rock 

types, diagenetic changes are minimal. They are limited to localized 

replacement of quartz by calcite and minor growth of chlorite and 

sericite within the clay-rich interstitial fractions.

Analysis of the Vertical Succession 

Markov chain analysis is a statistical technique for the de

tection of a repetitive process in space or time. Markov analysis 

can be used to determine both the random and actual probabilities of 

lithologies occurring in a specific sequence within any given suces- 

sion (Miall, 1973).

The random probability of a transition occurring between two 

different lithologies is defined by Equation 1:

transitions within the succession; and f^ = frequency of lithology i.

The actual probability of a transition occurring between two 

different lithologies is defined by Equation 2:

(1)

(2)

where p^j = actual probability of a transition from lithology i to 

lithology j; f ^  = frequency of the transition of i to j within the 

succession; and f^ = frequency of lithology i.
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A two-dimensional matrix can be constructed consisting of the 

differences between the two probabilities for particular transitions 

as defined by Equation 3:

dij (3)

where d ^  = difference value for a given lithologic transition i to 

j; Pjj = actual probability of the given transition; and r ^  = random 

probability of the given transition. The difference matrix empha

sizes those transitions that occur with other than random frequency.

Data from the most continuous succession of "Red Beds" were 

subjected to Harkov analysis using five different lithologic divisions. 

The divisions include conglomerate, sandstones, siltstone, mudstone 

and microsparite. Only those stratigraphic changes involving a 

switch of lithologic divisions were counted as transitions. Table 1 

is the resulting difference matrix.

Relatively large positive values indicate those transitions 

that occur with a frequency significantly greater than random. Only 

five such transitions occur. Together they define a fining-upward 

cycle that occurs repetitively within the stratigraphic sequence.

From bottom to top each complete cycle consists of conglomerate, sand

stones, siltstone, microsparite and mudstone. Microsparite and 

mudstone continue in an alternating succession until a new cycle 

begins. The initiation of a new cycle is a random process and a new 

cycle may begin at any stratigraphic position in the previous cycle.
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Table 1. Markov Analysis Difference Matrix

Upper Bed in Transition
CGL SS SLTST MST MSP

o• H
U

CGL X 0.86 -0.14 -0.33 -0.40
• HCQC2 SS 0.03 X 0.49 —0.26 -0.25

<u
SLTST 0.02 1 —0.07 X -0.21 0.25

PQ

M$
MST -0.01 -0.08 -0.19 X 0.28

Bh4 MSP -0.06 -0.12 -0.06 0.25 X

CGL = conglomerate

SS = sandstones

SLTST = siltstone

MST - mudstone

MSP = microsparite
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Overall, the probability is 0.84 that any given unit is of equivalent 

or of a finer grain size than the directly underlying unit.

Characteristically, conglomerate initiating a new cycle has 

an irregular, erosional base. Conglomerate grades upward to sand

stones that grade into siltstone. The following microsparite/mudstone 

succession consists of distinct, non-gradational units. Siltstone and 

matrix-rich sandstone units may show a regular alternation in carbo

nate content as the microsparite/mudstone succession is approached.

Because of the cyclic nature of the stratigraphic sequence 

and complex structural relationships within the study area, it is 

impossible to demonstrate any large-scale stratigraphic trends. 

Furthermore* it also is impossible to assign an accurate thickness to 

the "Red Beds." Based upon outcrop distribution and comparison with 

correlative strata the thickness is estimated to be approximately 

1000 m.

Basal Contact

The depositional basal contact of the "Red Beds" is exposed 

only in the northern part of the study area. The "Red Beds" conform

ably overlie a locally derived conglomeratic volcanic arenite, and 

nonconformably overlie a rhyodacite porphyry. Both contacts were 

previously mapped as thrust faults (Miller, 1970).

The conglomeratic volcanic arenite nonconformably overlies the 

rhyodacite porphyry and is derived from it in part. The contact with 

the overlying "Red Beds" is gradational. Thin beds of volcanic
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arenite are interstratifled with mudstone and siltstone of the "Red 

Beds." The transition zone is approximately 2 m in thickness. No 

cleavage, gouge or cataclasis suggestive of a tectonic origin is 

present.

Where the conglomeratic volcanic arenite is absent, the "Red 

Beds" overlie the rhyodacite porphyry directly. The contact is sharp 

and roughly planar. Minor shearing occurs near the contact, but this 

is typical in the area where rocks of different competence are in 

contact. Lack of gouge and cataclasis suggests the contact is not 

tectonic but probably represents a nonconformity. Length of the 

hiatus is not known.

Sandstone and conglomerate of the "Red Beds" near the basal 

contact show no compositional deviation from typical "Red Bed" 

lithologies. Fining-upward cyclothems characteristic of the "Red 

Beds" also occur directly above the contact.

Upper Contact

The depositional upper contact of the "Red Beds" is exposed 

only in the southern portion of the study area near Crystal Hill. 

Conglomerate representing the lower member of the Livingston Hills 

Formation overlies the "Red Beds," The contact was previously 

interpreted as an angular unconformity with a significant hiatus 

(Miller,1966, 1970).

Rock types change noticeably across the contact. Strata 

directly below the contact are typical of the "Red Beds" at other



localities. The overlying conglomerate is matrix-supported and 

stained with hematite. Pebble- to boulder-sized clasts are common. 

Sedimentary clasts, (limestone, sandstone and chert), predominate 

but plutonic and low-grade metamorphic clasts also occur.

The matrix of the overlying conglomerate and interbedded sand

stone is coarse-grained and gritty. Sedimentary rock fragments and 

quartz occur in approximately equal proportions. Some quartz is 

embayed and may be volcanic. Large, (average 0.5 cm), oxidized 

pyrite cubes are disseminated throughout the rock.

The actual contact between the two units is smooth and 

parallel to bedding. No channeling, staining or lag deposits occur. 

Shearing is minimal.

These data indicate that the contact is not tectonic and does 

not represent an angular unconformity. Although lithologic change 

is abrupt, the contact is believed to be comformable.

A stratigraphically persistent zone of shearing and intensely, 

hematite-stained rock occurs approximately 25 m above the contact. 

Above this zone, conglomerate is massive and very bouldery. Composi

tion is similar to the underlying conglomerate. The significance of 

this hematitle zone is not known.
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CHAPTER 3

INTERPRETIVE STRATIGRAPHY AND PETROLOGY 

Environment of Deposition

Environmental reconstruction is based primarily on the 

vertical succession of rock type and the characteristic textures and 

structures exhibited. This is especially true of fluvial deposition 

(Bernard and Major, 1963; Allen,1965 and Visher, 1965, 1972).

Deposits of meandering stream systems are cyclic. A specific 

succession, one cycle, is repeated vertically through a thick 

sequence of progressively younger strata. The lowermost unit of each 

cycle consists of a poorly sorted, very coarse grained sandstone or 

conglomerate with an irregular, erosional base (Visher, 1965; Pettijohn, 

1975).

The basal unit grades upward to a relatively thick sequence of 

light-colored sandstone. This sandstone may be massive, horizontally 

bedded or contain medium-sized sets of trough and/or tabular planar 

cross-stratification. If cross-stratification does occur, it is 

commonly overlain by horizontal bedding. Sandstone becomes finer 

grained and more thinly bedded upward (Bernard and Major, 1963; Visher, 

1965; Biatt, Middleton and Murray, 1972 and Pettijohn,1975).

The uppermost part of each cycle consists of reddish siltstone 

and/or mudstone. Siltstone may be massive or ripple laminated.
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Mudstone generally is massive (Allen,1965; Pettijohn, 1975). These 

sediments commonly exhibit dessication features and burrow or root 

structures (Allen, 1965; Visher, 1965).

Small calcareous masses may become so abundant in the upper 

zone that they coalesce to form limestone beds (Pettijohn,1975).

These "fluvial" limestones generally are very finely crystalline, 

laterally discontinuous, unfossiliferous, and may contain evaporite 

minerals, especially gypsum. Dolomite is rare (Picard, 1957; Picard 

and High,1972).

Fining-upward cyclothems that comprise the "Red Beds" share 

many characteristics with the typical fluvial succession and are 

interpreted as resulting from deposition of a meandering stream system. 

The very coarse grained lowermost unit of each cycle represents a 

channel lag deposit (Blatt and others,1972; Pettijohn,1975). The size 

of the pebbles and/or sand determines either the maximum size fraction 

available for transport or the minimum competence of the stream 

(Visher, 1965).

Sandstone represents pointbar deposits, sedimentary accumula

tions on the inside of meander loops. Medium-scale cross-stratified 

sandstone results from the migration of dunes on the lower part of the 

pointbar. Small-scale cross-stratified, very fine grained sandstone 

and siltstone result from migration of ripples on the upper pointbar 

(Blatt and others, 1972).

Where limestone is interbedded in a fluvial succession, 

lacustrine deposition commonly is suggested (Picard,1957). Within the

36
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"Red Beds," thin calcareous strata commonly are gypsiferous and 

probably formed during evaporation of water on a playa- or sabhka-like 

floodplain. Variation in calcareous strata may be due to differences 

in extent of evaporation, or alkali content of playa waters, or to 

post-depositional interaction with near-surface ground water (Reineck 

and Singh,1973).

Figure 10 is an illustration relating composition to the 

environment of deposition. The path shown by arrows depicts the 

vertical succession of rock type, and thus environment, at any given 

location. Markov transition probabilities calculated from Equation 2 

are plotted next to each path segment. The path starts near the 

detrital grain pole and migrates approximately three-fourths of the 

way to the matrix pole. Strata along this path are gradational and. 

become finer grained and more matrix rich upward. Lithologies repre

sent channel, pointbar and floodplain deposits and are formed by the 

lateral migration of a meandering stream.

An alternating succession of carbonate and matrix-rich rock • 

follows. These distinct lithologies primarily represent alternating 

periods of flooding and dessication on a playa-like floodplain. This 

succession continues until the channel changes course and initiates a 

new cycle.

The abundant hematite, and abundant calcareous and slightly 

gypsiferous strata, (nearly 15% of the stratigraphic section), may 

reflect arid or semi-arid conditions. Cyclic sedimentation is
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is attributed to factors intrinsic to the fluvial system and not to 

external control (Allen, 1965; PettiJohn, 1975).

Provenance

The question of provenance concerns characterization of the 

source area (Pettijohn, 1975). Location of the source is reflected by 

paleocurrent data, and information regarding source area lithology is 

supplied by clast and rock fragment composition, and by detrital 

mineralogy.

Combined paleocurrent indicators are plotted in Figure 11. 

Pebble imbrication and several types of cross-stratification from 

numerous localities within the study area are included. Calculation 

of the mean by radius vector summation (Krumbein, 1939) yields a value 

of S 26 E. A north to northwesterly source area is indicated by the 

current indicators.

As previously discussed, clasts in conglomerate within the 

"Red Beds" are all of sedimentary origin. The mature nature of the 

sedimentary clasts suggests erosion of a eratonic sedimentary sequence. 

Light-colored chert pebbles strongly resemble chert that occurs in the 

Kaibab Limestone, and several quartzarenite pebbles resemble Coconino 

Sandstone. Both are Permian in age and crop out on the Colorado 

Plateau (McKee, 1969). Crinoidal debris and brachiopod molds in chert 

pebbles indicate a Paleozoic age for at least part of the source 

terrene. Occurrence of quartzite suggests that Precambrian metasedi

ments were also exposed because the Precambrian stratigraphy of
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Arizona and adjacent areas to the west is characterized by thick 

sequences of quartzite (Shride,1967J Stewart,1970).

Overall, except for an absence of volcanic pebbles, clast 

composition is remarkably similar to that of the Upper Triassic 

Shinarump Conglomerate Member of the Chihle Formation. The Shinarump 

Conglomerate reflects erosion of the Mogollon highland, a Paleozoic 

sedimentary, PreCambrian metasedimentary and metamorphic, and Lower 

Mesozoic volcanic terrane believed to have existed in Mesozoic time 

in most of central and southern Arizona and perhaps southeastern 

California (Stewart, Poole and Wilson, 1972a, 1972b).

Graham, Ingersoll and Dickinson (1976) have suggested that a 

Qm-F-Lt ternary plot of sandstone composition emphasizes provenance.

Qm designates monocrystalline quartz. F designates feldspar, and Lt 

designates total lithic fragments including polycrystalline quartz. 

Figure 12 is a Qm-F-Lt plot of 15 sandstones from the "Red Beds."

Only those sandstones containing a relatively small percentage of 

matrix are included.

Points cluster along the Qm-Lt axis and lie near the Qm pole. 

Feldspar is almost non-existent. It is relatively abundant in only 

one of the sandstone units, and in this sample (IW-37), the feldspar(?) 

may actually represent intensely recrystallized matrix. All identi

fiable rock fragments are of sedimentary or metasedimentary origin. 

Microcrystalline quartz, (chert), is most common. Siltstone and mud

stone fragments also are common, but they are probably of intraforma- 

tional origin, because it is doubtful if they could withstand
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Figure 12. Qm-F-Lt Diagram of 15 Sandstones from the "Red Beds"
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transport from outside the basin of deposition. Quartzite is the only 

type of metasedimentary rock fragment that occurs. It is not common.

The abundance of silt- and clay-sized detrital material, plus 

the persistent occurrence of muscovite and magnetite suggest that an 

igneous or metamorphic terrane of low relief may have been exposed. 

However, pebble and rock fragment lithology and detrital mineralogy 

virtually preclude the possibility of any major volcanic, plutonic or 

metamorphic exposures of moderate relief in the source area. This 

conclusion is supported by the lack of volcanic and metamorphic quartz 

and by the relatively high percentage of the ultrastable minerals 

zircon, rutile and tourmaline in the trace mineral fraction of clastic 

rock within the "Red Beds’,"-1

The occurrence of euhedral biotite and zircon, and one 

volcanically derived(?) bed of montmorilloniticC?) mudstone containing 

altered, euhedral hornblendeC?) may suggest slight volcanic activity 

and influx during deposition of the "Red Beds." The abundant silice

ous and chloritic matrix in many of the samples could have been 

derived from reworked and disseminated, altered volcanic material, and 

devitrified volcanic rock could be mistaken for chert. However, it is 

virtually impossible to prove that minor .volcanic influx occurred.

Age and Correlation

The "Red Beds" exposed in the southernmost Plomosa and 

westernmost New Water Mountains are typical of rocks that crop out 

along a west-northwest trend in western Arizona and southeastern
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California. The "Red Beds" are lithologically similar to strata 

exposed in the southernmost Little Harquahala Mountains located 

approximately 45 km to the east. The "Red Beds" also are lithologi

cally similar to the lowermost member of the thick McCoy Mountains 

Formation exposed in both the McCoy and Palen Mountains located west 

of Blythe, California (Pelka, 1973). In addition, the "Red Beds" may 

be lithologically similar to strata in the' Dome Rock Mountains south

west of Quartzsite, Arizona (Figure 13).

All of these sequences are characterized by a complex assem

blage of coarse- to fine-grained clastic and finely crystalline 

carbonate rock arranged stratigraphically as fining-upward cyclothems. 

Conglomerate consists entirely of pebble-sized, sedimentary clasts and 

is discontinuous along strike. Sandstone is light in color and is 

extremely quartz rich. Siltstone and mudstone generally are massive 

and red-purple. Calcareous strata are thin and gypsiferous.

These sequences are lithologically distinct from other rock 

units in the region. In California, the sequence comprises the basal 

portion of the McCoy Mountains Formation. In Arizona the sequences 

are informally referred to as continental red-bed deposits (Miller, 

1970) or "Red Beds" (this paper). If the sequences in Arizona are 

correlative to those in California, the informal names should be re

placed by the formal name McCoy Mountains Formation.

Widespread and locally derived conglomeratic volcanic arenite 

is interbedded with, and conformably overlain by, the" Conglomerate 

Member of the Livingston Hills Formation (Harding, 1978)- and by a thick
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sequence of well-bedded, light-green, coarse- to fine-grained clastic 

rock, (hereafter referred to as the "Green Beds"). The "Red Beds" 

also conformably overlie the conglomeratic volcanic arenite. This 

indicates that at least the basal portions of the Livingston Hills 

Formation and the "Green Beds" are time equivalent with the "Red Beds."

Southwest of Dripping Spring in the northern part of the study 

area, hematitle, matrix-supported, pebble to boulder conglomerate is 

interbedded with the "Red Beds." This conglomerate resembles the 

Conglomerate Member of the Livingston Hills Formation and is 

interpreted to represent a tongue of this unit. Northwest of Crystal 

Hill in the southern part of the study area, strata resembling the 

"Green Beds" also are interbedded with the "Red Beds." These relation

ships support time equivalence of these units.

The Conglomerate Member of the Livingston Hills Formation also 

conformably overlies both the "Red Beds" and the "Green Beds" in the 

Plomosa Mountains. Thus, much of the Livingston Hills Formation is 

slightly younger than the "Red Beds" and Green Beds.V Figure 14 illu

strates these relationships.

On a larger scale, demonstrated lithologic equivalence of the 

basal portions of thick clastic sequences in the Palen, McCoy and 

Plomosa Mountains coupled with the lack of recognized unconformities 

in these sequences suggests that all may be essentially time equiva

lent. Other thick, Mesozoic clastic sequences in western Arizona and 

southeastern California also may eventually prove to be time equiva

lent.
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The age of•these sequences is poorly documented. In the McCoy 

Mountains, California, the McCoy Mountains Formation nonconformably 

overlies a hypabyssal rhyodacite porphyry. D. Krummenacher dated the 

porphyry as 175.8 + 2.7 my, (K-Ar, plagioclase), (Pelka, 1973). In 

the Plomosa Mountains, Arizona, the "Red Beds" nonconformably overlie 

a very similar but undated hypabyssal porphyry. This suggests a post- 

early Jurassic age for the "Red Beds" and equivalent strata.

These clastic sequences are sparsely fossiliferous. Hayes 

(1970, p. 35) states,

1 have seen some of these rocks in the New Water Moun
tains and similar strata in other nearby ranges and believe 
they may be approximately equivalent to a thick sequence of 
moderately metamorphosed strata in the McCoy Mountains, 
about 50 miles (80 km) west of the New Waters in California, 
from which E. C. Beaumont (oral communication 1968) col
lected fragments of dichotoledenous plant fossils that C. B.
Read stated (oral communication 1969) can be no older than 
Albian.

Furthermore, Pelka (1973) discovered well preserved fossil wood at 

several different horizons in the McCoy Mountains Formation. Accord

ing to Pelka (1973, pp, 99 and 101), "Specimens from the localities in 

member 10 in the McCoy Mountains are abundant and range from small 

fragments to log sections 1 foot in diameter and 2 feet in length."

Richard A. Scott (U. S. Geological Survey, Denver) and 

Virginia Page (Stanford University, California) identified the fossil 

wood from the McCoy Mountains Formation as belonging to the angiosperm 

class (Pelka, 1973). The oldest known angiosperm wood is Aptian in 

age (V. Markgraf, personal communication 1979).
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These plant fossil occurrences indicate that at least a por

tion of the sequence is late Early Cretaceous or younger in age.

The assignment of an upper age limit is based upon exposures 

in the Granite Wash Mountains, approximately 40 km northeast of the 

study area (Figure 13). Paleozoic strata and a thick sequence of 

quartz-rich, Mesozoic clastic rock are intruded by upper Cretaceous 

plutons (85 to 70 my) (Reynolds, in press). Late Cretaceous or 

earlier metamorphism of the Paleozoic and Mesozoic strata is suggested 

by K-Ar data and by cross-cutting relationships of an undeformed upper 

Cretaceous pluton (Reynolds, in press). The Mesozoic sequence is 

lithologically similar to, and possibly correlates with, strata in 

the Plomosa Mountains. Thus, available data are consistent with the 

interpretation that the "Red Beds" and equivalent strata may be late 

Early Cretaceous in age.

The nearest sedimentary rock of established Early Cretaceous 

age crops out over 300 km away in southeastern Arizona. Lower 

Cretaceous conglomerate, sandstone and limestone comprising the Bisbee 

Group are exposed south and east of Tucson, Arizona (Hayes, 1970). 

Equivalent strata also occur to the south in Mexico (Rangin, 1978), 

and to the east in New Mexico (Hayes, 1970).

The "Red Beds" and equivalent strata and the Bisbee Group share 

a set of characteristics that is distinct from other lithologic units 

in this region. First, both unit unconformably overlie a relict 

Mesozoic topographic surface. The'Bisbee Group unconformably overlies 

Precambrian, Paleozoic and Mesozoic rocks (Hayes, 1970). The



Livingston Hills Formation unconformably overlies Paleozoic rock 

(Harding;1978), and the time-equivalent "Red Beds" nonconformably 

overlie Mesozoic rock.

Second, both units are very thick. The McCoy Mountains Forma

tion is over 7000 m thick in the McCoy Mountains, southeastern 

California (Pelka,1973). The Bisbee Group is approximately 4500 m 

thick in the Empire and Dragoon Mountains, southeastern Arizona (Hayes, 

1970).

Third, both sequences demonstrate a similar sedimentary style. 

The "Red Beds" and lithologically equivalent strata consist of quartz- 

rich sandstone, siltstone and mudstone arranged stratigraphically as 

fining upward cyclothems. The same is true for the majority of the 

Bisbee Group (Hayes, 1970).

Lastly, both units demonstrate complex facies relationships 

indicative of tectonic instability at the time of deposition. Hayes 

(1970, p. 12) states, "Range-to-range correlation of lithologic divisions' 

within the Bisbee can generally be no better than tentative." Demon

strated time equivalence of the "Red Beds," "Green Beds" and the 

Livingston Hills Formation reflects a similar complexity.

This set of shared physical characteristics is distinct from 

all other rock units is southern Arizona and therefore, supports the 

postulated correlation between the "Red Beds" and equivalent strata 

and the Bisbee Group.

Sequences of Lower Cretaceous (?) and upper Mesozoic arkosic 

sedimentary rock crop out west of Tucson. These units include the
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Mole Arkose and the Cocoraque, Phonodoree,and Vekol Formations 

(Heindl, 1965a, 1965b; Hayes, 1970). All are potentially correlative 

with the "Red Beds.''

Another possible correlative rock in the region is the proto- 

lith of the Orocopia Schist. The schist is exposed in both Arizona 

and California approximately 60 km south' of the study area. Exposures 

form a west-northwesterly trending belt paralleling the belt formed 

by the "Red Beds".and equivalent strata (Figure 13).

Haxel and Dillon (1978) have speculated that the protolith of 

the schist may be late Mesozoic in age. However, a relationship 

between the Orocopia Schist and the "Red Beds" and equivalent strata 

is not obvious.
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Tectonic Setting

Krynine originally pointed out that the tectonic setting 

determines preferred associations of source area lithology, relief, 

geomorphic processes and rates of basin subsidence. The composition 

and rate of sediment influx into a basin, combined with the rate of 

subsidence of that basin, influence composition and textural maturity 

of the sediment deposited and quantitatively determine environmental 

distribution. Therefore, composition and textural maturity generally 

reflect overall tectonic framework, while the volumetric importance of 

specific environments determines tectonic setting (Folk,1974).

Sandstone from the "Red Beds" and time-equivalent strata is 

variable in composition. Over one-half of the sandstone units sampled
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from the "Red Beds" contain, a significant proportion of sedimentary 

rock fragments, especially chert. Sandstone from the "Green Beds" is 

rich in recrystallized, volcanic rock fragments; and the Livingston 

Hills Formation is both arkosic and lithic (Harding, 1978). Equivalent 

strata in the McCoy and Palen Mountains, California, show similar 

compositional variability (Pelka, 1973). This variability suggests a 

tectonically complex framework.

Sandstone containing greater than 5% matrix is classified as 

texturally immature (Folk, 1974). Over 85% of the sandstone from the 

"Red Beds" is texturally immature. The majority of sandstone from 

the "Green Beds", Livingston Hills Formation (Harding,1978), and 

correlative strata in the McCoy and Palen Mountains, California (Pelka, 

1973), also is texturally immature. This suggests rapid deposition in 

a tectonically unstable environment.

The "Red Beds" and time-equivalent strata primarily represent 

fluvial, floodplain, sheetflood, (distal fan) and debris flow (proxi

mal fan) deposits (Harding, 1978). The association of fluvial and 

alluvial fan deposits is highly characteristic of deposition in scarp- 

bounded tectonic basins. Intense normal faulting is often indicated 

(Reineck and Singh, 1973 ; Folk,1974).

The "Red Beds" and correlative strata crop out along a linear, 

west-northwest trend in western Arizona and southeastern California. 

Current indicators suggest sediment transport from the north or north

west; Pelka (1973) and Harding (1978) also found that strata with a 

continental provenance were derived from the north, and Pelka (1973)
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found that strata with a significant volcanic component show transport 

from the southwest. These transport directions are at a high angle to 

the trend of exposures. If these strata are autochthonous, this sug

gests that the trend may represent depositional strike of a major 

block fault basin system. Provenance data suggest that the basin sys

tem was bounded on the north by a continental terrane and on the south

west by a Lower Mesozoic volcanic terrane (Pelka,1973). Strata in the 

basin overlie Paleozoic sedimentary and Mesozoic hypabyssal rock 

(Pelka,1973J Harding,1978).

Because the "Red Beds" and lithologically equivalent strata 

reflect erosion of a Paleozoic cratonic sequence, the source area must 

have existed south of presently widespread, preserved Paleozoic strata. 

If the "Red Beds" are authchthonous, then the source area probably 

existed in west-central Arizona and east-central, southeastern 

California (Figure 13).

Mesozoic strata preserved on the Colorado Plateau suggest that 

a source area, the Mogollon highland, existed through most of Mesozoic 

time south of the Plateau (Harshbarger, Repening and Irwin, 1957). 

Because the "Red Beds" and lithologically equivalent strata were 

derived from the north, if they are autochthonous, then they must 

have been derived from this same source area. Furthermore, the 

Mogollon highland must haye consisted of a fairly narrow belt lying 

south of the Colorado Plateau and north of present exposures of the 

"Red Beds" during late Mesozoic time.
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Figure 15 is a hypothetical cross-section extending from 

southwestern to northern Arizona in late Mesozoic time. It is drawn 

perpendicular to the presumed axis of the block fault basin system 

and depicts the proposed tectonic setting of the "Red Beds" and 

equivalent strata.

Isopach patterns of Lower Cretaceous strata in southeastern 

Arizona and adjacent areas show a pronounced, linear, west to west- 

northwest trend (McKee, 1951). Bilodeau (1978) recognized that 

deposition of the Glance Conglomerate, the basal formation of the 

Bisbee Group, is controlled by west- to northwest-trending normal 

faults with the south side down. These data suggest a possible 

genetic relationship between the Bisbee Group and Lower Cretaceous (?) 

strata in western Arizona and southeastern California. The "Red Beds" 

and equivalent strata may have accumulated in a western extension of 

the Bisbee basin. However, the continuity of the basin has yet to 

be established.

The nature of the basin is poorly understood. Mississippian 

stratigraphic data, geometry of thermal alteration and regional 

crustal variation suggests the possibility of post-Mississippian 

aborted rift phenomena in southern Arizona (Purves,1978). Outcrop 

distribution, sediment thickness, isopach patterns and facies relation

ships of the "Red Beds" and correlative strata are suggestive of a 

major, west-northwest trending. Lower Cretaceous (?) rift basin 

system. Bilodeau (1978) has previously proposed a tensional basin 

setting for the Glance Conglomerate in southeastern Arizona.
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Exposures of Orocopia Schist parallel the trend of the "Red 

Beds" and equivalent strata in western Arizona and southeastern 

California suggesting a possible relationship. Haxel and Dillon 

(1978) have speculated that the protolith of the schist may have 

accumulated in a late Mesozoic, ensimatic, intracontinental rift 

basin. Such a tectonic setting is compatible with the proposed 

setting of Lower Cretaceous (?) strata in this study.

Implications

When examined in the context of previous work and certain 

data, several interpretations regarding the source area of the "Red 

Beds" have significant implications. The purpose here is to delineate 

these implications as a set of possible alternatives and to present 

data for and against each alternative.

The first interpretation/implication set that concerns the 

proposed source area for the "Red Beds" and lithologically equivalent 

strata relies on the assumption that Mesozoic strata examined in this 

study are autochthonous. The source is believed to have existed north 

of the present exposures of Mesozoic strata and south of widespread 

preserved Paleozoic strata in northern Arizona, Nevada and north of 

Baker, southeastern California (Figure 13). Scattered exposures as 

young as Permian crop out within the proposed source area. Therefore, 

if this region acted as a source of Paleozoic rock for Mesozoic sedi

ments as suggested, then either the highland was complex and Paleozoic 

strata were preserved in downfaulted blocks, or Paleozoic strata were



tectonically transported to their present position after erosion of 

the terrane.

The common association of Mesozoic sediments with Paleozoic 

remnants in the area suggests that Paleozoic strata may have been 

preserved in Mesozoic structural lows. However, Paleozoic strata on 

the Colorado Plateau were tilted to the northeast prior to Upper 

Cretaceous time so that the southwest edge of the Plateau is struc

turally higher than regions to the north and east. This regional 

tilting is reflected by the northward truncation of successively 

younger Paleozoic strata along the southern Plateau margin (Figure 

13; Peirce, 1974; Peirce, Jones and Rogers, 1977). The tilting should 

have caused erosion of all Paleozoic strata south of the present line 

of Cambrian truncation.

Regarding a possible tectonic origin for the occurrence of 

Paleozoic strata within the proposed source area, Paleozoic and 

Mesozoic sedimentary sequences exposed in western Arizona and south

eastern California are penetratively deformed and slightly metamor

phosed, which is suggestive of a major tectonic event or events. 

Miller and McKee (1971) have suggested large-scale, late Cretaceous- 

early Tertiary thrusting of Paleozoic and Mesozoic strata in the 

Plomosa Mountains based on mapping and facies relationships. Some of 

the thrust faults have been reinterpreted (this paper) to represent 

depositional contacts upon which no movement has occurred. Farther 

south, Haxel and Dillon (1978) have proposed the existence of a 

regional aliochton extending from southwestern Arizona to the western
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Mojave desert. They suggest that thrusting is directed to the north

east and is late Cretaceous or Paleocene in age. In the Soda 

Mountains, southeastern California, Grose (1959) believes that upper 

Paleozoic limestone was regionally thrust over a lower Mesozoic 

volcanic sequence.

The presence of an allochthonous mass within the proposed 

source terrane has not been recognized. However, there are so few 

Paleozoic exposures remaining within the proposed source area, that 

even if a regional allochton exists, it will be extremely difficult 

to recognize.

The second interpretation/implication set that concerns the 

source area assumes an Early Cretaceous age for the "Red Beds" and 

lithologically equivalent strata. It states that if these strata 

were primarily derived from a Paleozoic sedimentary source to the 

north, then either Paleozoic strata were still widespread to the north 

until Early Cretaceous time or Mesozoic strata in western Arizona and 

southeastern California are allochthonous, resulting in faulty 

paleogeographic reconstructions.

Detrital mineralogy, pebble lithology, current indicators 

and stratigraphic considerations all suggest that the "Red Beds" and 

equivalent strata were derived from the erosion of a Paleozoic cra- 

tonic sequence located in west-central Arizona and/or east-central, 

southeastern California. More fully documented evidence of a similar 

nature from Upper Triassic and Jurassic strata on the Colorado 

Plateau suggests that Paleozoic strata and Precambrian rocks were
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eroded in central and southern Arizona and southeastern California 

during Triassic and Jurassic time (Harshbarger and others, 1957;

Stewart and others,1972a, 1972b; Dodge,1973). Paleozoic strata should 

not have been widespread in the proposed area as late as Early 

Cretaceous time.

This conflict can be resolved if the "Red Beds" are 

allochthonous. Although interpretations regarding environment of 

deposition, provenance and stratigraphic relationships may be correct, 

paleogeographic interpretations could be incorrect. Factors concern

ing the possibility of major tectonic movement have been summarized 

above.

On Figure 13, it should be noted that south of the proposed 

source area, Paleozoic strata primarily crop out north of the belt of 

Mesozoic exposures. The consistency of this outcrop distribution, 

combined with sediment transport and provenance data has led to this 

author's opinion that Mesozoic and Paleozoic strata in western Arizona 

and southeastern California are more or less autochthonous. The 

source area for these Mesozoic strata may have been an arch-type 

feature located between the present Mesozoic exposures and the 

Colorado Plateau (Figure 15).



CHAPTER 4

GEOLOGIC MAP

Description and Interpretation 
of Map Units

Detailed stratigraphic study of the "Red Beds" and associated 

rock units allows significant refinement of a portion of the Quartz- 

site Quadrangle originally mapped by Miller (1966, 1970). The 

following is a brief description and interpretation of map units por

trayed on the revised map (Figure 16, in pocket).

A thin sequence of poorly dated lithic arkose, mapped by 

Miller (1970) as a latite dike, nonconformably overlies Precambrian or 

Mesozoic metavolcanic rock. Extrusive, Mesozoic rhyodacite porphyry 

depositionally(?) overlies the lithic arkose. Although the porphyry 

and the arkose are progressively sheared toward the contact, lack of 

slickensides and cataclasis suggests that the contact is essentially 

sedimentary in origin. Poor stratigraphic control does not allow 

valid age assignment to the arkose.

The basal portion of the sequence is very conglomeratic, and 

contains clasts derived from the underlying metavolcanic rock. The 

top of the unit is characterized by interbedded very fine grained 

sandstone to matrix-supported gritstone.

The lithic arkose consists of plagioclase, potassium feldspar, 

volcanic rock fragments, quartz, epidotized and chloritized grains
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and magnetite. Grain size, rounding and sorting are variable. Matrix 

consists of micro-crystalline quartz, chlorite, sericite, sparry 

calcite and abundant disseminated hematite and opaque minerals. 

Feldspar and quartz are partially replaced by calcite. In addition, 

feldspar is intensely sericitized. Magnetite is partially altered 

to hematite.

The lithic arkose probably represents debris flow and 

alluvial deposits derived primarily from the underlying metavolcanic 

rock.

The oldest rock unit in the map area may be Precambrian quartz 

monzonite. The rock has not been dated, but it is nonconformably 

overlain by Cambrian(?) strata. The monzonite is coarse grained, and 

consists of quartz, highly altered feldspar and chloritized biotite 

and hornblende (Miller, 1970).

Slightly metamorphosed, Precambrian or Mesozoic metavolcanic 

rock is exposed in the northwest corner of the map area. The sequence 

is comprised of approximately 3500 m of rhyolitic to dacitic flow and 

tuffaceous rock (Miller, 1970).

Sparse quartz and albite/oligoclase phenocrysts occur in an 

aphanitic groundmass of quartz, plagioclase, chlorite and muscovite. 

Calcite, epidote, biotite and magnetite also occur. Phenocrysts are 

euhedral; quartz commonly is embayed.

Age assignment is tenuous. North of the map area, the meta

volcanic sequence may be intruded by a quartz monzonite pluton
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(Miller, 1966). L. T. Silver calculated an age of 1730 to 1750 my,

(U-Pb, zircon), for the pluton. In addition, the metavolcanic rock is 

lithologically similar to lower Precambrian rock exposed in central 

Arizona. Therefore, a Precambrian age is suggested (Miller, 1970).

Re-evaluation of map relationships suggests the possibility 

that the contact with the pluton may be depositional. Furthermore, 

the pluton dated by Silver may not be the one in contact with the meta

volcanic sequence (Miller, 1970). Since the metavolcanic rock is 

lithologically similar to lower Mesozoic rock described by Grose 

(1959) exposed to the west in California, a Mesozoic age can also be 

suggested.

Approximately 900 m (Miller,1970) of undifferentiated Paleo

zoic limestone, dolomite, quartzite and minor shale crop out in the 

northern part of the study area. The sequence rests nonconformably 

on coarse-grained quartz monzonite. Composition and thickness are 

characteristic of stable shelf sedimentation (Stewart and Poole,1974).

Locally, this sequence is divisible into formational units, 

but because of the distance to documented Paleozoic sections, correla

tions are tentative. Hayes and Poole recognized that the lower four 

units resemble the Bolsa Quartzite and Abrigo Formation of Cambrian 

age, the Martin Formation of Devonian age and the Escabrosa Limestone 

of Mississippian age in southeastern Arizona. The upper three units 

are similar to the Supai Formation of Pennsylvanian-Permian age and 

the Coconino Sandstone and Kaibab Limestone of Permian age on the 

Colorado Plateau (Miller,1970).
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A thick, monotonous sequence of sheared volcaniclastic rock, 

(metamorphosed porphyry of Miller, 1966), crops out on the western edge 

of the map area. The sequence is surrounded by alluvium except on the 

southeast side of the outcrop, where the unit is contact with rhyo- 

dacite porphyry and the Livingston Hills Formation. Due to intense 

shearing and alteration, the nature of the contacts is not known.

The volcaniclastic rock consists of medium to very coarse, 

subrounded to euhedral grains of plagioclase, (oligoclase?), ortho- 

clase and minor quartz. Feldspar commonly is zoned; quartz is embayed. 

Biotite and magnetite occur in trace amounts. Approximately one-half 

of the rock consists of microcrystalline matrix.

Alteration is extensive. Much feldspar is so intensely 

sericitized that it can be distinguished from matrix only with 

difficulty. Some feldspar has been saussuritized. Biotite is 

partially altered to chlorite and opaque minerals. The matrix has 

been recrystallized to microcrystalline quartz, chlorite and abundant 

epidote group minerals.

Sedimentary origin is indicated by the bedded character, 

rounded nature of some detrital grains and by megascopic sedimentary 

fabric.

Compositionally and texturally similar and possibly correla

tive rock is exposed in the Dome Rock Mountains, located 20 km to the 

west. A piece of float derived from the Dome Rock exposure contains 

a Permian sponge, Actinocoelia, preserved in chert. It cannot be
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determined if the chert is interstratified with the volcanic material 

or if it is exotic.

The occurrence of the sponge in correlative(?) strata may 

indicate that the volcaniclastic rock is Permian or younger in age.

A Mesozoic age may be suggested based upon the possible association 

with arc-related sedimentation that began in Late Triassic time along 

the western margin of North American (Davis, Monger and Burchfiel, 1978). 

If the volcaniclastic rock is related to volcanic activity associated 

with the lower Mesozoic Mogollon highland, central and southern 

Arizona (Stewart and others,1972a, 1972b), an early Mesozoic age is 

indicated.

The origin of the volcaniclastic rock is not clear. It is 

compositionally similar to the Mesozoic rhyodacite porphyry, but it 

is distinctly different from conglomeratic, volcanic arenite derived 

in part from the porphyry.

Because Permian volcanism is not known in Arizona, it is 

possible that the volcaniclastic rock represents a portion of a "sus

pect" terrane. These late Paleozoic terranes accreted to the western 

continental margin during Mesozoic time (Coney,1979), and are recog

nized by fossil content representing disjunct paleobiogeographical 

provinces (Hamilton, 1978). Since Actinocoelia is widespread in the 

western United States (Finks, Yochelson and Sheldon,1961), it offers 

little evidence for this hypothesis.

If the volcaniclastic rock is Mesozoic in age, it may repre

sent a portion of the lower Mesozoic arc terrane that probably extended
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from. the terrane in southeastern California described by Grose (1959) 

to the lower Mesozoic volcanic terrane in the Canelo Hills, south

eastern Arizona, described by Hayes, Simons and Raup (1965). Upper 

Triassic strata in New Mexico and west Texas were derived from an 

igneous source to the south suggesting that this lower Mesozoic arc 

terrane may have extended as far as southwest Texas (McKee and others, 

1959).

Mesozoic quartz monzonite porphyry intrudes Precambrian 

quartz monzonite and undifferentiated Paleozoic rock west and north

west of Black Mesa. Miocene rhyodacite and Tertiary and/or Quaternary 

basalt unconformably overlie the quartz monzonite porphyry (Miller,

1970).

The quartz monzonite porphyry consists of feldspar and quartz 

phenocrysts in a groundmass of quartz, plagioclase and potassium feld

spar. Chloritized biotite and amphibole also occur (Miller,1970).

Mesozoic rhyodacite porphyry, (quartz porphyry of Miller,1966 

and 1970), is exposed in several regions within the map area. The 

porphyry may be both intrusive and extrusive in origin. It intrudes 

undifferentiated Paleozoic rock (Miller, 1970) and depositionally(?) 

overlies lithic arkose of unknown age. The rhyodacite porphyry is 

nonconformably overlain by upper Mesozoic conglomeratic volcanic 

arenite and by the "Red Beds." A hypabyssal rhyodacite porphyry 

exhibiting similar field relationships occurs in the McCoy and Palen 

Mountains, California. D. Krummenacher determined an age of 175.8 +

2.7 my, (K-Ar, plagioclase), for the porphyry in California (Pelka, 1973) .
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The rhyodacite porphyry consists of euhedral to subhedral 

oligoclase, potassium feldspar and quartz phenocrysts in an aphanitic 

groundmass of quartz, plagioclase, (albite?), chlorite, sericite and 

epidote group minerals. Rarely, calcite, magnetite, biotite, musco

vite and piedmontite occur. Apatite and hornblende(?) have also been 

reported (Miller,1966). Much feldspar is altered to sericite and 

epidote group minerals. Some feldspar is zoned. Quartz phenocrysts 

commonly are embayed. Intensity of alteration and phenocryst to 

matrix ratio are highly variable.

Poorly stratified, conglomeratic volcanic arenite nonconform- 

ably overlies Mesozoic rhyodacite porphyry. Where cobbles and 

boulders are absent, the arenite is very difficult to distinguish 

from the porphyry. The sequence becomes finer grained upward. Thick

ness is variable, but nowhere is it greater than 100 m.

The volcanic arenite consists primarily of very finely 

crystalline, siliceous and chloritic, volcanic rock fragments.

Pebble- to boulder-sized clasts strongly resemble Precambrian or 

Mesozoic metavolcanic rock and Mesozoic rhyodacite porphyry. Quartz, 

plagioclase, potassium feldspar and chert account for a relatively 

small proportion of the detrital component. Trace amounts of epidote 

and biotite also occur.

Grains are subrounded and moderately to poorly sorted. 

Siliceous, chloritic and sericitic matrix is extremely abundant, and 

is gradational with volcanic fragments. Matrix may represent in part

alteration of volcanic material.
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Volcanic arenite is interbedded with and conformably overlain 

by the Livingston Hills Formation, the "Red Beds," (Harding, 1978) and 

the "Green Beds." This suggests a late Mesozoic, (Early Cretaceous?), 

age. Composition, structure and areal distribution suggest that the 

volcanic arenite represents debris flow and alluvial deposits of 

local derivation.

Although compos!tionally distinct, the Glance Conglomerate 

Member of the Bisbee Group, southeastern Arizona, is similar to the 

conglomeratic, volcanic arenite. Like the volcanic arenite, the 

Glance Conglomerate unconformably overlies a relict Mesozoic topo

graphic surface, is of local derivation, is highly variable in thick

ness and occurs at the base of a thick conformable Lower Cretaceous 

sequence (Hayes,1970). The volcanic arenite and the Glance essentially 

may represent equivalent deposits.

Three distinct map units are of probable Early Cretaceous age. 

They include the "Red Beds," the "Green Beds" and the Livingston 

Hills Formation. The basal portion of all three is interstratifled 

with the locally derived volcanic arenite and lithologies identical 

to those found in the "Green Beds" and the Livingston Hills Formation 

occur as tongues in the Red Beds."

The "Red Beds" crop out primarily in the southern half of the 

map area. The sequence is composed of fining-upward cyclothems 

representing deposits of a meandering stream system. The unit has 

been described previously and needs no further discussion here.
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Approximately 1200 m of the "Green Beds" is exposed in the 

central part of the map area near the Livingston Mine. Although 

compos!tionally and physically distinct from the "Red Beds," the two 

units were previously mapped as one (Miller, 1966, 1970).

The "Green Beds" are-interstratified with and conformably
\

overlie the conglomeratic, volcanic arenite. In addition, the unit 

is conformably overlain by the Livingston Hills Formation. Therefore, 

the "Green Beds" are time equivalent with the "Red Beds" and are Early 

Cretaceous in age.

The "Green Beds" consist primarily of coarse- to very fine

grained sandstone and phyllitic siltstone and mudstone. Lithologies 

show no obvious preferred stratigraphic arrangement. Color is 

characteristically light greenish gray. Phyllitic units generally 

have a silvery sheen. Thick to thin beds are very continuous 

laterally and are structureless.

Sandstone from the "Green Beds" consists of well- to poorly- 

sorted, subrounded to angular, coarse to very .fine grains. Near the 

base of the section, intensely sericitized and partially recrystal

lized volcanic (?) rock fragments are most abundant. Quartz, 

plagioclase, potassium feldspar(?), epidote and epidotized grains 

also are common. Euhedral, unaltered magnetite, chloritized biotite 

and leucoxene occur in trace amounts. Quartz commonly is embayed 

suggesting a volcanic origin. Plagioclase may be zoned. Sandstone 

rapidly becomes much more quartz rich up section.
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Abundant matrix occurs in sandstone from the "Green Beds."

It consists of microcrystalline quartz, sericite, chlorite and minor 

epidote. Much of the matrix appears to have originated by alteration 

and deformation of unstable rock fragments.

Conglomerate comprises less than 1% of the "Green Beds." 

Conglomerate is matrix supported and internally structureless.

Angular to subangular, granule- to pebble-sized clasts, (average 

diameter approximately 1 cm), consist of slightly recrystallized and 

altered volcanic rock, chert, quartz-rich sandstone and other 

unidentifiable lithologies. Origin of the "Green Beds" and nature of 

the facies relationship with the "Red Beds" are not clear. Sandstone 

composition and texture are similar to the conglomeratic, volcanic 

arenite and may reflect derivation from the same or similar source. 

However, much of the section appears too quartz rich to be primarily 

volcanically derived. Continuity of bedding, sand-sized grains and 

association with matrix-supported conglomerate are characteristics of 

sheetflood deposits (Bull, 1972). The "Green Beds" may represent 

distal alluvial fan deposits that are time equivalent with fluvial 

deposits of the "Red Beds."

The Livingston Hills Formation was named for a thick sequence 

of conglomerate, sandstone and siltstone exposed in the Livingston 

Hills just south of the map area. A correlative sequence occurs in 

the southernmost Plomosa Mountains (Miller, 1970).

The formation is divided into three memebers (Miller, 1970). 

The lowermost conglomerate member is interbedded with and conformably
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overlies the conglomeratic, volcanic arenite (Harding, 1978). The 

conglomerate member also is interstratified with and conformably over- 

lies the "Red Beds" and the "Green Beds." All three are time 

equivalent and are of probable Early Cretaceous age.

In the Plomosa Mountains, the conglomerate member is approxi

mately 350 m in thickness and consists of interbedded arkose, lithic 

arkose and matrix-supported, pebble conglomerate. Clast lithology 

changes from quartzite, limestone and granitic rock in the lower part 

of the section to granitic and volcanic in the upper possibly suggest

ing unroofing of an igneous terrane. The conglomerate member probably 

represents debris and mudflow deposits (Harding, 1978).

The graywacke member, named by Miller (1970), conformably 

overlies the conglomerate member. It consists of over 700 m of 

massive arkose and lithic arkose. Angular, poorly sorted grains of 

quartz, feldspar and lithic fragments occur in a sericitic and hema- 

titic matrix. The graywacke member in the Plomosa Mountains is less 

feldspathic and volcanic rich than correlative strata in the Living

ston Hills. The graywacke member is thought to represent debris and 

mudflow deposits (Harding, 1978).

Approximately 900 m of laminated siltstone and minor graded 

sandstone comprise the siltstone member of the Livingston Hills Forma

tion. Laterally continuous beds are thin to very thin and may contain 

lunate or transverse ripples. Rarely, fossil plant stems (?) occur in 

the siltstone. Sedimentary structures and bidirectional orientation



of the current indicators may indicate that the siltstone member 

represents tidal flat deposits (Harding,1978).

Mesozoic or Tertiary mafic dikes intrude the "Red Beds" in the 

northern part of the map area. Dikes range in thickness from approxi

mately 1 to 60 m (Miller, 1970). The dikes are composed of epidotized 

and chloritized phenocrysts in a groundmass of albite, tremolite, 

quartz, sericite, chlorite, calcite and leucoxene.

Extrusive rhyodacite of Miocene age (Miller and McKee,1971) 

unconformably overlies the Livingston Hills Formation. The rhyodacite 

consists primarily of hornblende, biotite and plagioclase phenocrysts 

in a microcrystalline matrix of plagioclase, glass and opaque 

minerals. The mass near Dripping Spring lacks hornblende and is 

intrusive in part (Miller, 1970). The rhyodacite is dated as 19.1 +

0.6, (K-Ar, hornblende) and 20.2 + 0.6 my, (K-Ar, biotite) (Miller 

and McKee, 1971).

Tertiary and/or Quaternary basalt crops out on Black Mesa in 

the northeastern part of the map area. The unit consists of a series 

of flows and tuffaceous rock amounting to nearly 400 m in thickness. 

The basalt is composed of labradorite, dippsidic augite and minor 

olivine, (forsterite), and opaque minerals (Miller,1970).

South of Black Mesa, large areas are underlain by Tertiary 

and/or Quaternary older alluvium. The older alluvium consists of 

unconsolidated to poorly consolidated debris derived from all older 

rock units. Stratification is obscure. Older alluvium probably
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represents a fanglomerate deposit derived from the Black Mesa region 

(Miller, 1970).

The youngest rock unit is represented by Quaternary alluvium.

It includes all unconsolidated surficial debris presently accumulating 

in stream channels and on talus slopes, alluvial fans and desert pave

ment. Alluvium can be distinguished from older alluvium only by topo

graphic expression and appearance on aerial photographs (Miller, 1970).

Structure

Two distinct, major phases of faulting are recognized in the 

map area. These include both a thrust faulting and a strike-slip 

faulting phase.

A series of northward-striking, shallowly dipping, imbricate 

thrust faults are exposed in the northern part of the map region west 

of Black Mesa. The lower plate contains a plastically deformed 

Paleozoic sequence in which individual units are tectonically thick

ened and thinned. Highly deformed and correlative Paleozoic rock 

crops out in the Big Maria Mountains, California, 65 km to the north

west. Similar style and degree of deformation across this region 

suggests a widespread tectonic event (Miller and McKee, 1971).

Paleozoic rock in the upper plate is relatively undeformed.

The justzposition of the plastically deformed and undeformed Paleozoic 

strata suggests that a large amount of telescoping has occurred between 

the thrust faults. Because the faults dip eastward, east to west 

movement is inferred (Miller and Mckee, 1971).
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Thrust faults cut the Livingston Hills Formation and are 

unconformably overlain by middle Miocene rhyodacite (Miller and McKee, 

1971). If the Livingston Hills Formation is Early Cretaceous in age, 

these relationships suggest that thrust faulting is late Cretaceous or 

early Tertiary in age.

A zone of west-northwest trending, near-vertical, strike-slip 

faults is exposed in the southern portion of the map area. These 

faults can be recognized by local bleaching of rock color, intensive 

shearing and by the formation of distinct topographic lineaments 

(Miller, 1966).

Contacts, dikes and other faults are all offset in a right- 

lateral sense across the strike-slip faults. Apparent offset across 

the zone is in excess of 5 km (Miller and McKee, 1971).

The strike-slip faults cut the rhyodacite unit and thus, are 

post-middle Miocene in age. Although the faults commonly control 

drainage within the area, no offset can be detected in Quaternary 

alluvial units. Therefore, the strike-slip faults are believed to be 

late Miocene and/or Pliocene in age (Miller and McKee, 1971).

A northwestward projection of the zone of strike-slip faulting 

in the southernmost Plomosa Mountains passes through a fault zone in 

the Dome Rock Mountains and into a right-lateral, strike-slip system 

in the Big Maria Mountains, California, mapped by W. B. Hamilton 

(Miller and- McKee, 1971). Stewart (1970) has portrayed this system as
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a possible extension of the Death Valley-Furnace Creek fault complex. 

This complex may have a right-laterial offset as much as 80 km 

(Stewart, 1967).

Northwest-trending, right-lateral, strike-slip faults are

common in the western Great Basin (Stewart, Albers and Poole, 1968).

These faults may have developed in response to right-lateral slip

between the North American and Pacific plates (Atwater, 1970).

Spatially associated with and probably related to the strike-

slip faults in the map area are several large-scale, overturned folds.
2The largest of these folds is represented by approximately 2.5 km of 

overturned section. Widespread, pervasive cleavage in the southern 

part of the map area strikes northeast and dips shallowly to the 

northwest. It parallels the axial plane of existing folds and may 

represent axial plane cleavage.



CHAPTER 5

CONCLUSIONS

The geologic and tectonic history of western Arizona and ' 

southeastern California are poorly understood due to the lack of 

accurate descriptive and documented interpretive information. Primary 

focus of this study has been upon a single lithologic unit that crops 

out in this region. Assuming that these strata are autochthonous, 

collection and interpretation of stratigraphic and petrographic data 

result in the following conclusions.

1. The "Red Beds" exposed in the Plomosa Mountains, western 

Arizona, consist of pebble-supported conglomerate, sandstone, matrix- 

rich sandstone, siltstone, mudstone and gypsiferous carbonate rock.

2. Lithologic types are arranged stratigraphically as a series 

of fining-upward cyclothems.

3. The "Red Beds" conformably overlie a locally derived, 

conglomeratic, volcanic arenite and nonconformably overlie a Mesozoic 

rhyodacite porphyry.

4. The Livingston Hills Formation conformably overlies the "Red 

Beds."

5. The "Red Beds" represent deposits of a meandering stream 

system.
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6. The source area consisted primarily of Paleozoic sedimentary 

and Precambrian metasedimentary rock and was located in west-central 

Arizona and east-central, southeastern California.

7. The "Red Beds" are lithologically equivalent to the basal 

member of the McCoy Mountains Formation, and are time equivalent to 

the basal portion of the Livingston Hills Formation and the "Green 

Beds."

8. The "Red Beds" and correlative strata are Mesozoic, possibly 

Early Cretaceous in age.

9. The "Red Beds" and correlative strata were deposited in a 

west-northwest trending block fault basin that was bounded on the 

north by a eratonic terrane and on the southwest by an inactive arc 

terrane.

10. Deposition of Mesozoic strata in western Arizona and south

eastern California may be genetically related to deposition of the 

Bisbee Group in southeastern Arizona.



APPENDIX A

DESCRIPTION OF MEASURED SECTION

Location: Indian Well, southern Plomosa Mountains, Yuma County,
Arizona; NWk NE*s sec. 14, T2N R18W.

Mesozoic: Continental red-bed deposits; top of hill, incomplete
section.

Cumulative
Unit Thickness Thickness
No. in Meters in Meters

124 Sublitharenite: pale-red (5 R 6/2), 2.6 167.7
weathering to grayish-orange (10 YR 
7/4) and to very dusky red (10 R 2/2); 
coated with desert varnish in part; 
contains fine- to very fine-grained 
quartz, plus microcrystalline quartz,
(chert), and lithic grains of quartz- 
rich sandstone and siltstone; 
subrounded; well- to moderately- 
sorted; some grains slightly chlori- 
tized and replaced by calcite in part; 
minor development of polycrystallinity; 
minor sutured contacts; silica over
growths, plus sparry calcite cement; 
dolomitized in part; minor recrystal
lized matrix of microcrystalline quartz 
and chlorite; accessory minerals in
clude tourmaline and muscovite; con
sists of thin bedsets; weathers to a 
series of ledges; sample IW-124.

123 Siltstone: grayish red purple (5 RP 1.4 165.1
4/1), weathering to grayish-purple 
(5 P 4/2); slightly sandy; hematitic; 
slightly argillaceous; massive; sharp 
upper contact; laterally variable to 
more sandy strata; strong subhorizontal 
cleavage; very badly sheared; 
weathers to a slope.
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Cumulative
Unit
No.

122 Quartzarenite: pale yellowish brown
(10 YR 6/2), weathering to very dusky 
red (10 R 2/2); coated with desert 
varnish; medium- to fine-grained 
quartz, plus micro crys talline quartz,
(chert); well- to subrounded; well- 
sorted; many grains strained and show 
undulose extinction; chert largely 
replaced by sparry calcite; silica 
overgrowths and minor sparry calcite 
cement; dolomitized in part; some 
grain contacts are sutured; partially 
recrystallized matrix of quartz, seri- 
cite, and epidote; epidote occurs as 
intergranular felted masses; accessory 
minerals include zircon, muscovite and 
tourmaline with overgrowths; consists 
of thick to thin bedsets of hori
zontally laminated to very thinly 
bedded strata; laterally continuous; 
weathers to a cliff; sample IW-122

121 Quartzwacke: grayish-pink (5 R 8/2), 3.1 157.5
weathering to very dusky red (10 R 
2/2); coated with desert varnish; 
contains coarse- to fine-grained quartz, 
plus minor microcrystalline quartz,
(chert), and trace of semi-isotropic, 
altered, lithic grains; well-rounded 
to subangular; moderately sorted; many 
strained grains; grains have developed 
polycrystallinity in part; silica over
growths, plus zones of sparry calcite 
cement; dolomitized in part; partially 
recrystallized matrix of quartz, seri- 
cite, chlorite and a trace of epidote; 
some zones intensely sericitized; grain 
boundaries gradational with matrix in 
part; accessory minerals include tour
maline and rutile; consists of thin 
bedsets; contains minor medium-angle, 
small-scale, tabular-planar cross
stratification; laterally continuous; 
weathers to a cliff; sample IW-121.

Thickness Thickness 
in Meters in Meters

6.2 163.7
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Cumulative
Unit Thickness Thickness
No. in Meters in Meters

120 Quartzwacke: grayish-pink (5 R 8/2), 1.5 154.4
weathering to same color and to very 
dusky red (10 R 2/2); coated with 
desert varnish in part; contains fine- 
to very fine-grained quartz, plus minor 
microcrystalline quartz, (chert); sub
rounded to subangular; well-sorted; 
many grains strained and show undulose 
extinction; some development of poly- 
crystallinity; silica overgrowths and 
minor sparry calcite as cement, plus 
trace of chalcedonic quartz; recrystal
lized matrix of microcrystalline quartz, 
sericite, chlorite, and trace of epidote; 
grains often interlocked with quartz in 
matrix; minor veinlets filled with sparry 
calcite; accessory minerals include zir
con, tourmaline with overgrowths and 
feldspar (?) altered to sericite; con
sists of thin bedsets of laminated to 
thinly bedded strata; contains thin 
and discontinuous coarser-grained 
zones with scattered pebbles; laterally 
variable in thickness; weathers to a 
ledge; sample IW-120.

119 Mudstone: medium-gray (N 5), weather- 2.0 152.9
ing to pale-olive (10 Y 6/2) and light 
brown (5 YR5/6); consists of partially 
recrystallized matrix of quartz, 
chlorite, sericite, and trace of 
epidote, plus abundant disseminated 
clay (montmorillonitic?); contains no 
hematite; micaceous laths show parallel 
alignment; contains minor very fine 
grained sand to coarse quartz silt; 
accessory mineral euhedral hornblende(?) 
totally altered to hematite; massive; 
laterally continuous; weathers to a 
ledge; appears "ashy" in hand sample; 
sample IW-119.

118 Mudstone: grayish fed purple (5 RP 4/2) 7.8 150.9
and grayish-purple (5 P 4/2), weather
ing to same colors; partially
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Cumulative
Unit
No.

recrystallized matrix of quartz, 
chlorite, and sericite, plus abundant 
disseminated hematite and clay; 
chlorite laths show parallel align
ment with rock cleavage; very 
slightly dolomitized; small veinlets 
and vugs filled with chalcedonic 
quartz; contains minor very fine 
grained sand to coarse quartz silt, 
plus microcrystalline quartz, (chert) 
and lithic grains of siltstone; 
grain boundaries are gradational with 
matrix in part; very peculiar mottling 
may represent mudstone intraclasts; 
accessory mineral tourmaline with 
overgrowths; massive; becoming more 
chloritic and less hematitic upward; 
subhorizontal cleavage; slight phyl- 
litic luster; weathers to a slope 
mostly covered by debris from above; 
sample IW-118.

117 Microsparite: pale-brown (5 YR 5/2),
weathering to light-brown (5 YR 5/6) 
and to very dusky red (10 R 2/2); 
coated with desert varnish in part; 
small veinlets filled with sparry 
calcite; hematitle; argillaceous; 
gypsiferous; gypsum occurs in small 
disseminated patches; contains minor 
very fine grained sand to coarse quartz 
silt; subrounded to subangular; grains 
replaced by calcite in part; silica 
overgrowths replaced by calcite in 
part; accessory minerals include 
zircon, and magnetite partially 
altered to hematite; consists of one 
thick bedset; laterally discontinuous; 
weathers to a ledge; sample IW-117.

116 Mudstone: grayish red purple (5 RP 4/2) 1.8 142.9
weathering to same color; hematitle; 
argillaceous; slightly micaceous; very 
slightly silty; massive; subhorizontal 
cleavage; weathers to a slope; very 
poorly exposed.

Thickness 
in Meters

Thickness 
in Meters

0.2 143.1
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115 Microsparite: moderate yellowish 0.2 141.1
brown (10 YR 5/4), weathering to same 
color and to very dusky red (10 R 2/2); 
coated with desert varnish in part; 
some zones coarsely recrystallized to 
sparry cal cite; hematitic; argilla-. 
ceous; very slightly gypsiferous; 
contains very minor coarse quartz 
silt; subangular; replaced by calcite 
in part; matrix of quartz and chlor
ite, plus disseminated hematite; 
grains gradational with matrix in 
part; consists of one thin bedset; 
weathers to a ledge; sample IW-115.

114 Mudstone: grayish red purple 1.6 140.9
(5 RP 4/2), weathering to same color; 
consists of a partially recrystallized 
matrix of quartz, chlorite, and seri- 
cite, plus disseminated hematite and 
clay; micaceous laths show parallel 
alignment with rock cleavage; very 
slightly dolomitized; very micaceous; 
much muscovite partially altered to 
chlorite; contains very minor coarse 
quartz silt, plus microcrystalline 
quartz, (chert); subrounded to sub- 
angular; accessory mineral tourmaline; 
consists of thin bedsets; subhori
zontal cleavage; weathers to a well 
exposed slope; sample IW-114.

113 Silty Microsparite: grayish red 1.0 139.3
purple (5 RP 4/2), weathering to 
dark reddish brown (10 R 3/4) and to 
very dusky red (10 R 2/2); coated 
with desert varnish in part; consists 
primarily of microsparitic calcite; 
hematitic; gypsiferous; gypsum occurs 
in disseminated masses and in small 
veinlets; contains very fine grained 
sand to coarse quartz silt, plus 
lithic grains of siltstone; subrounded 
to subangular; moderately to well- 
sorted; grains replaced by calcite

Cumulative
Unit Thickness Thickness
No. in Meters in Meters
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Cumulative
Unit
No.

Thickness Thickness 
in Meters in Meters

in part; abundant silica overgrowths 
abraded and replaced by calcite in 
part; matrix of quartz and very minor 
chlorite; grain boundaries grada
tional with matrix in part; accessory 
minerals include magnetite partially 
altered to hematite, rounded zircon, 
and tourmaline; consists of thin 
bedsets; extensively mottled; discon
tinuous along strike; very slight 
subhorizontal cleavage; weathers to 
a ledge; sample IW-113.

112 Mudstone: grayish-purple (5 P 4/2), 0.9 138.3
weathering to grayish red purple 
(5 RP 4/2); hematitle; argillaceous, 
consists of one thick bedset; mottled 
and bioturbatedC?) in part; well- 
developed subhorizontal cleavage; 
weathers to a slope.

Ill Microsparite: moderate yellowish 1.5 137.4
brown (10 YR 5/4), weathering to same 
color and to very dusky red (10 R 2/2); 
coated with desert varnish in part; 
several zones and veinlets contain 
coarse sparry calcite; hematitle; 
argillaceous; slightly gypsiferous; 
very slightly silty; contains a 
siliceous and slightly chloritic 
matrix which occurs in patches; 
quartz silt replaced by calcite in 
part; accessory mineral muscovite; 
massive; mottled and bioturbated(?); 
laterally discontinuous; weathers to 
a ledge; sample IW-111.

110 Siltstone: grayish red purple (5 RP 0.6 135.9
4/2), weathering to same color; con
tains fine-grained sand to coarse 
quartz silt, plus microcrystalline 
quartz, (chert), and lithic grains 
of sandstone, siltstone, and mud
stone; subrounded to subangular; 
moderately sorted; much quartz is
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Unit
No.

Thickness 
in Meters

Cumulative 
Thickness 
in Meters

strained; some grains are intensely 
sericitized; grain boundaries grada
tional with matrix in part; silica 
overgrowths physically abraded in 
part; partially recrystallized 
matrix of quartz, chlorite, sericite 
and very minor microsparitic calcite, 
plus disseminated hematite and clay; 
micaceous laths show slight parallel 
alignment with rock cleavage; very 
slightly dolomitized; accessory 
minerals include rutile partially 
altered to leucoxene, muscovite, 
tourmaline with overgrowths, zircon, 
and magnetite partially altered to 
hematite; consists of one thick bed- 
set; bioturbated in part; well 
developed subhorizontal cleavage; 
weathers to a slope; sample IW-110.

109 Sublitharenite: pale yellowish brown 1.4 135.3
(10 YR 6/2), weathering to moderate 
yellowish brown (10 YR 5/4) and to 
very dusky red (10 R 2/2); coated 
with desert varnish in part; very 
coarse to fine-grained quartz, plus 
abundant microcrystalline quartz, 1
(chert), and minor lithic grains of 
sandstone; well-rounded to subangular; 
moderately sorted; many grains,
(especially chert), at least partially 
replaced by sparry calcite making re
liable grain identification virtually 
impossible in several cases; micro
sparitic and sparry calcite and 
chalcedonic quartz as cement; dolo
mitized in part; matrix consists of 
two thick bedsets; internally 
structureless; continuous for less 
than 10 m laterally; sharp basal con
tact; upper contact gradational; 
weathers to a ledge; sample IW-109.

108 Mudstone: grayish red purple (5 RP
4/2), weathering to same color;

0.9 133.9
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Unit Thickness
No. in Meters

consists of partially recrystallized 
matrix of quartz, chlorite, sericite 
and minor microsparitic calcite, plus 
disseminated hematite and clay; chlor
ite laths show parallel alignment with 
rock cleavage; very slightly dolomi- 
tized; contains very fine grained sand 
to coarse quartz silt, plus microcrys
talline quartz, (chert), and lithic 
grains of siltstone and mudstone; sub
rounded to subangular; grains and 
grain boundaries chloritized in part; 
silica overgrowths mechanically 
abraded; micaceous; accessory miner
als include tourmaline, zircon and 
magnetite partially altered to hema
tite; consists of one thick bedset; 
strong subhorizontal cleavage; slight 
phyllitic luster; weathers to a slope; 
sample IW-108.

107 Microsparite: pale-red (5 R 6/2), 0.2
weathering to moderate yellowish 
brown (10 YR 5/4); some zones coarsely 
recrystallized to sparry calcite; heraa- 
titic; argillaceous; slightly 
gypsiferous; contains very minor coarse 
quartz silt; very slightly micaceous 

. in part; consists of one thin bedset; 
very continuous laterally; weathers 
to a ledge.

106 Mudstone: grayish red purple (5 RP 3.1
4/2), weathering to same color; con
sists of a partially recrystallized 
matrix of quartz and chlorite, plus 
minor disseminated hematite and clay; 
chlorite laths show parallel align
ment with rock cleavage; dolomitized 
in part; massive; more calcareous and 
hematitic upward; well developed sub
horizontal cleavage; weathers to a 
ledgy slope; sample IW-106.

Cumulative 
Thickness 
in Meters

133.0

132.8
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Unit
No.

Thickness 
in Meters

105 Microsparite: grayish red purple 0.3
(5 RP 4/2) and dark yellowish brown 
(10 YR 4/2), weathering to moderate 
yellowish brown (10 YR 5/4) and to 
very dusky red (10 R 2/2); coated 
with desert varnish in part; many 
zones coarsely recrystallized to 
sparry calcite; partially dolomi- 
tized; hematitic; argillaceous; 
trace of gypsum(?); matrix occurs in 
patches and zones representing bur
rows; consists of medium and finer 
quartz silt; matrix more dolomitized 
than microsparitic calcite; many 
ghost structures possibly represent
ing detrital grains or organic 
features now replaced or filled in 
by sparry calcite and rimmed with 
hematite; accessory mineral euhedral 
zircon; consists of one thin bedset; 
strata mottled and bioturbated; dis
continuous laterally; weathers to a 
ledge; sample IW-105.

104 Mudstone: grayish red purple (5 RP
4/2), weathering to same color; con
sists of a partially recrystallized 
matrix of quartz, chlorite and micro
spar i tic to sparry calcite, plus 
minor disseminated hematite; very 
slightly dolomitized; chlorite laths 
show parallel alignment with rock 
cleavage; contains very fine grained 
sand to coarse quartz silt, plus micro
crystalline quartz, (chert); quartz 
replaced by sparry calcite in part; 
accessory minerals include rutile, 
tourmaline with overgrowths, magnetite 
partially altered to hematite, un
altered zoned plagioclase, euhedral 
and rounded zircon and euhedral bio- 
tite altered to chlorite; massive; 
becoming more calcareous upwards; 
mottled at the top; subhorizontal 
cleavage; slight phyllitic luster; 
weathers to a ledge slope; sample 
IW-103.

Cumulative 
Thickness 
in Meters

129.7



86

103 Mudstone: grayish red purple (5 RP 3.0 128.6
4/2), weathering to same color; con
sists of a partially recrystallized 
matrix of quartz, chlorite.and micro- 
sparitic to sparry calcite, plus minor 
disseminated hematite; very slightly 
dolomitized; chlorite laths show 
parallel alignment with rock cleavage; 
contains very fine grained sand to 
coarse quartz silt, plus microcrystal
line quartz, (chert); quartz replaced 
by sparry calcite in part; accessory 
minerals include rutile, tourmaline 
with overgrowths, magnetite partially 
altered to hematite, unaltered zoned 
plagioclase, euhedral and rounded 
zircon, and euhedral biotite altered 
to chlorite; massive; becoming more 
calcareous upwards; mottled at the 
top; subhorizontal cleavage; slight 
phyllitic luster; weathers to a ledgy 
slope; sample IW-103.

Cumulative
Unit Thickness Thickness
No. in Meters in Meters

102 Microsparite: pale-brown (5 YR5/2), 0.1 125.6
weathering to moderate yellowish brown 
CIO YR 5/4); many zones coarsely re
crystallized to sparry calcite; hema- 
titic; argillaceous; very slightly 
gypsiferous; contains minor very fine 
grained sand to coarse quartz silt, 
plus microcrystalline quartz, (chert), 
and lithic grains of sandstone, silt- 
stone and semi-isotropic, non- 
mi croli tic fragments; subrounded to 
subangular; many grains chloritized in 
part; silica overgrowths and grains 
replaced by sparry calcite in part; 
many ghost features rimmed by hematite; 
minor partially recrystallized matrix 
of quartz and chlorite; accessory 
minerals include magnetite partially 
altered to hematite, leucoxene, musco
vite and zircon; consists of one thin 
bedset; mottled and bioturbated; dis
continuous laterally; weathers to a 
ledge; sample IW-102.
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Unit
No.

Cumulative
Thickness Thickness 
in Meters in Meters

101 Mudstone: grayish red purple (5 RP 1.1
4/2), weathering to grayish-purple 
(5 P 4/2); hematitic; argillaceous; 
slightly calcareous in part; slightly 
silty and micaceous in part; massive; 
contains zones of more calcareous rock 
but not as distinct beds; vertical con
tacts gradational; well developed 
subhorizontal cleavage; weathers to a 
slope.

100 Microsparite: pale-red (5 R 6/2), 0.2
weathering to moderate yellowish brown 
(10 YR 5/4); some zones coarsely re
crystallized to sparry calcite; hema
titic; argillaceous; slightly gypsi
ferous; very slightly chloritic in 
part; contains minor fine-grained sand 
to coarse quartz silt, plus minor 
lithic grains of siltstone, hematitic 
mudstone and limestone(?); silica over
growths; grains replaced in part by 
microsparitic to sparry calcite; 
accessory mineral muscovite; consists 
of one thin nodular bedset; although 
nodular the zone is continuous 
laterally; weathers to a ledge; sample 
IW-100.

99 Mudstone: grayish red purple (5 RP 0.4
4/2), weathering to same color; hema
titic and calcareous; very slightly 
silty and micaceous; consists of one 
thin bedset; well developed subhori
zontal cleavage; weathers to a slope.

98 Calcareous Siltstone: grayish red 1.2
purple (5 RP 4/2), weathering to same 
color, moderate yellowish brown (10 
YR 5/4), and to very dusky red (10 R 
2/2); coated with desert varnish in 
part; contains fine-grained sand to 
coarse quartz silt, plus microcrystal
line quartz, (chert) and lithic grains 
of quartz-rich sandstone, siltstone

125.5

124.4

124.2

123.8
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Unit
No.

and mudstone; subrounded to subangular; 
moderately sorted; grains slightly 
chloritized and replaced by sparry cal- 
cite in part; silica overgrowths 
rounded in part; partially recrystal
lized matrix of quartz, chlorite, 
microsparitic calcite, and gypsum, 
plus disseminated hematite; calcar
eous and siliceous matrix tend to be 
segregated into zones; several zones 
coarsely recrystallized to sparry 
calcite; accessory minerals include 
muscovite partially altered to chlor
ite, leucoxene, tourmaline with over
growths and magnetite partially 
altered to hematite; massive; 
extensive mottling and bioturbation; 
contacts are gradational; sporadically 
developed cleavage; weathers to a 
ledge; sample IW-98.

97 Siltstone: grayish red purple (5 RP 1.5
4/2), weathering to grayish-purple 
(5 P 4/2); contains fine-grained sand 
to coarse quartz silt, plus macrocrys
talline quartz, (chert) and lithic 
grains of quartz-rich sandstone, 
siltstone and mudstone; subrounded to 
subangular; many grains and grain 
boundaries partially chloritized and 
gradational with matrix; many grains 
are strained; minor sparry calcite 
cement and silica overgrowths; over
growths rounded in part; partially 
recrystallized matrix of quartz and 
chlorite, plus disseminated hematite; 
chlorite laths show parallel alignment 
with rock cleavage; accessory minerals 
include muscovite, zircon, tourmaline 
with overgrowths, rutile partially 
altered to hematite; massive; contacts 
gradational; subhorizohtal cleavage; 
weathers to a slope; sample IW-97.

Thickness 
in Meters

Cumulative 
Thickness 
in Meters

122.6
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Unit Thickness
No. in Meters

96 Sandy Microsparite: moderate yellowish 0.8
brown (10 YR 5/4), weathering to same 
color, grayish red purple (5 RP 4/2), 
and to very dusky red (10 R 2/2); coated 
with desert varnish in part; consists 
of both sparry and microsparitic cal- 
cite; many relic features visible; 
hematitic; contains fine-grained sand 
to coarse quartz silt, plus minor 
lithic grains of quartz-rich sandstone 
and siltstone; subrounded to subangular; 
moderately sorted; grains extensively 
replaced by calcite; some grains are 
chloritized; accessory minerals include 
muscovite partially altered to chlorite, 
zircon and leucoxene; consists of one 
thick bedset; mottled; laterally 
gradational to less calcareous strata; 
contacts are gradational; weathers to 
a ledge; sample IW-96.

95 Sublitharenite: white (N 9), weather- 1.8
ing to very dusky red (10 R 2/2); 
coated with desert varnish; contains 
medium- to very fine-grained quartz, 
plus microcrystalline quartz, (chert), 
and lithic grains of siltstone and 
semi-isotropic fragments; subrounded; 
moderately sorted; some grain boundar
ies chloritized and gradational with 
matrix in part; silica overgrowths 
rounded in part; partially recrystal
lized matrix of quartz, chlorite and 
sericite, plus disseminated clay; 
micaceous laths show parallel align
ment with rock cleavage; some large 
zones chloritized and sericitized; 
accessory minerals include zircon, 
rutile partially altered to leucoxene, 
tourmaline with overgrowths, muscovite 
and feldspar(?) altered to clay; mas
sive; may be crossbedded; contacts 
gradational; slight cleavage; weathers 
to a cliff; sample IW-95.

Cumulative 
Thickness 
in Meters

121.1

120.3
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94 Calcareous sublitharenite: pale-red 0.6 118.5
(10 R 6/2), weathering to moderate 
yellowish brown (10 YR 5/4) and to 
very dusky red (10 R 2/2); coated 
with desert varnish in part; contains 
fine- to very fine-grained quartz, 
plus microcrystalline quartz, (chert) . 
and lithic grains of siltstone; sub
rounded; moderately sorted; grains 
replaced by sparry calcite cement in 
part leaving many relic structures; 
very slightly dolomitized; silica 
overgrowths rounded in part; hematitle; 
partially recrystallized matrix of 
quartz, chlorite and trace of epidote; 
lithic grains gradational with matrix 
in part; accessory minerals include 
tourmaline with overgrowths, leucoxene 
and biotite(?) altered to chlorite; 
consists of irregular thick to thin 
bedsets; laterally variable; weathers 
to a ledge; sample IW-94.

93 Sublitharenite: light bluish gray 1.9 117.9
(5 B 7/1), weathering to very dusky 
red (10 R 2/2); coated with desert 
varnish; contains fine-grained sand 
to coarse quartz silt, plus microcrys
talline quartz, (chert), and lithic 
grains of siltstone and unidentifiable 
(volcanic?) chloritized grains; sub
rounded to subangular; moderately 
sorted; many grains partially chlori
tized and gradational with matrix; 
some grains badly strained; trace of 
sparry calcite cement; partially re
crystallized matrix of quartz, chlor
ite, sericite and minor epidote; 
micaceous laths show parallel align
ment with rock cleavage; accessory 
minerals include muscovite partially 
altered to chlorite, rutile partially 
altered to leucoxene, zircon, tourma
line with overgrowths and feldspar(?) 
altered to clay; consists of thin

Cumulative
Unit Thickness Thickness
No. in Meters in Meters
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Unit
No.

Cumulative
Thickness Thickness
in Meters in Meters

bedsets; laterally continuous; well 
developed subhorizontal cleavage; 
weathers to a ledge; sample IW-93.

92 Quartzwacke: pale-red (10 R 6/2) to 1.0 116.0
light-gray (N 7), weathering to 
moderate yellowish brown (10 YR 5/4) 
and very dusky red (10 R 2/2); coated 
with desert varnish in part; pebbly in 
part; contains medium- to very fine
grained quartz, plus microcrystalline 
quartz, (chert) and lithic grains of 
quartzite and micaceous siltstone; 
subrounded; moderately sorted; grain 
boundaries and lithic grains grada
tional with matrix in part; minor 
silica overgrowths rounded in part; 
patches of sparry calcite cement 
partially dolomitized; partially re
crystallized matrix of quartz and 
chlorite, plus minor hematite; 
accessory minerals include zircon, 
muscovite, rutile and leucoxene; con
sists of thin trough sets of low-angle, 
small-scale cross-stratification grad
ing upward to very thin bedsets of 
horizontally laminated strata; parting 
lineations in upper strata; variable 
thickness laterally; weathers to a 
ledge; sample IW-92.

91 Pebble conglomerate: pale-red (10 R 2.3 115.0
6/2), weathering to very dusky red 
(.10 R 2/2); coated with desert varnish; 
pebbles include quartzarenite (74%), 
and finely crystalline, siliceous sedi
mentary rock (recrystallized chert and 
quartzite, 25%); average diameter 3.3 
cm; maximum diameter 13.0 cm; well- 
rounded; poorly sorted; pebbles 
imbricated and crudely graded; matrix 
contains coarse- to very fine-grained 
quartz, plus microcrystalline quartz,
(chert) and chlbritized and epidotized 
lithic grains partially replaced by
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Unit 
No.

Thickness 
in Meters

sparry calcite cement; slightly hema- 
titic and argillaceous; accessory 
minerals include tourmaline and musco
vite; massive; thickens and thins 
laterally; channeled into underlying 
strata as much as 2 m; weathers to a 
cliff; sample IW-91.

90 Mudstone: grayish-purple (5 P 4/2), " 3.4
weathering to same color; partially 
recrystallized matrix of quartz and 
chlorite, plus minor disseminated hema
tite; chlorite laths show parallel 
alignment with rock cleavage; contains 
minor very fine grained sand to coarse 
quartz silt, plus lithic grains of 
hematitle mudstone, siltstone and 
unidentifiable, epidotized, semi
isotropic grains; well-rounded to sub- 
angular; grain boundaries chloritized 
and gradational with matrix in part; 
silica overgrowths rounded in part; 
accessory minerals include magnetite 
partially altered to hematite, rutile 
partially altered to leucoxene, zir
con and euhedral biotite(?) partially 
altered to chlorite; massive; subhori
zontal cleavage; slight phyllitic 
luster; weathers to a slope largely 
covered by debris from above; sample 
IW-90.

89 Microsparite: moderate yellowish brown 0.7
(10 YR 5/4), weathering to dark yellow
ish orange (10 YR 6/6) and to light- 
brown (5 YR 5/6); some zones and vein- 
lets contain coarse sparry calcite; 
hematitic; argillaceous; gypsiferous; 
gypsum occurs as small disseminated 
patches; contains very fine grained 
sand to coarse quartz silt; subrounded; 
grains replaced by calcite in part; 
accessory minerals include tourmaline, 
and muscovite altered to chlorite;

Cumulative 
Thickness 
in meters

112.7

109.3
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Unit
No.

Thickness
in Meters

consists of one thick bedset; discon
tinuous along strike; sample IW-89.

88 Siltstone: grayish red purple (5 KP 2,5
4/2), weathering to same color; con
tains very fine grained sand to 
coarse quartz silt, plus very minor 
lithic grains of siltstone and hema- 
titic mudstone; subrounded to sub- 
angular; contains several pebble-sized 
mudstone intraclasts; grains chlori- 
tized and gradational with matrix in 
part; silica overgrowths rounded in 
part; partially recrystallized matrix 
of quartz, chlorite and minor micro- 
sparitic calcite, plus disseminated 
hematite and clay; chlorite laths show 
parallel alignment with rock cleavage; 
accessory minerals include muscovite, 
magnetite partially altered to hema
tite, tourmaline with overgrowths and 
zircon; massive; subhorizontal cleav
age; weathers to a slope; sample IW-88.

87 Siltstone: pale-red (5 R 6/2) and 0.9
light-gray (N 7), weathering to same 
colors and to very dusky red (10 R 2/2); 
coated with desert varnish in part; 
contains fine-grained sand to coarse 
quartz silt, plus microcrystalline 
quartz, (chert); subrounded to sub- 
angular; moderately sorted; grains 
chloritized in part; silica overgrowths 
rounded in part; partially recrystal
lized matrix of quartz, chlorite, hema- 
titic microsparitic calcite and minor 
epidote; calcite dolomitized in part; 
several large zones chloritized and 
epidotized; chert very difficult to 
distinguish from matrix; accessory 
minerals include muscovite, tourmaline, 
rutile partially altered to leucoxene, 
and abundant zircon; consists of one 
thick bedset; grades rapidly laterally 
to much more calcareous and finer

Cumulative
Thickness
in Meters

108.6

106.1
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grained strata; subhorizontal cleav
age; weathers to a ledge; sample 
IW-87.

86 Sublitharenite: pale-red (5 R 6/2),
weathering to grayish-red (10 R 4/2) 
and to very dusky red (10 R 2/2); 
coated with desert varnish in part; 
contains coarse- to fine-grained 
quartz, plus minor microcrystalline 
quartz, (chert); subrounded; 
moderately sorted; grains replaced by 
calcite and chlorite in part; very 
hematitic sparry to microsparitic 
calcite cement; partially dolomitized; 
minor silica overgrowths rounded in 
part; recrystallized matrix of quartz, 
chlorite and sericite; several large 
zones intensely chloritized; accessory 
minerals include muscovite, tourma
line, rutile partially altered to 
leucoxene and unaltered zoned feld
spar; consists of one thin bedset; 
laterally variable; weathers to a 
ledge; sample IW-86.

85 Quartzwacke: pinkish-gray (5 YR 8/1), 1.5
weathering to very dusky red (10 R 
2/2); coated with desert varnish; con
tains fine- to very fine-grained 
quartz, plus microcrystalline quartz,
(chert); well- to subrounded; 
moderately sorted; minor silica over
growths, plus patches of sparry 
calcite and dolomite cement; partially 
recrystallized matrix of quartz and 
chlorite; chert grains and matrix are 
so similar that they are difficult to 
distinguish; accessory minerals in
clude zircon, muscovite, rutile 
partially altered to leucoxene, tourma
line with overgrowths and unaltered, 
zoned plagioclase; consists of very 
thin to thin bedsets of laminated 
strata; tops of sets contain cuspate

Unit
No.

Thickness
in Meters

0.4

Cumulative
Thickness
in Meters

105.2

104.8
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ripples; laterally continuous; 
weathers to a ledge; sample IW-85.

84 Sedarenite: light-brown (5 YR 6/4),
weathering to grayish-orange (10 YR 
7/4) and to very dusky red (10 R 2/2); 
coated with desert varnish in part; 
contains coarse- to fine-grained 
quartz, plus abundant microcrystalline 
quartz, (chert) and very minor lithic 
grains of micaceous siltstone; well- 
rounded to subangular; moderately 
sorted; grains replaced by sparry cal- 
cite and dolomite in part; sparry and 
microsparitic calcite cement; very 
hematitic; minor partially recrystal
lized matrix of quartz and sericite; 
some zones intensely sericitized; 
accessory minerals include muscovite, 
zircon and unaltered, zoned plagio- 
clase; consists of tabular-planar 
sets of medium-angle, small-scale 
cross-stratification; weathers to a 
ledge; sample IW-84.

83 Pebbly sandstone: pale-brown (5 YR
5/2), weathering to same color and to 
very dusky red (10 R 2/2); coated with 
desert varnish in part; contains very 
coarse to medium-grained quartz, plus 
microcrystalline quartz, (chert), and 
lithic grains of siltstone and mudstone; 
well-rounded to subangular; moderately 
sorted; chert replaced by calcite and 
dolomite in part; slightly pebbly and 
gritty; pebbles primarily microcrystal
line quartz, (chert), but also include 
quartz-rich sandstone and mudstone 
chips as intraclasts; cemented by 
sparry calcite and minor silica over
growths; partially recrystallized 
matrix of quartz and sericite, hema
tite; contains several large chlori- 
tized zones; accessory minerals 
include biotite altered to chlorite.

Unit
No.

Thickness
in Meters

1.2

0.9

Cumulative
Thickness
in Meters

103.3

102.1
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muscovite, and zircon; consists of 
one thick bedset; thickens and thins 
along strike; channeled, erosional 
base; weathers to a ledge; sample 
IW-83.

82 Mudstone: grayish red purple (5 RP
4/2), weathering to grayish-purple 
(5 P 4/2); partially recrystallized 
matrix of quartz and chlorite, plus 
disseminated hematite and clay; chlor- 

• ite laths show parallel alignment with 
rock cleavage; very slightly silty; 
consists of one thin bedset, but 
thickness variable due to channeling 
by overlying unit; subhorizontal 
cleavage very strongly developed 
next to overlying unit and is accompa
nied by bleaching of color; weathers 
to a slope; sample IW-82.

81 Microsparite: moderate yellowish
brown (10 YR 5/4), weathering to light- 
brown (5 YR 5/6); some zones coarsely 
recrystallized to sparry calcite; 
hematitle; argillaceous; gypsiferous; 
very slightly silty; consists of one 
thin bedset; mottled; laterally dis
continuous; weathers to a ledge.

80 Mudstone: grayish red purple (5 RP 0.9
4/2), weathering to grayish-purple 
(5 P 4/2); partially recrystallized 
matrix of quartz and chlorite, plus 
disseminated hematite and clay; chlor
ite laths show parallel alignment with 
rock cleavage; contains very minor 
very fine-grained sand to coarse 
quartz silt, plus lithic grains of 
siltstone and hematitic mudstone; sub
rounded to subangular; some grains 
chloritized and gradational with 
matrix; accessory minerals include 
magnetite partially altered to hema
tite, tourmaline with overgrowths and

Unit
No.

Thickness
in Meters

0.2

0.2

Cumulative
Thickness
in Meters

101.2

101.0

100.8
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Unit
No.

Cumulative
Thickness Thickness
in Meters in Meters

rutile altered to leucoxene; massive; 
well-developed subhorizontal cleavage; 
slight phyllitic luster; weathers to 
a slope; sample IW-80.

79 Microsparite: moderate yellowish
brown (10 YR 5/4), weathering to 
light-brown (5 YR 5/6); some zones and 
veinlets contain coarse sparry cal- 
cite; hematitic; argillaceous; very 
gypsiferous; gypsum as disseminated 
fibrous crystals and recrystallized 
in voids; accessory minerals include 
muscovite, rutile partially altered 
to leucoxene and feldspar(?) totally 
altered to clay; consists of one thin 
bedset; mottled in part; laterally 
discontinuous; weathers to a ledge; 
sample IW-79.

78 Mudstone: grayish-purple (5 P 4/2),
weathering to same color and to grayish 
red purple (5 RP 4/2); partially re
crystallized matrix of quartz, 
chlorite and minor microsparitic 
calcite, plus disseminated hematite 
and clay; chlorite laths show parallel 
alignment with rock cleavage; several 
zones intensely chloritized; contains 
minor very fine grained sand to 
coarse quartz silt, plus microcrystal
line quartz, (chert) and unidentifiable 
altered lithic grains; well-rounded to 
subangular; many grains chloritized, 
epidotized and replaced by calcite in 
part; altered grains gradational with 
matrix; silica overgrowths rounded in 
part; accessory minerals include 
euhedral biotite altered to chlorite, 
zircon and tourmaline with overgrowths; 
massive; well developed subhorizontal 
cleavage; slight phyllitic luster; 
weathers to a slope; sample IW-78.

0.2 99.9

9.5 99.7
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Unit Thickness
No. in Meters

77 Sandy microsparite: moderate yellow- 0.5
ish brown (10 YR 5/4), weathering to 
pale-brown (5 YR 5/2); some zones 
coarsely recrystallized to sparry 
calcite; contains medium-grained sand 
to coarse quartz silt, plus macrocrys
talline quartz, (chert) and lithic 
grains of chloritized siltstone; well- 
to subrounded; moderately sorted; many 
grains badly strained; silica over
growths rounded in part; minor 
partially recrystallized matrix of 
quartz and chlorite, plus disseminated 
hematite and clay; accessory minerals 
include muscovite and tourmaline; con
sists of one thick bedset; discontinu
ous laterally; weathers to a ledge; 
sample IW-77.

76 Siltstone: grayish red purple (5 RP 0.6
4/2), weathering to same color; con
tains very fine grained sand to coarse 
quartz silt, plus lithic grains of 
siltstone and hematitic mudstone; sub- 
rounded to subangular; many grains are 
chloritized making identification 
difficult; grains gradational with 
matrix in part; partially recrystal
lized matrix of quartz, chlorite and 
minor sparitic calcite, plus dissemi
nated hematite and clay; chlorite laths 
show parallel alignment with rock 
cleavage; several large chloritized 
zones; accessory minerals include 
euhedral biotite altered to chlorite, 
tourmaline with overgrowths, muscovite, 
and rutile and/or anatase partially 
altered to leucoxene; consists of one 
thick bedset; laterally variable to 
more calcareous strata; subhorizontal 
cleavage; weathers to a slope; sample 
IW-76.

75 Microsparite: grayish-red (10 R 4/2), 0.6
weathering to pale-red (10 R 6/2) and

Cumulative 
Thickness 
in Meters

90.2

89.7

89.1
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Unit Thickness
No. in Meters

to very dusky red (10 R 2/2); coated 
with desert varnish in part; many 
zones coarsely recrystallized to 
sparry calcite; hematitic and argil
laceous; contains very fine grained 
sand to coarse quartz silt, plus very 
minor microcrystalline quartz, (chert) 
and lithic grains of siltstone; sub
rounded to subangular; moderately 
sorted; grains both partially and 
totally replaced by sparry calcite; 
matrix of quartz silt largely grada
tional with lithic grains; accessory 
minerals include muscovite, rutile 
partially altered to leucoxene, tour
maline with overgrowths and magnetite 
partially altered to hematite; consists 
of one thick bedset; mottled in part; 
discontinuous laterally; weathers to 
a ledge; sample IW-75.

74 Microsparite: moderate-brown (5 YR 0.2
4/4), weathering to same color; some 
zones and veinlets contain coarse 
sparry calcite; very hematitic and 
argillaceous; contains minor coarse 
quartz silt replaced by sparry cal
cite in part; minor partially 
recrystallized matrix of quartz and 
chlorite; accessory mineral musco
vite; consists of one thin bedset; 
discontinuous laterally; gradational 
contacts; weathers to a ledge; 
sample IW-74.

73 Mudstone: grayish-purple (5 P 4/2), 4.5
weathering to grayish red purple (5 RP 
4/2); partially recrystallized matrix 
of quartz and chlorite, plus dissemi
nated hematite and irregular zones of 
very hematitic micritic calcite; 
chlorite laths show parallel alignment 
with rock cleavage; very slightly 
dolomitized; several zones intensely 
chloritized; contains very minor very

Cumulative 
Thickness 
in Meters

88.5

88.3
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Unit
No.

fine grained sand to coarse quartz 
silt, plus lithic grains of siltstone; 
subrounded to subangular; some grains 
partially chloritized; many grains . 
badly strained and have developed a 
pseudo-polycrystallinity; accessory 
minerals include rutile partially 
altered to leucoxene, muscovite and 
magnetite partially altered to hema
tite; massive; laterally and vertically 
variable to slightly more calcareous 
strata; well developed subhorizontal 
cleavage; slight phyllitic luster; 
weathers to a slope; sample IW-73.

72 Microsparite: pale reddish brown 0.2 83.8
(10 R 5/4) and moderate reddish brown 
(10 R 4/6), weathering to light-brown 
(5 YR 5/6); many zones and voids con
tain coarse sparry calcite; extremely 
hematitic and argillaceous; contains 
very minor coarse quartz silt, plus 
lithic grains of siltstone; subrounded; 
grains replaced by calcite in part; 
lithic grains are so gradational with 
matrix that they are very difficult to 
distinguish; partially recrystallized 
matrix of quartz and minor chlorite 
isolated as zones within microsparitic 
framework; consists of one thin bedset; 
mottled; weathers to a ledge; sample 
IW-72.

71 Mudstone: grayish-purple (5 P 4/2), 2.0 83.6
weathering to grayish red purple (5 RP 
4/2); partially recrystallized matrix 
of quartz, chlorite and sericite, plus 
very minor disseminated hematite and 
small patches of microsparitic calcite; 
micaceous laths show slight parallel 
alignment with rock cleavage; contains 
minor coarse quartz silt, plus micro
crystalline quartz, (chert); subrounded; 
grains chloritized in part; accessory 
minerals include zircon, muscovite 
partially altered to chlorite, rutile

Cumulative
Thickness Thickness 
in Meters in Meters
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No.

Cumulative
Thickness Thickness 
in Meters in Meters

partially altered to leucoxene and 
tourmaline with overgrowths; massive; 
laterally variable to more hematitle 
and calcareous strata; subhorizontal 
cleavage; slight phyllitic luster; 
weathers to a slope; sample IW-71.

70 Microsparite: pale-brown (5 YR 5/2), 0.2 81.6
weathering to light olive gray (5 Y 
6/1); some zones and veinlets contain 
coarse sparry calcite; hematitle; - 
trace of coarse quartz silt, plus 
microcrystalline quartz, (chert); 
grains replaced by sparry calcite in 
part; partially recrystallized matrix 
of quartz and very minor chlorite 
isolated as zones within microsparitic 
framework; zones outlined by concen
trations of hematite and may represent 
burrows; accessory mineral rutile; 
consists of one thin bedset; discon
tinuous laterally; weathers to a 
ledge; sample IW-70.

69 Mudstone: grayish-purple (5 P 4/2), 2.6 81.4
weathering to grayish red purple (5 
KP 4/2); partially recrystallized 
matrix of quartz, sericite and chlor
ite, plus disseminated hematite and 
clay; micaceous laths show parallel 
alignment with rock cleavage; contains 
minor very fine grained sand to coarse 
quartz silt, plus microcrystalline 
quartz, (chert) and lithic grains of 
micaceous siltstone; subrounded; 
lithic grains gradational with matrix 
in part; quartz partially replaced by 
chlorite; accessory minerals include 
muscovite, rutile and tourmaline; mas
sive; laterally variable to more 
calcareous strata; subhorizontal cleav
age; slight phyllitic luster; weathers 
to a slope; sample IW-69.
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No.

68 Silty microsparite: pale-red (5 R
6/2), weathering to moderate-brown 
(5 YR 4/4); some zones coarsely re
crystallized to sparry calcite; 
gypsiferous; contains very fine 
grained sand to coarse quartz silt, 
plus microcrystalline quartz, (chert) 
and lithic grains of micaceous silt- 
stone; subrounded; grains replaced 
by sparry calcite in part; minor 
silica overgrowths; zones rich in 
partially recrystallized matrix of 
quartz and chlorite, plus disseminated 
hematite and clay; accessory minerals 
include muscovite, zircon and tourma
line; consists of one thin bedset; 
mottled and both horizontally and 
vertically burrowed; discontinuous 
along strike; weathers to a ledge; 
sample IW-68.

67 Siltstone: grayish red purple (5 RP 1.0 78.3
4/2), weathering to same color; con
tains fine-grained sand to coarse 
quartz silt, plus abundant lithic 
grains of micaceous siltstone; sub
rounded; moderately sorted; grains 
replaced by calcite and chlorite in 
part; minor silica overgrowths; 
partially recrystallized matrix of 
quartz, chlorite and minor micro- 
sparitic calcite, plus abundant dis
seminated hematite and clay; chlorite 
laths show slight parallel alignment 
with rock cleavage; grains gradational 
with matrix in part; accessory minerals 
include tourmaline, muscovite and 
rutile; consists of one thick bedset; 
subhorizontal cleavage; slight 
phyllitic luster; weathers to a slope; 
sample IW-67.

66 Microsparite: moderate yellowish 0.5 77.3
brown (10 YR 5/4) and grayish red 
purple (5 RP 4/2), weathering to

Cumulative
Thickness Thickness 
in Meters in Meters

0.5 78.8
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moderate-brown (5 YR 4/4); some zones 
coarsely recrystallized to sparry cal- 
cite; very hematitic and argillaceous; 
slightly gypsiferous; contains minor 
very fine grained sand to coarse 
quartz silt, plus microcrystalline 
quartz, (chert) and minor lithic 
grains of micaceous siltstone; sub
rounded; grains replaced by calcite 
in part; matrix of microcrystalline 
quartz; accessory mineral muscovite; 
consists of one thin bedset; mottled 
and bioturbated; slight subhorizontal 
cleavage; weathers to a ledge; sample 
IW-66.

65 Mudstone: grayish red purple (5 RP 1.6 76.8
4/2), weathering to same color; 
partially recrystallized matrix of 
quartz, chlorite, microsparitic cal
cite and trace of epidote, plus 
disseminated hematite and clay; 
chlorite laths show parallel align
ment with rock cleavage; contains 
fine-grained sand to coarse quartz 
silt, plus minor lithic grains of 
hematitic siltstone; well-rounded to 
subangular; lithic grains gradational 
with matrix in part; grains replaced 
by calcite in part; accessory minerals 
include muscovite, zircon, tourmaline 
with overgrowths, rutile partially 
altered to leucoxene, orthoclase(?) 
and magnetite partially altered to 
hematite; massive; subhorizontal 
cleavage; weathers to a slope; 
sample IW-65.

64 Sublitharenite: grayish-red (10 R 1.4 75.2
4/1) and grayish red purple (5 RP 4/2), 
weathering to very dusky red (10 RP 
2/2); coated with desert varnish; 
contains fine- to very fine-grained 
quartz, plus microcrystalline quartz,
(chert) and lithic grains of siltstone

Cumulative
Thickness Thickness 
in Meters in Meters
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and very hematitic mudstone; well- 
rounded to subangular; moderately 
sorted; large zones with sparry cal- 
cite cement; calcite replacing grains 
in part; minor silica overgrowths and 
chalcedonic quartz as cement; partially 
recrystallized matrix of quartz and 
minor chlorite, plus disseminated hema
tite; lithic grains gradational with 
matrix in part; accessory minerals 
include muscovite, tourmaline and 
zircon; consists of thick bedsets; 
continuous along strike; sharp basal 
contact; upper contact gradational; 
abundant slicken-sides but little 
shearing visible; weathers to a cliff; 
sample TW-64.

63 Microsparite: grayish red purple (5 2.3 73.8
RP 4/2) and grayish-red (10 R 4/2), 
weathering to same colors and to 
yellowish-brown (10 YR 5/4); some 
zones and veinlets contain coarsely 
recrystallized sparry calcite; hema
titic; slightly argillaceous; 
contains minor very fine grained sand 
to coarse quartz silt, plus minor 
lithic grains of siltstone and hema
titic mudstone; subrounded; grains 
replaced by sparry calcite in part; 
very minor matrix of medium silt-sized 
and finer quartz; contains several 
small recrystallized tubular struc
tures; massive; variable laterally 
to less calcareous strata; slight 
subhorizontal cleavage; weathers to 
a poorly exposed slope; sample IW-63.

62 Mudstone: grayish red purple (5 RP 1.8 71.5
4/2) and moderate-brown (5 YR 4/4), 
weathering to same colors and to very 
dusky red (10 R 2/2); coated with . 
desert varnish in part; hematitic; 
argillaceous; silty and calcareous in 
part; slightly dolomitized; highly

Cumulative
Thickness Thickness 
in Meters in Meters
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variable in terms of sand and carbo
nate content both laterally and 
vertically; massive; subhorizontal 
cleavage; slight phyllitic luster; 
weathers to a slope; very poorly 
exposed.

61 Sandy microsparite: pale-red (5 R 0.4 69.7
6/2), weathering to very dusky red 
(10 R 2/2) and to moderate-brown 
(5 YR 4/4); coated with desert varnish 
in part; some zones coarsely recrys
tallized to sparry calcite; sparry 
calcite has both partially and totally 
replaced detrital grains; hematitic; 
argillaceous; contains very fine 
grained sand to coarse quartz silt, 
plus microcrystalline quartz, (chert) 
and lithic grains of siltstone; sub
rounded to subangular; moderately 
sorted; silica overgrowths common; 
accessory minerals Include muscovite, 
and tourmaline with overgrowths; 
consists of one thick bedset; 
laminated in part; laterally variable; 
weathers to a ledge; sample IW-61.

60 Mudstone: grayish red purple (5 RP 0.2 69.3
4/2), weathering to same color; 
partially recrystallized matrix of 
quartz, chlorite, sericite and minor 
microsparitic calcite, plus dissemi
nated hematite and clay; micaceous 
laths show parallel alignment with 
rock cleavage; contains very fine 
grained sand to coarse quartz silt, 
plus minor microcrystalline quartz,
(chert) and lithic grains of silt- 
stone and mudstone; subrounded to sub- 
angular; grains gradational with 
matrix in part; some grains replaced 
by sparry calcite; minor grain align
ment with rock cleavage; minor silica 
overgrowths;' micaceous; muscovite 
altered to chlorite in part;
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accessory minerals include rutile, 
and tourmaline with overgrowths; con
sists of one thin bedset; laterally 
variable; subhorizontal cleavage; 
weathers to a slope; sample IW-60.

59 Sandy microsparite: pale-red (5 R 0.3
6/2), weathering to same color, 
moderate-brown (5 YR 4/4) and to very 
dusky red (10 R 2/2); coated with 
desert varnish in part; some zones 
coarsely recrystallized to sparry 
calcite; calcite has both partially 
and totally replaced many detrital 
grains; contains very fine grained 
sand to coarse quartz silt, plus lithic 
grains of micaceous siltstone; well- 
to subrounded; very hematitle and 
argillaceous; accessory minerals in
clude muscovite, tourmaline and magne
tite partially altered to hematite; 
consists of one thick bedset; highly 
variable thickness along strike; 
weathers to a ledge; sample IW-59.

58 Microsparite: pale-red (5 R 6/2), 0.2
weathering to grayish-red (10 R 4/2); 
some zones coarsely recrystallized to 
sparry calcite; calcite has at least 
partially replaced all other rock 
constituents; contains very fine 
grained sand to coarse quartz silt, 
plus minor lithic grains of micaceous 
siltstone and mudstone; minor matrix 
of quartz silt, plus disseminated 
hematite and clay; consists of one 
thin bedset; slight subhorizontal 
cleavage; sample IW-58.

Mudstone: grayish red purple (5 RP
4/2), weathering to same color; 
partially recrystallized matrix of 
quartz, chlorite and sericite, plus 
disseminated hematite and clay; 
chlorite laths show parallel alignment

Cumulative
Thickness
in Meters

69.1

68.8

57 1.4 68.6
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with rock cleavage; contains minor 
coarse quartz silt, plus lithic grains 
of hematitic mudstone; lithic grains 
gradational with matrix in part; 
accessory minerals include muscovite, 
rutile and magnetite partially altered 
to hematite; contains several small 
calcite veinlets; consists of " thin 
bedsets; subhorizontal cleavage; 
slight phyllitic luster; weathers to 
a slope; sample IW-57.

56 Microsparite: grayish-red (5 R 4/2), 0.3 67.2
weathering to moderate-brown (5 YR 
4/4); some zones coarsely recrystal- 
lized to sparry calcite; hematitic; 
slightly gypsiferous; contains minor 
very fine grained quartz and lithic 
grains of siltstone; grains replaced 
by calcite in part; accessory minerals 
include magnetite partially altered 
to hematite, rutile altered to leu- 
coxene and unidentifiable grains 
altered to hematite; consists of one 
thin bedset; mottled and bioturbated; 
continuous along strike; weathers to 
a ledge; sample IW-56.

55 Mudstone: grayish red purple (5 RP 2.2 66.9
4/2), weathering to same color; 
partially recrystallized matrix of 
quartz, chlorite and sericite, plus 
disseminated hematite; chlorite laths 
show parallel alignment with rock 
cleavage; minor fluxion structure; 
contains fine- to very fine grained 
quartz, plus lithic grains of micaceous 
siltstone; well- to subrounded; 
bimodal grain assemblage; lithic grains 
gradational with matrix in part; silica 
overgrowths; accessory minerals include 
muscovite and rutile; massive; contains 
more calcareous strata laterally; sub
horizontal cleavage; slight phyllitic 
luster; weaters to a slope; sample TW-55.

Cumulative
Unit Thickness Thickness
No. in Meters in Meters



108

Unit
No.

Thickness 
in Meters

Cumulative 
Thickness 
in Meters

54 Microsparite: grayish-red (5 R 4/2), 0.3 64.7
weathering to moderate yellowish 
brown (10 YR 5/4); some zones coarsely 
recrystallized to sparry calcite; 
hematitle; argillaceous; slightly 
gypsiferous; minor partially recrys
tallized matrix of silt-sized sub- 
angular quartz and chlorite; chlorite 
laths show subparallel alignment; 
accessory minerals include magnetite 
partially Altered to hematite and 

. biotite altered to hematite; consists 
of one thin bedset; upper and lower 
contacts are gradational; weathers to 
a ledge; sample IW-54.

53 Mudstone: grayish red purple (5 RP 1.6 64.4
4/2), weathering to same color; 
partially recrystallized matrix of 
quartz and chlorite, plus disseminated 
hematite; chlorite laths show parallel 
alignment with rock cleavage; contains 
coarse quartz silt, plus lithic grains 
of siltstone; subrounded to subangular; 
grains chloritized in part; lithic 
grains gradational with matrix in 
part; accessory minerals include zir
con, muscovite, epidote, magnetite 
partially altered to hematite and 
rutile partially altered to leucoxene; 
contains very minor calcite veinlets; 
massive; laterally variable to more 
calcareous strata; subhorizontal 
cleavage; slight phyllitic luster; 
weathers to a slope; sample IW-53.

52 Microsparite: pale-brown (5 YR 5/2), 0.1 62.8
weathering to same color; some zones 
coarsely recrystallized to sparry cal
cite; very hematitle and argillaceous; 
contains very minor very fine grained 
quartz, plus hematitle mudstone as 
intraclasts; grains replaced by.cal
cite in part; accessory minerals 

• include chlorite and magnetite
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partially altered to hematite; con
sists of one thin bedset; continuous 
laterally but variable in thickness; 
weathers to a ledge; sample IW-52.

51 Siltstone: grayish red purple (5 RP 1.1 62.7
4/2), weathering to same color and 
to blackish-red (5 R 2/2); coated with 
desert varnish in part; minor very fine 
grained sand to coarse quartz silt; 
well developed subhorizontal cleavage; 
phyllitic luster; weathers to a slope; 
very poorly exposed.

50 Siltstone: greenish-gray (5 GY 6/1), 1.5 61.6
weathering to light-brown (5. YR 5/6) 
and to very dusky red (10 R 2/2); 
coated with desert varnish in part; 
contains very fine grained sand to 
coarse quartz silt, plus microcrystal
line quartz, (chert), and lithic grains 
of siltstone; well- to subrounded; 
moderately sorted; minor grain crush
ing; silica overgrowths and grains 
chloritized in part; partially 
recrystallized matrix of quartz, 
chlorite and epidote, plus disseminated 
hematite and clay; chlorite laths show 
parallel alignment with rock cleavage; 
matrix shows fluxion structure; acces
sory minerals include zircon, rutile 
partially altered to leucoxene, 
euhedral biotite altered to chlorite 
and feldspar(?) totally altered to 
clay; massive; subhorizontal cleavage; 
incipient foliation; weathers to a 
ledge; sample IW-50.

49 Mlcrosparite: yellowish-gray (5 Y 7/2), 0.4 60.1
weathering to dusky-yellow (5 Y 6/4) 
and to grayish-black (N 2); coated with 
desert varnish in part; many zones 
coarsely recrystallized to sparry cal- 
cite; contains very fine grained sand 
to coarse quartz "silt, plus minor
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lithic grains of siltstone; well- to 
subrounded; moderately sorted; grains 
fractured and replaced by micro- 
sparitic calcite in part; partially 
recrystallized matrix of quartz, 
chlorite and minor epidote, plus dis
seminated hematite; chlorite laths 
show parallel alignment with rock 
cleavage; accessory minerals include 
tourmaline and biotite altered to 
chlorite; consists of thick to thin 
bedsets; laterally continuous; ex
tensive subhorizontal cleavage; rock 
is at least partially a product of 
shearing; weathers to a slope; 
sample IW-49.

48 Siltstone: very light gray (N 8), 0.1 59.7
weathering to same color; very fine 
grained to silty; extensive subhori
zontal cleavage; fractured into 
powdery fragments; possibly cata- 
clastic; weathers to a slope.

47 Calcareous siltstone: pale-red (5 0.4 59.6
R 6/2), weathering to blackish-red 
(5 R 2/2); coated with desert varnish; 
contains fine-grained sand to coarse 
quartz silt, plus lithic grains of 
siltstone; well- to subrounded; well- 
to moderately sorted; silica over
growths; sparry calcite cement 
replacing grains in part; dolomitized 
in part; partially recrystallized 
matrix of quartz, chlorite and minor 
epidote, plus disseminated hematite; 
chlorite laths show parallel align
ment with rock cleavage; accessory 
minerals include muscovite and tourma
line; consists of thin bedsets; slight 
subhorizontal cleavage; weathers to 
a ledge; sample IW-47.
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46 Calcareous siltstone: pale-brown (5 0.9
YR 5/2) to yellowish-brown (10 YR 4/2), 
weathering to same colors and to 
dusky yellowish brown (10 YR 2/2); 
coated with desert varnish in part; 
contains fine-grained sand to coarse 
quartz silt, plus microcrystalline 
quartz, (chert) and lithic grains of 
siltstone; subrounded; moderately 
sorted; microsparitic and minor sparry 
calcite cement; calcareous cement 
replacing grains in part; partially 
recrystallized matrix of quartz and 
chlorite, plus disseminated hematite 
and clay; lithic grains gradational 
with matrix; accessory mineral musco
vite; consists of very thin to thin 
bedsets; highly variable laterally 
and nodular strata; weathers to a 
slope; sample IW-46.

45 Quartzwacke: pale-red (10 R 6/2), 1.5
weathering to moderate-brown (5 YR 
4/4) and to very dusky red (10 R 2/2); 
coated with desert varnish in part; 
contains fine- to very fine grained 
quartz, plus lithic grains of silt
stone; well- to subrounded; moderately 
sorted; silica overgrowths; minor 
microsparitic calcite cement; 
partially recrystallized matrix of 
chlorite, plus disseminated hematite; 
lithic grains gradational with matrix 
in part; accessory minerals include 
plagioclase, zircon, tourmaline and 
euhedral biotite altered to chlorite; 
consists of thin bedsets; weathers to 
a cliff; sample Ilf-45.

44 Sublitharenite: very light gray (N 8), 0.3
weathering to same color and to, gray
ish-black (N 2); coated with desert 
varnish in part; contains fine- to 
very fine grained quartz, plus micro
crystalline quartz, (chert) and lithic

Cumulative 
Thickness 
in Meters

59.2

58.3

56.8
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grains of siltstone; well- to sub
rounded ; moderately sorted; minor 
grain rotation, alignment and 
fracturing; silica overgrowths; 
abundant partially recrystallized 
matrix of quartz and chlorite; lithic 
grains gradational with matrix in 
part; accessory mineral tourmaline 
with overgrowths; consists of thin 
bedsets; subhorizontal cleavage; 
fractures into elongate nodules; 
weathers to a slope; sample IW-44.

43 Quartzarenite: grayish-pink (5 R 0.9 56.5
8/2), weathering to moderate-brown 
(5 YR 3/4); contains medium- to fine
grained quartz, plus very minor 
microcrystalline quartz, (chert) and 
lithic grains of siltstone; may also 
contain feldspar totally altered to 
sericite; well-rounded; moderately 
sorted; silica overgrowths with 
sutured contacts; trace sparry cal- 
cite cement; partially recrystallized 
matrix of chlorite, plus disseminated 
hematite; some lithic grains grada
tional with matrix; accessory 
minerals include zircon, rutile.par
tially altered to leucoxene and 
tourmaline; consists of tabular- 
planar sets of medium-angle, small- 
scale cross-strata; weathers to a 
ledge; sample IW-43.

42 Sublitharenite: pale-red (10 R 6/2), 0.7 55.6
weathering to very dusky red (10 R 
2/2); coated with desert varnish; con
tains coarse- to medium-grained quartz, 
plus microcrystalline quartz, (chert) 
and lithic grains of siltstone; may 
also contain feldspar totally altered 
to sericite; well-rounded; moderately 
sorted; silica overgrowths; trace of 
sparry calcite cement; partially 
recrystallized matrix of chlorite and
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sericite; accessory minerals include 
orthoclase and muscovite; consists of 
thick bedsets; gritty at the base and 
becoming finer grained upward; 
weathers to a ledge; sample IW-42.

41 Calcareous sublitharenite: yellowish 0.5 54.9
gray (5 Y 7/2), weathering to moderate 
brown (5 YR 4/4); contains fine- to 
very fine grained quartz, plus lithic 
grains of siltstone and mudstone; 
well- to subrounded; moderately sorted; 
silica overgrowths and grains 
partially replaced by microsparitic 
calcite cement; partially recrystal
lized matrix of quartz and chlorite; 
lithic grains gradational with matrix 
in part; accessory minerals include 
plagioclase, muscovite and euhedral 
biotite altered to chlorite; consists 
of thick to thin bedsets; mottled and 
bioturbated in part; laterally grada
tional to more calcareous units; 
weathers to a poorly exposed slope; 
sample IW-41.

40 Quartzwacke: light-brown (5 YR 5/6), 0.3 54.4
weathering to very pale orange (10 YR 
8/2); medium- to fine-grained; sub
rounded to subangular; moderately 
sorted; cemented with hematite; very 
argillaceous; porous; friable; dis
continuous. laterally; weathers to a 
very poorly exposed slope.

39 Sandy microsparite: grayish orange 0.8 54.1
pink (10 R 8/2) and pale-brown (5 YR 
5/2), weathering to moderate-brown 
(5 YR 3/4) and very dusky red (10 R 
2/2); coated with desert varnish in 
part; some zones coarsely recrystal
lized to sparry calcite; hematitic; 
contains fine-grained quartz," plus 
lithic grains of siltstone and mud
stone; well-rounded; well-sorted;
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grains replaced by calcite in part; 
accessory mineral muscovite; consists 
of thin bedsets; becoming finer 
grained, more hematitic and more cal
careous upward; contacts gradational; 
weathers to a series of ledges; sample 
IW-39.

38 Sublitharenite: very light gray (N 8), 0.9 53.3
weathering to light-brown (5 YR 5/6) 
and very dusky red (10 R 2/2); coated 
with desert varnish in part; contains 
miedium- to fine-grained quartz, plus 
microcrystalline quartz, (chert) and 
lithic grains of siltstone and mudstone; 
well-rounded; moderately sorted; silica 
overgrowths with sutured contacts; 
trace of sparry calcite cement; 
partially recrystallized matrix of 
quartz and chlorite; consists of 
thin bedsets; slight subhorizontal 
cleavage; weathers to a cliff; sample 
IW-38.

37 Subarkose(?): very light gray (N 8), 1.9 52.4
weathering to light-brown (5 YR 5/6) 
and very dusky red (10 R 2/2); coated 
with desert varnish in part; contains 
medium- to fine-grained quartz, plus 
microcrystalline quartz, (chert) and 
lithic grains of siltstone; may also 
contain feldspar totally altered to 
sericite; well-rounded; well-sorted; 
grains fractured and strained; silica 
overgrowths; partially recrystallized 
matrix of quartz and chlorite, plus 
disseminated hematite; consists of 
thick to thin bedsets of very thinly 
bedded strata; crossbedded in part; 
laterally continuous; weathers to a 
cliff; sample IW-37,

36 . Quartzarenite: grayish-pink (5 R 8/1), 1.5 50.5
weathering to pale-red (10 R 6/2) and 
very dusky red (10 R 2/2); coated

Cumulative
Unit Thickness Thickness
No. in Meters in Meters
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with desert varnish in part; contains 
medium- to fine-grained quartz, plus 
minor siltstone and mudstone lithic 
grains; may also contain feldspar 
totally altered to sericite; well- to 
subrounded; moderately sorted; silica 
overgrowths with sutured contacts; 
trace of sparry calcite cement; 
partially recfystallized matrix of 
quartz and chlorite, plus minor dis
seminated hematite; some lithic grains 
gradational with matrix; accessory 
mineral magnetite partially altered to 
hematite; very thick to thick bedsets 
of very thinly bedded to laminated 
strata; contains several pebbly zones; 
weathers to a cliff; sample IN-36.

35 Pebble conglomerate: variegated color, 0.4 49.0
weathering to same color and to very 
dusky red (10 R 2/2); coated with 
desert varnish in part; average pebble 
diameter approximately 1 to 2 cm; 
well-rounded; moderately sorted; 
matrix consists of medium- to fine
grained quartz; well-rounded; silica 
overgrowths; chloritic and slightly 
silty; consists of one thin bedset; 
laterally variable to non-conglomeratic 
strata; weathers to a partially rubble 
covered slope.

34 Siltstone: grayish-orange (10 YR 7/4) 1.5 48.6
and very pale green (10 G 8/2), 
weathering to same colors; contains 
fine-grained sand to coarse quartz 
silt, plus microcrystalline quartz,
(chert) and lithic grains of micaceous 
siltstone; subrounded to subangular; 
moderately sorted; grains are rotated 
and aligned with partial crushing and 
milling; minor straining and develop
ment of pseudo-polycrystallinity; 
partially recrystallized matrix of 
quartz and chlorite, plus hematite and
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clay concentrated into thin bands; 
shows fluxion structure; chlorite 
laths show parallel alignment with 
rock cleavage; lithic grains nearly 
totally gradational with matrix; 
accessory minerals include muscovite, 
zircon, rutile, tourmaline with over
growths and magnetite partially 
altered to hematite; massive; well 
developed subhorizontal cleavage; 
weathers to a rubble covered slope; 
sample IW-34.

33 Quartzwacke: pale-red (5 R 6/2), 3.9 47.1
weathering to grayish-red (5 R 4/2) 
and to very dusky red (10 R 2/2); 
coated with desert varnish in part; 
contains fine- to very fine grained 
quartz, plus microcrystalline quartz,
(chert) and lithic grains of 
micaceous siltstone; well-rounded to 
subangular; moderately sorted; minor 
sutured contacts and straining of 
grains; sparry calcite cement replac
ing grains in part; partially 
recrystallized matrix of chlorite, 
sericite and minor quartz, plus 
disseminated hematite; accessory 
minerals include muscovite, biotite 
altered to chlorite and opaques, and 
rutile partially altered to leucoxene; 
consists of very thin to thin bedsets 
composed of horizontally laminated 
strata; contains one pebble layer; con
tinuous along strike; weathers to a 
cliff; sample IW-33.

32 Pebble conglomerate: very pale orange 0,8 43.2
(10 YR 8/2), weathering to variegated 
and very dusky red (10 R 2/2); coated 
with desert varnish in part; pebbles 
include finely crystalline, siliceous, 
sedimentary rocks, (recrystallized 
chert and/or quartzite), quartzarenite, 
and limestone; average diameter
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approximately 2 cm; maximum diameter 
16 cm; well-rounded; poorly sorted; 
pebbles imbricated; matrix consists 
of coarse- to fine-grained quartz; 
subrounded to subangular; moderately 
sorted; sparry calcite cement replac
ing quartz in part; hematitic; 
slightly calcareous; consists of one 
thick bedset; discontinuous laterally; 
occupies a paleo-channel; weathers to 
a ledge; sample IW-32.

•31 Quartzwacke: pale-green (10 G 6/2), 0.8 42.4
weathering to very pale green (10 G 
8/2); contains medium- to very fine
grained quartz, plus minor lithic 
grains of micaceous siltstone; well- 
to subrounded; moderately sorted; 
many grains rotated and aligned, 
fractured, strained and have developed 
a pseudo-polycrystallinity; grains ■ 
chloritized in part; minor sparry 
calcite cement; partially recrystal
lized matrix of quartz, chlorite and 
epidote(?), plus minor disseminated 
clay; chlorite and/or epidote(?) often 
concentrated in large zones replacing 
other rock constituents; chlorite 
laths show parallel alignment with 
rock cleavage; matrix shows fluxion 
structure; lithic grains gradational 
with matrix; accessory minerals 
include tourmaline with overgrowths; 
and rutile altered to leucoxene; con
sists of thin bedsets; continuous 
laterally; strongly developed sub
horizontal cleavage; incipient 
schistosity; weathers to a ledge; 
sample IW-31.

30 Quartzwacke: light-gray (N 7), 0.7 41.6
weathering to very dusky red (10 R 2/2); 
coated with desert varnish; contains 
medium- to very fine-grained quartz;' 
well- to subrounded; moderately sorted;
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silica overgrowths and minor sutured 
contacts; minor sparry calcite cement 
replacing grains in part; recrystal
lized matrix of quartz, chlorite, 
epidote and sericite; micaceous laths 
show parallel alignment with rock 
cleavage; accessory minerals include 
muscovite, zircon, tourmaline with 
overgrowths and rutile partially 
altered to leucoxene; consits of one 
thick bedset; continuous along strike; 
weathers to a ledge; sample IW-30.

29 Pebble conglomerate: pinkish-gray (5 0.4 40.9
YR 8/1), weathering variegated; coated 
with desert varnish in part; pebbles 
include white, finely crystalline, 
siliceous sedimentary rocks, (chert 
and/or quartzite), and quartzarenite; 
average diameter approximately 1 to 2 
cm; maximum diameter 11 cm; well- 
rounded; moderately to poorly sorted; 
matrix of medium-grained quartz; well- 
rounded; silica overgrowths; hematitic; 
consists of one thin bedset; channeled 
into underlying unit; discontinuous 
along strike; rapid thickening and 
thinning; weathers to a ledge.

28 Microsparite: pale-brown (5 YR 5/2), 0.4 40.5
weathering to moderate yellowish brown 
(10 YR 5/4); many zones coarsely 
recrystallized to sparry calcite; 
hematitic; argillaceous; gypsiferous; 
slightly epidotized; contains very 
minor coarse quartz silt partially re
placed by calcite; abundant ghost 
structures rimmed by hematite and clay, 
and replaced by micritic calcite; 
accessory mineral zircon; consists of 
one thin bedset; weathers to a ledge; 
sample IW-28.

27 Mudstone: grayish red purple (5 RP 1.2 40.1
4/2), weathering to same color;

Cumulative
Unit Thickness Thickness
No. in Meters in Meters
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Unit
No.

Cumulative
Thickness Thickness
in Meters in Meters

hematitic; massive; subhorizontal 
cleavage; slight phyllitic luster; 
weathers to a slope largely covered 
by talus from above; very poorly ex
posed.

26 Microsparite: grayish red purple (5 1.3 38.9
HP 4/2), weathering to moderate-red 
(5 R 5/4); hematitic; argillaceous; 
slightly silty; consists of thin bed- 
sets (?); weathers to a slope largely 
covered by talus from above; very 
poorly exposed.

25 Mudstone: grayish red purple (5 BP 4.1 37.6
4/2), weathering to same color; 
partially recrystallized matrix of 
quartz and chlorite, plus dissemi
nated hematite and clay; chlorite 
laths show parallel alignment with 
rock cleavage; matrix shows fluxion 
structure; contains minor coarse to 
medium quartz silt, plus lithic 
grains of mudstone and micaceous 
siltstone; well-rounded to subangular; 
lithic grains gradational with matrix 
in part; slight grain fracturing and 
rotation; accessory minerals include 
muscovite, and magnetite partially 
altered to hematite; massive; subhori
zontal cleavage; slight phyllitic 
luster; weathers to a rubble covered 
slope; sample IW-25.

24 Microsparite: grayish red purple (5 0.5 33.5
RP 4/2), weathering to moderate-red 
(5 R 5/4); some zones coarsely 
recrystallized to sparry calcite; 
hematitic; argillaceous; contains 
minor coarse to medium quartz silt, 
plus trace of lithic grains of silt- 
stone and mudstone; grains replaced by 
calcite in part; minor partially 
recrystallized matrix of quartz and 
chlorite; accessory minerals include 
muscovite, zircon and magnetite
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Unit 
No.

Cumulative
Thickness Thickness 
in Meters in Meters

partially altered to hematite; massive; 
contains one thin, nodular, discontin
uous bedset of mottled, hematitle mud
stone; slight subhorizontal cleavage; 
weathers to a steep slope; sample 
IW-21.

20 Fault gouge: very pale orange (10 YR 1.2 25.8
8/2), weathering to same color; 
argillaceous; non-cohesive; zone of 
color change follows cleavage suggest
ing a false bedding; cleavage at a 
high angle; very restricted laterally; 
gradational contacts; weathers to a 
slope.

19 Siltstone: grayish red purple (5 RP 2.9 24.6
4/2), weathering to same color; con
tains very fine grained sand to coarse 
quartz silt, plus lithic grains of 
siltstone; subrouhded to subangular; 
moderately sorted; lithic grains 
chloritized in part; grains partially 
crushed, rotated and aligned; silica 
overgrowths chloritized in part; very 
minor sparry and micritic calcite 
cement; partially recrystallized 
matrix of quartz and chlorite, plus 
disseminated hematite; chlorite laths 
show parallel alignment with rock 
cleavage; matrix shows fluxion struc
ture; textures bordering cataclastic; 
accessory minerals include muscovite, 
zircon, tourmaline with overgrowths, 
rutile partially altered to leucoxene, 
magnetite partially altered to hema
tite, and feldspar(?) totally altered 
to clay; massive; grades laterally to 
more calcareous strata; pervasive 
subhorizontal cleavage; weathers to 
a slope; sample IW-19.

Calcareous sublitharenite: pale-red 0.4
(5 R 6/2), weathering to very dusky 
red (10 R 2/2); coated with desert

18 21.7
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Unit
No.

Thickness 
in Meters

Cumulative 
Thickness 
in Meters

varnish in part; contains fine- to very 
fine-grained quartz, plus microcrystal
line quartz, (chert) and lithic grains 
of siltstone; well- to subrounded; 
moderately sorted; grains replaced by 
sparry calcite in part; silica over
growths replaced by sparry and micritic 
calcite in part and physically rounded 
in part; partially recrystallized 
matrix of quartz and chlorite, plus 
disseminated hematite and clay; 
accessory mineral muscovite; consists 
of one thin bedset; thickens and thins 
along strike; gradational contacts; 
weathers to a ledge; sample IW-18.

17 Silty microsparite: grayish red 2.6 21.3
purple (5 KP 4/2), weathering to same 
color; silty; hematitic; argillaceous; 
slightly micaceous; massive; strata 
are mottled and bioturbated; contains 
small discontinuous pods of very 
hematitic microsparite comprising less 
than 5% of total unit; subhorizontal 
cleavage; slight phyllitic luster; 
weathers to a steep, partially covered 
slope.

16 Microsparite: grayish-red (5 R 4/2), 0.3 18.7
weathering to dark yellowish brown 
(10 YR 4/2); some zones coarsely re- 
crystallized to sparry calcite; hema
titic; argillaceous; contains very 
fine grained sand to coarse quartz 
silt; silica overgrowths partially 
replaced by calcite; minor matrix of 
medium and finer quartz silt; acces
sory minerals include muscovite and 
detrital grains totally altered to 
hematite and clay; consists of one 
thin bedset; gradational contacts; 
laterally variable to less calcar
eous strata; weathers to a ledge; 
sample IW-16.
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Unit Thickness
No. in Meters

15 Silty microsparite: grayish-red (5 R 0.4
4/2), weathering to same color; 
partially recrystallized matrix of 
quartz, chlorite and microsparitic . 
calcite, plus disseminated hematite 
and clay; chlorite laths show paral
lel alignment with rock cleavage; 
partially dolomitized; contains very 
fine grained sand to coarse quartz ' 
silt, plus lithic grains of siltstone; 
silica overgrowths partially re
placed by calcite; accessory minerals 
include muscovite, tourmaline with 
overgrowths and magnetite partially 
altered to hematite; consists of 
one thin bedset; subhorizontal cleav
age; weathers to a ledge; sample IN-15.

14 Microsparite: grayish red purple (5 2.2
RP 4/2), weathering to moderate yel
lowish brown (10 YR 5/4); some zones 
coarsely recrystallized to sparry 
calcite; hematitic; argillaceous; 
slightly gypsiferous (?); contains 
coarse quartz silt; silica over
growths partially replaced by calcite; 
minor partially recrystallized 
matrix of quartz and chlorite; acces
sory minerals include muscovite and 
tourmaline; consists of thin bedsets; 
strata are mottled and bioturbated; 
may contain recrystallized fossil 
debris or worm tubes; laterally 
variable to less calcareous strata; 
weathers to a ledge; sample IN-14.

13 Siltstone: grayish red purple (5 RP 1.5
4/2), weathering to same color; 
calcareous; hematitic; argillaceous; 
slightly sandy and micaceous; massive; 
burrows filled with hematitic mud; 
contacts gradational; subhorizontal 
cleavage; slight phyllitic luster; 
weathers to a partially covered slope.

Cumulative 
Thickness 
in Meters

18.4

18.0

15.8
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Cumulative
Unit Thickness Thickness
No. in Meters in Meters

12 Siltstone: grayish red purple (5 RP 0.2 14.3
4/2), weathering to very dusky red 
(10 R 2/2); coated with desert var
nish in part; contains very fine 
grained sand to coarse quartz silt, 
plus lithic grains of siltstone; well- 
rounded; moderately sorted; silica 
overgrowths, plus trace sparry cal- 
cite cement; very slightly dolomitized; 
overgrowths chloritized in part; 
partially recrystallized matrix of 
quartz, chlorite, and sericite, plus 
disseminated hematite; micaceous 
laths show parallel alignment with 
rock cleavage; accessory minerals 
include muscovite, tourmaline, epidote, 
euhedral biotite altered to chlorite, 
and magnetite partially altered to 
hematite; consists of one thin bed- 
set; continuous along strike; slight 
subhofizohtal cleavage; weathers to 
a ledge; sample IW-12.

11 Siltstone: grayish-purple (5 P 4/2), 0.3 14.1
weathering to same color; contains 
very fine grained sand to coarse quartz 
silt, plus microcrystalline quartz,
(chert) and lithic grains of siltstone; 
well- to subrounded; moderately 
sorted; silica overgrowths chloritized 
in part; partially recrystallized 
matrix of quartz, chlorite and sericite, 
plus disseminated hematite; chlorite 
laths show slight parallel alignment 
with rock cleavage; accessory minerals 
include zircon, magnetite partially 
altered to hematite and euhedral bio
tite altered to chlorite; consists of 
one thin bedset; gradational contacts; 
slight subhorizontal cleavage; weathers 
to a slope; sample IW-11.

10 Quartzarenite: pale-red (10 R 6/2), 3.2 13.8
weathering to grayish-brown (5 YR 3/2); 
medium- to fine-grained; well- to 
subrounded; moderately sorted; silica
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Unit
No.

Cumulative
Thickness Thickness 
in Meters in Meters

overgrowths, plus sparry calcite 
cement; minor sutured contacts; minor 
partially recrystallized matrix of 
quartz, chlorite and sericite, plus 
disseminated hematite; accessory 
mineral muscovite; grades upward to 
sublitharenite; contains fine-grained 
quartz, plus lithic grains of silt- 
stone; well-rounded; moderately sorted; 
silica overgrowths chloritized in part; 
abundant partially recrystallized 
matrix of quartz, chlorite and 
epidote(?), plus disseminated hematite; 
chlorite laths show parallel alignment 
with rock cleavage; lithic grains 
gradational with matrix; accessory 
minerals include zircon, tourmaline 
and euhedral biotite altered to 
chlorite; consists of thick to thin 
bedsets; laterally continuous; 
slight subhorizontal cleavage; 
weathers to a cliff; samples IW-10A 
and IW-10B.

Mudstone: grayish red purple (5 RP 1.4 . 10.6
4/2), weathering to same color; 
partially recrystallized matrix of 
quartz and chlorite, plus disseminated 
hematite; chlorite laths show parallel 
alignment with rock cleavage; very 
slightly dolomitized; contains very 
fine grained sand to coarse quartz 
silt, plus lithic grains of siltstone; 
well-rounded; silica overgrowths 
chloritized in part; accessory 
minerals include magnetite partially 
altered to hematite, feldspar(?) 
totally altered to clay and sericite 
and tourmaline; massive; burrows 
filled with hematitic clay; weak sub
horizontal cleavage; slight phyllitic 
luster; weathers to a rubble covered 
slope; poorly exposed; sample IW-9.
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Cumulative
Unit Thickness Thickness
No. in Meters in Meters

8 Microsparite: moderate-brown (SYR 0.2 9.2
4/4), weathering to same color; some 
zones coarsely recrystallized; hema- 
titic; argillaceous; slightly gypsi
ferous; contains very minor very fine 
grained sand to coarse quartz silt, 
plus lithic grains of siltstone; 
quartz replaced by-calcite in part; 
accessory mineral magnetite partially 
altered to hematite; consists of thin 
nodular bedsets; strata are mottled 
and vertically burrowed; discontinuous 
along strike; weathers to a ledge; 
sample IW-8.

7 Mudstone: grayish red purple (.5 RP 1.1 9.0
4/2), weathering to grayish-purple 
(5 P 4/2); partially recrystallized 
matrix of quartz and chlorite, plus 
disseminated hematite; chlorite laths 
show parallel alignment with rock 
cleavage; very slightly dolomitized; 
contains minor very fine grained sand 
to coarse quartz silt, plus microcrys
talline quartz, (chert) and lithic 
grains of siltstone; subrounded to sub- 
angular; silica overgrowths; accessory 
minerals include magnetite partially 
altered to hematite, and euhedral 
biotite altered to chlorite; massive 
subhorizontal cleavage; weathers to a 
slope; sample IW-7.

6 Microsparite: grayish-red (5 R 4/2), 0.6 7.9
weathering to pale-red (5 R 6/2); some 
zones coarsely recrystallized; hema- 
titic; argillaceous; very slightly 
gypsiferous; minor coarse quartz silt 
partially replaced by calcite; con
sists of one thick bedset; laterally 
variable to less calcareous strata; 
weathers to a prominent ledge; sample 
IW-6.
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Cumulative
Unit Thickness Thickness
No. in Meters in Meters

5 Mudstone: grayish red purple (5 RP 1.4 7.3
4/2), weathering to same color; 
partially recrystallized matrix of 
quartz, chlorite and sericite, plus 
disseminated hematite; chlorite laths 
show parallel alignment with rock 
cleavage; minor fine- to very fine 
grained quartz; accessory mineral 
magnetite partially altered to hema
tite; massive; subhorizontal cleavage; 
slight phyllitic luster; weathers to 
a partially covered slope; sample IW-5.

4 Siltstone: grayish red purple (5 RP 3.2 5.9
4/2), weathering to same color; cal
careous andHeinatitle in part; mas
sive (?) ; weathers to a rubble covered 
slope; very poorly exposed.

3 Microsparite: moderate-brown (5 YR 0.1 2.7
4/6), weathering to same color; some 
zones coarsely recrystallized to sparry 
calcite; hematitic; argillaceous; 
pelletal(?); gypsiferous; gypsum 
approximately one-third of chemical 
component; contains medium-grained 
sand to coarse quartz silt; well- 
rounded; silica overgrowths partially 
replaced by calcite; consists of one 
thin nodular bedset; strata are mottled 
and bioturbated; discontinuous 
laterally; weathers to a ledge; sample 
IW-3.

2 Siltstone: grayish-red (5 R 4/2), 2.1 2.6
weathering to same color; contains 
very fine grained sand to coarse 
quartz silt, plus lithic grains of 
siltstone and micaceous siltstone; 
well— to subrounded; moderately 
sorted; grains chloritized in part; 
silica overgrowths as cement also 
chloritized in part; partially recrys
tallized matrix of quartz, chlorite 
and microsparitic calcite, plus
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Unit
No.

Cumulative
Thickness Thickness
in Meters in Meters

disseminated hematite and clay; 
chlorite laths show slight parallel 
alignment with rock cleavage; lithic 
grains gradational with matrix; acces
sory minerals include muscovite, 
zircon, tourmaline and magnetite 
partially altered to hematite; consists 
of very thick bedsets; weathers to a 
rubble covered slope; sample IW-2.

Siltstone: pale-red (5 R 6/2), 0.5 0.5
weathering to same color; contains 
very fine grained sand to coarse 
quartz silt, plus lithic grains of 
siltstone and micaceous siltstone; 
well- to subrounded; moderately 
sorted; grains chloritized and re
placed by calcite in part; silica 
overgrowths and both sparry and 
microsparitic calcite cement; 
overgrowths replaced by calcite in 
part; partially recrystallized 
matrix of quartz and chlorite, 
plus disseminated hematite and 
clay; lithic grains gradational 
with matrix; accessory minerals 
include muscovite, zircon, tourma
line, magnetite partially altered 
to hematite and euhedral grains 
totally altered to calcite; con
sists of one thick bedset; weathers 
to a ledge; sample IW-1.

Base of section not exposed.



APPENDIX B

MODAL POINT COUNTS

A = monocrystalline quartz 
B = me tamorphic quartz 
C = volcanic quartz 
D = feldspar 
E = rock fragments 
F = micas 
G = unknown
H = calcite, dolomite and gypsum 
I = hematite plus opaques 
J = matrix (less than 0.03 mm)

SAMPLE A B

IW-1 114 1
IW-2 107 1
IW-3 13 0
IW-5 17 0
IW-6 7 0
IW-7 4 0
IN-8 3 0
IW-9 28 1
IW-lOa 274 1
IW-lOb 159 0
IW-11 108 1
IW-12 121 0
IW-14 18 0
IW-15 35 0
IW-16 34 1
IW—18 143 0
IW-19 92 2
IW-21 36 3
IW-22 18 0
IW-2 4 7 2
IW-25 20 1
IW-2 8 1 1
IW-30 159 1
IW-31 155 2
IW-33 114 3

C

0
0
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
0
0
0
0
0
0
1
0

D

0
1
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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SAMPLE A B C D

IW-34 114 3 0 0
IW-36 272 0 0 4
IW-37 265 0 0 22
IW-38 267 0 0 . 2
IW-39 102. . 3 0 0
IW-41 106 0 0 . 4
IW-42 258 3 0 3
IW-43 248 0 0 9
1W-44 194 3 1 1
IW-45 221 1 0 1
IW-46 109 2 ■ 1 0
IW-47 146 0 0 1
IW-49 ' 35 2 0 1
IW-50 111 2 0 1
IW-52 11 0 0 0
IW-53 ■ 42 1 0 1
IW-54 4 1 0 0
1W-55 40 2 0 0
IW-56 5 0 0 0
IW-57 4 0 0 0
IW-58 18 1 0 0
IW-59 61 2 0 0
IW-60 46 1 0 0
IW-61 96 2 0 0
IN-63 12 0 0 0
IW-64 163 6 0 0
IN-65 35 2 0 0
IN-66 24 0 0 0
IN-67 76 3 0 0
IN-68 49 1 1 0
IN-69 23 1 0 0
IN-70 0 0 0 0
IN-71 17 1 0 0
IN-72 4 0 0 0
IN-73 2 0 0 0
IN-74 10 1 0 0
IN-75 64 1 0 0
IN-76 67 1 0 0
IN-77 115 5 0 0
IN-78 10 P 0 0
IN-7 9 1 0 0 0
IN-80 4 0 0 0
IN-83 99 8 0 0
IN-84 116 4 0 9
IN-85 182 4 1 0
IN-86 121 4 0 1
IN-87 108 1 0 0

F G H I J

3 0 0 12 166
1 0 0 1 8
1 0 0 0 6
0 1 0 0 10
1 1 142 34 2
5 3 124 18 22
1 1 0 2 15
2 8 2 9 15
0 3 0 1 52
1 15 8 7 37
3 0 89 65 10
3 3 69 32 21
3 2 207 9 31
0 0 0 5 163
1 0 160 119 6

15 0 7 57 170
0 0 266 24 3
1 1 0 8 236
0 2 256 32 2
0 0 0 37 258
6 0 172 61 41
1 0 175 44 10
9 3 17 63 154
2 1 175 18 2
0 1 253 28 5
0 4 45 20 38
1 1 17 29 207
1 1 223 43 5
1 5 4 16 178
2 0 143 21 78
0 1 0 21 240
0 1 259 32 7
0 1 3 10 267
0 1 228 64 3
0 0 6 25 266
0 0 236 42 8
1 2 182 34 14
1 0 1 55 156
1 2 139 21 9
0 1 9 10 267
0 1 277 20 1
1 0 0 19 274
0 1 39 41 28
5 1 76 29 29
4 0 7 9 82
2 3 65 27 66
2 1 35 17 133

E

2
14
6
20
15
18
17
7

45
9

21
24
10
18

2
7
2
12
4
1
1
7
7
5
3

25
8
2
17
5
4
1
1
0
1
0
2
19
8
3
0
2
84
40
11
11
3



A

59
14
24
113
190
149
117
196
63
120
86
6
11
13
4
0
3

30
91
8

71
10
' 1
24

2
204
203
244
191 L

n
^

J
L

J
O

O
M

O
O

O
l

—‘
O

M
O

O
O

O
M

O
O

O
U

J
M

^
M

h
J

h
J

l
n

O
O

M
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c D E F G H I J
0 0 18 3 1 7 53 ‘ 158
0 0 0 0 0 244 42 0
0 0 5 0 2 0 16 253
0 0 19 3 1 148 11 0
0 0 9 2 1 29 6 61
0 0 17 2 2 1 5 • 122
0 0 8 0 4 138 18 14
0 0 17 3 2 0 4 71
0 0 5 3 2 197 28 0
0 0 14 5 2 13 21 122
0 0 13 1 2 83 8 107
0 0 0 0 0 254 39 1
0 0 5 0 2 222 50 10
0 0 1 0 1 36 20 228
0 0 4 0 2 14 20 256
0 0 0 0 1 247 17 35
0 0 3 0 1 21 11 261
0 0 6 2 4 6 20 232
1 0 23 4 5 6 22 147
0 0 1 3 1 233 25 29
0 0 12 1 4 136 26 49
0 0 0 4 0 1 26 259
0 0 0 0 3 197 29 70
0 0 0 2 1 233 36 4
0 0 5 0 1 6 21 264
0 1 6 0 1 2 7 •71
0 0 8 0 2 28 7 49
0 0 7 0 1 16 5 20
0 0 20 0 2 47 10 15



APPENDIX C

PEBBLE COUNT DATA

1. Location: Indian Well, southern Plomosa Mountains, Yuma County,
Arizona; NW% NE% sec. 14 T2N R18W.

Pebble Lithology Abundance Average Diameter

Quartzarenite 74%
Quartzite/Chert 25%
Unknown 1%

3.60 cm 
2.46 cm 
2.50 cm

Mean of Average Pebble Diameters: 3.31 cm
Average Diameter of Largest Pebble: 13.0 cm

2. Location: French Creek, southern Plomosa Mountains, Yuma County,
Arizona; NE%( NŴ s sec. 9 T2N R18W.

Pebble Lithology Abundance Average Diameter

Quartzarenite 67%
Quartzite/Chert 30%
Dolomite 2%
Limestone 1%

3.28 cm
2.29 cm 
4.50 cm 
3.25 cm

Mean of Average Pebble Diameters: 2.88 cm
Average Diameter of Largest Pebble: 15.75 cm

3. Location: Crystal Hill, southern Plomosa Mountains, Yuma County,
Arizona; SWk NWk sec. 10 T2N R18W.

Pebble Lithology Abundance Average Diameter

57%
39%
4%

Quartzafenite 
Quartzite/Chert 
Limestone
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2.96 cm 
1.74 cm 
4.00 cm



Mean of Average Pebble Diameters: 2.53 cm
Average Diameter of Largest Pebble: 12.0 cm
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4. Location: East Side, southern Plomosa Mountains, Yuma County,
Arizona; NW-s NEk sec. 17 T2N R17W.

Pebble Lithology Abundance Average Diameter

Quartzarenite 68% 2.59 cm
Quartzite/Chert 32% 1.55 cm

Mean of Average Pebble Diameters: 2.26 cm
Average Diameter of Largest Pebble: 8.83 cm

5. Location: Cave Creek, southern Plomosa Mountains, Yuma County,
Arizona; SW% SWk sec. 7 T2N R17W.

Pebble Lithology Abundance

Quartzarenite 
Quartzite/Chert 
Limestone

49%
49%
2%

Mean of Average Pebble Diameters: 2.63 cm
Average Diameter of Largest Pebble: 7.7 cm

Average Diameter

2.78 cm 
2.36 cm 
5.25 cm

6. Location: Black Rock Hill, southern Harquahala Mountains, Yuma
County, Arizona; NW% NWk sec. 19 T3N R13W.

Pebble Lithology Abundance

Quartzarenite 85%
Quartzite/Chert 15%

Mean of Average Pebble Diameters: 4.59 cm
Average Diameter of Largest Pebble: 16,5 cm

Average Diameter

4.61 cm 
4.48 cm
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