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STRATIGRAPHY OF THE DRIPPING SPRING QUARTZITE,
'SOUTHEASTERN ARIZONA

By H. C. Grancer and R. B. Raup

ABSTRACT

" The Dripping Spring Quartzite, a feldspar-rich clastic sedimentary rock, is
the- thickest, most widely exposed, and perhaps the best preserved formation
in the upper Precambrian Apache Group in southeastern Arizona. Where fully
developed in Gila County, the Dripping Spring ranges in thickness from about
450 to slightly more than 700 feet; it is divided into the Barnes Conglomerate
Member, middle member, and upper member. The Barnes Conglomerate Member
is most commonly between 5 and 20 feet thick and is composed largely of well-
rounded quartzose -pebbles and cobbles in a medium- to coarse-grained feldspar-
rich matrix. The middle member is typically a medium-grained, feldspar-rich
- sandstone or orthoquartzite that ranges in thickness from about 140 to nearly
- 370 feet. The upper member is a thinly stratified sequence of silty to fine-grained
feldspar-rich rocks divided into the red, gray, buff, and white units, which may
be further subdivided into facies that can be correlated throughout most of
Gila County. The upper member ranges in thickness from 180 to 400 feet in Gila
County but is generally more than 240 feet thick.

The red unit of the upper member is composed of hematitic and micaceous
siltstone and sandstone. The gray unit comprises carbon-bearing siltstones and
sandstones that contain as much as 14.6 percent K:O. The buff unit is largely
feldspathic sandstone and the white unit is largely argillaceous siltstone.

Various sedimentary structures as well as regional variations in composition,
grain size, and thickness were studied in an attempt to determine the source
areas of the clastic material and-the shape of the basin of deposition. The shape

- of the basin of deposition in Gila County, as indicated by isopach maps, appears
to be an arm or embayment that extends northeastward from a larger sea to the
southwest. Source areas are still in doubt because of conflicting evidence, but
much of the material that makes up the Dripping Spring in Gila County seems
to have been derived from a southerly source. Some material, however, was
derived locally in the northern part of the county, and the possibility of several
source areas is recognized. )

The history and environments of deposition of the Dripping Spring Quartzite
indicate:that the lower part.of the middle member and the Barnes Conglomerate
Member were sorted and redistributed from talus outwash by an encroaching
sea. This sea then retreated as the sedimentation rate exceeded subsidence of
the basin; the upper part of the middle member was deposited offshore and in
the littoral zone while the red, gray, and. buff units of the upper meimber were
being deposited on tidal -or mud flats of a flood plain bordering the sea. When
subsidence in turn exceeded sedimentation, the sea again transgressed the Gila

1



2 STRATIGRAPHY, DRIPPING SPRING QUARTZITE

County area, depositing a white quartzite in the littoral zone and depositing
the white unit out from the shore. Preceding deposition of the argillaceous
carbonate rocks of the overlying Mescal Limestone, erosion near the margins
of the basin removed much of the white unit and provided material for the
poorly sorted strata at the base of the Mescal.

INTRODUCTION

The Dripping Spring Quartzite is a feldspar-rich clastic sedi-
mentary rock in the upper Precambrian Apache Group of southeastern
Arizona. The Apache Group consists of the Scanlan Conglomerate,
the Pioneer Formation, the Dripping Spring Quartzite, the Mescal
Limestone, and basalt; of these the Dripping Spring is the thickest,
most widely exposed, and perhaps the best preserved unit.

We had an opportunity to study the Dripping Spring during ex-
aminations of many uranium deposits within the formation. Par-
ticular emphasis was given to stratigraphic study in and near Gila
County (fig. 1), the principal area of exposure (pl. 1) during a 3-
month period in 1955. Seventeen stratlgraphlc sections, including
complete and incomplete sections, were studied in detail, and addi-
tional data were gathered from many isolated exposures. We have
freely drawn upon the work of other geologists, both within and
outside Gila County, to supplement our information.

Most of the data result from field observations, and from these,

-isopach maps and descriptive analyses of the measurable properties
were prepared. In the laboratory, rock specimens were studied in
thin section and by semiquantitative spectrographic and X-ray diffrac-
tion spectrometric methods.

The geology of most of the outcrop area of the Dripping Spring
had never been mapped in detail; hence, much time was required to
find complete, little-faulted, and adequately exposed sections for study.
Each section presented is believed to be typical and representative of
the formation in the surrounding area, which, in several places, was
mapped or thoroughly traversed. In general, local variations that
may be present are probably too insignificant to alter the pattern
established by the measured sections.
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FI1GURE 1.—Index map of Arizona, showing Gila County and other localities referred to in
text.

We are greatly indebted to F. B. Moore, who assisted in field meas-
urement of most of the stratigraphic sections and aided in preliminary
compilation of many of the data.

These investigations of the Dripping Spring Quartzite were done

on behalf of the Division of Raw Materials of the U.S. Atomic Energy
Commission.

HISTORY AND PREVIOUS WORK

The-Apache Group, which includes the Dripping Spring Quartzite,
was not named or subdivided until many years after rocks of the
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group had first been noted and described. As early as 1857, Antisell
briefly described rocks in the valleys of the Gila and San Pedro
River that were lithologically similar to the Apache Group. Gilbert
(1875) also described rocks of the Apache Group, but he carried the
work one step further by suggesting that the rocks resembled and
therefore probably could be correlated with rocks of the lower part
of the Tonto Group in the Grand Canyon region. Marvine (1875)
agreed in essence with Gilbert’s proposed correlation. Such a correla-
tion implied a Cambrian age for the Apache Group.

In 1903, Ransome formally named and assigned an age to the
Apache Group as the result of his studies in the Globe area. He
suggested a Cambrian or older age for the group, which at that time
included only the Scanlan Conglomerate, Pioneer Shale, Barnes Con-
glomerate, and Dripping Spring Quartzite, in order of decreasing
age. Also in 1903, Reagan, working independently in northeastern
Gila County, described rocks which were later recognized as Apache
Group but which he referred to as Algonkian in age. Reagan’s view
regarding the age of the Apache Group was also held by Lee (1905)
and later by Darton (1910). Lee suggested that sedimentary rocks
he mapped as Precambrian in the Roosevelt Dam area were probably
the same rocks as Ransome’s Apache Group in the Globe area. Darton
(1910) suggested that Reagan’s Precambrian sedimentary rocks repre-
sented the Algonkian Grand Canyon Series.

In 1915, Ransome redefined the Apache Group to include rocks
that he named the Mescal Limestone and the Troy Quartzite. He
considered the Troy to be of Cambrian age and the Mescal and under-
lying rocks to be Cambrian or earlier. Mapping in the Ray area had
disclosed that the Mescal Limestone had inadvertently been included
with the Globe Limestone of Devonian and Carboniferous age in the
Globe area and that the Troy Quartzite had been included in the
Dripping Spring. Presumably, the Dripping Spring was originally
termed a quartzite because of the dominant lithology of the Troy and
not because of any preponderance of quartzite in the Dripping Spring.

In 1916, Ransome revised his stand on the age of the Apache Group
and suggested that it was no older than Cambrian and possibly was
Ordovician and Silurian in part.

In 1925, Darton classified the Apache Group as Cambrian(?) in
the text of his classic “A Resume of Arizona Geology,” but in dis-
cussing this classification (1925, p. 36) he reasserts his opinion that
the Apache Group should be correlated with the Grand Canyon
Series and thus should be Algonkian in age. In the same paper, how-
ever, Darton reported that his data indicated a long interval between
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deposition of the Mescal Limestone and the Troy Quartzite and that
he had found fossils of Late Cambrian age in strata that conformably
overlie the Troy or are included in the upper part of the Troy. These
were the first indications that perhaps the Troy should not be included
in the Apache Group; Stoyanow (1930) added further evidence when
he reported finding Middle Cambrian fossils in the Troy. In 1932,
Darton removed the Troy Quartzite from the Apache Group on the
grounds that the Troy was Cambrian in age and the Apache Group
was Precambrian in age. Also in 1932, Ransome concurred with this
judgment. ‘

Our investigations indicate that the Troy is Precambrian in age
and that the boundary between Precambrian and Paleozoic rocks is
between the Troy and the Bolsa Quartzite or its equivalent.  (See
footnote, p. 8.) Although this change makes rocks of both the Troy
and the Apache Groups Precambrian in age, the evidence of a strong
erosional interval between deposition of the two rocks remains as suffi-
- cient reason for not returning the Troy to the Apache Group.

Peterson, Gilbert, and Quick (1951) changed the name Pioneer
Shale to Pioneer Formation in the Castle Dome area, and we have
here defined the Barnes as a member of the Dripping Spring Quartz-
ite. We also have included basalt in -the group, so that now the
Apache Group as defined consists of Scanlan Conglomerate, Pioneer
Formation, Dripping Spring Quartzite, Mescal Limestone, and basalt
(fig. 2).

Studies involving the Apache Group in recent years have included
graduate theses, particularly from the University of Arizona, as well
as work by Wilson (1939), Hinds (1935, 1936), Short and others
(1943), Peterson, Gilbert, and Quick (1951), and Gastil (1954).
Kaiser (1951), Mead and Wells (1953), Wells and Rambosek (1954),
. Magleby and Mead (1955), Sharp (1956), and Williams (1957) have
published information concerning the uranium deposits in the Drip-
ping Spring.

GENERAL GEOLOGY

The oldest rocks in Gila County are detrital sedimentary, pyro-
clastic, and volecanic rocks of early Precambrian age; near large bodies
of intrusive rock these are metamorphosed to gneiss and schist. In the

-southern part of the county these rocks are classified as the Pinal
Schist; its equivalent, at least in part, the Yavapai Series, has locally
been subdivided into groups and formations in the northern part of
the county (Wilson, 1922, 1939; Gastil, 1958). Extensive bodies of
granite of early. Precambrian age intrude all the other lower Pre-
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! H
Troy Quartzite-(' I | Predominantly light-colored quartzite and
l 1 sandstone; conglomerate horizons; cross-
4 & stratified.
T UNCONFORMITY
Basalt (less

than 125 feet) | Vesicular basaltic lava, not everywhere present

Upper member: 0-110 feet; cherty and
novaculitic siltstone and shaly mudstone;
thin-bedded; predominantly red to brown.

Mescal Limestone > Basalt (less than 52 feet)

(180-418 feet) —— 1_ﬁ+\AIgal member; 10-150 feet massive dolo-

o mitic limestone containing algal struc-

tures. X
Lower member: 150-269 feet; thin-bed-

ded impure limestone and dolomite;
intercalated chert layers.

EROSIONAL DISCONFORMITY

Upper member: 180-397 feet; predomi-
nantly siltstone, gray to orange-red thinly
stratified slabby to flaggy; feldspathic
sandstone more common near top.

Quartzite
(323-708)

< Dripping Spring <

Upper-Precambrian
A
Apache Group

Middle member: 0-370 feet; very fine grained
to medium-grained feldspathic to arkosic
sandstone and orthoquartzite, reddish
orange to grayish pink, cross-stratified,
slabby to massive.

Barnes Conglomerate Member: 0-50 feet:
well rounded quartzose pebbles and cob-
bles in arkosic sandstone or quartzite
matrix.

EROSIONAL DISCONFORMITY

Pioneer Formation

(150-400 4 feet) Predominantly maroon to purple tuff and

pink to gray siltstone and sandstone;
arkosic and quartzitic at bottom.

Subangular to well-rounded quartzose peb-
bles and cobbles in a largely arkosic
matrix.

UNCONFORMITY

! Metasedimentary and metavolcanic rocks

intruded by granite
///: v e

. Scanlan Conglomerate
(0-155 feet Av <25 feet){”
Basement Rocks 4 1

FIGURE 2.—Generalized columnar section of the Apache Group, Gila County, Ariz.
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- cambrian rocks. Lead-uranium ratios in zircons from granitic rocks

. of comparable age in the Little Dragoon Mountains (table 1) indicate
an age of 166020 million years (L. T. Silver, written communica-
tion). The potassium-argon and rubidium-strontium ratios of min-
erals in similar granitic rocks from other parts of southern Arizona
suggest ages ranging from 1,160 to 1,500 million years (Aldrich,
Wetherill, and Davis, 1957).

Sedimentary rocks of the Apache Group of late Precambrian age
lie on an irregular surface cut in the granite and older rocks. The
Scanlan occupies the position of basal conglomerate beneath the
Pioneer Formation which is composed entirely of indurated detrital
material ranging from silt and feldspathic sand to pyroclastic frag-
ments. The Barnes Conglomerate Member of the Dripping Spring
was deposited on a nearly conformable erosion surface on the Pioneer
Formation, suggesting epeirogeny that produced a pronounced change
of conditions in the basin of deposition or in the source area without
attendant deformation of the floor of the basin. In general, the
Dripping Spring becomes finer grained and more evenly and thinly
stratified upward, suggesting a gradual return to eustatic conditions.

TABLE 1.—Ages of older Precambriaen granitic rocks in Arizona

’ Method of | Age (100
Locality Rock Mineral determi- ‘| years) Reference
nation
Wickenburg......... Pegmatite.....__..._. 1160 | Aldrich, Wetherill,
and Davis (1957).
..... do..... 1300 Do.
Grand Canyon._...__ Gneiss- mmem—m—————a R 1390 Do.
...................... 1370 Do.
Bagdad___......____. Lawler Peak Granite._|.__do_.__._. 1410 Do.
...................... 1390 Do.
Pegmatite in Lawler ... K-A 1410 Do.
Peak Granite.
..................... 1500 Do.
Lawler Peak(?) <1210 Kl(ﬂgs%nd Eckelman
Little Dragoon J ohnny Lyon R 1 SO . s (T 166020 | L. T. Silver, written
Mountains. Granodiorite. communication.

Poorly sorted sandstone and siltstone at the base of the Mescal
Limestone overlie the Dripping Spring on a disconformable erosion
surface. The Mescal marks the end of the sedimentary cycle of the
Apache Group, but the depositional history was climaxed by an out-
pouring of basaltic lavas that disconformably overlie the sedimentary
rocks and may have covered the entire region. . A possible forerunner
of these lava flows is a thin basaltic layer present at the base of the
upper member of the Mescal.
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The basalt has been considered by most workers to mark the end
of the Precambrian record in Gila County, and the Troy Quartzite,
which unconformably overlies the earlier rocks, was commonly re-
garded as the first Paleozoic rock. Lochman-Balk (1956) pointed
out that the Troy, however, might well consist of a lower part of
Precambrian age and an upper part of Cambrian age. This was borne
out by our work on the uranium deposits, which indicated that diabase
that was nearly contemporaneous with Precambrian uranium deposits
intruded rocks designated as Troy (Granger and Raup, 1959 ; Neuer-
burg and Granger, 1960). Age determinations of the uranium de-
posits by various methods indicate a maximum age between 1,100 and
1,200 million years and a minimum age of 600 million years. A Pre-
cambrian age for the Troy was also borne out by structural and strat-
igraphic relations in northern Gila County (A. F. Shride, oral
communication, 1959). Rocks overlying the Troy Quartzite and
lithologically similar to the Troy were deposited in some places on
truncated diabase. Locally, these younger rocks, which were previ-
ously included in the Troy, contain Middle and Late Cambrian fossils
suggesting that they are correlatives of the Bolsa Quartzite and
Abrigo Limestone of Middle and Late Cambrian age.*

The Paleozoic strata overlying the Cambrian rocks range in age
from Late Devonian to Permian and are composed predominantly
of limestones. The only Mesozoic sedimentary rocks preserved in
Gila County are sparse exposures of Cretaceous clastic and pyroclastic
rocks in the southern part of the county. Tertiary and Quaternary
strata consist of partially consolidated gravels and sands. The most
abundant of these are gravels that fill the intermontane basins and
form a thin veneer on pediments; they are called Gila Conglomerate
on the basis of similarities to the Gila Conglomerate described and
named by Gilbert (1875, p. 540-541).

At least twice in the geologic history of Gila County there were
intrusions of diabase magmas. Most of the diabase is late Precam-
brian in age and it intruded extensively the Apache Group and Troy
Quartzite. In general, bodies of this diabase are sill like, but dis-
cordant contacts are common. Later diabase has been reported by
Ransome (1916, 1919), Darton (1925, p. 254), and Peterson, Gilbert,
and Quick (1951) in the south-central part of the county, where
diabase dikes cut limestones of Pennsylvanian age.

1 Subsequent to the preparation of this report the Troy Quartzite has been redefined to

consist of rocks of Precambrian age. Rocks of Cambrian age formerly assigned to the
Troy are now assigned to the Bolsa Quartzite and Abrigo Formation (Krieger, 1961).
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Cretaceous and Tertiary igneous rocks are found principally in
the southern part of Gila County. The intrusive rocks consist of
" quartz monzonite, granite porphyry, diorite, and granodiorite. Ex-
trusive flows and pyroclastic rocks of Cenozoic age are particularly
abundant; dacite, andesite,” and basalt are the common rock types
present.

North of a line that approximately follows the Salt River and
Tonto Creek the sedimentary rocks -in Gila County are mostly flat
- lying or dip regionally northward at low angles. Only locally have
steeper dips been produced by faulting, monoclinal folding, and irreg-
ular inflation by diabase. South of the line the structure is more
nearly of the Basin and Range type, and the result is tilted parallel
and subparallel block-faulted mountain ranges that are separated by
broad, gravel-filled intermontane basins.

ROCKS OF Ai?ACHE GROUP OTHER THAN DRIPPING
‘SPRING QUARTZITE

With the exception of the Dripping Spring Quartzite, rocks of the
‘Apache Group have received only cursory examination by us. Brief
descriptions of these rocks are included, however, in order to relate
the Dripping Spring to the other constituent formations. Under-
lying the Dripping Spring are the Pioneer Formation and the Scan-
lan Conglomerate; overlying the Dripping Spring are the Mescal
Limestone and basalt (fig. 2). '

‘SCANLAN CONGLOMERATE

The Scanlan Conglomerate, the oldest rock of the Apache Group,
is composed predominantly of well-rounded to subangular cobbles and
boulders derived from older quartzites in an arkosic and (or) purple
shale matrix; vein quartz, red jasper, and schist stones are not un-
common. Stones (p. 75) range from one-fourth of an inch to some-
what more than 10 inches in diameter. Where the Scanlan overlies
granite, the composition of the matrix commonly is very similar to
that of the decomposed granite.

The Scanlan is not present everywhere, but ordinarily it is repre-
sented by at least a thin layer of pebbles. The thickness of the
Scanlan is as much as 155 feet (Gastil, 1958), but most commonly
ranges from 2 to 15 feet. Generally the Scanlan is on an irregular
surface of decomposed older granite, quartzite, or schist of Precam-
brian age, and most commonly it grades upward into the Pioneer
Formation. Where the Scanlan is absent, highly arkosic strata of
the Pioneer Formation overlie the older rocks.
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PIONEER FORMATION

The Pioneer Formation is a complex section of arkose, quartzite,
sandstone, siltstone, and reddish-brown tuffaceous rocks (Gastil, 1953).
Most prevalent are arkosic sandstone strata, commonly at the base
of the formation, and arenaceous shale and siltstone strata. In a
very general way, the grain size and feldspar content decrease up-
ward. Elliptical spots of various sizes bleached to buff, pale green,
or pale red are typical of the tuffaceous and siltstone strata.

The thickness of the Pioneer Formation in most of Gila County
ranges from 150 feet to more than 400 feet. There are, however,
areas in the county in which the Pioneer thins out and disappears
by overlap. Darton (1925) noted one such area along the Gila River
southeast of Globe. Similar conditions were seen by us and by Gastil
(1953) in the northern part of the county.

MESCAL LIMESTONE

The Mescal is divisible into three members: the lower or carbonate
member, the middle or algal member, and the upper or siltstone mem-
ber (Stewart, 1955; Bromfield and Shride, 1956, p. 622).

The base of the lower member marks a well-defined change in
lithology from that of the underlying Dripping Spring. In contrast
with the well-sorted rocks in the upper member of the Dripping
Spring, the basal strata of the Mescal are poorly sorted and con-
sist of medium-grained to granule-sized quartz grains in an argil-
laceous, locally dolomitic matrix (A. F. Shride, oral communication)
(fig. 10). These strata are a few to several tens of feet thick and
commonly contain angular to subrounded fragments of the Dripping
Spring in the lower few inches, and chert, limestone, and dolomite
fragments of the Mescal a few feet above the base.

Above these basal strata the lower member contains heterogeneous
sequences of carbonate-rich beds. It consists mostly of thin- to thick-
bedded, moderately pure to impure dolomite and limestone intercalated
with calcareous shale.

The lower member ordinarily is between 150 and 200 feet thick in
Gila County, although as much as 269 feet has been measured by A. F.
Shride (written communication) in the Sierra Ancha. Metamor-
phosed cherty dolomite or limestone strata in the lower member are the
principal host rocks for asbestos deposits in Gila County.
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The middle or algal member is predominantly a massive dolomite
or limestone that commonly contains structural features attributed to
the growth of algal colonies during deposition. This member ranges
in thickness from 10 feet (Bromfield and Shride, 1956, p. 622) to 150
feet (Stewart, 1955) where measured, but it is absent in some places.

The upper member is composed largely of chert and feldspar-rich
siltstones and shales and, locally, thin limestone strata. The thickest
known section is in the northern part of Gila County, where 110 feet
was measured by Bromfield and Shride, 1956 (p. 623) ; but this member
either was not deposited or was removed by pre-Troy erosion through-
out most or all of the southern part of the county.

The maximum thickness of the Mescal in the Sierra Ancha is as
much as 418 feet (A. F. Shride, written communication, 1957), but the
average thickness is probably nearer 250 feet. The formation thins
by overlap and erosion to the north and east.

BASALT

The Mescal Limestone is commonly capped by one or more basalt
flows, which total as much as 200 feet in thickness (R. H. Carpenter,
1948) but ordinarily do not exceed 125 feet in Gila County. The
basalt is here included as a rock unit because it is nearly conformable
with and is intimately associated with the Mescal Limestone. Pre-
Troy erosion locally removed some or all of the basalt in Gila County
and allowed Troy to be deposited directly on the Mescal and earlier
rocks.

In northern Gila County, basalt caps the upper member 6f the
Mescal. Locally, there is also a basalt layer (Granger and Raup, 1959,
p. 427) as much as 52 feet thick (A. F. Shride, written communica-
tion) between the middle and upper members of the Mescal. The
relation of this layer to the enclosing rocks has been obscured by
weathering, and whether it is intrusive or extrusive has not been
determined. ' :

To the south, where the upper member has not been recognized and
may be missing, only one basalt layer is found. This layer caps the
lower or middle member of the Mescal and, at least locally, consists
of more than one flow (Carpenter, 1948). It is possible that the basalt
layers may join to form one layer where the upper member of the
Mescal is missing.

695-977 0—64—-2



TABLE 2.—Characteristics of units end subunits of the upper member, Dripping Spring Quartzite, Gile County, Ariz.

Gray unit .
Buff unit exclusive
Characteristic Red unit Barren quartzite Black facies of the white ‘White quartzite ‘White unit
QGray sandstone quartzite marker
Gray facies exclusive of the
barren quartzite

Rock type. ... Arkosic to feld- Arkosiesiltstone, | Fine-grained Medium- and Arkosicsiltstone, | Feldspathie to Orthoquartzite Arkosic to feld-
spathie silt- local sandstone feldspathic - coarse-grained local very fine arkosic sand- and sandstone, spathie silt-
stone and silty strata. sandstone and feldspathic grained sand- stone and . locally feld- stone.
sandstone, orthoquartzite. orthoquartzite. stone strata. intercalated spathie.
micaceous. feldspathic

orthoquartzite.

Thickness._._feet..| 0-83; average 10-127; average 5-61; largely 0-8; commonly 2__| 13-120; com- 41-168; average 0-14 .. 0-124; largely <20.

about 40. about 65. 20-30. monly about about 95.
100 in central

) Gila County.

Grainsize_.___._.__ 8ilt to very fine | Silt to very fine | Silt to medium Fine to coarse Clay to very Very fine to fine | Fine to-coarse Clay to fine -
grained. g;zlned; grained; grained; fine grained; grained; inter- grained. grained; largely

gely silt. largely very largely medi- largely silt; calated fine to silt; graded
fine to fine um grained. graded strata. medium strata.
grained. grained.

Stratification. ... Thin bedded to | Thinly lami- Laminated to Thin bedded; Very thin bed- Thinly laminat- | Laminated and | Thinly laminated
thinly lami- nated to very thick bedded; | cross strati- ded to very ed to thick cross lami- to very thin
nated; largely thin bedded; largely lami- fied(?). thinly lami- bedded; large- nated; locally bedded; largely
laminated; largely lami- nated to very nated; largely ly very thin thin bedded. laminated; very
locally cross nated; wispy thin bedded; laminated to bedded; abun- locally cross
laminated. cross laminae, cross lami- thinly lami- dantly cross laminated.

nated. nated; wispy stratified.
cross laminae.

Splitting property.{ Papery to mas- Papery to Flaggy toblocky; | Blocky to slab- Papery to Flaggy to mas- Slabby to blocky.| Flaggy to blocky;
sive; largely blocky; largely largely slabby. by; largely blocky; largely sive; largely largely fiaggy
flaggy and fiaggy. ) slabby. fiaggy and blocky. and slabby
slabby. platy.

Induration._...____ Moderate to Well ____________ Well to quartz- Quartzitic to Well . ‘Well, some Well to quartz- ‘Well to nova-
well, except itic. well. quartzitic and itic. _culitie.
poor in mica- novaculitic.
ceous parts.

¢l
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Composition (ma- | Feldspar—potas- |Feldspar—Ilarge- Quartz. Quartz—>90 Feldspar—large- | Quartz—55 to Quartz. Quartz—10 to 90
jor constituents). sic, obscure 1y potassic; Feldspar. percent. ly potassie 95 percent. Feldspar. percent(?).
twinning. some has “orthoclase, Feldspar— Feldspar—(micro-
Quartz. microcline and adularia microcline, cline largely)—
grid twinning, (2); some orthoclase, 10-85 per-
Quartz—15-30 plagioclase plagiclase—5- cent(?).
percent. and micro- 40 percent. Clay minerals—
cline—50-85 locally abun-
percent. dant.
Quartz—10-40
percent.
Composition (mi- | Detrital musco- Clay minerals Clay minerals Feldspar Clay—5 to 20 Clay minerals Clay minerals Plagioclase
nor constitu- vite Muscovite Sericite Clay minerals percent; mont- | Sericite(?) Pyrite(?)(rare) Muscovite, .
ents. Second- Illite Carbon Zircon (rare) Zircon (?rare) morillonite- Zircon (rare) Hematite sericite(?)
ary minerals Jarosite Zircon (rare) Carbon (?rare) Sericite nontronite, Carbon(?) Limonite Zircon
in italics). Calcite Calcite (rare to Pyrite Calcite(?) illite, allo- Magnetite Carbon (rare)
Hematite none) Hematite Pyrite phane(?) Tlmenite Magnetite
Magnetite Pyrite Ilmenite Hematite Muscovite (<1 Leucozene (rare) Ilmenite
Iimenite Ilmenite percent) hert Leucozene (rare)
Leucozene Zircon Calcite(?) hert
Carbon (com- Pyrite (little or Calcite(?)
monly <1 per- none) Pyrite
cent; as much | Limonite Limonite
as 3 percent) Hematite Hematite
Ilmenite—
leucozene
Pyrite (dissemi-
nated)
Limonite—
jarosite
Calcite (rare)

Cement.__.._..._.. Fine-grained Authigenic Silica, clay Largely silica_._.| Authigenic po- Silica, clay and Largely silica. ___| Silica, clay, and
aggregate of potassic feld- minerals, tassic feldspar iron minerals iron erals.
jarosite and spar and rarely authi- and quartz, authigenic
hematite; fine- quartz, clay genic feldspar. clay and iron feldspar and
grained calcite. and iron minerals. quartz.

minerals.
Color (freshly Light gray, pale Light gray to Pale red to olive | Light gray to Dark gray to Very light to Pinkish, olive, Dark gray to
broken surface). red, pale red- medium gray. gray; largely very light very light yellowish, me- brownish gray vex("y light gray
dish brown. pale yellowish gray. gray. dium brown- to white. and grayish
brown. ish gray, and orange pink,
light brownish
gray.
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TABLE 2.—Characteristics of units and subunits of the upper member, Dripping Spring Quartzite, Gila County, Ariz—Continued

Gray unit
Buff unit exclusive
Characteristic Red unit Barren quartzite Black facies of the white ‘White quartzite ‘White unit
Gray sandstone quartzite marker
Gray facies exclusive of the
barren quartzite
Color (weathered | Very duskyred | Light olive and Pale red to olive | Pinkish gray, Light olive and Light gray and Medium gray to | Light gray to
surface). to light gray light gray to gray; generally very pale light gray to medium light light gray, very pale
and yellowish medium gray; slightly darker orange, grayish very dark gray, grayish grayish orange orange and pale
gray. locally limo- than freshly orange pink, gray. orange pink, pink, limonite ellowish
nite stained to broken surface. and light stained. TOWn.
dusky red. brownish gray
to pale red and .
moderate red,
moderate or-
ange pink and
light brown.
Topographic Cliﬁs to sloj ges Ledgy slopes, Cliffs and ledgy | Caps cliffs and Ledgy slopes; Cliffs and ledges; | Ledge, caps cliff._| Slopes to cliffs,
expression. largely le locally slopes cliffs, ledgy(?) cliffs. locally slopes largely cliffs.
cliffs and ledgy and cliffs, : and cliffs.
slopes. :
Special features....| Ripple marks.._.| Ripple marks..__| Ripple marks Stylolites Shrinkage cracks | Shrinkage Locally pock
(rare). (sparse). (crumpled). cracks. marked.
Shrinkage cracks.| Shrinkage cracks.{ Shrinkage eracks | Mud-plate or Stylolites. ... Preconsolida-
. qare). claygall con- High potassium tion deforma-~
Pseudochannels | Pseudochannels. | Paleochannels. glomerate, content. tion features.
(sparse). o locally present (table 4). Stylolites.
Preconsolidation | Preconsolidation | Preconsolidation at base. Low amplitude
features deformation deformation flexures.
(sparse). features . features. Ripple marks
Mud-plate con- (sparse). Fucmdhke (rare).
glcmerate Fucoid like
(sparse). markings f’
Fucoidlike (moderately Sty ohtes
markings. sparse).
. Stylolites.

Diagnostic char- Red color. Gray color. CIiff or ledge be- { Light color. Dark %ray color, | Light color. Light color. Even stratifica-
acteristics Position above Thin, irregular tween ledgy Medium to Crumbled Abundant cross- | Caps cliff. tion. -
(when taken coarser grained | stratification sh)ges of gray coarse grain shrinkage stratiflcation. | Quartzose com- | Above ortho-
together). strata of the typical of tidal nd black size. cracks, Preconsolidation position. quartzite of

lower member. or mud-flat facies. Caps cliff. Thin, irregular deformation Generally coarser buff unit, -
Abundant deposits. Preconsolidation | Nonlenticue stratifieation features. grained than Below poorly
trital mica. Slope and ledgy distortion fea- arity. typical of tidal | CIliff above underlying sorted sand-

4!
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slope outerop.
Pseudochannels.
Stratigraphic

position.

tures,

Thicker stratifl-
i::.tion and

rger grain

size than rocks
above and
below.

Capped by
barren quartz-
ite.

or mud-flat de-
posits.
Position below
light-colored
cliffs in many
sections.

black facies.

rock,

stone or dolo-
mite mudstone
of Mescal.
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DRIPPING SPRING QUARTZITE

, The Dripping Spring Quartzite is composed largely of feldspar-
- rich silty, and arenaceous clastic rocks. The accepted lithologic term
quartzite is not appropriate for most of the formation but has been
retained herein to avoid complicating the literature. Although many
of the strata are of orthoquartzite, most of the Dripping Spring con-
sists of rocks too poorly cemented and too feldspathic to be properly
termed quartzite. The Dripping Spring is faulted and altered at the

- original type section on Barnes Peak (Ransome, 1903). A section
well exposed on the steep canyon walls of Deep Creek 0.7 mile north
of its confluence with Bull Canyon (fig. 3) is more representative of
the formation, and divisions of the formation presented in this paper
are based on this and similar sections.

The Dripping Spring (fig. 4, fig. 3, table 2) can be divided into
the Barnes Conglomerate Member; a middle member, and an upper
member. The Barnes Conglomerate, previously considered to be a
separate formation, is here redefined as the Barnmes Conglomerate
Member of the Dripping Spring Quartzite. The middle member,
formerly called the lower member (Granger and Raup, 1959), is a
succession of arkosic and feldspathic sandstones and orthoquartzites
that overlies the Barnes. The upper member consists largely of
arkosic and feldspathic siltstone and very fine grained sandstone.

The Dripping Spring, where fully -developed in Gila County,
ranges in thickness from about 450 to 708 feet (pl. 2). It is missing
in parts of the county, however, because of both nondeposition and
removal by erosion. Complete measured sections range in thickness
from 323 to 708 feet. The thinnest sections were measured in the
northwest and southeast parts of the county, and the thickest sections
are in an eastward-trending belt across the center of the county.

BARNES CONGLOMERATE MEMBER

The Barnes Conglomerate Member is here considered to be the
basal member of the Dripping Spring Quartzite rather than a forma-
tion as previously assigned by Ransome (1903). Stratigraphically
and lithologically it constitutes the basal conglomerate of the Dripping
Spring and is composed largely of well-rounded quartzose pebbles
and cobbles in a medium- to coarse-grained feldspar-rich sandstone
matrix ; sandstone interstrata and lenses are common.

The abundant stones (see p. 75) in the Barnes Conglomerate
Member readily distinguish it from the underlying Pioneer Forma-
tion. The Barnes is nearly conformable with the Pioneer in most
places, even though there is generally some evidence of pre-Barnes
erosion of the Pioneer. Paleochannels cut in the top of the Pioneer
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Mescal
Limestone

White unit

Buff unit

Black facies
Gray sandstone
Gray facies

Red unit

Middle
member

Barnes

Conglomerate

Member

Pioneer
Formation

F1GURE 3.—Reference section of the Dripping Spring Quartzite, looking east across Deep
Creek 3,500 feet north of its confluence with Bull Canyon, Gila County, Ariz. (See
measured Bull Canyon section, p. 80, for description.)
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EROSIONAL DISCONFORMITY

White unit: 0-124 feet; siltstone, thinly and evenly
stratified, light to dark gray.

White quartzite marker: 0-14 feet; orthoquartzite and
sandstone; quartzose to feldspathic; fine to coarse
grained; ledge forming.

Buff unit: 41-168 feet; sandstone, feldspathic to
arkosic, light-colored, very fine grained to fine-
grained, stylolites, abundantly cross-stratified.

Black facies: 13-120 feet; siltstone, arkosic, dark-
gray, flaggy, thinly and irregularly stratified; crum-
pled shrinkage cracks.

Upper member

Gray sandstone and barren quartzite: 5-6 feet; sand-
stone and orthoquartzite; feldspathic; commonly a
fine-grained sandstone ledge capped by medium-
to coarse-grained orthoquartzite.

Gray facies: 16-127 feet; siltstone, arenaceous,
arkosic, light-gray, flaggy, thinly stratified; pseudo-
channels.

Red unit: 0-83 feet; siltstone and sandstone, mica-
ceous, reddish.

Dripping Spring Quartzite

Middle member: 0-369 feet; sandstone and crtho-
quartzite; conglomeratic and arkosic near base,
quartzose near top; moderate red near base, gray-
ish pink near top; very fine-grained to coarse-
grained; slabby to massive, cross-stratified.

Middle member

==
(SR
wn @ 'E
ESs A
S oo = 8] Barnes Conglomerate Member: 0-50 feet; conglom-
- ! : erate and sandstone; arkosic matrix; well rounded
s O 1 1 stones.
[ . | EROSIONAL DISCONFORMITY
S E | !
o5 : |
[N i H
i ]
] )
4 i

F16URE 4.—Generalized columnar section of the Dripping Spring Quartzite, Gila County,
Ariz,
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and filled with conglomerate are common but are rarely more than 2
feet deep. Locally, however, structural unconformity at the contact
has been noted. Gastil (1953) reported that the Pioneer dips as much
as 80° in places where the Dripping Spring is nearly horizontal in
the Diamond Butte quadrangle. Angular unconformities of 3° and
18° between the Barnes Conglomerate Member and Pioneer Forma-
tion were noted at the Copper Mountain section and about 10 miles
southeast of Globe, respectively.

The top of the Barnes is readily apparent in most places. In some
places, however, the base of the overlying quartzitic unit is also con-
glomeratic and here the division is ordinarily made at a prominent
stratification plane above which stones make up less than 50 percent
of the rock and below which most conglomerate strata contain more
than 50 percent pebbles and cobbles.

THICKNESS

The thickness of the Barnes Conglomerate Member is inconsistent,
although it commonly ranges from 5 to 20 feet. Thicker sections are
known and locally it is absent. Along Cherry Creek in the Sierra
Ancha, for example, the Barnes is as much as 50 feet thick (Sharp,
1956) even though there are 20 feet or less in exposures a few miles
away. Other thick sections of Barnes are in the Dripping Spring
Mountains where Ransome (1919, p. 41) noted about 40 feet, in the
Tortilla Mountains (fig. 1) south of Gila County where it attains a
thickness of 50 feet (Schwartz, 1954) or 55 feet (Ransome, 1919, p.
41), and in the Santa Catalina Mountains north of Tucson (fig. 1)
where a cliff of Barnes more than 60 feet high was reported by Wal-
lace (1951).

Gastil (1953) noted that the Barnes thins out and disappears north-
ward in the Diamond Butte quadrangle, its position being marked by
discontinuous strata of conglomerate. Enlows (1939) states that the
Barnes thins to the southeast in the Little Dragoon Mountains, and
Carpenter (1948) noted that the Barnes is missing in the southern
part of the Vekol Mountains.

With the exception of these local pinchouts, the Barnes apparently
has no consistent regional pattern of thickness. It ranges from a few
feet to 20 feet in thickness in most areas of quadrangle size, and the
sections that contain 50 feet or more of Barnes are so widely separated
as to form no regional pattern.

SPLITTING PROPERTY AND STRATIFICATION

The Barnes Conglomerate Member is massive in most places, but is
also blocky and slabby. Sets (p. 75) are generally structureless,
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but may be cross-laminated to thinly crossbedded where the matrix
is more abundant than the pebbles and cobbles.

In some sections the Barnes consists of alternating blocky to slabby
sets of conglomerate, conglomeratic sandstone and sandstone. The
conglomerate sets are generally structureless, but the conglomeratic
sandstones and sandstones are laminated to very thinly crossbedded.

GRAIN SIZE

The stones range in size from granules to cobbles, but pebbles are
generally more abundant than the other sizes. Boulders are not pres-
ent in the Barnes so far as is known, but they occur locally as sub-
angular debris in similar conglomerates described below.

Descriptions of the Barnes in the Vekol Mountains (Carpenter,
1948), in the Slate Mountains (Hogue, 1940), and in the Little
Dragoon Mountains (Cooper and Silver, in press) do not differ sig-
nificantly in detail from descriptions of the Barnes throughout most
of Gila County. Locally, certain sections seem to have no stones
exceeding 3 inches across (Wallace, 1951 ; Galbraith, 1935) but nearby
exposures almost invariably disclose a more normal assemblage of
stones, some of which attain medium cobble size.

- COMPOSITION

The stones are composed largely of quartzite and vein or pegmatite
quartz; they commonly contain a small amount of jasper and, in a
few sections, sparse. fragments of feldspar and granite. About 65-75
percent of the stones in a typical section of Barnes are composed of
pinkish to grayish tinted quartzite; 20-35 percent are white vein
quartz; and less than 3 percent are moderate reddish-brown jasper.
The composition varies widely, however. At the Copper Mountain
section, for example, nearly 60 percent of the stones are composed of
vein quartz; 40 percent are feldspar; and there are minor amounts of
quartzite and granite. At the Barnes Peak section, on the other hand,
nearly 80 percent of the stones consist of quartzite.

A few percent of the granules and small pebbles at the Copper
Mountain, Natanes, Coolidge Dam, Canyon Creek, and Red Bluff
sections consist of moderate reddish-orange feldspar. No stones con-
sisting of feldspar were noted, however, in the other sections that we
measured.

Specularite, as small vug and fracture fillings in the Barnes, is
common and is particularly prevalent at the Natanes and Red Bluff
sections.

SHAPE

Most of the stones are spheroidal, but their surfaces are commonly
irregular and are rarely true spheres. Only a few stones are discoids,
and blades and rollers are rare.
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ROUNDNESS

The stones, particularly the quartzose pebbles and cobbles, are pre-
dominantly well rounded. The less abundant feldspar, jasper, and
granite stones, which are mostly granules or small pebbles, are com-
monly only subangular or angular. The contrast of the well-rounded,
resistant quartzose pebbles to the subangular, less resistant feldspar
and granite stones suggests different source areas.

SEDIMENTARY STRUCTURES

Imbrication of stones in the Barnes is rare. Pebbles in the Natanes
section seem to indicate southward-moving currents; imbrication in
the section near Pioneer Stage Station would indicate currents that
flowed about N. 20° W. Gastil (1953) noted that the cobbles slope
to the east at Parker Creek, indicating a westward-flowing current.

BLAZES ON STONES

Where stones in the Barnes Conglomerate Member are not separated
by abundant matrix, the points at which they touch are commonly
marked by indentations or “blazes” (Gastil, 1953). These “blazes”
are apparently caused by cementation at the points of contact between
the stones. The points where the stones touched each other were points
of solution and recrystallization due to the effect of differential pres-
sure on the solubility of the quartz. Blazes on pebbles in the Barnes
are common at Parker Creek, lower Canyon Creek, near Troy Peak
in the Dripping Spring Mountains, and at Gerald Wash.

MATRIX

The matrix in the Barnes Conglomerate Member is arkosic to feld-
spathic sandstone. The quartz content ranges from 40 to 85 percent,
and most of the remaining material is feldspar or alteration products
of feldspar. The grain size ranges from fine grained to very coarse
grained, but the average grain size of the matrix is medium or larger
in all sections except Coolidge Dam.

The color of the matrix is governed by the feldspar content, iron
oxides, and the degree of alteration and leaching. The fresh matrix
generally ranges from moderate red to grayish pink. Weathered
rocks, which ordinarily are darker because of iron oxides, range from
grayish red to pale red ; some of the bleached rock is light gray to pink.

The matrix and the sandstone interstrata are generally well in-
durated. Where the quartz content is high, the matrix breaks as a
quartzite. Joints may or may not cut across the individual stones,
depending somewhat on the induration of the matrix. Presumably,
most joints that formed at depth cut the stones, but fractures formed
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near the present ground surface may be deflected around individual
stones where the cementation is relatively weak.

Apparently no consistent regional variation exists in either the
grain size or composition of the matrix. The matrix is arkosic
throughout Gila County and to the southernmost exposures in the
Little Dragoon Mountains (Cooper and Silver, in press) and Vekol
Mountains (Carpenter, 1948).

.OTHER CONGLOMERATES, POSSIBLY BARNES

In northwestern Gila County, subangular stones are present in
conglomerates at or near the horizon of the Barnes. In the Diamond
Butte quadrangle, Gastil (1953) noted that near “buried islands,” of
older rocks that projected through the Pioneer Formation at the time
of deposition, the base of the Dripping Spring Quartzite is marked
by stringers of fragments derived locally from the basement rock.
Similarly, Ransome (1916, p. 156) working close to the area studied
by Gastil, noted only 2 feet of angular conglomerate containing white
quartz stones. These conglomerates are'regarded in part as equiva-
lents of the Barnes, inasmuch as the Barnes lenses out northward in
this area; and Gastil found little or no conglomerate containing
rounded stones typical of the Barnes away from the “buried islands.”

The sharply contrasting stones of the Barnes Conglomerate Member
and its locally derived equivalents have been found together at the
- Copper Mountain section, which is immediately south of the area
studied by Gastil and Ransome. There the Barnes interval is marked
by conglomerate composed of both well-rounded quartzite stones and
angular and subangular granite and feldspar stones.

A subangular cobble and boulder conglomerate underlies rocks inter-
preted as upper member of the Dripping Spring at Haigler Creek; a
similar conglomerate at Gordon Canyon was noted by Gastil (1953)
and ‘earlier by Darton (1925, p. 235, fig. 4). The conglomerate at
Gordon Canyon may be an equivalent of the Barnes or Scanlan, but
the conglomerate at Haigler Creek is open to question. At Haigler
Creek the conglomerate is underlain locally with slight angular un-
conformity by a fine-grained pale-red arkosic sandstone that was not
identified. This arkosic sandstone may be a unit in the Pioneer For-
mation or it may represent part of the middle member of the Drip-
ping Spring. It seems to be identical lithologically with certain
facies of the middle member elsewhere. About half a mile down-
stream, the arkose is missing and the angular conglomerate discon-
formably overlies the Mazatzal Quartzite. About a-mile farther
downstream, a very -thin conglomerate (Scanlan(?) Conglomerate)
composed of sparse, well-rounded quartzite and vein quartz pebbles
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overlies the Mazatzal (?) Quartzite and is in turn overlain by locally
conglomeratic very fine grained sandstone and siltstone presumed
to belong to the Pioneer Formation. Our brief reconnaissance dis-
closed no diagnostic relations, but it is obvious that the coarse angular
conglomerate cannot be correlated with the Scanlan. Also, if the
arkosic sandstone underlying the conglomerate belongs to the middle
member of the Dripping Spring, the conglomerate cannot be equiva-
lent to the Barnes.

MIDDLE MEMBER

The middle member of the Dripping Spring Quartzite overlies the
Barnes Conglomerate Member conformably and, in many places,
gradationally. In earlier reports (Granger and Raup, 1959; Neuer-
burg and Granger, 1960) the middle member constituted the lower
member of the Dripping Spring and the Barnes was considered to
be a separate formation. The middle member is typically a highly
indurated medium-grained feldspathic orthoquartzite or sandstone,
but it shows wide variation in grain size and composition. In the
measured sections, the middle member ranges in thickness from about
140 feet at Coolidge Dam to nearly 370 feet at Roosevelt Dam; it
may be missing in the Haigler Creek section.

Detailed descriptions of measured sections of the middle member
are given at the end of the report. From these it may be seen that
the middle member can be readily divided into strata of various
character at each locality, but correlation among these strata in ad-
jacent or distant sections is generally difficult or impossible.

Gastil (1953), attempted correlation of parts of the middle member
in a series of sections from north of the Diamond Butte quadrangle
south to the Pioneer Stage Station area in the Ray quadrangle. He
subdivided the middle member into three parts, which he called the
Alpha, Beta, and Gamma members, separated near buried hills by
layers of angular conglomerate derived from the basement rock.
Gastil’s lower part, or Alpha member, was distinguished by a matrix
that includes sericite and chloritic material. His middle part, or
Beta member, was distinguished by ferruginous and siliceous cement
and lack of an argillaceous matrix. His upper part, or Gamma
member, was described as being less feldspathic than the lower two
and as being cemented by the authigenic outgrowths of secondary
quartz grains. At two localities in the southern Sierra Ancha, Gastil
identified specular hematite and apatite in the cement.

Our field studies indicate that correlation of separate parts of the
middle member should not be attempted without more detailed study.
We believe that the distinctions Gastil used are too subtle to be gen-
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-erally valid in the field, and probably are not applicable to many
sections, particularly near the margins of and outside Gila County.

As a general rule, all sections show an upward decrease of feldspar
and an increase of grain size (fig. 5) in the middle member. The color
and composition of the cement reflect the compositional change, being
redder and more argillaceous in the lower strata and lighter and more
siliceous in strata higher in the section.

SPLITTING PROPERTY AND STRATIFICATION

The middle member is most typically blocky, though slabby and
massive strata are common. In general, the slabby and less common
flaggy strata are more arkosic and argillaceous than the massive
strata.

Cross-stratification is abundant, principally as small- and medium-
scale cross laminae and very thin crossbeds. Because of the poorer
sorting and the graded bedding the cross strata are more easily seen
in feldspathic and arkosic strata than in the more uniform ortho-
quartzite. The base of a cross stratum in arkosic rocks is generally
coarser grained and more quartzose than the top. In orthoquartzite,
cross-stratification may be very obscure because of the purity and bet-
ter sorting; it may be so obscure that the strata appear structureless.

GRAIN SIZE

Grain sizes in the middle member range from clay to pebbles, and
the average grain size is slightly less than medium. Although the
basal strata of the member are conglomeratic in some places, the
matrix and nonconglomeratic strata are typically fine and very fine
grained, particularly if they are rich in feldspar. Medium-grained
interstrata are not. uncommon; and they become more abundant toward
. the top of the unit. In some sections the grain size and quartz content
decrease again in the upper few feet of the member. Orthoquartzite
and feldspathic quartzite strata, commonest in the upper half of the
member, are medium to very coarse grained. As a general rule, the
more quartzose strata are the coarser grained, and these are most
abundant toward the top of the middle member. .

COMPOSITION
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