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ABSTRACT

The Bolsa Quartzite exposed on Dos Cabezas Ridge in 
southeastern Arizona contains a basal conglomerate com
posed of quartzite pebbles, cobbles, and boulders in a 
sandy, micaceous matrix. The basal conglomerate is domi
nated by a clast-supported facies representing sieve- . 
and sheetflood-type deposition, and a matrix-supported 
facies representing debris-flow deposition. Together, 
these facies were deposited in the proximal mid-fan section 
of an alluvial fan whose source area was to the northeast. 
The Precambrian Pinal Schist quartzite member and the 
Rattlesnake Point Granite now exposed in the Dos Cabezas 
Mountains were the sources of the clasts and matrix of the 
conglomerate.

Petrographic evidence suggests that the basal con
glomerate and the overlying Middle Cambrian Bolsa sand
stones are separated by a disconformity representing a 
hiatus of unknown duration. Therefore, the age of the 
basal conglomerate is speculatively pre-Middle Cambrian.



INTRODUCTION

A prominent basal conglomerate assigned to the Mid
dle Cambrian Bolsa Quartzite crops out in the foothills of 
the Dos Cabezas Mountains near the village of Dos Cabezas 
in Cochise County, Arizona. Basal conglomerates less than 
one meter thick are present locally in the Bolsa Quartzite 
in southeastern Arizona and usually consist of quartZi. and 
quartzite pebbles in a siliceous matrix. The occurrence 
of the basal conglomerate near Dos Cabezas is somewhat 
anomalous, because it consists of pebbles, cobbles, and 
boulders up to 3.5 meters in diameter in a finer sandy 
and micaceous matrix. Only in the Little Dragoon Moun
tains have clasts this large been observed in the Bolsa 
Quartzite. Near Dos Cabezas the conglomerate reaches
thicknesses greater than nine meters and appears to lie in 
broad channel-like depressions in the underlying Precam- 
brian Rattlesnake Point Granite.

Scope and Purpose of Work 
An investigation of the basal conglomerate of the 

Bolsa Quartzite in the Dos Cabezas Mountains was under
taken on six miles of almost continuous outcrops near the 
village of Dos Cabezas, hereafter referred to as Dos
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Cabezas Ridge, in secs. 31 and 32, T. 14 S., R. 27 E., and 
secs. ,2, 3, 4, 11, T. 15 S., R. 17 E. (Figure 1). An ad
ditional mile of outcrop of the conglomerate was examined 
at the base of Bowie Mountain in sec. 24, T. 15 S., R. 28 E. 
and sec. 19, T. 15 S., R. 29 E. In the study area the Bolsa 
Quartzite is resistant and generally supports ridges and 
cliffs or forms rubbly slopes (Figure 2). The Bolsa over- 
lies the Precambrian Rattlesnake Point Granite on Dos 
Cabezas Ridge and the Pinal Schist at Bowie Mountain, and 
in both locations has a gradational contact with the over- 
lying Abrigo.Formation.

The purpose of the study was to determine the source 
of the clasts and the matrix, the environment of deposition 
the diagenetic history, and the stratigraphic relation 
of the basal conglomerate to the overlying Bolsa sand
stones.

Methods of Investigation
The thickness of the conglomerate was measured at 

numerous points on Dos Cabezas Ridge using a Brunton com
pass and a tape. In sec. 2, T. 15 S., R. 27 E., thick
nesses were measured from a horizontal reference bed in 
the Bolsa Quartzite approximately one meter above the 
conglomerate down to the base of the conglomerate. The 
distance along strike between each measured thickness was



Figure 1: Map of northern Cochise County, Arizona showing west-northwest
trending Dos Cabezas Ridge, and Bowie Mountain.



Figure 2: Basal conglomerate and Bolsa sandstones
support ridges and cliffs.
A) Outcrop on Dos Cabezas Ridge just east 

of State Route 186. Stratigraphically 
up is to the right in the photograph.

B) Outcrop at base of BowieuMountain. 
Stratigraphically up is to the left 
in the photograph.
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Figure 2: Basal conglomerate and Bolsa sandstones.



taped. These measurements were used to determine the ver
tical and lateral geometry of the conglomerate. The only 
outcrops are along the strike of the conglomerate; there
fore, the three dimensional geometry of the unit could 
not be determined.

Descriptions made in the field included clast size 
and sorting, clast composition, distribution and nature of 
support of clasts, stratification, and nature of upper and 
lower contacts. Clast shape was determined by measuring 
the long, intermediate,and short axes of clasts and apply
ing Zinggs's classification of pebble shapes (Krumbein and 
Sloss, 1963). Samples of clasts, matrix, and lenses of 
sandstone were collected at various levels within the con
glomerate throughout the outcrop area. Samples of Rattle
snake Point Granite and the quartzite member of the Pinal 
Schist were collected in the Dos Cabezas Mountains, a pos
sible source area for the matrix and clasts of the conglom
erate. Samples of the quartzite member were also collected 
near Bowie Mountain in the northern Chiricahua Mountains.

Laboratory studies consisted of petrographic and 
X-ray diffraction analyses of the clasts and matrix of the 
conglomerate. The matrix was examined and photographed 
with an ISI Super III A SEM. The samples were sputter- 
coated with Au/Pd and an accelerating voltage of 18 KeV 
was used. Several thin sections of the matrix were point- 
counted to determine the percentage composition. The

5
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petrography of the Rattlesnake Point Granite and the Pinal 
Schist quartzite member were compared to clasts and matrix.

Previous Investigations

The lower Paleozoic rocks near Dos Cabezas were 
first described by Gilbert in 1875. Darton (1925) applied 
the name Bolsa Sandstone to the slabby sandstones and lime
stones overlying Precambrian schist two miles west of Dos 
Cabezas and correlated the unit to the Bolsa Quartzite of 
Ransome (1904.) exposed at the type section in Bolsa Canyon 
on the southeast side of Escabrosa Ridge in the Mule Moun
tains near Bisbee, Cochise County, Arizona.

Sabins (1957) studied the basal conglomeratic mem
ber of the Bolsa on Dos Cabezas Ridge and near Bowie 
Mountain and suggested that a monadnock of the Pinal Schist 
quartzite member at the west side of Bowie Mountain was the 
source of the quartzite clasts at the Bowie Mountain local
ity. Erickson (1969) also studied the basal conglomerate 
on Dos Cabezas Ridge and suggested that the source of the 
quartzite clasts was the Pinal Schist quartzite member in 
the Dos Cabezas Mountains and in xenolithic blocks in the 
Rattlesnake Point Granite on Dos Cabezas Ridge. Erickson 
also recognized that the contact between the conglomerate 
and the overlying sandy Bolsa is sharp and may actually be 
a disconformity.
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No diagnostic fossils have been found in the lower 

portions of the Bolsa or in the basal conglomerate; how
ever, most previous workers assigned the conglomerate and 
lowest quarzite beds to the Middle Cambrian because of the 
assumed conformable relations with the overlying strata of 
Middle to Late Cambrian age. Whereas Sabins (1957) in
cluded strata of Dresbachian age in the Bolsa Quartzite, 
Krieger (1968) redefined the section in such a way that 
the Bolsa Quartzite only contained conglomerate and 
quartzite beds of supposed Middle Cambrian age. The 
overlying sandstone, limestone and sandy dolomite beds 
were assigned to the Abrigo Formation (Figure 3).
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GENERAL STRATIGRAPHY

The basal conglomerate of the Bolsa Quartzite on 
Dos Cabezas Ridge consists of two distinctly different 
facies. Over most of its lateral extent the conglomerate 
is composed of clast-supported pebbles, cobbles and boul
ders of white to greyish-purple quartzite up to one meter 
in diameter in a sandy, micaceous matrix. Another facies 
is composed of matrix-supported cobbles and boulders up 
to 3.5 meters in diameter in a sandy, micaceous matrix.
The matrix-supported facies is present only in the central 
portion of the ridge and is best exposed in secs. 3 and 4» 
T. 15 S., R. 27 E. Appendix A contains two field descrip
tions of typical outcrops of the clast-supported facies. 
One field description of the matrix-supported facies is 
also included. Although the three field descriptions are 
not representative of all variations within the conglom
erate, descriptions of additional features are included 
in the remainder of this chapter.

Clast-Supported Facies
The clast-supported facies ranges in thickness from 

zero to 7.5 meters and thickens and thins abruptly. The 
nature of the depositional surface was reconstructed for a 
segment of the outcrop in sec. 2, T. 15 S., R. 27 E. As

9
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explained on page 2, a reference bed in the Bolsa 
Quartzite approximately one meter above the conglomerate 
was chosen from which to measure the thickness of the con
glomerate. The profile (Figure 4) shows the unevenness 
of the surface of deposition. The same unevenness of the 
surface of deposition may be observed at other locations 
on the ridge. However, these locations did not lend 
themselves to accurate thickness measurements because of 
faulting and partially covered sections. In all cases, 
thickest sections occupy lower, channel-like depressions 
in the underlying granite. The upper surface of the con
glomerate is slightly wavy, but is generally horizontal 
to subhorizontal.

The clast-supported facies contains all grain sizes 
from coarse sand to medium boulders. The quartzite peb
bles, cobbles, and boulders are rounded to well-rounded 
with a mean size in the cobble range and a maximum diam
eter of one meter. Although the grain size distribution 
is polymodal, the overall impression is one of bimodality, 
in which the larger cobbles and boulders form a fitted 
framework that is filled with the smaller clasts. The 
lengths of the long, intermediate, and short axes of 140 
clasts were used to plot the shapes of the clasts follow
ing Zingg’s classification (Figure 5). The majority of 
the clasts fit the spheroid, disc, and roller categories.



Figure 4: Thickness profile 
sec. 2, T. 15 S.,

of basal conglomerate, 
R. 27 E.

Datum is a horizontal bed within the Bolsa 
sandstones. Clasts are drawn schematically 
and not necessarily as they appear in the 
exact location noted on the figure. Note 
that the sketch shows a crude graded bedding 
to the left. This feature does appear in 
several locations on the ridge, but not 
necessarily throughout the area of the 
sketch.
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and the average shape is spheroid. Most of the clasts 
show flattened surfaces and indentations due to pressure 
solutioning at the point of contact with other clasts.

Clast arrangement is unstratified and massive ex
cept for local crude graded bedding, in which the largest 
clasts are generally nearer the base of the conglomerate. 
No imbrication of clasts exists, although many clasts 
appear to have the long axis aligned parallel to the as
sumed bedding direction. The bedding direction is in
ferred from the bedding of the overlying sandstones and 
the sandstone lenses present locally in the conglomerate. 
The lenses commonly contain plane-parallel laminations 
which are diverted up and over scattered pebbles and cob
bles (Figure 6). Where a lens pinches out, the remaining 
bed of conglomerate appears to be massive. However, the 
change or break in deposition which caused the deposition 
of the lens is represented in the massive conglomerate by 
a welded or poorly defined contact. Thus, many presumedly 
massive beds were actually formed during multiple depo- 
sitional events.

Matrix-Supported Facies
The matrix-supported conglomerate facies ranges in 

thickness from zero to 9.3 meters. The thickest section 
is exposed in the wash just west of the section line di
viding secs. 3 and 4, T. 15 S., R. 27 E. The matrix is



u

Figure 6: Sandstone lens within the basal conglomerate.

Note the plane-parallel laminations which are 
diverted up and over the included cobble. Lens 
cap is 54 mm in diameter.
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sandy, micaceous, and greyish-purple in color.' The 
clasts are angular to subrounded and several are vertically 
oriented (Figure 7). Size-grading and imbrication are 
absent. The matrix-supported facies contains the largest 
boulders, up to 3.5 meters in diameter, found in the basal 
conglomerate on Dos Cabezas Ridge. Whereas the clast-sup
ported facies contains a continuous spectrum of grain 
sizes from a coarse-grained sandy matrix through medium 
boulders, the matrix-supported facies does not contain 
many pebbles. Many of the large, white quartzite boulders 
resemble the xenolithic blocks of quartzite contained in 
the Rattlesnake Point Granite. Boulders of quartz mon- 
zonite which are rare in the clast-supported facies are 
more common in the matrix-supported facies.

The surface of deposition of the facies is uneven 
and similar to the surface on which the clast-supported 
facies was deposited. The thickest section is a single 
bedding unit and occupies a broad depression reaching a 
maximum depth of 9.3 meters. The facies thickens and 
thins abruptly and pinches out in several locations. No 
interfingering of the clast- and matrix-supported facies 
is evident in the field. However, in a few localities 
the conglomerate appears to be less clast-supported and 
more matrix-supported than the typical clast-supported 
facies, possibly representing a gradational lateral facies 
change.



Figure 7: Matrix-supported conglomerate" located in
the SEiNEi, sec. 3, T. 15 S., R. 27 E.

Note vertically oriented clast near 
head of rock pick. Rock pick handle 
is 29 cm. in length.
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Figure 7: Matrix-Supported Conglomerate
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Contacts

The unconformable contact of the conglomerate with 
the underlying Precambrian Rattlesnake Point Granite is of 
two different characters on Dos Cabezas Ridge. In many 
exposures the contact is sharp and easily recognizable, 
because the granite forms slopes beneath the cliffs of the 
conglomerate. However, at other exposures, the contact 
between the conglomerate and the granite is not as clear.
At these localities the lowest portions of the conglomerate 
include residual and/or transported regolith locally con
taining scattered quartzite cobbles. Thus the exact bound
ary is difficult to distinguish within half a meter (Fig
ure 8). In the Bowie Mountain area the basal conglomerate 
unconformably overlies the Pinal Schist and laps onto a 
Precambrian monadnock of quartzite (Sabins, 1957).

In the central portion of Dos Cabezas Ridge (SWf 
sec. 3, T. 15 S., R. 27 E.) several xenolithic blocks of 
metaquartzite are exposed within the Rattlesnake Point 
Granite. Erickson (1969) identified the blocks as be
longing to the quartzite member of the Pinal Schist. 
Erickson also noted a change in the character of the basal 
conglomerate overlying the blocks of quartzite. To the 
east of the blocks no basal conglomerate exists, whereas 
to the west the conglomerate is three meters thick and 
contains very angular quarzite cobbles and boulders, 
probably reflecting its local derivation.



Figure 8: Contact of the basal conglomerate with the 
Rattlesnake Point Granite.

A) Sharp contact between conglomerate 
(top of picture) and granite.
Arrow points to granite and is 0.5 
meters in length.

B) Red and white arrow rests on regolith 
along contact of conglomerate and ■ 
Rattlesnake Point Granite. Black 
arrow points to quartzite cobble in 
regolith.
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Figure 8: Contact of the basal conglomerate with granite



19
.. At many locations on the ridge a deep greyish- 

purple micaceous. sandstone and claystone bed up to a quar
ter of a meter thick separates the conglomerate from the 
overlying sandstones. The bed contains scattered pebbles 
and cobbles of quartzite and is of the same composition 
as the matrix of the conglomerate. In a few localities 
the conglomerate actually fines upward into this 
bed, while in others an abrupt change in grain size occurs 
from the pebble-cobble-boulder conglomerate to the sandy, 
clayey bed (Figure 9). In either case, the assignment of 
the bed to the basal conglomeratic unit rather than the 
Bolsa sandstones is reasonably certain.

The basal conglomeratic unit is overlain by a 
fining-upward sequence of coarse-grained, cross-bedded 
subarkosic Bolsa sandstones containing local quartz- 
pebble lenses. The angular to subrounded, medium- to 
coarse-grained sand is composed of quartz, orthoclase, 
and plagioclase. The feldspars are all altered to 
sericite. The cement is silicious with small amounts of 
sericite and some hematite staining between grains. The 
thin- to thick-bedded sandstones form ridges and gentle 
dipslopes on Dos Cabezas Ridge.

The contact of the basal conglomeratic unit with 
the Bolsa sandstones is everywhere sharp and easily 
recognizable because of the dramatic change in grain 
size (Figure 10). Because of the sharpness of the



Figure 9: Sandstone and claystone bed between theconglomerate and overlying Bolsa sand
stones.

A) Basal conglomerate fining upward into 
sandstone and claystone bed. Bed is 
considered part of the conglomerate 
unit.

B) Abrupt change from conglomerate to 
sandstone and claystone bed.
Hammer handle is 33 cm in length.
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Figure 9: Sandstone and claystone bed above conglomerate



Figure 10: Contact of the basal conglomerate with
overlying sandstone.

A) Black arrow points to contact.
Conglomerate is to the right in the 
photograph. Note immature road- 
runner (Geococcyx californianus) 
for scale.

B) Conglomerate overlain by cross- 
bedded sandstone.



Figure 10: Contact of basal conglomerate with sandstone.
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contact, Erickson (1969) suggested that the surface may 
be a disconformity. No obvious evidence of erosion on 
the surface is present and no data are available to date 
the strata directly above or below the contact. There
fore, the surface can not be considered a disconformity 
without further evidence such as petrographic differences 
between the conglomerate and sandstones. This will be 
discussed in Diagenesis of Matrix and Age.



PETROLOGY

Composition and Source of Clasts
The majority of the clasts comprising the basal con 

glomerate are metaquartzite in composition. The quartz 
grains interlock due to recrystallization of grains so 
that but few ghosts of the original rounded quartz grains 
are visible. The moderately well-sorted quartz grains 
range in size from fine to coarse sand. Large flakes of 
muscovite and clay- to silt-sized flakes of mica identi
fied as sericite by X-ray diffraction occur in small 
amounts between quartz grains.

Probable sources for the quartzite clasts are the 
quartzite member of the Pinal Schist exposed at Bowie 
Mountain (Figure 11), the quartzite member of the Pinal 
Schist exposed in the Dos Cabezas Mountains (Figure 12), 
and the xenolithic blocks of quartzite contained in the 
Rattlesnake Point Granite on Dos Cabezas Ridge. The 
petrology of the quartzites was examined by Erickson 
(1969). The quartzite in the Dos Cabezas Mountains in
cluding the xenolithic blocks on Dos Cabezas Ridge is 
white, massive, medium- to coarse-grained and contains 
local thin dark laminae of magnetite. Small amounts of 
interstitial sericite and fine-grained quartz occur 
locally. The white quartzite is interbedded with

23



Figure 11: Bowie Mountain
Precambrian monadnock of the Pinal Schist 
quartzite member.

A) Picture taken from the southwest 
looking northeast. Arrow points 
to Bowie Mountain.

B) Highest point is Bowie Mountain.
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Figure 11: Bowie Mountain



Figure 12: Dos Cabezas Mountains.
Picture taken from the center of Dos 
Cabezas looking northeast. Arrow points 
to Pinal Schist quartzite member in 
secs. 21 and 22, T. 14 S., R. 27 E.
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Figure 12: Dos Cabezas Mountains.
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red-brown quartzite containing mostly fine-grained quartz 
and a large proportion of sericite and muscovite. The 
quartzite contains local zones of phyllite and very fine
grained quartzite. The quartzites on Bowie Mountain are 
of similar character.

Because of the similarities of the quartzites in 
the three localities, the proximity of the quartzites to 
the conglomerate can be used to determine the source 
areas for particular portions of the conglomerate. In the 
Bowie Mountain area approximately 15 miles to the east- 
southeast, Sabins (1957) noted an increase in size and 
angularity of quartzite clasts as the conglomerate lapped 
against a Precambrian monadnock of the quartzite member 
of the Pinal Schist on the west side of Bowie Mountain. 
Bryant (1978) assumed the Precambrian monadnock to be the 
source for the clasts of the conglomerate at Bowie Moun
tain, the more proximal source for the pebbles, cobbles, 
and boulders of the clast-supported conglomerate on Dos 
Cabezas Ridge is the Pinal Schist quartzite member in the 
Dos Cabezas Mountains. The very large-sized quartzite 
boulders in the matrix-supported conglomerate (secs. 3 
and 4» T. 15 S., R. 27 E.) closely resemble the xenolithic 
blocks of quartzite contained locally in the Rattlesnake 
Point Granite in terms of petrology, size and shape.
Thus, the xenolithic blocks are the most proximal and 
logical source for the boulders and some smaller clasts.
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Other clasts contained in the basal conglomerate 

include rare quartzose siltstones, feldspathic phyllites, 
red chert, and quartz monzonite. While the feldspathic 
phyllites and quartzose siltstones were apparently derived 
from the Pinal Schist in the Dos Cabezas Mountains, the 
specific formation from which the chert clasts come are 
not known. It is assumed that the clasts were not trans
ported very far and that the source Was the Precambrian 
rocks now exposed nearby in the Dos Cabezas Mountains.

The quartz monzonite clasts generally occur as 
cobbles near the base of the conglomerate or as boulders in 
the matrix-supported facies. The clasts are petrographi- 
cally identical to the Rattlesnake Point Granite. The 
reason for the rarity of quartz monzonite clasts in the 
conglomerate can be accounted for by the tendency for the 
Rattlesnake Point Granite to be disintegrated into indi
vidual components. The Rattlesnake Point Granite is compo- 
sitionally and texturally a rapakivi quartz monzonite con
taining large potash feldspar phenocrysts which are often 
mantled by plagioclase rims (Erickson, 1969). The term 
rapikivi is a Finnish word meaning crumbling stone and 
referring to the rapid disintegration of the rock upon 
weathering (Sederholm, 1928, in Erickson, 1969). The 
iron- and magneium-rich minerals alter rapidly, while 
feldspars continue the breakdown to sericite which began 
during deuteric reactions. These alterations promote the
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disintegration of the quartz monzonite and release of 
individual minerals including quartz, altered feldspars, 
magnetite and epidote (Erickson, 1969). Because of the 
ease with which the quartz monzonite disintegrates, very 
few cobbles or boulders survive the erosion process as is 
evidenced by the rarity of any fragments of the quartz 
monzonite larger than sand or pebbles in recent stream 
channels. Only in the matrix-supported facies are quartz 
monzonite clasts relatively common probably because of the 
nature of deposition of the facies (see Environment of 
Deposition. page 44). Although very few clasts of the 
basal conglomerate overall were derived from the Rattle
snake Point Granite, weathering products of the quartz 
monzonite were most likely readily available for the 
matrix of the conglomerate.

Composition and Source of Matrix 
The matrix and sandy, laminated lenses of the basal 

conglomerate are composed of sand- and silt-sized quartz, 
quartzite, muscovite, magnetite, and epidote, and silt- 
and clay-sized sericite and hematite. Quartz grains are 
angular to rounded with straight to slightly undulose 
extinction. Sericite occurs in two forms: discrete
masses from the alteration of feldspar, and clay-sized 
flakes surrounding and supporting other grains of the 
matrix (Figure 13).



Figure 13: Thin section of the matrix of the
conglomerate.

A) Cross-polarized light, approx. 35X. 
Matrix of the clast-supported facies 
containing sand-sized quartz and 
sericite.

B) Cross-polarized light, approx. 35X. 
Matrix of the matrix-supported 
facies containing sand-sized quartz, 
magnetite, feldspar altered to seri
cite (see arrow), and other finegrained sericite.
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Figure 13: Thin section of the matrix of conglomerate



Euhedral magnetite and hematite pseudomorphs after 
magnetite are present in samples of the matrix from many 
localities along the ridge. Although Creasy (1967) has 
suggested the magnetite was detrital, petrographic evi
dence indicates that in most occurrences the magnetite was 
diagenetic in origin. One exception is shown in Figure 14> 
where subrounded magnetite is concentrated along lamina-i - 
tions in a sandy lens. In most occurrences, however, the 
magnetite is not the hydraulic equivalent of the quartz 
grains and is not concentrated along laminations (Figure 
15). The actual conditions of formation of the magnetite 
will be discussed in the following section, Diagenesis of 
Matrix.

The fine-grained sandstone and claystone bed con
tained locally at the top of the conglomeratic unit is of 
the same composition as the matrix and the sandy laminated 
lenses in the basal conglomerate. At many localities on 
the ridge the bed is sand-rich and contains predominantly 
quartz and quartzite grains with sericite in the inter- 
sticies. At other localities the bed contains silt- and 
clay-sized quartz and sericite with scattered coarse 
silt-sized euhedral magnetite grains, many of which have 
been altered to hematite.

Point counts of representative samples of the 
matrix of the clast-supported facies yield a composition 
of 78 percent quartz, 21 percent sericite, and 1 percent
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Figure 14: Magnetite concentrated along laminations
in a sandy lense.

A) Plane-plarized light, approx. 35X. 
This magnetite is a good example 
of detrital magnetite.

B) Same thin section, cross-polarized light. Thin section also contains 
sand-sized quartz and chert with 
sericite between grains.
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Figure 14 Magnetite concentrated along laminations



Figure 15: Thin section of matrix containing euhedral diagenetic magnetite.

A) Cross-polarized light, approx. 10CX. 
Euhedral magnetite surrounded by 
sand-sized feldspar altered to seri- 
cite, quartz, and smaller flakes of 
diagenetic sericite.

B) Plane-polarized light, approx. 10CX. 
Euhedral magnetite surrounded by 
silt- to clay-sized sericite and 
quartz.



Figure 15: Diagenetic magnetite
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magnetite. Point counts of representative samples of the 
matrix-supported facies yields a composition of 34 percent 
quartz, 66 percent sericite (3 percent as discrete masses 
from alteration of feldspars), and 1 percent magnetite.

Probable proximal sources for the detrital portions 
of the matrix and sandstone;beds in the basal conglomerate 
are the Rattlesnake Point Granite, the Pinal Schist 
quartzite member, and perhaps other rocks in the Dos 
Gabezas Mountains. As discussed in the previous section, 
the low resistivity to erosion of the Rattlesnake Point 
Granite caused the release of weathering products which 
were incorporated into the matrix and sandstone beds.
These products included quartz, altered feldspars (seri
cite), muscovite, and small amounts of magnetite and 
epidote. Quartzite and additional quartz grains were 
most likely derived from the Pinal Schist quartzite member.

Diagenesis of Matrix
Diagenetic changes in the matrix include altera

tion of feldspars to sericite, the formation of additional 
sericite from sources other than feldspars, rare dissolu
tion of quartz, and formation of euhedral magnetite. 
Ninety-nine percent of the feldspars in the matrix are 
completely altered to sericite which was identified by 
X-ray diffraction. The few feldspars which are not com
pletely altered show a micrographic intergrowth of quartz.



Discrete masses of sericite in the matrix are indicators of 
alteration of feldspars following deposition (Figure 16). 
The masses are far more abundant in the matrix-supported 
facies than in the clast-supported facies. Additional 
sericite formation is indicated by the dissolution of the 
boundaries of some quartz grains and the growth of sericite 
in the dissolved portions. Figures 17 and 18 are SEM 
photographs of sericite. The sericite is in angular, dis
oriented flakes. Although X-ray diffraction indicates 
that no clay minerals are present in the matrix, clay 
minerals may have originally been deposited with the 
matrix. Upon deep burial and/or increase in temperature 
to the pre-greenschist facies (<300*C), a clay mineral 
such as illite could have been altered to sericite 
(Muller, 1967).

Euhedral magnetite of diagenetic origin is shown 
in an SEM photograph (Figure 19). Two elements necessary 
for the formation of diagenetic magnetite are iron or 
iron oxide, and an increase in temperature. A source for 
the iron and iron oxide is the oxidation of the horn
blende, biotite and magnetite from the Rattlesnake Point 
Granite. With an increase in temperature, low grade

\metamorphism causes reduction of the iron oxide to mag
netite (Barker, 1932). In a few samples of the magnetite, 
formation was so extensive that only magnetite and quartz 
remain (Figure 20). All of the diagenetic changes noted
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Figure 16: Discrete mass of sericite from alteration of
feldspar.

Photograph taken under cross-polarized light. 
Mass is surrounded by quartz and magnetite . 
Magnification approximately 35X.



Figure 17: SEM photographs of sericite.

A) Area of matrix dominated by sericite. 
Some grains suggest pseudo-hexagonal shape. Longest scale bar is 1 0 ,u.m.

B) Sericite grains abut quartz grain to 
left in photo. Longest scale bar is 
1 /xm.
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Figure 17: SEM photographs of sericite.



Figure 18: SEM photographs of nonoriented sericite.

A) Flakes of sericite are nonoriented
and range in size from 2 ̂ m to 12 /tm. 
Longest scale bar is 1 //.m.

B) Area of matrix dominated by nonoriented 
sericite. Longest scale bar is 10/^m.
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Figure 18: SEM photographs of nonoriented sericite.



Figure 19: SEM photograph of euhedral magnetite surrounded
by sericite.

Longest scale bar is 10 ymm.
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Figure 20: Photograph of thin section containing pre
dominantly magnetite and quartz.

Sample from sandstone lens within the con
glomerate. Cross-polarized light, 35X.



above have been attributed to a low grade of metamorphism
40

with temperatures less than 300°C. The timing of the 
metamorphism will be discussed in Age, page 49.



ENVIRONMENT OF DEPOSITION

Paleogeography
Although the exact time of deposition of the basal 

conglomerate is in question (see Age, page 4̂ 9)» it is as
sumed that the paleogeographic setting was similar to that 
during the Cambrian. The major tectonic elements of the 
Cambrian time are shown in Figure 21. Located to the 
northwest was the Cordilleran miogeocline with an adja
cent shelf area in northern Arizona. Central and eastern 
Arizona was dominated by the southwestward extension of 
the Transcontinental Arch, the Defiance Positive Area, 
while the Sonoran geosyncline was present to the south 
(Pierce, 1976). Northern and southeastern Arizona were 
situated on a relatively stable cratonic shelf during the 
Cambrian. Marine transgression from the west-northwest 
began in northern Arizona in the Early Cambrian (McKee, 
1969). Southeastern Arizona was transgressed by seas 
from the west-southwest by the Middle Cambrian (Krieger,
1968) . Quartz-rich transgressive shoreline sequences in 
Arizona were deposited during a series of marine advances 
followed by periods of nonadvance or regression (McKee,
1969) .

The Precambrian surface on which the Cambrian 
transgressive sequence was deposited in southeastern
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Cochi County

Figure 21: Major tectonic elements of the Cambrian (after

Generalized isopach of the Cambrian System.



Arizona was considered a peneplain in the Dos Cabezas area 
(Sabins, 1957), while in other areas such as the Little 
Dragoon Mountains, relief on the surface reached a maxi
mum of 92 meters (Cooper and Silver, 1964). The surface 
of deposition of the basal Bolsa conglomerate on Dos 
Cabezas Ridge has been described as a "profound unconform
ity on a peneplain truncating the Precambrian basement" 
and a smooth planar surface (Sabins, 1957), and as an 
irregular erosion surface of low relief (Krieger, 1968). 
Although in some outcrops in the area the surface appears 
to be smooth and planar, the thickness profile (Figure 4) 
prepared during the present study confirms the unevenness 
of the surface of deposition on Dos Cabezas Ridge.

Sabins (1957) noted the presence of a monadnock of 
the basal conglomerate at Bowie Mountain. Several such 
late Precambrian quartzite monadnocks have been described 
in northern and central Arizona (McKee, 1951). It is 
probable that another monadnock of the Pinal Schist 
quartzite member was present in the Dos Cabezas Mountains 
and was the source area for the basal conglomerate. 
Erickson (1969) described the xenolithic blocks of Pinal 
Schist quartzite on Dos Cabezas Ridge as monadnock-like. 
The Pinal Schist quartzite now exposed in the Dos Cabezas 
Mountains may also have been exposed during deposition of 
the conglomerate. Although no evidence of depositional 
contact of the conglomerate on the quartzite exists at
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the present time, such a contact may have been removed by 
the extensive folding and faulting which has occurred 
since deposition.

Conditions of Deposition
Interpretations of the conditions of deposition of 

the Bolsa quartzite on Dos Cabezas Ridge have generally 
referred only to the sandstone portions of the formation. 
Based upon composition, sedimentary structures, and sedi
mentary textures, previous investigators have interpreted 
the Bolsa as shallow water, nearshore sediments deposited 
in a sea transgressing from the west-southwest (Lochman- 
Balk, 1971; Sabins, 1957; Gilluly, 1956). In other 
localities, including the Swisshelm and Whetstone Moun
tains, the Bolsa sandstones were deposited in part under 
tidal flat conditions (Bryant, 1978). Bryant also noted 
that the thin lenses of pebbles in the lower portions of 
the Bolsa sandstones could indicate deposition in fluvial 
channels.

The environment of deposition of the basal con
glomerate on Dos Cabezas Ridge has only been directly 
interpreted by Bryant (1978) who suggested that the ab
rupt thickening and thinning of the conglomerate is in
dicative of channels in a fluvial environment. The 
present investigation suggests that the conglomerate was 
deposited in an alluvial fan-type environment.



The two facies of the conglomerate represent dep
osition within different subenvironments in an alluvial 
fan. The matrix-supported facies is characterized by un
graded and unstratified angular to subrounded cobbles 
and boulders suspended in a sandy, micaceous matrix.
These characteristics are suggestive of a viscous debris- 
flow mode of origin (Walker, 1975; Bull, 1972; Blissen- 
bach, 1954). The highly viscous nature of the flow is 
indicated by the ungraded distribution of the largest 
clasts throughout the flow and the vertical orientation 
of some of the tabular clasts (Bull, 1972). In several 
locations the debris-flow material is topped by a sandy 
to clayey bed which can be attributed to the waning 
stages of the flow (Brookfield, 1980). The matrix-sup
ported facies is a single bedding unit which primarily 
occupies a broad depression reaching a maximum depth of 
9.3 meters and pinching out in both strike directions. 
Only one sedimentation event is represented by the 
matrix-supported facies. Although debris-flow deposits 
are not easily preserved in the geologic record because 
of the susceptibility to erosion under most environ
mental conditions, the position of the debris-flow in 
the depression may have aided in preservation. Other 
debris-flow events may have occurred which were sub
sequently reworked and eroded.



The clast-supported facies is characterized by 
crude, graded to massive bedding with a fitted framework 
of rounded- to well-rounded pebbles, cobbles and boul
ders, lenses of plane-parallel laminated sandstone, crude 
horizontal alignment of one axis of many clasts, and 
distinct thickening and thinning of the unit. These 
characteristics are indicative of subaqueous transport 
of a high sediment load in which clasts were not totally 
free to move relative to one another. Speculatively, 
the clast-supported facies is interpreted as sieve de
posits and reworked sieve deposits. Typically, sieve 
deposits are composed of well-sorted, subangular blocks 
of jointed quartzite or similarly resistant rocks in 
massive beds with welded contacts between beds (Bull, 
1972). Although the clast-supported facies contains more 
rounded clasts and has a wider range of clast sizes than 
the typical sieve deposit, the fitted fabric, massive 
bedding with welded contacts, the general geometry of the 
majority of the facies is more characteristic of sieve 
deposits than other water-laid deposits. The framework 
of the sieve deposits is filled with pebbles and sand 
of quartz and quartzite which most probably were infil
trated at a later time when flows were not strong enough 
to carry the fine-grained deposits further. The local 
lenses of sandstone within the clast-supported facies 
also imply changes in competance of flows, thus



47
allowing the deposition of sand within the framework, and 
as beds which were later covered by other lobes of sieve 
deposits. In some localities along the ridge the amount of 
sand within the conglomerate as matrix and as lenses in
creases to the point that the mechanism for deposition 
appears to be sheetflood, in which the sand and larger- 
sized clasts were deposited at the same time by sheets of 
sediment-laden water (Bull, 1972).

As in the matrix-supported facies, the clast-sup
ported facies contains a thin, plane-laminated sandstone tc 
claystone bed above the pebbles, cobbles and boulders in 
many localities along the ridge. The bed appears to rep
resent the final stages of fluvial deposition of sediments 
on the alluvial fan. The presence of the fine-grained 
sediments at some localities and not at others leads to 
the assumption that erosion may have removed the bed in 
some areas and reduced its thickness in others.

Together, the evidence for sieve, sheetflood, and 
debris-flow sedimentation indicates an alluvial fan envi
ronment. In general, alluvial fan deposits show a 
decrease in grain-size and number of debris-flow deposits 
and an increase in sorting in the downstream, basinward 
direction. Unfortunately, the outcrop of the basal con
glomerate on Dos Cabezas Ridge only provides a two-dimen
sional view of a proximal, mid-fan region; therefore,
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the nature of fan-toe deposits and relations to basinal 
facies are not known.

Vertical stratigraphic relations with the overlying 
Bolsa sandstones are of an interesting nature. The sand
stones are slabby, cross-bedded, subarkoses with thin 
lenses of quartzite-pebble conglomerate, and contain no 
fossils. Bryant (1978) suggested that the pebbly lenses 
in the sandstones represent fluvial channels, although 
tidal channel lag may be more probable. The remainder of 
the sandstone has been described as marginal to shallow 
marine including tidal-flat deposits (Bryant, 1978; Hayes, 
1978; Lochman-Balk, 1971; Krieger, 1968; Sabins, 1957). 
Environmental analyses of unfossiliferous sandstones depend 
on the environmental analyses of adjacent units. In light 
of the new interpretation of the basal conglomeratic unit 
as an alluvial fan deposit, the interpretations of the 
conditions of deposition of the Bolsa sandstones could 
possibly be more accurately interpreted. More accurate 
definition of the environment of deposition of the Bolsa 
sandstones will enable interpretation of the true nature 
of the contact between the conglomerate and the sandstones. 
For example, is the surface a disconforraity or did the 
change of environment occur without a break in deposition.
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The age of the Bolsa Quartzite as determined by 
Krieger (1968) based on conformable relations with over- 
lying strata of Middle to Late Cambrian age is Middle Cam
brian. Thin, pebbly, basal conglomerates occur locally in 
the Bolsa Quartzite in southeastern Arizona. In most areas
the contact between conglomerate and overlying sandstones 
is gradational and no distinct change in environment of 
deposition occurs. Therefore, the inclusion of the basal 
conglomerate in the Middle Cambrian age assignment with no 
distinct hiatus between deposition of conglomerate and 
sandstone is acceptable. The basal conglomerate on Dos 
Cabezas Ridge, however, is somewhat anomalous in that the
conglomerate is up to 9.3 meters thick aid contains pebbles, 
cobbles, aid boulders. The upper contact with the Bolsa 
sandstones is abrupt. The abruptness of the change from 
conglomerate to sandstone has been interpreted by Erickson 
(1969) as a disconformity with a break in deposition over 
a particular length of time. Evaluation of the existence 
of a disconformity and the length of the associated hiatus 
is difficult or impossible because of the absence of dis
tinctive paleontologic evidence. Reanalysis of the en
vironment of deposition of the Bolsa sandstones may however 
provide more evidence to support or contradict the presence 
of a disconformity.

i££
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Although assignment of an absolute age to the con

glomerate and the Bolsa sandstones is not possible, petro
graphic evidence can be used to evaluate the age relations 
of the two units. The conglomerate and sandstones were 
derived from the same source rocks•(Bryant, 1978), however, 
the two rock units are not petrographically identical. 
Whereas the sandstones are subarkosic with feldspars al
tered to sericite, the matrix of the conglomerate does not 
contain enough feldspars or altered feldspars to have been 
subarkosic. The sandstones do not contain magnetite, 
whereas the conglomerate contains significant amounts of 
sedimentary and diagenetic magnetite. Considering that 
the source rocks for the conglomerate and sandstones are 
apparently the same, it is significant that the sandstones 
do not contain diagenetic magnetite. As discussed on 
page 34-, the conglomerate appears to have been affected 
by low temperature metamorphism (<300*C) causing the 
formation of magnetite and additional sericite. The time 
of metamorphism is questionable; however, the event 
probably occurred prior to deposition of the sandstone 
because of the absence of indications of this low tem
perature metamorphism in the Bolsa sandstones. Shallow 
burial, a local to regional low temperature event and sub
sequent erosion of a portion of the alluvial fan prior to 
deposition of the sandstones is highly probable. Although 
no obvious field evidence indicates that the upper surface
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of the conglomerate is erosional, the thinness of the unit 
compared to most documented alluvial fans, and the neces
sity of some burial to accomplish the low temperature 
metamorphism suggest that the conglomerate was eroded 
prior to deposition of the Bolsa sandstones. Therefore, 
the petrographic evidence indicates that the contact 
between the conglomerate and Bolsa sandstones may be a 
disconformity with a hiatus of unknown duration.



SUMMARY AND CONCLUSIONS

The basal Bolsa Quartzite, conglomerate on Dos 
Cabezas Ridge contains predominantly quartzite pebbles, 
cobbles and boulders in a sandy, micaceous matrix. The 
basal conglomerate is dominated by a clast-supported 
facies characterized by graded to massive bedding with a 
fitted framework of rounded to well-rounded pebbles to 
boulders. A matrix-supported facies occurs in the central 
portion of the outcrop area and is characterized by un
graded and unstratified angular to subrounded cobbles and 
boulders suspended in a sandy, micaceous matrix. At many 
localities along the ridge the conglomerate is conformably 
overlain by a sandstone to claystone bed separating the 
conglomerate from the overlying Bolsa sandstones.

The sources of the clasts and matrix are the Pre- 
cambrian Pinal Schist, Rattlesnake Point Granite and other 
Precambrian rocks now exposed in the Dos Cabezas Mountains 
to the northeast. The clasts and detrital portions of the 
matrix were carried by debris-flow mechanisms to form the 
matrix-supported facies. Sieve- and sheetflood-type 
deposition formed the clast-supported facies. These 
facies were subenvironments in the proximal, mid-fan sec
tion of an alluvial fan.

52



53
Paleontological data are not available to directly 

date the time of deposition of the conglomerate or the 
Bolsa sandstones. However, petrographic evidence suggests 
that the basal conglomerate and overlying Middle Cambrian 
Bolsa sandstones are separated by a disconformity rep
resenting a hiatus of unknown duration. Petrographic 
evidence includes indications of low temperature meta
morphism affecting the conglomerate but not the sandstones. 
Although a specific amount of time cannot be assigned to 
the hiatus between deposition of the conglomerate and the 
sandstones, the time of deposition of the conglomerate 
is speculatively pre-Middle Cambrian.

Recommendations for Further Research 
During the course of the present study, several 

questions were raised which could not be answered ade
quately with the available field, laboratory data, and 
time considerations. Future research including field and 
laboratory studies could be done in the following areas:

1) Reanalysis of the environment of deposition of the 
Bolsa sandstones in light of the new interpretation of the 
basal conglomerate as alluvial fan deposits.

2) Reevaluation of the contact between the conglomerate 
and Bolsa sandstones based on the reanalysis of the 
environment of deposition of the sandstones; evaulation of 
regional significance of the surface.



3) Comparison of the basal conglomerate and sandstones on 
Dos Cabezas Ridge with the Bolsa Quartzite in/the Little 
Dragoon Mountains where the conglomerate is also a con
spicuous boulder bed; .evaluation of the regional sig
nificance of the conglomerates.
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APPENDIX A

MEASURED SECTIONS 

Section 1
SWiSWi sec. 2, T. 15 S., R. 27 E., Dos Cabezas Quadrangle, 
Cochise County, Arizona. Conglomerate measured and de
scribed approximately 100 meters east of State Route 186.

Quartzite pebble-cobble-boulder conglomerate; 
medium light-grey (N6), weathers moderate yel
lowish-brown (10YR 5/4); boulders as large 
as 0.5 meters, generally smaller, average about 
15 centimeters; rounded to well-rounded, ovoid 
in cross-section, very poorly sorted; unstrati
fied, clast-supported fabric with evidence of 
pressure solutioning at contacts between clasts,
1-axis of many large clasts aligned roughly 
parallel to bedding of overall unit; matrix 
composed of quartz with accessory magnetite, 
coarse-grained, subangular; massive, crude 
graded-bedding; forms lower part of prominent 
ridge; sharp unconformity at base lies on 
Rattlesnake Point Granite; overlain sharply by 
cross-bedded quartzose sandstones with pebbly 
lenses.............................. 2.4m thick
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Section 2

NEiNWi sec; 4» T. 15 S., R. 27 E., Dos Cabezas Quadrangle 
Cochise County, Arizona. Conglomerate measured ana de
scribed on ridge east of the dirt road in OB Draw, 1 mile 
east of the town of Dos Cabezas. See Figure 22.

Quartzite pebble-cobble-boulder conglomerate;
medium grey (N5), weathers same; boulders as
large as 0.3 meters, generally much smaller,
average 15 centimeters; well-rounded, ovoid
in cross-section, very poorly sorted; clast-
supported fabric, unstratified; contains 1
meter long lens of sandstone 0.5 meters above
the base, 0.15 meters thick; matrix composed
of quartz with rare orthoclase altering to
sericite, clayey, coarse-grained, subrounded,
moderately sorted; massive; forms lower
part of prominent ridge; sharp unconformity
at base lies on Rattlesnake Point Granite;
contact with overlying sandstones covered
by rubble.................... ..........5.5m thick



Figure 22: Measured section 2, NEiNWi sec. 4, T. 1$ S.,
R. 27 E.

Conglomerate measured and described near 
arrow.
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Section 3

SEiNEi sec. 3» T. 15 S., R. 27 E., Dos Cabezas Quadrangle, 
Cochise County, Arizona. Conglomerate measured and de
scribed at base of ridge in wash to the west of the section line dividing sections 2 and 3.

Quartzite cobble-boulder conglomerate; medium 
grey (N5), weathers same; boulders as large 
as 1.5 meters, generally smaller, average 75 
centimeters; angular to subrounded, larger 
clasts more rounded, oblong shape in cross- 
section, very poorly sorted; consists of 
quartzite and quartz monzonite boulders; 
matrix-supported with unordered fabric, un
stratified, ungraded; matrix composed of 
quartz, mica and accessory euhedral magnetite, 
medium- to coarse-grained, subangular; 
massive, forms bold outcrop at base of ridge; 
sharp unconformity at base lies on Rattle
snake Point Granite; sharply overlain by 
slabby, quartzose sandstones............ 9.3m thick



REFERENCES CITED

Blissenbach, E., 1954» Geology of alluvial fans in semi- 
arid regions: Geol. Soc. America Bull., v. 65,
p. 175-190.

Brookfield, M. E., 1980, Permian intermontaine basin sedi
mentation in southern Scotland: Sedimentary Geol.,
v. 27, p. 167-194.

Bryant, J. ¥., 1978, Origin and stratigraphic relations of 
Cambrian quartzites in southeastern Arizona: Univ.
of Arizona, unpublished M.S. thesis, 88p.

Bull, W. B., 1972, Recognition of alluvial-fan deposits in 
the stratigraphic record, in J. K. Rigby, and W. K. 
Hamblin (eds.), Recognition of ancient sedimentary 
environments; Soc. Econ. Paleontologists and Min
eralogists Special Publ. 16, p. 63-83.

Cooper, J. R., and Silver, L. T., 1964, Geology and ore
deposits of the Dragoon quadrangle, Cochise County 
Arizona: U. S. Geol. Survey Prof. Paper 416, 196p.

Creasy, S. C., 1967, General geology of the Mammoth quad
rangle, Pinal County, Arizona: U. S. Geol. Survey
Bull. 1218, 94p.

Darton, N. H., 1925, A resume of Arizona geology: Arizona
Bur. Mines Bull. 119, Geol. Ser. 3, 298p.

Erickson, R. C., 1969, Petrology and geochemistry of the 
Dos Cabezas Mountains, Cochise County, Arizona:
Univ. of Arizona, unpublished Ph. D. dissertation, 
441p.

Gilbert, G. K., 1875, Report on geology of portions of New 
Mexico and Arizona: U. S. Geog. and Geol. Survey
West of 100th Meridian, v. 3, p. 503-507.

Gilluly, J., 1956, General geology of central Cochise
County, Arizona, with sections of age and correla
tion by A. R. Palmer, J. S. Williams, and J. B. 
Reeside, Jr.: U. S. Geol. Survey Prof. Paper 281,
I69p.

59



60
Marker, A., 1932, Metamorphism, A study of the transforma

tion of rock-masses: Methuen and Co., Ltd., London,
360p.

Hayes, P. T., 1978, Cambrian and Ordovician rocks of south
eastern Arizona and southwestern New Mexico: New
Mexico Geol. Soc. Guidebook, 29th Field Conf., 
p. 165-173.

Krieger, M. H., 1968, Stratigraphic relations of the Troy 
Quartzite (younger Precambrian) and the Cambrian 
formations in southeastern Arizona, in S. R. Titley 
(ed.), Southern Arizona Guidebook 3, Geol. Soc. 
America Cordilleran Sec., 64th Ann. Mtg., Tucson, 
1968: Arizona Geol. Soc., p. 22-32.

Krumbein, W. C., and Sloss, L. L., 1964, Stratigraphy and 
sedimentation: Freeman and Co., San Francisco,

p. 107.
Lochman-Balk, C., 1971, The Cambrian of the craton of the 

United States, in C. H. Holland (ed.), Cambrian of 
the New World: John Wiley and Sons, Inc.-Inter
science, London-New York, p. 79-167.

McKee, E. D., 1951, Sedimentary basins of Arizona and ad
joining area: Geol. Soc. America Bull., v. 62,
p. 481-506.

, 1969, Paleozoic rocks of Grand Canyon, in 
W. J. Breed, and E. C. Root (eds.), Geology of the 
Grand Canyon: Museum of Northern Arizona and Grand
Canyon Natrual History Association, Flagstaff, 
p. 42-64«

Muller, G., 1967, Diagenesis in argillaceous sediments, in 
G. Larsen.and G. B. Chilingar (ed.), Diagenesis in 
sediments: Elsevier, Amsterdam, p. 127-177.

Pierce, H. W., 1976, Elements of Paleozoic tectonics in
Arizona: Arizona Geol. Soc. Digest, v. 10, p. 37-57.

Ransome, R. L., 1904, The geology and ore deposits of the 
Bisbee quadrangle, Arizona: U. S. Geol. SurveyProf. Paper 21, 168p.

Sabins, F. F., 1957, Stratigraphic relations in Chiricahua 
and Dos Cabezas Mountains, Arizona: Am. Assoc.Petroleum Geol. Bull., v. 41, p. 466-510.



61
Sederholm, A., 1928, On orbicular granites, spotted and

nodular granites, ets., and on the rapikivi texture: 
Bull, de la Comm. Geol.de Finlande, v. 83.

Walker, R. G., 1975» Conglomerate: Sedimentary structures
and facies models, in J. C. Harms, et. al. (eds.), 
Depositional environments as interpretation from 
primary sedimentary structure and stratigraphic 
sequences: Soc. Econ. Paleontologists and Miner
alogists Short Course no. 2, p. 133-161.

s & a & r



/a—
V 8  42 3



/


