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CENOZOIC ALLUVIAL DEPOSITS OF THE UPPER GILA RIVER
AREA, NEW MEXICO AND ARIZONA

by

Leopold A. Heindi

ABSTRACT

Cenozoic deposits in intermontane basins in the upper Gila River

basin have been collectively included in the Gila conglomerate of Gilbert

and Ransome. Re-examination of type-section areas shows that the

term is unsatisfactory because it includes a substantial proportion of de

posits other than conglomerates; it suggests that deposits in separate

basins are identical; its use masks sequences of alluvial deposits within

individual basins and relationships of deposits between basins; and it

oversimplifies a complex Cenozoic history. It is suggested that the term

Gila conglomerate be abandoned. The deposits, in the many basins,

which heretofore may have been included in the Gila conglomerate, can

be separated into two major divisions which may in turn be subdivided

into mappable rock units

In each structural trough the upper units are characterized by:

(1) Truncation by the highest pediment surfaces; (2) depositional or
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normal-fault contact with adjacent mountain areas whose composition the

deposits reflect; (3) size-gradation relationships that suggest deposition

within the boundaries of the present structural troughs; and (4) lack of

mineralization. Limited fossil evidence suggests that deposition occurred

during Pliocene to Pleistocene (Kansan) time0

The lower units crop out in areas of deep dissection or structural

uplift. They may be in fault contact with the upper units, underlie them

unconformably, or grade into them. The lower units are characterized

by: (1) Texture and composition that suggest deposition in basins other

than those reflected by the present topography; (2) thrusting or normal

faulting more complex than that associated with the upper units; (3) local

mineralization; and (4) shallow intrusion. Limited fossil evidence sug

gests a Miocene age for some of the older of the lower units,

The alluvial deposits in individual basins in this area are amenable

to stratigraphic analysis by standard procedures for describing rock

units0 Correlations within or between basins should be on the basis of

proper fossil or stratigraphic evidence and should be limited to the

particular units involved and not expanded to include all the alluvial de-

posits in the areas concerned.
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INTRODUCTION

The scope and detail of an understanding of the geologic events in

any area are determined, to a large extent, by the stratigraphic units

that are formulated to describe the geology. The use of a single strati-

graphic term to describe a sequence of deposits implies that they reflect

a generally uniform sequence of geologic events. The same stratigraphic

term, however, cannot be used to define individual events within that se

quence. Separate geologic events occurring during the deposition of the

deposits as a whole can be described only by defining subunits which re-

flect and define the particular geologic events under consideration. A

stratigraphic term remains useful only as long as the deposits it repre-

sents can be interpreted as a sort of unit, however complex it may be.

When detailed examination shows that the implied unity does not exist, or

exists in a limited form, the term should be modified or abandoned. The

purpose of this paper is threefold: (1) To examine the present usage of

applying a single formational term to the large majority of Cenozoic al-

luvial deposits in southeastern Arizona and southwestern New Mexico;

(2) to discuss the limitation of such usage in the light of a complex

Cenozoic history; and (3) to show that these deposits may be subdivided

by means of standard stratigraphic practices into individual units which

may assist the unraveling of the Cenozoic history of the area.



2

In southeastern Arizona and southwestern New Mexico, the Cenozoic

alluvial deposits have been described essentially as one stratigraphic

unit - the Gila conglomerate (fig. 1), Within this area, the Cenozoic

history was dominated by a complex interrelationship of three geologic

processes volcanic activity, structural deformation, and non-marine

deposition within basins of interior, or poorly integrated, drainage, The

geologic history of this area is usually summarized as the uplift and tilt-

ing of mountain blocks and the partial filling of the depressed areas with

material derived from the adjacent mountains to form a succession of

basins and ranges, The deposits within the basins, commonly called al-

luvial or valley fill, are composed of a wide variety of materials ranging

in size from conglomerate to claystone; in origin they range from clastic

and pyroclastic to chemical and biogenic; and in environment from alluvial

to paludal and lacustrine, Their sequence is broken by intervals of vul-

canism, deformation and erosion, Their distribution, succession, and

relationship to structural movement form the key to the Cenozoic history

of the area, Today, their history can only be discussed in general terms

because the valley fill within the basins in this area, with minor exceptions

noted below, have been considered as a single formation the Gila con-

glomerate, Not only have all the deposits within a single basin been con-

sidered to be Gila conglomerate, but all the deposits in all the basins

have been so considered and so identified, discussed, mapped and correlated.

Alluvial deposits usually not included in the Gila conglomerate are:
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(1) Younger deposits that are clearly in a state of aggradation or transit,

such as surface gravels and floodplain, terrace and channel deposits of

streams that are incised into the bulk of the basin fill; (2) somewhat less

recent deposits that are clearly younger than the highest erosional sur-

face cut on the basin fill; and (3) certain older alluvial deposits that have

been separated because they are clearly related to older volcanic rocks

or are in marked angular unconformity with the basin fill. The recent

deposits (1) are the only ones that have been consistently separated,

The name "Gila conglomerate" was first applied to alluvial deposits

in four basins along the upper Gila River by Gilbert in 1875 (p1. 1). Since

then the term has been extended to other alluvial deposits on the basis of

three criteria - textural similarity, lithologic similarity, and in some

cases, apparent physical continuity. At the present time, the alluvial

deposits in at least six major structural and topographic alinements in

an area of over 30, 000 square miles are assigned to the Gila conglomer

ate. Over a broader area, similar deposits are correlated by being

labeled Gila(?).

The continued application of a single formational name to all but

the most obviously unrelated alluvial deposits in these basins implies

that: (1) The Gila conglomerate is a unit or a group of related members

that can be considered as a single unit in the several basins; (2) the de-

posits in a single basin form such a single unit; (3) all the deposits in all

the basins can be included within the single formation; and (4) the Gila
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conglomerate as a term is an adequate tool for analyzing and describing

these alluvial deposits.

In the past few years, geologic evidence of complex sedimentary

and structural histories within individual basins, paleontologic evidence

for a range in ages and environments within the deposits, and the grow-

ing economic importance of these deposits as a major source of ground

water make it advisable to critically re-examine the existing approach

to the study of these deposits. This thesis proposes to do this by apply-

ing the criteria for formational unity to those areas in which the Gila

conglomerate was first defined and to analyze the extent to which a sin-

gle formation satisfies the conditions in those areas. The present ex-

tended use of the Gila conglomerate will then be examined and a more

consistent basis for further studies of these deposits will be offered.

It is my thesis that little or no progress will be made in understanding

the regional Cenozoic history until the deposits of the valley fill are re-

solved into meaningful, mappable units and the term TTGila conglomerate"

is discarded.

Description of Area

The area examined during this study lies in southeastern Arizona

and southwestern New Mexico and extends along the Gila River and its

tributaries from the Continental Divide and the Mogollon Rim in New

Mexico to the Tortilla Mountains near Ray, Ariz. (p1. 1). Most of the
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area lies in the Basin and Range country which is generally described

as one of more or less separate mountain ranges standing high above

wide alluvial plains. The mountain ranges and the separating trough-

like valleys have roughly north-south trends and are about equal in area.

The mountains rise from a few hundred to about 4, 000 feet above the

basins and the basins are from about 2, 000 to about 5, 000 feet above

sea level. Small, irregularly shaped basins exist within some of the

mountain areas.

Most of the area is drained by the Gila River which flows towards

the west. The valleys of the troughs are floored by a sequence of detrital

deposits which are now being eroded by the Gila River and its tributaries.

Alluvial deposits within individual troughs may extend beyond the limits

of the Gila drainage system to underlie valleys of interior drainage or of

other river systems.

Acknowledgments

My interest in the problem of Cenozoic alluvial deposits began

during geologic field work on the lower San Pedro Valley for the U. S.

Geological Survey, Ground Water Branch, under the general supervision

of S. F. Turner and L. C. Halpenny, former District Engineers. Both

they and A. N. Sayre, Chief, Ground Water Branch, encouraged me to

expand the original study into an investigation of the Gila conglomerate.

The area of the thesis problem only locally overlaps the area covered by
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the work for the Geological Survey, but the experience gained in the
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ending source of stimulation.

Dr. John F. Lance directed the thesis problem for the Geology

Department of the University of Arizona and his perspicuity and provoca-

tive argument, for which I give humble thanks, are incorporated through-

out the thesis. Professor Edwin D. McKee, then Head of the Department

of Geology, acted as thesis advisor during the early stages of the work0

Mrs. Ruth S. Allison drafted the maps and sections and Mrs. Carol

Jenkins typed the manuscript. The interest and assistance of other mem

bers of the University of Arizona faculty and of other geologists in the

region are recognized with sincere thanks.

Methods of Study

The methods of study adapted to an investigation of a series of al-

luvial deposits lying in several basins were not obvious at the beginning,

and they evolved during the study itself. This may in part explain the

lack of uniformity of the descriptions of the deposits.

The method eventually adopted consisted of: (1) A rapid reconnais-

sance of the deposits in each area to select sections that appeared critical;

(2) an examination of the structural relationships between the alluvial de-

posits and the bedrock areas and within the alluvial deposits themselves;
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(3) a detailing of sedimentary structures such as character of lensing,

cross-stratification, size range, fragment composition, uniformity of

texture, degree of induration and cementation, and presence of uncon

formities and transition zones; and (4) the measurement of selected

stratigr aphic sections.

Field reconnaissance was made on existing topographic maps on a

scale of 1:125, 000 and on aerial mosaics on a scale of 1:63, 360. Areal

mapping was resorted to only where support for the general conclusions

was not available from existing geologic maps.

The units described in this report that are capable of being mapped

are given manuscript names for convenience in discussion. The nature

of this study precluded the detailed field mapping necessary for the for

mal designation of rock unit names.

Alluvial deposits are often referred to as "valley fill" or some

variation of the phrase. As thus used, the word "valley" refers to the

structural trough containing the uppermost alluvial deposits which form

the visible extent of the basins and not to the stream valleys of the present

drainage pattern.



THE ORIGINAL GILA CONGLOMERATE

Gilbert (1875) cites four localities as containing Gila conglomerate

and these may be considered as type localities. These are, going down

stream: (1) Above the mouth of Gilita Creek; (2) along the San Francisco

Rlvr; (3) along Eagle (Prieto) Creek; and (4) in the vicinity of the mouth

of Bonita (Bonito) Creek (p1. 1). Gilbert (1875, p. 540) described the de

posits of all four localities together as follows:

The boulders of the conglomerate are of local origin, and
their derivation from particular mountain flanks is often in
dicated by the slopes of the beds. Its cement is calcareous.
Interbedded with it are layers of slightly coherent sand and
of trass, and sheets of basalt; the latter, in some cliffs, pre-
dominating over the conglomerate, One thousand feet of the
beds are frequently exposed, and the maximum exposure on
the Prieto is probably 1, 500 feet, They have been seen at
so many points by Mr. Howell and myself that their thstribu=
tion can be given in general terms. Beginning at the mouth
of the Bonito, below which point their distinctive characters
are lost, they follow the Gila for more than 100 miles toward
its source, being last seen a little above the mouth of the Gilita.
On the San Francisco they extend 80 miles; on the Prieto, 10;
and on the Bonito, 15. Where the Gila intersects the troughs
of the Basin Range system, as it does north of Ralston, the
conglomerate is continuous with the gravels which occupy the
troughs and floor the desert plains0 Below the Bonito it merges
insensibly with the detritus of Pueblo Viejo Desert (Safford and
San Simon Valleys). It is, indeed, one of the tQuaternary
gravelsr of the desert interior, and is distinguished from its
family only by the fact that the watercourses which cross it
are sinking themselves into it and destroying it instead of
adding to its depth.

9
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The beds above the Gilita Creek are a portion of the alluvial de-

posits between the Continental Divide and the Mogollon Mountains, N0

Mex. The deposits along the San Francisco River, as discussed in

this report, lie in the structural trough between the Mogollon Mountains

and the range to the west that includes Maple Peak0 The beds along

Eagle Creek are a portion of the deposits that partially fill the depression

running south past Clifton, including those near the mouth of the San

Francisco River, to beyond Duncan, Ariz. The beds near the mouth of

Bonita Creek are a portion of the deposits that lie in the Safford-San

Simon trough0

The individual units described from these four areas in this report

and their relationships to the Gila conglomerate, as defined by Gilbert

and later workers, are shown diagrammatically in figure 2.

Gilita Creek-Black Mountain Area, New Mexico

Gilbert!s easternmost cited location of Gila conglomerate, above

the mouth of Gilita Creek, is located in the headwaters of the Middle

Fork River on the east slope of the Mogollon Mountains, The Gilita

Creek exposures form only a portion of the northwesternmost part of

the valley fill, which in this area discontinuously girdles Black Mountain.

Because the areas of exposures are not continuous, the deposits will be

discussed as those in the vicinity of Gilita Creek and those south and east

of Black Mountain. Two units are recognized in the Gilita area the
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Gilita and Negrito beds, and three in the Black Mountain area, the Mon

toya, Hunting Lodge, and Dry Diamond beds,

The GilitaBlack Mountain area lies between the Continental

Divide, which circles the area on the north and east sides, the Mogollon

Mountains on the west side, and an unnamed eastwest ridge that includes

Copperas Peak on the south side, The bordering mountains slope down

ward toward the center of a depressed area in the middle of which rises

Black Mountain, The altitudes of the surrounding mountains range from

about 8, 000 to over 10, 000 feet; Black Mountain has an altitude of over

9, 000 feet, The altitudes of the mesa tops cut on the alluvial deposits may

be as high as about 7, 500 feet; the lowest altitude of the base of the alluvial

deposits, at the junction of the West Fork and Gila Rivers, is about 5, 500

feet,

Gilita Creek Area

Gilberts Gila conglomerate above the mouth of Gilita Creek in

cludes two units, only the lower of which is well exposed, The lower

unit, here referred to as the Gilita beds, consists of about 300 feet of

moderately well consolidated tuffac eous conglomerate and sandstone

whose coarse fragments are composed preponderantly of rhyolite crystal

tuff, The Gilita beds are overlain by an upper conglomerate, the Negrito

beds, which is almost completely masked by thin soil and float, but is

composed of both rhyolitic and mafic volcanic fragments.



Gilita beds
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The Gilita beds are well exposed about O 9 mile northwest of the

mouth of Gilita Creek0 Here they consist of sandstone to granule con

glomerate with few lenses of cobble to boulder conglomerate (p10 2)

The color of the rock is light buffcream to white and gray, both on the

fresh and weathered surfaces0 The fragments are composed almost

wholly of rhyolite crystaltuff, with a scattering of basalt and scoria in

a few lenses0 The unit is generally composed of thin lenses of conglom-

eratic sandstone with cobbles and pebbles set in a sandy matrix0 Where

boulders and large cobbles are present, they are composed of basalt0

The beds are nearly horizontal with low (3°f) easterly dips0 For the

most part, the unit, though it is friable in the hand specimen, forms

moderately steep slopes, corrugated by numerous thin ledges0 Lime

cement is absent, except as thin, calcite deposits along some fractures0

The lenses, particularly the finer ones, are attenuated; crossbedding and

channeling are rarely developed0 The estimated thickness of the Gilita

beds is about 300 feet (Section 1, appendix), but nowhere is more than

150 feet well exposed in a single section0

The basal or upper contacts are not exposed0 About oneha1f mile

above the mouth of Gilita Creek, on the west side of Snow Creek imme

diately north of where Snow Creek enters a box canyon, there is an ex-

posure of Gilita beds about 30 by 50 feet in extent within 200 feet of the



PLATE 2

Closeup view of the tuffaceous Gilita beds located about 0.9 mile
northwest of the mouth of Gilita Creek.





15

nearest basaltic flow outcrop. The intervening area is covered with

soil and loose boulders derived from adjacent basaltic rocks0 The ex-

posure consists of well-bedded, clean, pinkish sandstone and tuff, with

minor quantities of poorly rounded basalt and rhyolite(?) pebbles0 The

tuff beds contain thumbnail and smaller sized fragments of pumice0 The

beds are horizontal, 2 to 6 inches thick and comparatively poorly sortecL

Small-scale channeling indicates the beds are water-laid. The topographic

relationships suggest that the Gilita beds were laid down along basaltic

cliffs. However, the sharp contrast between the sizes of the fragments

in the Giita beds and the debris now being derived from the adjacent

volcanic flows and the oxidized color of the exposed beds suggest that

the Gilita beds may underlie the massive flows.

Elsewhere, the Gilita beds are locally overlain by basaltic flows

which appear to be continuous with those forming Loco Mountain0 Along

Snow Creek these flows appear to have followed earlier erosion channels

cut into the Gilita beds, but the contact is obscured by float.

Ten miles east of the mouth of Gilita Creek, and about one mile

north of Double Spring Ranch, an exposure of beds less than 100 feet

thick is tentatively considered equivalent to the Gilita beds (Section 2,

appendix). These beds contain a high percentage of rhyolite tuff frag-

ments similar to those in the Gilita beds and are similarly, if more

finely, bedded. They are intercalated between thick sequences of basaltic

flows0



Negrito beds

The sequence of poorly consolidated conglomerate overlying the

Gilita beds Is here designated as the Negrito beds after Negrito Mountain

located about 5 miles northwest of the mouth of Gilita Creek in the vi

cinity of which they are well developed. These beds are rarely exposed

in more than small patches. They consist of thin to thick lenses of

pebbly siltstone to silty boulder conglomerate and contain fragments of

basaltic and rhyolitic rocks in roughly equal proportions0 The basaltic

fragments are more conspicuous than the rhyolitic fragments because

they are invariably larger and darker0 The unit is bonded by its silt

rather than cemented; interstitial lime is rare and possibly confined to

caliche in the weathered zone and thin facings along fractures4 The unit

forms gently sloping mesas with moderately steep, rounded sides4 It is

characteristically covered by a well.developed boulder and cobble strewn

soil derived from its constituents,

The contact between the Negrito beds and the underlying Gilita beds

was nowhere seen, Both units have essentially horizontal to low east dips

and are tentatively considered conformable, The upper limit of the Negrito

beds is an erosion surface0 The lava flows which locally cover the Gilita

beds were not seen to cover the Negrito beds. For this reason and because

of their high percentage of mafic material, the Negrito beds are tentatively

considered to be younger than the basaltic flows overlying the Gilita beds,

16
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The thickness of Negrito beds is estimated to be about 300 feet

(Section 1, appendix) along the road from Snow Creek to near Negrito

Mountain.

B lack Mountain Area

The alluvial deposits south and east of Black Mountain appear to

be also laid down in the same general depressed area on the back slopes

of the Mogollon Mountains that includes the Gilita and Negrito beds0 East

of Black Mountain, along the west front of the Black Range, these beds

were considered by Fries (1940) "to correspond to what is known as the

Gila conglomerate." Fries describes these deposits as a "clastic unit"

consisting of three parts, which he does not separately designate. The

equivalents of these three units are here designated as the Montoya tuffa=

ceous beds, the Hunting Lodge beds, and the Dry Diamond beds (Section

3, appendix; fig. 2).

Montoya tuffaceous beds

The Montoya tuffaceous beds are well exposed in the vicinity of the

Beaverhead Ranger Station and west of the junction of Diamond Creek and

the Gila River (pl. 3, fig. 1), the site of the old Montoya Ranch, for which

they are name& The Montoya tuffaceous beds consist predominantly of

white to light buff rhyolite crystal tuff with intercalated lenses of water

laid sandy to granule conglomerate composed of rhyolitic fragments. The



PLATE 3

ALLUVIAL DEPOSITS EAST OF
BLACK MOUNTAIN, NEW MEXICO

Figure 1Q General view northeast up the Gila River from the vi
cinity of the mouth of Diamond Creek0 The Gila River
is entrenched in basaltic flows; the lightcolored area
in the left middle ground is composed of Montoya tuffa
ceous beds; the mesa in the right middle ground is com
posed predominantly of Dry Diamond beds0

Figure 2 Montoya tuffaceous beds lying on basalt flows, about
5 miles northwest of the Beaverhead Ranger Station.
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tuffaceous beds, though composed almost entirely of pyroclastic frag-

ments, show sedimentary structures along the contacts between lenses

although the interior of individual beds may be structureless0 Locally,

total thickness of reworked material appears to be greater than the thick-

ness of the tuffaceous beds. The unit rests conformably upon an erosional

surface weakly developed on the underlying basalt flows and is overlain

by the Hunting Lodge beds. South of the Beaverhead Ranger Station it

disappears near the mouth of Corduroy Canyon and reappears in the vi-

cinity of the Montoya Ranch, about 12 miles south.

The tuffaceous beds are composed predominantly of quartz, feldspar,

and pumice fragments, generally smaller than 5 mm., with scattered light

brown scoria fragments common0 Mafic minerals cannot be seen with a

hand lens, Small vugs, commonly 1/2 to 1 cm. in maximum dimension,

are filled with an open network of tiny reticulated quartz crystals. These

tend to weather out readily and a pitted surface results. Small areas are

stained with a light blue-green color of unknown origin. The tuff is light,

but no specimen was found to float. The tuff beds and conglomerate lenses

both weather light brown, except where a dull yellow color results from

the presence of lichens. The unit is a conspicuous cliff former, and occurs

in clearly defined thick (2 to 5 foot) lenses, Its irregular bedding is clearly

shown where the bedding contacts are recessed by weathering (p1, 3, fig0 2)

The lensing and the beds of sand and granule conglomerate clearly demon=

strate the alluvial origin of the unit, The maximum known thickness is
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about 100 feet, about 5 miles northwest of the Beaverhead Ranger Station

Hunting Lodge beds

The Hunting Lodge beds are most conspicuously exposed near the

junction of the West Fork and Gila Rivers where they form rugged, steeply

rounded or sheer cliffs up to 500 feet high (p10 4, fig0 1) This unit is

here composed of well-indurated pebble to cobble conglomerate with some

granule conglomerate and sandstone lenses (Section 4, appendlix). The

Hunting Lodge beds here are of comparatively uniform composition and

are composed predominantly of light-gray felsitic fragments with andesitic

and basaltic fragments common but distinctly subordllnate0 The formation

is water-laid (p10 4, fig0 2) with discernible but poorly developed bedding;

the lensing is attenuated with single beds not more than 2 feet thick trace-

able for more than 300 feet (see discussion of Lenticularity)0 Fragments

are generally subangular with fair sorting, ranging down to fine sand but

lacking silt in any appreciable quantity. The sedimentary texture of the

Hunting Lodge beds in this area is similar to that of the lower portion of

the Mimbres formation shown in plate 5, figure 1.

The Hunting Lodge beds lie on an erosional surface cut on andesitic

and rhyolitic rocks which are in part described by Ferguson (1927) and

Fries (1940) in nearby areas. Locally, as at the confluence of the West

Fork and Gila Rivers,, the lowest unit of the Hunting Lodge beds is a con-

spicuous basal conglomerate composed of the immediately underlying



PLATE 4

HUNTING LODGE BEDS, BLACK MOUNTAIN AREA,
NEW MEXICO

Figure 1 View northwest from north slope of Copperas Peak
showing contact of Hunting Lodge beds (lightgray
area in middle ground) on underlying volcanic rocks
of the Diablo Range0

Figure 2, Hunting Lodge beds near the mouth of Corduroy Creek
showing rhyolitic phase with welldeyeloped stream
laid sedimentary structures,
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PLATE 5

VIEWS OF THE HUNTING LODGE BEDS IN THE BLACK
MOUNTAIN AREA AND THE MIMBRES FORMATION IN

SAPILLO CREEK, NEW MEXICO

Figure 2 Hunting Lodge beds along lower Diamond Creek
showing ledge and step topography typical of tuffa
ceous portion of this unit0

Figure 10 Typical exposure of the lower portion of the Mimbres
formation along Sapillo Creek0 The general appear
ance of these deposits is similar to that of the Hunting
Lodge beds in the vicinity of the Hunting Lodge9
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materiaL The erosion surface dips at low angles from the south, east,

and west toward Black Mountain (p1. 4, fig. 1). The unit is overlain by

the Dry Diamond beds or by more recent surface gravels.

The composition of the Hunting Lodge beds is not everywhere uni-

form0 Up the West Fork River, in the vicinity of the Gila Cliff Dwellings

National Monument (Section 5, appendix), the basal 50 feet contains abun-

dant felsitic fragments. These are overlain by approximately 300 feet of

bedded tuff which contain the famous Gila Cliff Dwellings. Overlying the

tuffaceous beds are another 200 feet of the Hunting Lodge beds, here

composed predominantly of white rhyolite tuff fragments and less well

indurated than near the junction of the West Fork and Gila Rivers0 To

the north and east, up the Gila River, the Hunting Lodge beds are locally

underlain by the Montoya tuffaceous beds and are composed, as near the

mouth of Corduroy Canyon, predominantly of rhyolitic tuff, similar in

lithology to the upper 200 feet in the vicinity of the Gila Cliff Dwellings0

The units of Hunting Lodge beds containing high proportions of rhyolitic

fragments are also characterized by a tuffaceous "spongy't matrix and a

ledge and step topography (p1. 5, fig0 2).

Dry Diamond beds

Overlying the Hunting Lodge beds east of the junction of the West

Fork and Gila Rivers, are the Dry Diamond beds, named for their ex-

posures along Dry Diamond Creek (Section 3, appendix)0 The Dry Diamond
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beds are composed of rhyolitic and light-colored volcanic rocks near

their base (plo 6) with an increasing proportion of m.afic types toward

the top0 The matrix, in contrast to the Hunting Lodge beds, is com-

posed of sand and silt with only minor proportions of tuffaceous materi-

al0 It is generally weakly to poorly consolidated, and the degree of con-

solidation lessens upwards, Rounding of fragments is well developed,

Bedding is prominent and irregular; sorting is generally poor with con-

siderable quantities of silt common in the matrix though it may be mod

erately good in individual lenses. Fluvial sedimentary structure, par-

ticularly scour and fill, is common, Lensing is stubby and alternation

of lenses is rapid,

The Dry Diamond beds are apparently conformable with the Hunting

Lodge beds0 The contact is marked by a transitional zone (see discussion

of Transitional Zones) that ranges from less than one foot to several feet

in thickness0 In this transitional zone, the materials are predominantly

reworked fragments from the Hunting Lodge beds, but their sedimentary

structure is that of the Dry Diamond beds, consisting of comparatively

short and thick lenses, poor sorting with appreciable silt content in the

matrix, and a generally fair degree of rounding, with a high proportion

of fragments subrounded to rounded0

The Dry Diamond beds are overlain with thin surface gravels that to

a large extent are derived from the underlying material. These capping

gravels lie with a slight angular discordance on the Dry Diamond beds and



PLATE 6

Characteristic exposure of lower portion of Dry Diamond beds
located at the junction of Diamond and Dry Diamond Creeks.
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the contact may be locally identified by channeling.

Towards the upper portion of the Dry Diamond beds there is a

distinct increase in the proportion of silty lenses. In this zone many

individual lenses are composed of sandy or pebbly silt, whereas the

lower beds usually contain silt only as a constituent of the matrix.

Concommittant with the increase in silt content the lensing becomes

stubbier (see discussion of Lenticularity) and there is a rapid, almost

jumbled juxtaposition of lenses of widely differing textures, Sorting

within individual lenses is also poor. The lenses of yellow-brown sandy

silt stand out prominently in contrast to the gray of the conglomerate

lenses,

Fries (1940) noted that "some faults cut the lower beds but apparently

do not affect the upper beds, indicating that the faulting occurred within the

period during which this unit was being deposited." The more irregular

upper beds may be a reflection of renewed vigor of streams because of

increased gradients due to this intraformational faulting,

Relationships of Alluvial Deposits in the
Gilita and Black Mountain Areas

The changes in composition of the Hunting Lodge beds and the sim

ilarity of some of these beds to both the Montoya tuffaceous beds and the

Gilita beds suggest that some correlation may exist between them, Although

there is insufficient evidence at hand to warrant drawing any final conclusiOflS



27

some points may be emphasized as a guide to further work in the area,

The change between the predominantly felsitic character of the

Hunting Lodge fragments near the confluence of the West Fork and Gila

Rivers and the predominantly tuffaceous and rhyolitic composition in

the vicinity of the Gila Cliff Dwellings can be traced. The felsitic beds

thin northwestward and are overlapped by the more rhyolitic units0 To

wards the east, felsitic beds are absent or inconspicuous along Diamond

Creek, whereas the rhyolitic beds are up to about 300 feet thick0 This

suggests thinning of the felsitic material towards the east, although the

possibility of intervening faulting must be considered.

The Montoya tuffaceous beds are lithologically similar to the tuffa-

ceous units of the Hunting Lodge beds in the vicinity of the Gila Cliff

Dwellings, and the two tuffaceous units may be equivalent.

The Gilita beds are compositionally and texturally similar to the

upper portion of the Hunting Lodge beds in the vicinity of the Gila Cliff

Dwellings and the mouth of Corduroy Canyon. There are several points,

however, that make it difficult to accept the two as a single unit solely

on the basis of lithologic and textural similarityQ The Gilita beds are

overlain by basalt flows, and similar deposits, such as those near the

Double Springs Ranch (Section 2, appendix), are intercalated between

basalt flows, At no point are the Hunting Lodge beds southeast or east

of the Gilita beds seen in similar relationship. At their closest, along

the Middle Fork River, the two areas are separated by about 10 miles
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of volcanic rocks. In this reach no deposits were noted to suggest that

the Gilita beds interfinger with, or are transitional or gradational into

the Hunting Lodge beds. The Uthologic and textural similarity remain

striking, but the possibility of deposition into two separate areas from

a single source cannot be eliminated.

One of the outstanding characteristics of the Gilita and Hunting

Lodge beds is their lack of basaltic fragments in the presence of the

basaltic mass of Black Mountain which extends north to beyond the lim-

its of the area examined and west to include the mass of Loco Mountain0

In contrast, the Negrito and Dry Diamond beds contain a preponderance

of mafic fragments. This suggests a major difference in the history of

the two units in relationship to basaltic flows forming Black Mountain.

A further point is that the full thickness of the Hunting Lodge beds has

been faulted along their southern boundary against the volcanic ridge

which includes Copperas Peak. In contrast, the Dry Diamond beds

have been cut only partially by faults which have been progressively

overlapped (Fries, 1940).

Relationships to Deposits Along Sapillo Creek and Upper
Mimbres River

Sapillo Creek and the upper Mimbres River are in a single large

topographic trough south of the volcanic ridge that includes Copperas

Peak. The alluvial deposits in this valley are continuous although the
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two streams drain west and east, respectively, of the Continental Divide0

The alluvial deposits begin as remnants lying on volcanic rocks about 6

miles east of the junction of Sapillo Creek and the Gila River, Eastwardly,

they form a continuous body of alluvial deposits that extends southward

along the Mimbres River, These deposits were only briefly examined

and the following notes are essentially limited to the deposits along

Sapillo Creek,

The basal beds along Sapillo Creek are lithologically similar to

those of the Hunting Lodge beds at the junction of the West Fork and

Gila Rivers, although they are generally pinkish rather than gray (pL 5,

fig, 1). Eastwardly the materials become finer and somewhat less well

indurated, Immediately east of the Continental Divide and north of the

Mimbres River, at an altitude of about 6, 700 feet, the finer sandy beds

are overlain by pebbly conglomerates. The contact is a transition zone

without any angular unconformity and the materials above this contact

are less well consolidated, bedded, and sorted than those below the con

tact, Deformation in the lower beds, particularly at the western end of

the outcrop area, suggests that their contact with the volcanic rocks is

faulted, West of the Continental Divide, the upper coarser beds were in

apparent depositional contact with the volcanic rocks of the ridge including

Copperas Peak. The upper coarser beds contain increasing amounts of

intermediate and basic volcanic rocks upward in their section,

The problems of correlation involved in these deposits are discussed



in the section on 'Correlation with other regions."

Age

No fossils from the alluvial deposits in the Gilita-Black Mountain

area are known. Gilbert (1875) originally assigned a Quaternary age to

the deposits. Fries (personal communicatIon, 1953) suggests a Pliocene

age for the deposition of the units and that the Pleistocene may have been

the period of their rapid downcutting. Hernon, Jones, and Moore (1953)

assign the Mimbres formation a Miocene(?)-Pliocene age and the correla-

tion of the southern extension of the Mimbres formation with the Santa Fe

formation (Jicha and Elston, 1952) implies a possible Miocene-Pleistocene

age.

Fossil evidence from the upper Safford Valley suggests that in that

area the present cycle of downcutting by the Gila River began in post-early

Pleistocene time (Van Horn, 1957). On this basis, and in the absence of

specific stratigraphic or fossil evidence, a Pliocene(?)Pleistocene age

is tentatively acceptable for the deposits in the Gi1itaBlack Mountain

area0

Upper San Francisco River Area, New Mexico

The deposits of Gilbert's second cited locality of Gila conglomerate,

along the San Francisco River, lie in two valleys separated by a wide vol-

canic ridge containing Maple Peak. The San Francisco River cuts a deep

30
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eastwest gorge through the volcanic ridge and the two areas of alluvial

deposits are clearly separate, each dipping away from the volcanic ridge

into its owii basin of deposition. The deposits to the west, along the lower

portion of the San Francisco River, are far less extensive than those along

the upper San Francisco River, and will be discussed with the deposits in

the Eagle Creek-.Duncan area, The deposits along the upper San Francisco

River are considered here,

The deposits along the upper San Francisco River lie mostly in New

Mexico between the Mogollon Mountains on the east and the volcanic ridge

which includes Maple Peak on the west (p1. 1) Altitudes in the Mogollon

Mountains rise to over 10, 000 feet; on the west side of the valley, Maple

Peak is at an altitude of about 9, 000 feet, though the crest of the western

range is generally between 6, 000 and 7, 000 feet. The altitude of the

highest erosion surfaces cut on the valley fill is about 6, 000 feet, and

where the Gila River leaves the valley, the exposed valley fill is at an

altitude of about 4, 600 feet, Maximum relief within the alluvial beds at

any one locality is about 700 feet,

The rocks of the western and eastern bounding ranges differ con

slderably0 The Mogollon and Pinos Altos Mountains are composed pre

dominantly of felsic and intermediate rocks, with a few interbedded elastic

members, whereas the ranges on the west are composed of mafic volcanic

rocks, except for the Big Burro Mountains, which are essentially granitic

The principal drainage pattern on the area is intricate, The upper
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portion of the trough is drained by the San Francisco River which cuts

through the volcanic ridge south of Maple Peak to join the Gila River

near Clifton, Ariz. The southern portion of the trough is drained by

smaller tributaries feeding directly into the Gila River, which cuts ob-

liquely across the trough near the town of Gila. An alluvial divide,

known as Cactus Flat, separates the San Francisco and Gila River

drainages.

The deposits in this long trough were examined in detail only north

of the Gila River. These deposits are referred to as those in the upper

San Francisco River area, though it is recognized that they extend south-

ward beyond the limits of the San Francisco River drainage system. Ex

cept for one small exposure of possibly older alluvial material and some

younger deposits, the valley fill in the upper San Francisco area forms

essentially one unit, here called the Cactus Flat beds, after Cactus Flat

which separates the Gila and San Francisco River drainages in this trough0

Cactus Flat Beds

The Cactus Flat beds are composed of conglomerate, sandstone,

mudstone, claystone, and diatomite, laid down in fairly well.-defined

zones or areas. The rocks underlying the Cactus Flat beds could be

seen only along some of the margins that were composed of some of the

upper portions of the valley fill, Along the San Francisco River, north

or the mouth of Copper Creek, the formation locally lies on rhyolite
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breccias; along the west boundary, finer conglomerate and mudstone are

interbedded with boulder conglomerate derived directly from the scree

coming off the basaltic range. The east boundary is a fault that can be

traced almost continuously where it was originally mapped by Ferguson

(1927) from the north front of the Mogollon Mountains to the Gila River,

At one point on Mineral Creek near the fault, there are exposed alluvial

deposits possibly older than the Cactus Flat beds, These are distinguished

by being more andesitic, more highly indurated,, and more greatly deform-

ed (Section 6, appendix), Elsewhere, the base of the alluvial deposits is

not known to be exposed.

The units overlying the Cactus Flat beds are surface gravels, ba-

salt flows, and older channel deposits. The basalt flows rest on erosional

surfaces cut into the Cactus Flat beds. The surface gravels are for the

most part derived from the Cactus Flat beds themselves, and are in slight

angular discordance with the underlying beds, Along the San Francisco

River, and in some of the other valleys, coarser fluvial and alluvial de-

posits lie on a channeled surface incised into the Cactus Flat beds high

above the present washes. The contact with the Cactus Flat beds may be

sharp and steep, and channels nearly 100 feet deep were observed; more

cpmmonly that contact is a transition zone in which the material of the

Cactus Flat beds is incorporated into the basal portion of the younger de-

posits, The transition zone is compositionally similar to the underlying

deposits and texturally controlled by a younger stream regimen. These



34

beds are also below the thin surface gravels and they represent a de

gradational cycle earlier than the one which resulted in the Conspicuous

surface, and may be considered separately from the Cactus Flat beds,

even though both lie beneath the present broad erosion surface0 Deposits

of this type are noted in several of the valleys and are here called "late

slope deposits" and discussed separately0

The alluvial deposits in the upper San Francisco River valley ex

tend southward between the Big Burro Mountains and Silver City, beyond

which point they are covered by the younger detritus of the broad plains

north of Lordsburg, N. Mex. North of Glenwood, the deposits extend

westward across the drainage divide between the San Francisco and Blue

Rivers (p10 7)

The Cactus Flat beds are predominantly conglomerate along their

contacts with the mountain mass, and grade into finer deposits away from

the mountains0 The finer deposits consist of playa or lake.=bed deposits

where the valley is broad and sandstone and pebbly conglomerate where

the valley is narrow0 Along the Mogollon Mountains, the Cactus Flat

beds are predominantly conglomerate (p1. 8, figs0 1 and 2), with inter

bedded sandstone and less numerous mudstone lenses (Sections 6 and 7,

appendix; p1. 9, fig. 1). The material decreases in average size west

wardly through a zone ranging in width from about 2 to about 5 miles; the

wider zone grading into lake or playa deposits (p1. 9, fig0 2) and the

narrower zone ending in sandstone and fine conglomerate interbedded



PLATE 7

View north of Maple Peak immediately west of the ArizonaNew
Mexico boundary showing the continuity of the Cactus Flat beds
around the north nd of the Maple Peak ridge into the Blue River
drainage, The broad sloping plain in the right distance drains
eastward into the upper portion of the San Francisco River; the
dissected area in the left and middle ground drain southward in
to the Blue River,





PLATE 8

NEAR VIEWS OF THE CACTUS FLAT BEDS ALONG
MINERAL CREEK, UPPER SAN FRANCISCO RIVER

AREA, NEW MEXICO

Figure 1. Upper portion of Cactus Flat beds exposed on north
slope of Mineral Creek (Section 6, appendix), one
third mile west of fault contact with volcanic rocks
of Mogollon Mountains, seen at distant right. The
large andesite boulder in the left middle ground is
3r4/2 feet in maximum dimension,. Note rounding
of large fragments.

Figure 20 Angular fragments of andesitic and sialic volcanic
rocks in the Cactus Flat beds within 100 feet of the
bounding fault fronting the Mogollon Mountains.
The measured dips are greater than 10°W,





PLATE 9

CACTUS FLAT BEDS NORTH AND NORTHEAST OF
BUCKHORN, UPPER SAN FRANCISCO RIVER

AREA, NEW MEXICO

Figure 1 Measured section 7, located on the west side of
Mogollon Creek 14/2 miles west of the fronting
fault along the Diablo Range0 The alluvial rocks
include cobble conglomerate, sandstone, and mu&.
stone0

Figure 2 Finegrained elastic rocks of the Cactus Flat beds
exposed 3 miles northwest of Buckhorn (Section 9,
appenthx)0 Badland topography is characteristics
Top of hill (upper 42 feet) is composed of "late
slope deposits0"
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with boulder deposits derived from the adjacent western basaltic ridge

(pL 10, fIg, 1). These boulder conglomerate beds derived from the

Maple Peak ridge form a second zone of coarse conglomerate that is

markedly more narrow, often less than 100 feet wide4 This zone inter

fingers with the finer deposits derived from the Mogollon Mountains;

with pebbly conglomerate and sandstone where the Mogollon Mountains

are near; or with lake and playa deposits where the Mogollon Mountains

are more distant, A third, poorly defined zone of conglomerate extends

generally northward of the Maple Peak ridge (Section 8, appendix; la 10,

fig9 2; p10 11, figs9 1 and 2), and grades both to the east and west into

finer deposits4 The finer grained deposits, predominantly mudstone and

sandstone with thin interbedded pebbly beds, and locally, diatomite, are

interpreted as playa flood plain or lake deposits4 These are located in

three separate areas, centering more or less on Buckhorn (Section 9,

appendix; Plo 9, fig0 2), an area about 6 miles north of Glenwood (Section

10, appendix; pi 12, fig, 1), and northwest of the north end of Maple

Peak ridge0

In all areas the Cactus Flat deposits reflect the materials in the

adjacent mountains. Along the Mogollon Mountains, where the bounding

contact is a fault, all rock types noted northeast of Glenwood are corre

lated with those in the Mogollon Mountains, as described by Ferguson

(1927) Further south along the same contact in Mogollon Creek, the

fragments similarly reflect the composition of the nearby mountains0



PLATE 10

CACTUS FLAT BEDS ON THE WEST SIDE OF THE UPPER
SAN FRANCISCO RIVER AREA, NEW MEXICO

Figure l Rapid transition between bedrock (basaltic lava) and
finegrained deposits, as seen on the west side of
the valley of the upper San Francisco River along U.
S0 Highway 260 at north end of bridge crossing Dry
Creek.

Figure 2 General view of section 8, north side of Keller Canyon,
about 12 miles northwest of Glenwood. The bluff shown
in plate 11, figure 2 is in the left middle ground.





PLATE 11

CACTUS FLAT BEDS IN KELLER CANYON, UPPER SAN
FRANCISCO RIVER AREA, NEW MEXICO

Figure 10 Close'up of pebbly conglomerate in unit 1, section 8,
in Keller Canyon0 Center of photograph shows deposits
about 5 feet above base of measured sections

Figure 2 View of lower portion of unit 1, section 8, Keller
Canyon0 Grid near base is 1 yard high0 Note
characteristic weathering of wellindurated rocks
of the Cactus Flat beds0 Vertical fluting is con-
trolled by vertical fractures0
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PLATE 12

CACTUS FLAT BEDS, UPPER SAN FRANCISCO RIVER
AREA, NEW MEXICO

Figure 14 Site of section 10, about 6 miles north of Glenwood.
Section measured along prominent spur, on left (west)
side of mesa0

Figure 2 General view of depositional contact of diatomite and
finegrained deposits on west side of valley in vicinity
of Buckhorn, N0 Mex0 The diatomite and related de
posits form the 1ight..colored rocks which fringe and
overlap the central hill4
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Along the basaltic ridge on the west side of the valley, wedge-shaped

lenses of basaltic boulders can be traced from consolidated talus-slope

deposits resting on basalt to where they intertongue with fine-grained

deposits of felsic volcanic rocks (p10 10, fig. 1). At the north end of

the basin, where again the contact is depositional, the fragments in the

Cactus Flat beds are those of the underlying rhyolitic and adjacent an-

desitic volcanic rocks0 In the Buckhorn area, diatomite and fine-grained

siliceous beds rich in opaline chert nodules interfinger with playa deposits

that rest on basalt flows and contain a scattering of basaltic fragments

near the contact (p1. 12, fig0 2).

In the portion of the valley including the Cactus Flat beds generally

south of Mineral Creek, the deposition of the Cactus Flat beds is asym-

metrical, with the axis of the basin along the west side of the valley.

This is demonstrated best by the interfingering of felsic granule sandstone

and pebble conglomerate with basaltic scree, in some places within 100

feet of the basaltic bedrock but several miles from the source of felsic

rocks. Again, in the vicinity of Buckhorn, on the east side of the valley,

preponderantly conglomeratic beds grading into finer grained deposits

form a zone about 10 miles wide. The finer grained deposits abut the

basaltic rocks on the west side with a depositional contact, with only a

scattering of basaltic fragments near the contact.

Along the Mogollon Mountains northeast of Glenwood, two phases

of deposition are discernible (Section 6, appendix). The lower is composed
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predominantly of felsic volcanic rocks in moderately well-bedded and

well-sorted lenses, which are chiefly of granule to pebble size0 This

portion grades upwards through a narrow transition zone into the upper

phase which contains large numbers of andesitic boulders set in a matrix

of silty granule to pebble material of felsic volcanic rocks. The general

absence of andesitic material in the other sections examined in this valley

suggests the possibility that the finer deposits grade into the rocks of the

lower phase. This possibility is in part supported by the dips of the de-

posits which better fit continuity of the sections in the topographically

lower portions ot the valley with rocks of the lower phase; the rocks of

the upper phase, where absent, are interpreted as having been removed

by erosion. The possibility that the upper phase may be identical with

the "late slope deposits" is eliminated because the two were observed

together along Whitewater Creek.

The fragments in the upper phase of the Cactus Flat beds immediately

adjacent to the fault contact with the rocks of the Mogollon Mountains are

typically highly angular, poorly sorted, and dip up to about 200 to the west

(p1. 8, fig. 2). The dips may in part be due to drag along the fault, but

the angularity of the material suggests that these rocks had not been trans

ported any great distance before deposition, These beds may represent

talus scree derived from volcanic rocks newly exposed by the repeated

uplift of the Mogollon Mountains along their fronting fault. The rocks

pictured in plate 8 show the change in roundness that occurs within about



one-third mile in rocks of the same general composition and at about

the same stratigraphic position.

Correlation and Age

In the upper San Francisco River area, the alluvial deposits along

frontal faults bounding the Mogollon Mountains in the vicinity of Mineral

Creek were assigned to the Gila conglomerate and a possible Quaternary

age by Ferguson (1927). arlier, Paige (1916) assigned the bulk of the

valleyufilling deposits, south of those discussed in this report as the

Cactus Flat beds, to the Gila conglomerate and a possible Pleistocene

age. A portion of the alluvial deposits in the Silver City Quadrangle

also assigned by Paige (1916) to the Gila conglomerate have been redes-

ignated by Hernon, Jones, and Moore as the Mimbres formation, of pos

sible Miocene(?)-.Pliocene age.

Cope (1884) suggests a Miocene age for one reported vertebrate

fossil find from the Cactus Flat beds, but it is possible that the material

then considered Miocene may now be as young as mid-Pliocene (J. F.

Lance, personal communication, 1954).

Eagle Creek-Duncan Area, Arizona

The third Gila conglomerate locality cited by Gilbert is along

Prieto, or what is now known as Eagle, Creek (p1. 1). The deposits in

this locality are in part coextensive with those up the lower San Francisco
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River and in part with those that partially fill the valley east of the

Peloncillo Mountains. For the most part, they lie in Arizona but past

Duncan they extend southward into New Mexico,

The mountains on the east side and north end of the valley rise to

general elevations of between 6, 000 and 8, 000 feet above sea level. On

the west side, the crests of the Peloncillo Mountains are generally be-

tween 5, 000 and 6, 000 feet above sea level. The highest altitudes of the

erosion surfaces cut on the alluvial deposits are only locally greater than

5, 000 feet; the lowest altitudes at which the alluvial deposits are exposed

are at about 3, 300 feet, along the Gila River. Maximum relief in the al

luvial deposits is about 1, 000 feet in the vicinity of Clifton. The valley

includes the broad extent of alluvial deposits between the ranges on the

east side and the Peloncillo Mountains and their northward extensions

up the San Francisco River and Eagle Creek. The present stream chan.

nels of the Gila and San Francisco Rivers and Eagle Creek cut diagonally

across these deposits and find their confluences within volcanic rocks of

the north end of the peloncillo Mountains.

The mountains on the east side of the valley are composed of vol

canic rocks which range from felsic and intermediate composition in the

Big Lue Mountains to predominantly intermediate and mafic composition

in the Steeple Rock Range. The rocks circling the north end of the valley

include Precambrian granite, Paleozoic and Mesozoic clastic and chemical

sedimentary rocks, and a considerable thickness of volcanic rocks with a
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wide range in compositionQ On the west side, the mountains are com.=.

posed predominantly of younger volcanic rocks, chiefly mafic0

Only the deposits north of Duncan were examined in detail during

the course of this study4 Lindgren (1905) separated the deposits in Eagle

Creek into two units, the lower rhyolitic "tuff breccia" and the Gila con-

glomerate, and later geologists subdivided the "tuff breccia" into "older"

and "younger" units (Louis Reber, personal communication, 1953)

These three units are referred to in this report as the Bat beds at the

bottom, the Gold Gulch beds in the middle, and the Greenlee beds at

the top (Section 12, appendix; p1. 13, figs. 1 and 2). South of the con

fluence of the San Francisco and Gila Rivers, the Greenlee beds form

the bulk of exposed alluvial deposits, although a fourth unit, the Wampoo

beds, is exposed below the Greenlee beds locally along the east margin

of the valley4

Bat Beds

The Bat beds (Section 11, appendix), named for the excellent ex

posures south of the mouth of Bat Canyon, a tributary of Eagle Creek,

are well exposed along the lower portions of the cliffs lining Eagle Creek4

They are composed of dark red-brown boulder conglomerate lenses whose

fragments of basalt, ranging up to a few feet in diameter, are set in a

reddish or pinkish matrix composed of basaltic and rhyolitic pebbles

(10 14, fig4 1) The boulders are subangular to roughly rounded; the



PLATE 13

ALLUVIAL DEPOSITS ALONG EAGLE PRIE'rO) CREEK,
ARIZONA

Figure l Bat, Gold Gulch, and Greenlee beds overlying vol-
canic rocks in Eagle Creek, NE 1/4 sec. 18, T. 5
S., R. 29 E., about 3 miles north of its confluence
with the Gila River, a) Tertiary volcanic flows and
breccias; b) Bat beds; c) Gold Gulch beds with basal
tuff; d) tuff; e) Greenlee beds, The cliff above the
lower tuff beds is about 500 feet high.

Figure 2, Exposure of Gold Gulch and Bat beds and underlying
flows along Eagle Creek at mouth of Hot Springs
Canyon, about 1 mile south of pumping station,
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PLATE 14

BAT AND GOLD GULCH BEDS ALONG EAGLE (PRIET0)
CREEKS ARIZONA

Figure 1 The Bat beds exposed on the west side of Eagle Creek
about 1 mile south of the pumping station0 Pick in
left center gives scale0

Figure 2 Gold Gulch beds exposed on east side of Eagle Creek
about 3/4 mile south of pumping station.
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bedding is crude4 The Bat beds form vertical cliffs to steep slopes be

low the Gold Gulch beds. Locally they are absent and the maximum ob-

served thickness along Eagle Creek is about 100 feet0 The Bat beds are

depositional on an erosional surface cut on lava flows, and are conform

ably overlain by the Gold Gulch beds. They have not been recognized

beyond the limits of Eagle Creek.

Gold Gulch Beds

The Gold Gulch beds, named for their extensive outcrops along

Gold Gulch, are spectacularly exposed along Eagle Creek4 The unit

Section 11, appendix) is composed of granule to cobble conglomerate

lenses interbedded with tuffaceous sandstone and tuff beds (plo 14, fig0

2) The fragments are predominantly rhyolitic and the unit is yellowish

gray, in marked contrast to the underlying Bat beds and the overlying,

where present, Greenlee beds. The lowest portions contain large pro-

portions of basaltic fragments and andesitic fragments are common,

though many individual beds are composed wholly of rhyolitic fragments0

The Gold Gulch beds conformably overlie an erosional surface cut

on the Bat beds, or in their absence, on basaltic flow's0 The erosional

surface is marked by conspicuous but gentle channeling. The unit is

overlain disconformably by the Greenlee beds along its southeast ex-

posures0 These beds are best exposed along Eagle Creek, and may be

present as the lowest alluvial units observed along the Gila River above
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the mouth of the San Francisco River for about a mile (p10 15, figs0 1

and 2) Between the mouth of the San Francisco River and the mouth of

Eagle Creek, no large thicknesses of alluvial deposits are present though

lenses of conglomerate up to 25 feet in thickness are frequent0 These

intercalated lenses are characterized by fragments of basaltic material2

but rhyolitic fragments are frequent to common The Gold Gulch beds

are clearly in fault contact with the older volcanic2 intrusive, and sedi-

mentary rocks on the east side of the Eagle Creek valley, and possibly

also with the volcanic rocks on the west. Their maximum thickness is

about 1,000 feet.

Within the Gold Gulch beds, lensing, crossbedding, cut and fill

channeling2 sorting, and pebble rounding are well developed. Along

some of the bedding-plane surfaces of the finer grained deposits are

structures that may be either weakly developed nh-like channeling or

ripple marks0 No finer grained deposits suggestive of playa or lacustnine

environment were observed; nor were any longitudinal deposits of coarser

material suggestive of a central channel.

Wampoo Beds

Beds of tilted conglomerate crop out along Apache Wash (p10 16,

fig, 1), about 14 miles north of Duncan, and are here called the Wampoo

beds, for their exposures along Wampoo Creek, These consisted of well-

bedded tuffaceous granule to cobble conglomerate (p10 16, fig0 2), pebbly



PLATE 15

ALLUVIAL DEPOSITS IN THE VICINITY OF GILLARD HOT
SPRINGS, EAGLE CREEKDUNCAN AREA, ARIZONA

Figure 1. Rhyolite fragment conglomerate tentatively considered
Gold Gulch beds(?), vicinity of Gilard Hot Springs,
Pick in lower center gives scale0

Figure 2 Contact between Gold Gulch beds(?) and basal basaltic
conglomerate of the Greenlee beds, 1/4 mile west of
Gillard Hot Springs on north side of Gila River.
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PLATE 16

WAMPOO BEDS IN APACHE CREEK, EAGLE CREEK
DUNCAN AREA, ARIZONA

Figure 1 Tilted units of the Wampoo beds in Apache creek,
about 14 miles north of Duncan0 The Greenlee beds
overlie the Wampoo beds disconformably and form
the steep slope in the left distance0

Figure 2 Tuffaceous cobble and pebble conglomerate of the
Wampoo beds, Apache Creek, sec4 8, T, 16 S.,
R. 32 E4, Arizona,
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to silty sandstone, and tuff, They are reddish brown to tan in color,

and contain a high percentage of light-colored volcanic rocks and abun

dant fragments of reddish and orange altered volcanic rocks of possible

andesitic composition0 The beds generally range in thickness from a few

inches to less than 4 feet and one bed of lapilli tuff-agglomerate is about

20 feet thick0

The Wampoo beds dip about 25° to 35° generally northeast, though

locally the strike varies widely, due possibly to the presence of small,

poorly defined faults9 The base of the sequence is not exposed, although

the beds are exposed in the direction of dip for about 2 miles in Apache

Wash9 The Wampoo beds are in fault contact with the volcanic rocks of

the Steeple Rock Range0 Because of the faulting, the thickness of the

Wampoo beds can only be estimated to be at least a few hundred feet.

The Wampoo beds are overlain by the Greenlee beds which dip at about

30 southwest0

Other areas of similar deposits along the east side of the valley

are reported by R. B. Morrison (personal communication)0 The relation

ships of these areas of older alluvial deposits to each other are not known,

nor is the relationship of the Wampoo beds to the Gold Gulch and Bat beds

known except that all three clearly underlie the Greenlee beds,



Greenlee Beds

The Greenlee beds form the bulk of the valleyfilling deposits in

the basin and extend from south of Duncan north to Clifton, in the vi-

cinity of which they split to extend northeastward into the lower reaches

of the San Francisco River and westward into the southeastern corner

of the Eagle Creek drainage basin0 The Greenlee beds are composed of

conglomerate2 sandstone, mudstone, and diatomaceous earth. In the

Clifton area, the Greenlee beds are predominantly conglomerate, with

lesser proportions of sandstone and mudstone (Section 12, appendix).

On the east side of the valley, conglomerate is preponderant over a zone

several miles wide; on the west side of the valley, the conglomerate zone

is narrow. The conglomerate from the east and north sides grades to

sandstone and mudstone toward the west side of the valley and interfingers

with the conglomerate lenses derived from the Peloncillo Mountains. To

the south, in the vicinity of Duncan, the sandstone and mudstone deposits

grade into playa or lake-bed deposits containing diatomaceous material

and some many beds (Section 13, appendix). The alluvial deposits south

of Duncan were not examined.

The Greenlee beds can be seen in depositional contact with the

marginal rocks, although the contact is locally faulted, as near the

mouth of the San Francisco River and in the vicinity of Clifton. In the

southeastern corner of the Eagle Creek drainage basin, the Greenlee
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beds rest on a gently south or southeast dipping erosion surface cut on

the Gold Gulch beds0 At any single exposure of the contact, the Gold

Gulch and Greenlee beds appear to be essentially conformable, but be-

tween Bat Canyon and Gillard Hot Springs, the contact drops about 1, 000

feet in altitude and the exposed thickness of the Gold Gulch beds is re

duced from about 1,000 feet to about 20 feet0 Along Apache Creek, the

Greenlee beds rest with a prominent, gently southwest dipping angular

unconformity developed on the tilted Wampoo beds The top of the Green

lee beds is everywhere an erosion surface overlain by a thin mantle of

loose gravel or deposits considered to be equivalent to the "late slope

deposits."

Near the mouth of the San Francisco River in the vicinity of the

Gillard Hot Springs, the Greenlee beds contain a distinctive basal con

glomerate (p1. 15, fig0 2; p10 17, fig0 1) This basal conglomerate rests

with a slight disconformity on rhyoliterich beds tentatively assigned to

the Gold Gulch beds and is composed of basaltic cobbles and boulders with

essentially no rhyolite fragments. The basaltic conglomerate is as much

as 250 feet thick and grades into the main portion of the Greenlee beds

which are characterized by a gray color, abundant fragments of rhyolite

and frequent fragments of red granite, quartzite, porphyry, and, more

rarely, limestone (pL 17, fig, 2), The basal basaltic conglomerate is

not everywhere present, and locally the contact between the Greenlee

and Gold Gulch beds, as at the mouth of the San Francisco River, may



PLATE 17

GREENLEIE BEDS IN THE EAGLE CREEK.DUNCAN AREA,
ARIZONA

Figure 1 Basal basaltic conglomerate of Greenlee beds, vi-
cinity of Gilard Hot Springs Pick in center gives
sca1.e

Figure 2 Selective cementation in gray conglomerate member,
Greenlee beds White material above and, less con
spicuously, below pick handle is interstitial calcite;
the dark zone under the pick handle is essentially
without calcareous cement.
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be marked by basalt flows, The top 200 to 300 feet of the Greenlee beds

increase noticeably in the percentage of silt, coarseness of bedding, and

heterogeneity of sorting (plQ 18, fig. 1). The total thickness of the Green

lee beds is estimated to be about 1,000 feet. The road cuts along the

highway south of Clifton show excellent exposures of the Greenlee beds

above the basal conglomerate.

Correlation and Age

The alluvial deposits in Eagle Creek and the lower San Francisco

River were both considered to be Gila conglomerate by Gilbert (1875).

Lindgren (1905) continued to so designate the deposits along the San

Francisco River and Eagle Creek that are in this report referred to as

the Greenlee beds. However, he considered the bulk of the deposits in

Eagle Creek, here designated as the Bat and Gold Gulch beds, to be

separate and older and referred to them as a "(rhyolite) tuff breccia"

(Lindgren, 1905, p. 87). Later workers in the area separated the de

posits into an older and younger breccia (Louis Reber, personal comm

munication, 1953) which are the equivalent of the Bat and Gold Gulch

beds, respectively. The presence of lensing, crossbedding, cut and

fill channeling, pebble rounding, and the suggestion of ripple marks in

some of the finer beds attest to the alluvial deposition of this unit as

originally ascribed by Gilbert.

No fossils are known from any of the alluvial deposits in this area.



PLATE 18

ALLUVIAL DEPOSITS IN THE EAGLE CREEK.DUNCAN AND
BONITA CREEKSAFFORD AREAS, ARIZONA

Figure 1 Upward transition in Greenlee beds from coarse gray
conglomerate to interbedded gray, silty conglomerate
and brown, pebbly mudstone, about 3 miles southeast
of Clifton on highway to Duncan, Lightcolored bed in
center is first silty bed; beds exposed high in gully are
predominantly silty conglomerate and pebbly mudstone.

Figure 2 Conglomerate cliffs along the Gila River south of the
mouth of Bonita Creek - a) basaltic flows; b) Bonita
beds; c) Solomonsvifle beds,
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Bonita Creek-.Safford Area, Arizona

The fourth and last of Gilberts original locations of Gila conglom-

erate is at the mouth of Bonita Creek and its vicinity, where the conglom-

erate crops out in a thickness of about 1, 000 feet (,p1. 18, fig. 2). The

alluvial deposits extend north and northwest along Bonita Creek, except

for one 2-mile wide exposure of volcanic rocks, to Ash Flat, where they

are covered by younger basaltic flows. To the northwest and southeast,

they extend along the Gila River to Coolidge Dam and up San Simon Creek

towards the Mexican border. The deposits were examined along Bonita

Creek and from the mouth of Bonita Creek along an approximate east-west

line through Safford to the Pinaleno Mountains in the vicinity of Frye Mesa.

The exposure at Bonita Creek is separable into two units: The lower

unit, the Bonita beds (Van Horn, 1957), is composed of conglomerate and

forms the basal cliffs; the upper unit, the Solomonsville beds (Van Horn,

1957), is also composed preponderantly of conglomerate and forms the

steep slopes starting about 350 feet above the level of the river. At Frye

Mesa the rocks are also separable into two units, the Solomonsville beds

at the base and brown gneissic boulder conglomerate, here called the

Frye Mesa beds, on top.
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Bonita Beds

The onita beds, which form the lower 350 feet of the massive con-

glomerate cliff south of the mouth of Bonita Creek, are distinguished by

a composition limited essentially to basaltic and rhyolitic volcanic rocks4

Along the lower reaches of Bonita Creek, they are composed of subangular

to subrounded pebbles to boulders set in a moderately well-indurated

coarse matrix of similar composition0 The lenses are generally 2 to 4

feet thick, with poorly developed bedding planes (Section 14, appendix)0

Upstream, the fragments tend to become larger, with 1- to 2foot boulders

common and a few larger boulders up to about 4 feet in maximum dimen-

sion, About 15 miles upstream, the basaltic conglomerate passes under

a lighter colored, predominantly coarse sandstone to rhyolitic pebble con-

glomerate (Section 15, appendix), which is characterized by its thin bedding,

individual beds ranging from 2 to 8 inches thick, This upper conglomer-

ate contains smaller quantities of van-colored basaltic rocks and in its

upper portions contains rare granite and quartzite fragments0

The Bonita beds are deposited on undulating surfaces of moderate

relief cut on basaltic flows, rhyolite and rhyolite breccias, and interbedded

conglomerate lenses0 Locally, its composition reflects the underlying

material; elsewhere, the basal beds represent material derived from up-

stream sources, The Bonita beds are overlain by the Solomonsville beds

in the vicinity of the Gila River, by younger basalt flows on Ash Flat, and
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by thin surface gravels. To the west, the Bonita beds pass below the

Solomonsville beds and their relationship to the considerable thickness

of fine-grained material underlying the Safford Valley is not known0 The

Bonita beds range in thickness from about 400 to about 800 feetQ

In the vicinity of the Gila River, the Bonita beds contain interbedded

tuff, Locally, the tuff beds are basal (SectiOn 15, appendix)0 The tuff

beds range in thickness from less than 2 feet to about 70 feet (p1. 192 fig.

1), The tuff beds generally rest on a very smooth surface of the under-

lying conglomerate, but their upper surfaces are in many places chan-

neled (p1. 19, fig. 2). The tuff beds in places have been completely dis-

sected away prior to the further deposition of alluvial material, Locally,

the horizons of these tuff beds are indicated by highly distinctive, tuffa-

ceous, fine-grained conglomerate (p1. 20) and in some cases, beds of

tuffaceous conglomerate may be traced into beds of tuff0

The lower basaltic conglomerate of the Bonita beds passes under

the upper rhyolitic sandstone and pebble conglomerate in the vicinity of

Bonita well at an altitude of about 4, 400 feet. About 3 miles northwest,

at an elevation of about 4, 800 feet, the rhyolitic unit is predominantly

composed of silty sandstone beds with only a few pebble beds and a few

limey mudstone beds. The tops of some of the beds grade upward into

structureless sandy mudstone suggestive of old soils; some of the limey

mudstone beds contain caliche nodules along irregular fractures0 There

is also a change in composition with a decrease in the proportion of
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PLATE 20

Tiffaceous conglomerate at the base of the Bonita beds resting on
the irregular surface of a basaltic flows a) basaltic flow; b) tuffa
ceous conglomerate; c) basaltic conglomerate0
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basaltic fragments and the appearance of quartzite and granite0 In con

trast to some of the lower sandstone beds, where quartz is uncommon,

these sandstone beds contain considerable quantities of quartz. It is not

known whether the change in predominant size is a factor of only vertical

gradation or of both vertical and lateral gradation.

Wherever the contact between the Bonita beds and the rocks of

the Natanes Rim on its northeastern flank could be seen, it is a normal

fault; where it could not be observed the topography suggests a normal

fault contact0 On the west side, the Bonita beds are apparently deposi-

tional on the back slope of the Gila Mountains, though locally this contact

Is also deformed by normal faulting.

Solomonsville Beds

The upper portion of the conglomerate cliff at the mouth of Bonita

Creek is composed of conglomerate similar to the underlying conglomer-

ate of the Bonita beds except that it contains, in addition to the suite of

volcanic rocks in the Bonita beds, conspicuous, if not plentiful, fragments

of red granite, crossbedded maroon and white quartzite and a scattering

of other sedimentary rocks, Van Horn (1957) states that the upper con-

glomerate grades into and interfingers with lake-bed deposits exposed

along the Safford Valley to the west. The upper unit is here called the

Solomonsville beds after the extensive exposures of the finegrained de-

posits in the vicinity of Solomonsville, Ariz,
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Other than for the presence of the red granite and other non-vol-

canic rock types, the conglomerate of the Solomonsville beds in the

Bonita Creek vicinity is remarkably like the Bonita beds, except that it

is not so well indurated, Toward the top of the Solomonsville beds near

the mouth of Bonita Creek, there is an increase in the proportion of silt

and predominantly silty lenses0 Van Horn (1957) has described the finer

grained deposits of the Solomonsville beds as consisting predominantly

of sandstone and mudstone and reflecting a playa and lacustrine environ

ment.

Toward the west, along the front of the Pinaleno Mountains, the

Solomonsville beds again coarsen (Section 16, appendix). The larger

fragments are entirely gneissic and granitic, and the smaller fragments

are predominantly quartz and feldspar. The matrix is commonly a gray-s

green mudstone,

In the vicinity of the south end of the Gila Mountains, the Solomons-

vile beds rest on an erosional surface of up to 200 feet of relief cut on

the Bonita beds along their contact with older volcanic rocks. West of

Earvenrs Ranch, a channel filled with conglomerate containing red granite

and quartzite is incised into the Bonita beds down to a basal tuff. Along

the south bank of the Gila River, wherever the contact between the

Solomonsvifle beds and the underlying Bonita beds could be observed,

there is no direct evidence that could be pointed to as indicating an

erosional surface. Without any break in texture, the conglomerate
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suddenly contains fragments of red granite and quartzite.. However, at

the mouth of Bonita Creek, the contact is about 350 feet above the level

of the Gila River and about 350 feet of Bonita beds are present; 3 miles

to the southwest, on the south bank of a cliff lining the Gila River, the

Solomonsville beds rest on about 50 feet of Bonita beds and the contact

is about 50 feet above the level of the river,.

In the vicinity of Frye Mesa, the Solomonsville beds grade upward

rapidly into the boulder conglomerate of the Frye Mesa beds0 For the

most part, the Solomonsville beds are covered by a few feet of terrace

gravels0

Along the west front of the Gila Mountains, and along the Gila

River between the southeast end of the Gila Mountains and Bonita Creek,

the Solomonsvifle beds are in depositional contact with the older rocks0

Van Horn (personal communication, .1957) reports this to also be the

case at the northwestern end of the Peloncillo Mountains and its outlying

hills0 In only one area is there a possibility that at least the lowest units

of the Solomonsville beds may be faulted0 Three miles up the Gila River

above the mouth of Bonita Creek, the Bonita beds are in normal fault con

tact with the volcanic rocks of the saddle between the Peloncillo Mountains

and Turtle Mountain. The fault is largely masked by float from the

Solomonsville beds that continue across the fault zone, A concentration

of float containing red granite on the downthrown side of the fault suggests

that the lowest units of the Solomonsville beds may have been cut by the
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latest movement along this fault zone,

The maximum observed thickness of the conglomerate of the

Solomonsville beds on the north side of the Gila River is about 350 feet,

On the south side of the Gila River, these beds may be up to about 700

feet thick, In the central portion of the Safford Valley, Van Horn (1957)

postulates a thickness of about 2, 400 feet of finegrained deposits which

he assigns to the Solomonsville beds,

Frye Mesa Beds

A conglomerate of huge gneissic boulders set in a brown silty

pebble to boulder matrix crops out in dissected alluvial fans around a

northeast salient of the Pinaleno Mountains in the vicinity of Frye Mesa

(p1. 21), These deposits are here referred to as the Frye Mesa beds0

They are composed of gneissic and granitic boulders that reach small

house proportions along the contact with the bedrock, Two miles toward

the center of the valley, boulders 1 to 2 feet in diameter are abundant and

boulders up to 10 feet in maximum dimension are frequent (p1. 22, fig. 1),

The matrix is brown, silty, and contains granules to small pebbles of

quartz and feldspar, and pebbles of gneissic fragments, Near the moun

tam front, the conglomerate fragments are so large that cobbles and

boulders must be considered as part of the matrix. The fragments are

angular to subroimded; the sorting is poor to fair, Bedding is clearly

developed, though its contacts are not always distinct, Some horizons



PLATE 21

View southwest across the Safford Valley, toward the Pinaleno
Mountains showing the large dissected alluvial fans at their base
composed predominantly of Frye Mesa beds, The slope in the im
mediate foreground is composed of finegrained deposits of the
Solomonsville beds covered by thin deposits of pebble and cobble
gravel,
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PLATE 22

FRYE MESA BEDS, SAFFORD AREA, ARIZONA

Figure l Frye Mesa beds consisting of gneissic boulder con
glomerate, as exposed along the road from Thatcher
to Frye Mesa Jeep in lower left hand corner (on
road) for scale.

Figure 2 Bedding in Frye Mesa beds, along road from Thatcher
to Frye Mesa Note stringers of cobbles and boulders
in pebbly silty matrix
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are marked by stringers of boulders, sometimes little more than one

boulder thick, set in a matrix that is virtually indistinguishable from

the material of either the overlying or underlying beds (p1. 22, fig. 2).

The contact between the Frye Mesa beds and the underlying Solomons-

yule beds is a transition zone that is about 100 feet thick. In this zone,

there is a gradual increase in the size of the boulders; beds with gray-

green mudstone matrix typical of the Solomonsville beds intertongue with

and then give way to boulder beds with the brown, silty, arkosic matrix

characteristic of the Frye Mesa beds, The Frye Mesa beds are covered

by a loose rubble composed of its own debris.

At their most conspicuous exposures, along the east front of Frye

Mesa, the Frye Mesa beds are about 700 feet thick.

Correlation and Age

Gilbert (1875) considered the deposits at the mouth of Bonita Creek

to be the westernmost exposure of the Gila conglomerate, west of which

it merges insensibly with the detritus of the Pueblo Viejo Desert (the

Safford and San Simon Valleys)." Schwennesen (1919) equated the con-

glomerate deposits on the east side of the Safford Valley, including those

at the mouth of Bonita Creek, with those on the west side, including those

exposed in Frye Mesa. He postulated that the fine-grained deposits with

in the belts of conglomerate flanking the mountain fronts were deposited

subsequent to a period of erosion which dissected the conglomerate.
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Knechtel (1938, p. 197) inferred the interfingering of coarse and fine

material from well data and hydrologic considerations, and affirmed

that the "Gila conglomerate as a geologic formation must therefore in-

clude both lake beds and fanglomerates, the two phases having originated

simultaneously." The well data and the hydrologic considerations used

by Knechtel are confined in a large measure to the central portions of

the valleys0 Van Horn (1957, p. 14) shows that on the east side of the

valley the fine-grained deposits in the central portion of the valley inter

finger with only the upper (Solomonsville beds) portion of the conglomer-

ate exposed at the mouth of Bonita Creek and rest on an erosional surface

of moderate relief cut on the underlying conglomerate of the Bonita beds.

On the west side of the valley, the Solomonsville beds grade into a con-

glomerate that underlies the coarse gneissic conglomerate of the Frye

Mesa beds0

Therefore, instead of the two-phase sequence of deposition sug-

gested by Schwennesen and the single sequence of deposition suggested

by Knechte1, there are, between the mouth of Bonita Creek and Frye

Mesa, three phases of deposition. The earliest is the deposition of the

Bonita beds, possibly confined to a valley east of a buried bedrock ex-

tension of the Gila Mountains (Van Horn, 1957, p. 15). The second is

the deposition of the Solomonsville beds across the whole of the valley.

The third is the deposition of large alluvial fans on the west side of the

valley.
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Gilbert (1875) considered the deposits at the mouth of Bonita Creek

to be of Quaternary age, as he did the other exposures of "Gila conglom-

erate." Knechtel (1938), on the basis of a vertebrate fossil assemblage

that included Nannippus sp., Plesippus sp, and Rhynchotherium(?) sp.,

postulated a late Pliocene age for fine-grained deposits which he included

in the Gila conglomerate. Later work has indicated that this fauna, usu-

ally referred to as Blancan, may span the Pliocene-Pleistocene boundary

(Colbert, 1948), A subsequent discovery of Equus (Equus) sp., and

Hydrochoerus sp. (Van Horn, 1957) about 100 feet stratigraphically higher

and without any intervening break or change in the sediments indicates

that the fine-grained deposits may be as recent as Kansan(?). The ex-

posed portions of the Solomonsville beds are therefore considered to be

Pliocene-Pleistocene, following the discussion of the age of the Blancan

fauna by Colbert (1948). Van Horn (1957, p. 27) states, "Since some

2, 200 feet of Solomonsville beds may be present below the occurrence of

the Blancan fauna,, it is probable that the lower part of the Solomonsville

beds are middle or upper Pliocene."

Units of the Solomonsville beds stratigraphically equivalent to the

Blancan and Kaiisan faunal horizons rest on an erosional surface cut on

the Bonita beds, Since the relationship between the concealed portions

of the finegrained sediments and the Bonita beds are not known, the

Bonita beds can be considered only as pre-Blancan, probably Pliocene,

The Solomonsville beds are gradational into the Frye Mesa beds.
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The Frye Mesa beds had been dissected prior to deposition of the flood-

plain along the Gila River, which possibly spans the Pleistocene-Recent

boundary (Hunt, 1953). Consequently the Frye Mesa beds are probably

Pleistocene.

Summary - Alluvial Deposits in the Areas of Gilberts Original
Gila Conglomerate

The four areas of alluvial deposits of Gilberts original definition

of the Gila conglomerate lie in four separate topographic basins which

have developed in separate, though probably related, structural depres-

sions0 At this time, no direct continuity of any of the deposits across

or through the mountain ranges can be demonstrated, but there is the

possibility that there may be some subsurface physical continuity be-

tween the Cactus Flat and Greenlee beds around the south end of the

Steeple Rock and Big Burro Mountains0

The units described in this paper from the four areas containing

G1lberts Gila conglomerate may be divided into two sets. The ?upper

set" includes the Negrito and Dry Diamond beds of the Gilita Creeks-Black

Mountain are; the Cactus Flat beds of the upper San Francisco River

area, the Greenlee beds of the Eagle Creek-Duncan area, and the Bonita,

Solomonsville and Frye Mesa beds of the Bonita Creek-Safford area.

The "lower set" includes the Gilita, Montoya and Hunting Lodge beds of

the Gilita Creek-Black Mountain area, and the Bat, Gold Gulch, and
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Wampoo beds of the Eagle Creek-Safford area,

The units of the "upper set" in each basin reflect, by the composi

tion of their fragments and their size-gradation relationships, derivation

from the adjacent mountains which are still features of the present topog

raphy and deposition in the depressed areas formed as a late phase of the

development of Basin and Range deformation. The units are either in

depositional or normal-fault contact with the bedrock of the adjacent

mountains and the fault relationship does not mitigate the fact that the

sources of the alluvial deposits are the nearby ranges. With the excep-

tion of the 1'late slope deposits," which are discussed separately, the

units of the "upper set" represent a more or less continuous aggradational

sequence9 They have all been eroded to approximately the same degree

and none are mineralized,

The units of the "lower set" are in part also derived from rocks in

the present mountain areas, but their composition is distinctive in that

(1) they contain rock types whose entry into the basin requires a complex

structural explanation and (2) they lack rock types that should logically

have been derived from the existing highlands. The structural relation-

ships between the lower units and the existing topography suggest that

the lower units cannot be assumed to have been deposited in the same

basins as the upper units, In some casesy as the Bat and Gold Gulch

beds, their deposition may be a distinctive local feature; in other cases,

as the Hunting Lodge beds, some features suggest deposition in basins
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which cross present structural and topographic boundaries; a third case,

the Wampoo beds, may actually be related to deposits that underlie the

volcanic rocks forming the nearby mountains (R, B0 Morrison, personal

communication). Units of the "lower set" are not exposed and may not

be present in every basin,

The contact between units of the "upper" and "lower sets" may be

an angular unconformity or a disconformity, and the two types of uncon-

formities may merge into each other along strike or dip, The upper con-

tacts of the units of the upper set are generally the present broad erosion

surface marked by a variable but usually thin sequence of poorly consoli

dated gravels. The basal contacts of the units of the lower are either un-

known or can be shown to be depositional on older rocks.

The Solomonsville beds form the only unit for a portion of which a

definite age is known. Exposed portions of the unit range in age from

late Pliocene to early Pleistocene without any sedimentary break. The

similarity of the rock types of the upper units and their relationships to

the surrounding topography suggest that they may all have been deposited

during the same general period. The ages of the lower units are not

known directly,



THE GILA CONGLOMERATE EXTENDED

At first glance, the valley fills of all structural basins in the

southeastern portion of the Basin and Range country are remarkably

similar texturally, because of the similarity of their late orogenic

histories, and lithologically, because of the similarity of volcanic and

other rocks which formed their source. In some cases, aUuvial deposits

cover the passes between valleys and the broad erosional surfaces appear

to sweep without break from one structural trough to the next. It is no

wonder that the original description of the Gila conglomerate, generalized

to fit the deposits in four separate areas, should apparently fit other al

luvial deposits in nearby basins. On the basis of three criteria textural

similarity, Uthologic similarity, and, in some cases, apparent physical

continuity, the alluvial deposits in several additional major structural

troughs have been assigned to the Gila conglomerate. Over a broader

area, similar deposits are tentatively correlated by being labeled Gila(?).

The areas to which the term Gila conglomerate has been extended

will be discussed in the chronological order in which the term was appliedG
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Deposits in the Vicinity of Globe, Arizona

The alluvial deposits in the vicinity of Globe lie about 75 miles

west-northwest of Bonita Creek. In his report on the Globe area,

Ransome (1904) notes that alluvial "deposits identical in character and

origin, and in part directly continuous, with those noted by Gilbert oc-

cur within the Globe quadrangle, and are00 designated by the same

name0" Peterson (1954) maps the Gila conglomerate as a single unit

but reports:

There are two readily distinguishable types of Gila conglom-
erate in the Globe quadrangle. . (The first) west of Russell
Gulch is a part of a broad fan of talus breccia.,, that formed
on the northeastern flanks of the Pinal Mountains (to the south-
west)0 It is poorly stratified and is composed of angular frag-
ments of.. schist and.,. diorite, The conglomerate east of
Russell Gulch,. is probably somewhat younger and is part of
a fan that formed from debris washed down from the mountains
to the northeast, It is commonly well stratified and is composed
of interbedded gravel, sand, and silt, The fragments are main-
ly rocks of the Apache group, Paleozoic limestone, dacite, and
diabase.

The alluvial origin of the Gila conglomerate is vividly summarized

by Ransome (1904, p. 6):

The rapid variation in character, the coarseness of the boul-
ders, the distribution of the material with reference to exist-
ing mountain ranges, the nature and dip of the stratification,
and the frequent abrupt changes observable in both vertical
and horizontal sections all point decisively to the result of
fluviatile action. The bulk of the Gila formation as it occurs
in the Globe quadrangle was deposited by streams, and re-
sembles the material found in the beds of the prevailing dry
arroyos today,..The occurrence of large angular blocks near
the mountains, with the rapid gradation into finer materials
toward the middle of the depositional tract, points to tumultuous
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transportation - to torrential rushes of water, by which
large quantities of rock waste were transported in a short
time from the mountain slopes to the valley, with little of
that rounding of individual fragments which characterizes
the action of streams having a more constant flow, and in
which the materials as a rule travel more leisurely to
greater distances before coming to rest.

"The conditions of deposition" Ransome observed (1904, p. 6),

"(are) not unfavorable to occurrence of associated lake deposits."

Basal contacts are reported from several locations, but the bottom

of the thickest portions is nowhere exposed and exploratory drilling shows

the maximum thickness to be in excess of 4, 000 feet (Peterson, 1954).

The upper contact is not discussed in detail except as a broad erosional sur

face, though Ransome states that locally the alluvial deposits "grade, with

out any discoverable break, into modern talus."

Ransome postulated that "although its occurrence is not at the

present time confined to existing valleys, it is plain that it originally

accumulated in depressions or lowlands separating mountain ridges, and

never formed deposits covering the whole region,, The Gila formation,,,

(has) in spite of deformation and dissection, a still recognizable relation

to the larger features of the existing topography." He notes only minor

faulting and deformation in the Gila formation. Peterson (1954) shows

considerable displacements locally between the Gila conglomerate and

older rocks and states: "Undoubtedly the block was continually sinking

during the time the Gila conglomerate was being deposited."

Cores of some of the deep holes drilled in the area west of Russell
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Gulch and about 3 miles west of Globe were examined through the courtesy

of Mr. E. F. Reed, Miami-Inspiration Copper Corp. These cores con-

tain conglomerate composed predominantly of schist fragments with smaller

quantities of granite and porphyry fragments. No tuff or tuffaceous deposits

were noted either in the deep drill-hole cuttings or in the surface exposures

in the Globe area. In contrast, the uppermost portions of the alluvial de-

posits in the vicinity of San Carlos, about 20 miles east of Globe, are ths

tinguished by numerous beds of tuff,, It is not known whether the absence

of these pyroclastic deposits in the vicinity of Globe is due to removal by

erosion subsequent to deposition or whether they were never deposited.

In the San Carlos area, there is insufficient data to demonstrate which

portion, if any, of the alluvial deposits are the equivalent of the section

near Globe, Consequently, the detailed correlation of the deposits in the

Globe area with those in the vicinity of San Carlos and, by extension, to

one of Gilbertrs original type localities east of Safford, is not possible

at this time,

In the Globe area, Ransome (1904) and Peterson (1954) describe

the Whitetail formation. This formation underlies a thick sequence of

dacite which in turn underlies deposits designated as the Gila conglomer-

ate. Peterson (1954) observes, "It (Whitetail conglomerate) is preserved

and can be recognized only where it crops out under the dacite flow." This

characteristic is also described by Ransome (1919) for the Whitetail for-

mation in the Ray area and the problem of the Whitetail conglomerate is
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discussed in the section on the alluvial deposits in the San Pedro-Mineral.

Creek area1 which includes the vicinity of Ray

Deposits of Sulphur Spring Valley and Upper
Aravaipa Creek, Arizona

The alluvial deposits of Sulphur Spring Valley and upper Aravaipa

Creek are more or less continuous in a complex structural trough that

extends from about 20 miles south of Coolidge Dam south past Douglas,

Ariz, into Mexico, Only the northern third of the deposits is drained by

the Gila River by way of Aravaipa Creek and the San Pedro River0 The

southern twothirds, known as Sulphur Spring Valley, includes two sepa

rate drainage systems, The northern portion is a valley of interior drain-

age centering on the Wilicox Playa; the southern portion drains southward

past Douglas, Ariz,, into the Yaqui River in Mexico,

Meinzer and Kelton (1913), on the basis of weUlog data, correlated

the valley fill in Sulphur Spring Valley with the Gila conglomerate on the

basis of mode of origin and probable correspondence in age, They state

that the valleyfill deposits "consist of clay, silt, sand, gravel and boul

ders (and) of various mixtures of these materials, ,On the whole, the

clayey deposits largely predominate." Alluvial deposits are continuous

from the Sulphur Spring Valley to the SaffordSan Simon Valley in a pass

through the mountain ranges separating the two valleys,

Meinzer describes the gradational relationship between the coarser
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materials along the mountain fronts and the finer materials in the centers

of the troughs and suggests the possibilities of erosional unconformities

within conformable units of the valley fill. He also points out the existence

of considerable fluctuation in the type of dominant sedimentation when he

shows the alternation of thick clay and silt deposits with sand and gravel

deposits. In correlating these finer deposits with the Gila conglomerate,

he was the first to demonstrate the valley-wide pattern of stream4aid

conglomerate grading into lake-bed and playa mudstone,

Gilluly (1956, p. 118), in a comprehensive report which includes

most of the west half of Sulphur Spring Valley, refers only one outcrop

of tilted conglomerate, sandstone, and siltstone to the Gila conglomerate.

Whether the tilted beds referred to the Glia conglomerate by Gilluly are

the marginally deformed equivalent of stream deposits considered by

Meinzer to correlate with the Gila conglomerate is not known.

The alluvial deposits of the part of this structural trough drained by

Aravaipa Creek are considered by Ross (1925a) to be Gila conglomerate

largely on the basis of his redefinition of the Gila conglomerate as "a

thick deposit of fairly well consolidated alluvial material in valleys in

southern Arizona" (1925a, p. 30). Ross notes that in the conglomerate

in this region "all the older formations are represented among the

pebbles9 In some beds the pebbles have probably been transported a

consider able distance from the outcrops whence they came, but in many

the pebbles are obviously derived from ncarby hardrock formations.
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In the Arivaipa (sic) box canyon the greater portion of the formation is

tuff and tuffaceous conglomerate, which has been sorted more or less

by the action of water," He does not discuss the relationships between

the more characteristic and the more tuffaceous phases of the Gila con-i

glomerate, However, along Aravaipa Creek immediately west of Ross'

mapped are; the tuffaceous phases are in fault contact with a cong1om..

erate that is overlain by Rosst Gila conglomerate and no gradation or

transition between the tuffaceous and non-tuffaceous phases was noted,

Darton (1925, p. 273, fig, 86B) suggests in a cross section that

the alluvial deposits that underlie the lava flows and tuff within the up-

thrown block of the Galiuro Mountains are Gila conglomerate. Fragments

in the tuffaceous conglomerate, which is apparently older than Rosst Gila

conglomerate, are similar to the tuff which overlies Dartonts Gila con

glomerate, A composite section would show Dartonts Gila conglomerate

underlying flows and tuff within the large tilted fault block, debris from

which form a tuffaceous conglomerate, which in turn, apparently underlies

Rosst Gila conglomerate. Thus the term Gila conglomerate in this area

has been applied to deposits both older and younger than or contemporaneous

with the elevation of the Galiuro Mountain block.

Alluvial deposits of possible Miocene age are also described by Ross

(1925; p, 29), These are interbedded with lava and tuff, have been

structurally deformed, and underlie alluvial deposits designated by Ross

as Gila conglomerate with an angular unconformity,



Deposits in the Upper Santa Cruz River Basin, Arizona

Alluvial deposits along the west front of the Santa Rita Mountains

in the upper Santa Cruz River basin were first suggested by Schrader (1915)

to be correlatable with the Gila conglomerate0 These deposits have no

physical continuity with any beds previously described as Gila and the

correlation is suggested on the basis of textural similarity alone0 Schrader

also describes a unit of older folded or tilted "tuffs and agglomerates"

upon which the Gila conglomerate rests disconformably0 The tuffs, he

states:

o occur in beds from 6 inches to 8 feet or more thick,
the average thickness being about 2 feet. . . They are mostly
medium or fine grained and are composed of heterogeneous
material0 Some beds consist chiefly of small semirounded
pebbles of red and purple rhyolite, granite porphyry, and
quartzite0 Others, especially the finer beds are conglom-
erate at the base only. . . The agglomerate conformably overt-
lying the tuffs. . is a heterogeneous varicolored mixture of
angular blocks and subangular boulders, pebbles, cobbles,
and finer material, ranging from boulders several feet in
diameter down to grit or coarse sand, consisting of granite
porphyry, granite, diorite, and andesitic and rhyolitic ma-
terials, all well cemented...

Moore (1940), in an unpublished report on the geology of the Tucson

quadrangle, much of which is located in the upper Santa Cruz basin, re-

ports a widespread group of volcanic and continental deposits of Tertiary

age, to which he refers as the Pantano formation4 The sedimentary units

of the formation consist of tilted beds of red-brown sandstone and con-

glomerate, some mudstone, and, rarely, gypsum and tufa4 Moore con-

sidered the unit to be a part of a widespread group of deposits and not an
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older filling of the present basin system, He notes the similarity of the

Pantano formation to some of the alluvial deposits in the Mammoth and

other areas, and considers them older than the lake-bed deposits along

the San Pedro River and the Gila conglomerate, The beds of the Pantano

formation underlie younger valley-filling deposits, but Moore does not

specify a correlation between these younger deposits and the Gila con-

glomer ate.

In a detailed study of alluvial sediments along the southern front

of the Santa Catalina Mountains, Voelger (1953) recognizes three units

older than the alluvial fans exposed at the surface. The earliest of these

he tentatively correlated with the Pantano formation and the upper two

with the Gila conglomerate.

Brennan (1957) describes a thickness of more than 13, 000 feet of

the Pantano formation southwest of the Rincon Mountains, The Pantano

formation was extensively thrust-faulted and was subsequently overlain

by streambed and fanglomerate deposits,

Deposits in Southwesternmost New Mexico

The coarse fraction of the valley fill of four closed drainage

basins - the Animas, Playas, Hachita, and San Luis - in south-

westernmost New Mexico is correlated with the Gila conglomerate by

Schwennesen (j.918). The valley fill in these areas is, for the most

part, covered by a cover of late Quaternary alluvium and surface gravel,



85

and it is only at the north end of the Animas Valley, where the Gila River

and its tributaries have cut headward into the valley fill, that its deposits

are well exposed., The deposits of the Eagle Creek-Duncan and upper San

Francisco River areas are in part dissected northern extensions of the

deposits of the Animas and Playas Valleys.

R, B. Morrison (personal communication) also correlates the bulk

of the valley fill in the Eagle Creek-Duncan area with the Gila conglom

erate, which he calls the Gila formations He separates from the Gila

formation certain areas of tilted alluvial sediments which he calls "earlier

valley-fill deposits," and points out that these earlier deposits are in part

interbedded with and locally appear to underlie the thick volcanic rock

sequences that form some of the present intervalley ranges,

Deposits in the San Pedro River-Mineral Creek Area, Arizona

The alluvial deposits in the San Pedro River Valley and along

Mineral Creek lie in a deeply dissected structural trough that extends

south from the vicinity of Ray, Ariz. past Tombstone to below the

Mexican border. Ray is about 85 miles west of Bonita Creek and about

20 miles southwest of Globe. Ransome (1919) correlates the alluvial de

posits in the Ray area with the Gila conglomerate on the basis of textural

similarity and notes in outcrops what Meinzer (1913) deduced from well

logs, that "The Gila is essentially a fluvio-lacustrine deposit consisting

of coarse, imperfectly rounded or angular rock detritus near the mountains



86

but grading into gypsiferous silts in the central portions of the larger

valleys.

While a large portion of the deposits in this area fit the general

description of the Gila conglomerate, Ransome (1919, p. 73) describes

a portion of them as follows:

The beds southwest of the Gila River are in part so differ-
ent from the Gila conglomerate in other parts of the quad-
rangle and are as a whole so much better stratified that my
inclination at first was to regard them as a distinctly older
formation, probably having an unconformable relation to the
Gila, No evidence of unconformity, however, could be de-
tected, and the well-bedded material appears to grade up-
ward and laterally into Gila conglomerate of the common
variety. Evidently the basin in which deposition took place
in the southwestern part of the Ray quadrangle was excep
tionaUy deep, and rapidly accumulating coarse fluviatile
material graded at times into finer sediments laid down in
comparatively still water.

Near the (Gila) River there is certainly several hundred
feet of this conglomerate that is stratigraphically higher
than the beds southwest of the river.

Ransome (1923) postulates a depositional contact between these

moderately dipping beds and the underlying bedrock, and on the basis of

dip and outcrop extent, computes a thickness of about 8, 000 feet.

In the Ripsey Wash area, he describes a separate "sync].inal basin

of Gila conglomerate... (which) may be seen resting on granite. Here

the formation consists of light pinkishgray tuffaceous-looking beds carry-

ing fragments of granite in a matrix composed largely of volcanic material,

apparently dacitic. The beds vary much in thickness, ranging from shaly

seams to strata measuring over 6 feet.,, of the material is a coarse
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breccia, the beds of which are thick and rather vaguely laminated. Blocks

of granite 3 feet in greatest length are embedded in coarse granitic sand

or in a matrix of granitic and dacitic debris." The relationship of these

beds to the Middle to Late Tertiary tuff and Gila(?) conglomerate imme-

diately north of this area, as described briefly by Wilson (1952), was not

examined.

Superficially, the deposits along Ripsey Wash are lithologically

similar to the moderately to steeply dipping beds in the Nogales area,

designated by Schrader (1915) to be "tuffs and agglomerates" of probable

Tertiary agea The beds in the Nogales area are folded and overlapped

by a considerable thickness of poorly consolidated alluvium (Schrader,

1915) The lithologic similarity of the deposits probably reflects similar

environments which may or may not have occurred contemporaneously.

A pre-Gila sequence of alluvial deposits in the Ray area, the White-

tail conglomerate, is also described by Ransome (1919). Its relation-

ships are discussed in the following section

Along the eastern front of the Tortilla Mountains south of Ray,

Benedict and Hargraves (in preparation) divide the tilted Gila conglom

erate described by Ransome (1919, p. 73) into Gila 1, 2, and 3. They

show that the successively younger deposits overlie fault planes that

transect the older alluvial deposits and postulate that the younger alluvial

sequences are at least in part derived from the older deposits and locally,

beyond the zone of faulting, may overlie them conformably. Benedict
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(personal communication, 1953) tentatively considers Gila 1 (the lowest

unit) to be the equivalent of the Cloudburst beds (see discussion below).

Gila 2 deposits are in the main similar to the deposits in Ripsey Wash

and Gila 3 forms the uppermost deposits.

At the south end of the Tortilla Mountains, R. J, Schwartz (1954)

divides the alluvial deposits into a probable equivalent of the Cloudburst

conglomerate and the Gila conglomerate. He also notes two areas of

distinctive alluvial deposits whose inclusion in the Cloudburst and Gila

is arbitrary. The Cloudburst and Gila conglomerates are both deformed

by thrust faulting in this area (Schwartz, 1954, p. 49) and the thrusting is

considered to be "intraGi1a't so that the deformation of the Gila Conglom-

erate was, at least in part, contemporaneous with its deposition (Schwartz,

personal communication, 1954). Schwartz (1954, p. 64) notes mineraliza=

tion of both the Cloudburst and Gila conglomerates.

On the east side of Mineral Creek about 4 miles southeast of Ray,

exposures along Elder Canyon suggest that, at least locally, there are

angular unconformities between sequences of alluvial deposits. In this

area, the lower deposits are red sandy beds interbedded with well-indurated

limestone pebble conglomerate. The fragments are composed predominantly

of limestone, but quartzite and monzonite porphyry fragments are common,

granite fragments are frequent, and andesite pebbles are rare. The frag.-

ments range in size from granules to less abundant cobbles and boulders.

The red beds generally strike N, 600 E. and dip 100 to 15° southeast,
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though nearer the mountain front, the strikes are more variable and the

dips are steeper. These red beds are overlain by a light-.gray conglom-

erate that generally strikes N. 25° W., or roughly parallel to the struc-

tural trend of the valley, and dips about 5° southwest, a small amount

greater than, but in the same direction as the present stream gradient.

The gray conglomerate is almost entirely composed of limestone, with

a few fragments of diabase, quartz diorite, monzonite porphyry, and,

rarely, rhyolite. No andesite fragments were observed. The red beds

are in fault contact with the mountains to the east, and along the contact

are intruded by diabase and mineralized. The gray beds are in deposi-

tional contact with the bedrock in the mountains to the east and are con-

tiguous with the uppermost portions of the Gila conglomerate described

by Ransome. The underlying red beds are similar to deposits southwest

of the Gila River described as Gila 1 by Benedict and Hargraves (in prep-

aration)0 The relationships along a north-south line between the Dripping

Springs Mountains southeast of Ray and the Tortilla Mountains southwest

of Steamboat Canyon are shown diagrammatically in figure 3.

The valley fill along the San Pedro River is coextensive with the

deposits designated as Gila conglomerate in the Ray area by Ransome

(1919). Bryan (1926) also referred to these deposits as Gila conglomer-

ate, and separated them into two general types - the marginal conglom-

erate and the sand, silt, and clay of the interior basin.

The mineralized area near Mammoth is almost surrounded by
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Gray conglomerate

-
Red beds
(Gila I ?)
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Figure 3.--Diagranimatic cross section between the Dripping Springs
Mountains southeast of Ray and the Tortilla Mountains southwest of
Steamboat Canyon showing structural and sedimentary relationships
within the alluvial deposits and older rocks.
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alluvial deposits and its geology has been described in several papers.

The various uses of the term "Gila conglomerate" by the several authors

to describe the alluvial deposits in this area are shown diagrammatically

in figure 4, Bryan (1926), Steele and Rubly (1947), and G, M, Schwartz

(1953) include within the Gila conglomerate a sequence of older alluvial

deposits which are locally separated by the geologists of the Magma

Copper Corp. as part of the "Cloudburst formation (Steele, personal

communication, 1949). Peterson (1938) and Creasey (1950) also sepa-

rate the Gila conglomerate from the Cloudburst formation, The upper

boundary of the Gila conglomerate as used by Steele and Rubly (1947)

and Creasey (1950) is not clearly defined in their brief papers, Bryan

(1926) and Peterson (1938) place the upper boundary of the Gila conglom-

erate to exclude more recent terrace and river flood-plain deposits. G,

M, Schwartz (1953) recognizes a separate sequence of "alluvial slope de-

posits" younger than the tilted Gila conglomerate in the San Manuel mine

area and older than the alluvium of the terraces and river flood plain.

Unfortunately, Schwartz does not make clear whether he considers the

essentially horizontal lake-bed deposits in the center of the valley, in-

cluded in the Gila conglomerate by Bryan (1926), to be the equivalent of

the tilted (Gila) conglomerate, the gently dipping alluvial slope deposits,

or to be a separate unit.

G. M, Schwartz (1953, p. 14) suggests only a tentative correlation

between the tilted conglomerate in the Mammoth area and the Gila
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conglomerate and uses the designation Gila(?). His reasoning for using

the term in this manner deserves a full quotation:

The deposits of conglomerate were evidently formed in
valleys between high mountain ranges and, therefore, cor-
relation of these deposits can be made from place to place
only in a general way and does not imply that the deposits
were continuous with the type area, Nevertheless, it is
true that a description of the formation classified as Gila(?)
conglomerate in the San Manuel area is very much like
Gilberts original description and, in more detail, like
those of Lindgren and Ransome for other areas in eastern
Arizona,

A recent study of the alluvial deposits in the Mammoth area (Heindi,

in preparation) defines these deposits more closely and suggests four

major units in the sequence of alluvial deposition These are the "Clouds

burst" fanglomerate, the valley fill, the late slope deposits, and the young-

er alluvial deposits (fig0 4). The valley.4i11 unit is further subdivided into

two members, the lower of which is composed of three subunits0

The "Cloudburst" fanglomerate is believed to have been deposited

in a basin other than the one that is topographically outlined today and to

have been thrust into its present positions. One of the two lower subunits

of the lower member of the valley fill is depositional on an erosional sur

face cut on the "Cloudburst" fanglomerate and the second appears to have

a gradational contact with the fanglomerate and to be depositional on rocks

older than the fanglomerate, The third subunit of the lower member con

tains fragments of the "Cloudburst" fanglomerate and is locally in deposi

tional and elsewhere in gradational contact with the second subunit. The
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separate subunits of the lower member lose their identity southward and

merge into the undifferentiated lower member which appears to grade up-

ward, around the south end of an extension of bedrock south of the San

Manuel mine, into the upper member of the valley fill.

The lower member has been extensively thrust in this area The

upper member of the valley fill in the Mammoth area includes the lake-

bed deposits exposed in the center of the valley and grades eastward into

the conglomerate exposed along the front of the Galiuro Mountains0

The lake-bed deposits were entrenched to depths of at least 200

feet and the late slope deposits were laid down upon a surface controlled

by the new local base level. The basal portion of the late slope deposits

in the center of the valley are coarse boulder river gravels, suggestive

of a through stream,, Discontinuous terrace deposits and the flood-plain

deposits along the present San Pedro River represent the stages in the

rejuvenated dissection of the valley fill and the late slope deposits.

Bryan (1926, p. 170) correlated the lake-bed deposits in the vicinity

of Mammoth with those in the vicinity of Benson, about 60 miles to the

south along the San Pedro Valley, stating that: "In spite of differences

in lithology,, the two phases are synchronous and part of one for mation"

J. F. Lance (personal communication) notes that vertebrate fossils from

the Mammoth area may be so old as Middle Pliocene, whereas those in

the Benson area are of Pliocene-Pleistocene or Pleistocene age. Between

the two areas, there is a difference in altitude of about 1, 200 feet and
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there is also a well-defined bedrock barrier about 10 miles north of

Benson. Between the bedrock barrier and about 20 miles southeast of

Mammoth, the alluvial deposits are complexly faulted, The lake-bed

deposits in the two areas may represent exposures of different portions

of what may have been contemporaneous deposition, but at this time it

cannot be demonstrated that the lake-bed deposits in the two areas are

parts of one continuous formation. These relationships are shown

diagrammatically in figure 5.

About 20 miles south of Mammoth and 30 miles northeast of Tucson,

Chew (1952a) separated the alluvial deposits in the vicinity of the Bar LY

Ranch into four units. The lowest unit is estimated to be more than 2, 500

feet thick, and contains mammalian fossil remains of probable early

Miocene age (Chew, 1952b), The two middle units are separated by an-

gular unconformities from the upper unit, but their relationships to each

other are not known. Chew 1952a, p. 28) equates the three upper units

with the Gila conglomerate. The lower unit is cut by both thrust and

normal faults; the three upper units appear to be deformed only by nor-

mal faulting.

Gilluly (1956) describes a diversity of alluvial deposits in the upper

San Pedro River basin, and considers all deposits below the pediment

surfaces to be Gila conglomerate. Within the Gila conglomerate he in-

cludes conglomerate below the broad erosional surfaces lying in channels

incised into finer grained deposits southwest of Benson and an older tilted



96



97

conglomerate below the bulk of the conglomerate deposits near Tomb-

stone.

Whitetail Conglomerate

Ransome (1904, 1919) defined and described the Whitetail conglom-

erate from the Globe and Ray areas and his description of the deposits

and their geologic relationships in the two areas is essentially identicaL

Ransome (1904) considered the Whitetail and Gila conglomerates to be

of widely different ages the Whitetail as early Tertiary and the Gila

as Pleistocene but also of remarkably similar ].ithologies, He states,

"The deposits (Whitetail formation in the Globe area) varies much, both

in thickness and in lithological character, and where its relation to the

dacite is not clearly shown, can not always be clearly distinguished from

certain facies of the younger post-dacite Gila conglomerate," The ob-

vious separation of the two units by intervening erosion surfaces and the

extrusion of the dacite has been also assumed by subsequent authors to

indicate a probable considerable difference in their ages, though the sim-

ilarity of their lithologies is recognized (Wilson, 1952).

The Whitetail conglomerate in the Ray area was examined in some

detail in its exposures on Teapot Mountain and along Rustler Gulch (p1. 1).

On Teapot Mountain, the Whitetail conglomerate is about 1, 000 feet thick

and includes considerable changes in its lithology, The lower 600 feet

is composed predominantly of diabase and has a reddish tint. The
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fragments are angular to subangular, are moderately well sorted, but

the bedding is indistinct or poorly developed, The matrix contains a

high proportion of silt and clay0 The upper 400 feet or so (p1, 23) are

composed of limestone and diabase fragments in about equal proportions

with minor amounts of quartzite and, less frequently, fragments of Pre.

cambrian conglomerate, Cretaceous(?) conglomerate, and quartzite and

limestone breccias, Sorting in the individual beds is poorly developed

but the bedding is distinct0 The matrix is arkosic and lime cement is

common, The topmost 200 feet of the Whitetail conglomerate in Teapot

Mountain contain several beds of white tuff which ranges in thickness

from about 1 to 5 feet. The dacite conformably overlies a thin oxidized

zone and the relief of this erosion surface is not greater than that which

occurs between successive lenses within the conglomerate itself,

About 2 miles east of Teapot Mountain, Tertiary deposits which

lie in a faulted syncline are exposed in Rustler Gulch (Ransome, 1919),

A section along Rustler Gulch measured by pace and Brunton compass

between dacite exposed west of the syncline and the depositional contact

of the whitetail conglomerate on the underlying schist follows.



PLATE 23

Upper portion of the Whitetail conglomerate on the east side of
Teapot Mountain near Ray, Ariz
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Section 18 - Whitetail and Gila conglomerates, Rustler Gulch,
approximately 1 mile north of Rag, Ariz0 Direction of

traverse, N. 85 E.

Thickness
(in feet)

Dacite - N. 100 W,, 700 NE.
Tuff and conglomerate overlying dacite - N. 100 W.,

700 NE0

Tuff: white; pumiceous and ashy fragments to 1,12 inch;
white, becomes finer upward in the bed 15

Sandy tuff: grayish brown; small tuff fragments with
water..worn quartz grains; finely bedded with smail.=
scale sedimentary structures 1-2

Tuffaceous conglomerate: light gray; tuff fragments
with occassional fragments of small chert and
quartz pebbles; matrix of finer tuff fragments and
quartz sand; structureless 3-4

Tuff: white; in beds ranging in thickness from laminae
to 6 inches; laminated beds with biotite flakes along
bedding planes; coarser beds with small pebbles and
reworked tuff 25

Total tuff and conglomerate overlying dacite 45

Fault - N. 10° W., 70° NE.
Gila conglomerate (Ransome, 1919) - average attitude

about N. 150 E., 20° NW.

Tuffaceous conglomerate: light brownish gray; re-
worked pumiceous ash in thin to thick beds with
few sandy pebbly lenses and three beds of con-
glomerate, about 25, 125, and 175 feet above the
base 275

100
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Thickness
(in feet)

Conglomerate: gray; small pebble to small boulder;
subangular to subrounded; crudely sorted and mod-
erately well bedded; fragments predominantly of
limestone, with minor quantities of quartzite, dia-
base, schist, granite, monzonite porphyry, and ba
salt; tuffaceous sandy matrix; forms moderately steep
slopes 200

Total Gila conglomerate exposed 475

Dacite: light pinkish gray 125

Whitetail conglomerate - attitude of basal contact,
N. 200 E0, 40° NW., but average dip is about 200 NW.

Conglomerate: gray; pebble to boulders up to 6 feet,
larger boulders of limestone and quartzite; sub-i
angular to subrounded; crudely bedded and sorted;
moderately well cemented with lime; fragments
predominantly of limestone, with minor quantities
of diabase, schist and quartzite; matrix of smaller
fragments of same materials; forms moderately
steepsiopes ................,... 175

Total Whitetail conglomerate ...................175

Erosion surface

Precambrian schist

The section above agrees with one description of these deposits

given by Ransome (1919, p. 72) but does not agree with his geologic map

and cross section AA of the Ray district (Ransome, 1919, p1. XLV) or

his subsequent description (Ransome, 1919, p. 126) in which the positions

of the conglomerate and tuffaceous conglomerate within the Gila conglom-

erate are reversed.
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Two significant facts are shown clearly in the Rustler Gulch ex.-

posures. The first is that the Whitetail and Gila conglomerates are es-

sentially conformable and the second is that, except for the addition of

dacitic tuffaceous material, the composition of the two units is essentially

identical. From this it may be deduced that the environment of deposi-

tion and source areas were essentially the same at the time of the forma-

tion of both the Whitetail and Gila conglomerates, Considering the wide-

spread evidence of a structurally active Tertiary period in this region,

it appears questionable whether two deposits in the same location could be

so similar in attitude, texture, and lithology unless there was only a

short break between the times of their deposition, Ransome (1919) dis-

cussed the dacite as a single flow, The thickness of the dacite in Rustler

Gulch is thin compared to the exposures to the north and the dacite thins

southward, disappearing as a formation about 7 miles south. R. L.

Smith (personal communication, 1957) states that the dacite is probably an

ash flow whose accumulation probably occurred in a short period of time,

It is tentatively concluded that the Whitetail and Gila conglomerates in

Rustler Gulch were deposited under similar conditions during an essen-

tially single period of ailuviation. The considerable intercalated thickness

of the dacitic ash flow is believed to represent only a comparatively short

period of time during which the environmental conditions in the Rustler

Gulch area, being near the southern limit of the ash flow, were essen-

tially undisturbed,
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Ransome (1919, p. 126) suggests that the Gila conglomerate north

of Ray was deposited in a local basin and the continuous exposures of

pre-Tertiary rocks across the basin south of Ray appear to substantiate

that suggestion. South of this bedrock barrier, no dacite is mapped and

the full thickness of alluvial deposits above the Pinal schist are all re-

ferred by Ransome to the Gila conglomerate. Within the alluvial deposits

south of the barrier there are several horizons of tuffaceous materials,

some of which are at about the same altitudes as the dacite in the vicinity

of Rays It is suggested that the alluvial deposits south of Ray, considered

to be Gila conglomerate by Ransome and others, are actually the equiv-

alent of both the Whitetail and Gila conglomerate in the vicinity of Ray.

These stratigraphic relationships are shown diagrammatically in figure

6, which also includes the Whitetail(?) conglomerate and associated rocks

reported by Ross (1925b) in the Tablelands area., about 22 miles southeast

of Ray

Deposits in Other Areas

The Gila conglomerate was given its most ubiquitous definition by

Darton (1925, p. 163) when he stated:

It has been assumed that this formation occupies most of
the broad intermontane valleys throughout the southern part
of Arizona, because in places where erosion discloses the
subterrain of these valleys it is found to be coarse conglom-
erate. Locally the formation is tilted to various angles and
in places cut by faults, At many localities it includes flows
of basalt or other igneous rocks and beds of tuff, There are
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extensive exposures of the formation all along the Gila
drainage basin, including many places in the mountains,
where remnants of it mark old valley levels, A notable
body of the Gila or a similar conglomerate, occurs at
Peach Springs, occupying a depression in the Redwall
limestone,

Peach Springs is about 300 miles northwest of the mouth of Bonita

Creek, the westernmost of Gilbertts localities,

Darton (1925) identified Gila conglomerate in two contexts: The

first, as shown in most of his cross sections (viz, fig, 79, p, 259), is

as a conglomerate partially filling broad structural depressions of the

present topography; the second is as a conglomerate underlying lava

flows and forming a portion of the mountain blocks of the present topog-.

raphy (viz, fig, 86, p. 273). Darton (1925, p, 264) suggests a "probable

Gila conglomerate" in the Vekol Mountains (fig. 1), located about 75

miles northwest of Tucson and about 160 miles west of Bonita Creek, and

these beds are tentatively so correlated by Carpenter (1947). The Gila

conglomerate in this area is covered by lava flows, tilted, and forms a

portion of the mountain block.

Anderson, Scholz, and Strobell (1956, p. 26) provisionally corre-

late a conglomerate in the Bagdad, Ariz. area, some 250 miles north-

west of Bonita Creek, with the Gila conglomerate (fig, 1). They state:

No precise correlation is possible between the conglom-
erate at Bagdad and the Gila conglomerate in the southeast-
ern part of Arizona. Our tentative correlation with the
Gila conglomerate is based on the general similarity in
lithology and relationship to older rocks, and the name
Gila(?) is used because many geologists are familiar with
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the character of the Gila conglomerate0 Some geologists
would doubtless prefer to use a local term, but the writers
believe that a tentative correlation with the Gila conglomer-
ate, is preferable to the introduction of a new stratigraphic
term for the Bagdad occurrence.

The authors also recognize the similar difficulties in correlation for

Precambrian formations for any great distance in Arizona, and intro-

duce three new stratigraphic terms for the Bagdad area in preference

to correlation with formations in the Prescott-Jerome area, about 50

miles to the east0

In the Walnut Grove basin, about 15 miles south of Prescott and

200 miles northwest of Bonita Creek (fig. 1), Hook (1956) defines a unit

of moderately tilted alluvial deposits as the Milk Creek formation, This

formation contains Lower Pliocene fossils in the upper 300 to 400 feet of

its total thickness of about 2, 300 feet, and Hook (1956, p 16) suggests

the lower portion of these sediments may be partly Miocene in age.

Summary - The Gila Conglomerate in Areas of Extended Use

Although the variety of both the alluvial deposits and their struc'-

tural relationships increases beyond the areas of original definition, the

deposits in the areas of extended use of the term Gila conglomerate may

also be divided into two broad sets - an "upper" and "lower." The

"upper set" broadly reflects the present topography and derivation from

the rocks of the surrounding mountains. The "lower set" of deposits is

so diverse that perhaps it can be best characterized as not reflecting the
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present topography or source rocks.

In the Globe area, the deposits referred to the Gila conglomerate

appear to belong to the "upper set."

The deposits of Sulphur Spring Valley and upper Aravaipa Creek

present a more complicated picture. The Gila conglomerate described

by Meinzer and Kelton (1913) and Ross (1925), except for the tuffaceous

deposits, may be considered as belonging to the "upper set" of alluvial

deposits. The Gila conglomerate described by Darton (1925) in the

Aravalpa area and Rosst Miocene(?) beds are definitely older and ap-

pear to fit best in the "lower set." The relationships of the tuffaceous

deposits included by Ross in the Gila conglomerate are not clear.

In the upper Santa Cruz River basin, two alluvial units separated

by an angular unconformity were recognized by Shrader (1915) in the vi-

cinity of Nogales, The upper of these he correlated with the Gila con-

glomerate and it belongs in the "upper set." The older, tilted, tuff a-

ceous deposits are tentatively considered to be in the "lower set." In

the vicinity of Tucson, two broad groups of alluvial deposits are generally

recognized, and voelger (1953) recognized three. The alluvial deposits

equated with the Gila conglomerate appear generally to be part of the

"upper set;" the underlying deposits, such as the Pantano formation and

its equivalents, are in the "lower set."

The alluvial deposits correlated with the Gila conglomerate in

southwesternmost New Mexico, for the most part, lie unexposed below
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surface gravels and are known primarily from drillerst well logs. The

bulk of the described deposits appear to belong to the "upper set," although

the tilted alluvial beds at the south end of the Steeple Rock Mountains may

be classed in the "lower set,"

In the complex structural trough containing the San Pedro River,

Mineral Creek and adjacent tributaries to the Gila River near Kelvin,

Ariz., the alluvial deposits have been considered as either one, two, or

three units by geologists working in the area, each of whom has pointed

out that his definitions are arbitrary to some degree.

Benedict and Hargraves (1953) introduced the concept that deforma=.

tion of alluvial deposits by thrusting may result in the contemporaneous

deposition of essentially similar and, at least locally, apparently con.

formable deposits. Such contemporaneity of deformation and deposition,

coupled with a lack of obvious angular unconformity, makes it difficult

to everywhere distinguish the several units representing the different

phases of the depositional history.. Tentatively, it appears practical to

consider the essentially undeformed units as belonging to the "upper set"

and the deformed units, particularly where mineralized, as belonging to

the "lower set."

Thrusting in the area involves alluvial deposits, and because these

deposits have been designated as Gila conglomerate of Pliocene-Pleistocene

age, the time, of thrusting is considered to be Pliocene-PleistoCene (R. J0

Schwartz, 1954). Some of the alluvial deposits in the area may be as old
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as Miocene, and because the sequence of alluvial deposition in the area

has not been worked out in detail, the ages of the aiiuvial deposits are

not known, and the Pliocene-.Pleistocene dating of the thrusting is in-

conclusive0

Several authors describing the geology in the vicinity of Mammoth

have used the term "Gi].a conglomerate" to include at least six distinguish

able units (Heindi., in preparation) in a variety of combinationse The

"Cloudburst" formation and its possible equivalents, such as the lower

unit described by Chew (1952a) are involved in thrusting, contain frag-

ments of rock types unlike those in the adjoining mountains, and are

mineralized,, These may be considered to be in the "lower set," Essen-

tially undeformed beds, or those cut only by normal faulting, may be con-

sidered as belonging to the "upper set." Heind.l (in preparation) shows

that there are intermediate units between those which can be classified

as belonging to the "lower" or "upper sets" that appear to be derived

from the adjoining mountains and to have been involved in thrusting0

In the more widely dispersed areas in which the term Gila conglom-

erate has been applied, correlation with the Gila conglomerate has been

based primarily on the similarity of the textures of the deposits to the

descriptions of texture made by Gilbert (1875) and Ransome (1904, 1919)

These deposits may belong in either the "lower" or "upper sets," depend-

ing on local characteristics,



GEOLOGIC RELATIONSHIPS

The classic concept of basin alluviation in the upper Gila River

area (Gilbert, 1875; Ransome, 1904; Knechtel, 1936) may be summarized

as follows: Rapid differential uplift along bounding faults produced horst

and graben structure or tilted fault blocks whose depressed portions were

partially filled with debris derived from the high standing areas. The

sediments were laid down grading within short distances from coarse

conglomerate near the mountains to fine-grained deposits along the valley

axes. Repeated movement along the bounding faults further depressed

the low standing areas and allowed the thick accumulation of sediments.

Differences in differential movement resulted in valleys whose shapes

and deposits ranged from symmetrical to asymmetrical. Deposition oc-

curred under generally semi-arid conditions with some local vulcanism

The deposits in all areas were more or less contemporaneous and were

laid down during a comparatively short period of time (Pliocene-Pleisto-

cene), The deposits were all sufficiently similar to be considered as a

single unit and a single formation was adequate to define the geologic

events represented by the alluvial deposits.

This generalized concept appeared to be adequate until more recent

evidence (Chew, 1952a; Brennan, 1.957; Benedict and HargraveS, in prepara-

tion; Heincil, in preparation) revealed geologic relationships which were
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difficult to incorporate within it. Some of these lines of evidence are as
follows: (1) Sharp changes in composition and texture of adjacent alluvial

deposits, separated by distinct angular unconformities; (2) several peri-

ods of thrusting involving alluvial deposits, implying a complex struc-

tural development; (3) the anamoly of dating thrusting on the basis of a

presumed Quaternary age of the sediments involved; (4) drill-hole data

for an intricate suballuvial topography, which suggested intra-alluvial

deformation and considerable depths of pre-alluvial sedimentation; (5)

anamolous thickness of alluvial deposits; and (6) fossil material that in-

dicated that alluvial sedimentation covered a span of time from at least

early Miocene through early Pleistocene,

The preceeding review of the literature concerning the alluvial de-

posits in the upper Gila River area, and the report of extensive examina-

tion of these deposits in the field, demonstrate that these deposits are

made up of many units and that these units appear to be broadly divisible

into two general sets of deposits, summarized on pages 74 and 75 and

shown diagranmiaticafly in figure 7 ( discussion of Hypothetical Com-

posite Cross Section). These broad divisions are based primarily on

angular unconformities, compositional differences and structural rela-

tionships. Locally, earlier writers (Ransome, 1904, 1919; Ross, 1925a,

1925b - for example) had made similar separations of older and younger

deposits, but the general opinion of at least a number of geologists in the

area held that the great bulk of the alluvial deposits could be treated as
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a single unit - the Gila conglomerate.

In the following sections, the geological relationships of the "upper

set" and "lower set" deposits are discussed in somewhat different forms,

The geologic relationships of the units of the "upper set" - those most
similar to the prevailing concept of the Gila conglomerate are dis-

cussed by subject headings, bringing together new data and information

previously presented in the descriptions of individual areas. The pur-

pose of the subject discussions is to show the diversity of individual

types of geologic relationships which must now be described by means

of a single formation, The discussions imply that the basic concept

which supports the use of a single formation is inadequate to explain the

variety of relationships described,

The deposits of the "lower set" are presumed, because of their

obvious stratigraphic or structural separations from the deposits of the

"upper set," to require no extended argument for their separation from

the Gila conglomerate, The deposits of the "lower set" are divided into

four types, but the critical point is made that locally the relationships of

each type may be shown, or postulated, to be so intimate with units of

the "upper set" that a clear cut line cannot be everywhere drawn between

all units of the "upper" and "lower sets," The data presented suggest

that the Gila conglomerate must either include all alluvial deposits from

early Miocene to early Pleistocene time or that the deposits must be

subdivided into discreet units capable of defining the relationships involved.
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The geologic relationships of the "upper set" are discussed first,
at variance with the usual custom, because the evidence from the units

of the "upper set" is broader in its scope than that from the "lower set"

and because it is used in discussing the older deposits.

Geologic Relationships of the "tipper Set" of Alluvial Deposits

Three aspects of the geologic relationships of the "upper set" of

alluvial deposits are discussed The first includes geologic relation-

ships associated with the deposition of the alluvial deposits; the second

includes some sedimentary features peculiar to alluvial deposition in

intermontane basins; and the third describes the relationships of de-

posits of the "upper set" to more recent sediments.

Geologic Relationships Affecting Deposition

The major factors involved in the deposition of the "upper set" of

alluvial deposits are commonly accepted to be those of a rising base

level and bold relief, resulting from the structural activity of the region0

Other factors that influence the patterns of deposition are the pre-deposi-

tional topography, the shape of the basins, climate, and vulcanism.

Predepositional surface

The pre-depositional surface upon which an alluvial deposit was

laid down cannot but have had an influence on its character. In some of
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the more deeply dissected valleys, such as the San Pedro River Valley,

there are isolated hills of older sedimentary, volcanic, and intrusive

rocks in the center of the valley. The discontinuity of units within the

"upper set" of alluvial deposits in this valley suggests that initial deposi-

tion was in local basins of interior drainage and that the deposits in these

local basins coalesced as the barriers confining them were topped by

the accumulation of alluvium (Heindl, in Halpenny, et aL, 1952). In

some of the other valleys in southeastern Arizona deep drilling has en-

countered bedrock of several rock types at a wide range of depths, at

distances of several miles from the exposed mountains (U. S. Geological

Survey, Ground Water Branch, Tucson, Ariz., open-file data). Recent

aerial magnetometer surveys of portions of southeastern Arizona (U. S.

Geological Survey, Ground Water Branch, Tucson, Ariz., open-file

data) show a complex pattern of iso-magnetic lines which in part align

with mountain salients and outlying exposures and suggest a buried to-

pography of considerable relief below the surface. These data suggest

that the valley fill accumulated on a topography of several hundred feet

of relief which may be predepositional or represent inter-depositional

deformation.

The wholly erosional origin of the valleys in which alluvial de-

posits of the "upper set" have been deposited has been to a large extent

disproved by data regarding the relationships of alluviation to movement

along the bounding faults (Ransome, 1919; Gilbert, 1928; Nolan, 1943).
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The large-scale faulting, however, cannot be inferred to delineate the

limits of alluvial deposition for the full thickness of the deposits. The

basin-wide pattern of deposition, whose limits are set within these mar-

ginal faults, is well documented for some of the upper portions of the

alluvial fill by the size-gradation relationships. The data presented

above, however, indicated that it is no longer feasible to extrapolate

such basin-wide sedimentary patterns to the full thicknesses of the al-

luvial deposits, or to the whole length of the basin.

Though the data regarding the relief underlying the alluvial de-

posits is admittedly sparce, they suggest that the accumulation of al-

luvium in the basins cannot be interpreted solely as a reflection of mar-

ginal faulting.

Base level

The large accumulation of alluvial sediment in an intermontane

valley would not be possible if the material could be removed. A rising

base level is commonly accepted to account for the thicknesses of ma-

terial reported, and the simplest condition of a rising base level is one

of centripetal drainage. This concept is supported by the size-distribu-

tion patterns of the exposed deposits in several of the valleys (Knechtel,

1938; Halpenny, et al., 1952).

Local topographic and structural controls, however, may produce

local basins of deposition within major structural troughs, and it is not
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until these local basins are filled to a single grade for the whole of the

valley that the classical pattern of centripetal deposition can be assumed

to begin (Heindl, in Halpenny, et al., 1952). Furthermore, even where

such a grade is developed, it cannot be assumed that the rising base level

will be represented by aggradation throughout the basins In the Wilicox

basin, a valley of interior drainage today, the central playa area is ag.-

gradational, but the conglomerate and sandstone deposits around the mar-

gins are being actively eroded Along the mountain fronts there are many

places where there are up to about 50 feet of relief in the moderately

coarse alluvial deposits. In the Animas Valley, N. Mex., Animas Creek

drains a long broad valley into the Animas Playa and has incised itself

to shallow depths in the deposits upstream from the playa,

Within the alluvial deposits that may be considered part of the

"upper set," there are in some valleys erosional unconformities marked

by a channeled surface and boulder conglomerate above the surface. In

the vicinity of Mammoth, Ariz,, the lake-bed deposits in the central por-

tion of the valley are overlain by a 10- to 30foot channel deposit of

boulder conglomerate that grades upward within a few feet into a thick-

ness of more than 200 feet of small pebble conglomerate and sandstone.

This hiatus may represent either an extreme example of a condition such

as is described above in Animas Valley or a short-term break in the con-

tinuity of the rising base level, due to either local or regional deformation.

In the Safford Valley, Schwennesen (1919) postulated a sharp break
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in base level when he suggested that the lake beds in the central portion

of the valley represented deposition in a valley eroded into the conglom-

erate and sandstone now exposed only along the margins Knechtel (1936)

contended that the lake beds, conglomerate, and sandstone interfinger

and that, therefore, there was no sharp break in base leveL The data

presented by Van Horn (1957) and this study indicate 1) a change in base

level suggested by the erosional surface between the Bonita and Solomons-

ville beds on the east side of the valley; 2) a rising base level following

this erosional hiatus during which the valley-wide Solomonsville beds

were deposited; and 3) that some depositional changes, such as the

transition from the Solomonsville to the Frye Mesa beds, may not re-

quire any effective change in base level.

These data suggest that base-level controls indicated in a limited

area of the exposed deposits of a basin should not be extrapolated to the

full thickness of the alluvial deposits for the full length of the basin.

Structure and alluviation

The diversity of sedimentary characteristics within the alluvial

deposits may in part be accounted for by fluctuation and differences in

the degree or type of deformation affecting the basins. The types of de-

for mation involved may be normal and thrust faulting, regional tilting,

warping, and combinations of these.

The effects of regional tilting, warping, or combinations of the
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several types of deformation on patterns of deposition are not further

discussed because of the lack of explicit studies in this region, The

Interrelationships of uplift and ailuviation are complex and only some

aspects of the effects of normal and thrust faulting are discussed and

shown diagrammatically,

Normal faulting

The accumulation of alluvial material in the Basin and Range

country is usually believed to require bold relief (Blissenbach, 1951,

for summary), This bold relief, first postulated by Davis (1905), is

generally accepted to be the result of comparatively rapid large-scale

differential displacement along faults (Nolan, 1943, for summary). The

relationships between alluvial deposits and uplift along marginal faults

can be well demonstrated in deposits of the ??upper set" and they are

discussed with some detail to indicate some of the variations which

may occur within even the simplest set of conditions, Selected condi-

tions Involving normal faulting are shown diagrammatically for one-half

of a symmetrical basin, The substantiating examples referred to are

not described in detail.

The basic conditions assumed for this discussion are shown in

figure 8A1, Alluvial cones on both sides of the symmetrical horst-graben

depression cover a portion of the eroded fault scarp with boulder conglom-

erate and grade and thin toward the center of the basin. There are two
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Bedrock Conglomerate Sandstone Mudstone

Figure 8. --Diagrammatic cross sections showing postulated relation-
ships between uplift along marginal normal faults and alluvial deposits.
A - alluvial cone formed along an eroded fault scarp; B - develop-
ment without further faulting; C - development with subsequent fault-
ing along line of original displacement.
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sharp changes in slope at the apex and the toe of the alluvial cones, the

result of essentially two-phase deposition (Lawson, 1915).

If no further faulting Occurs, the following sedimentary develop-

ments (fig. 8B) may be expected:

As headward erision proceeds and the valley is filled with sedi-

ments, the valley will be broadened and the streams will reach a graded

condition0

Stream gradients will decrease and the distance detrital ma-

terial is transported will increase, with a consequent increase in sort-

ing.

As headward erosion continues, the zone of maximum particle

size will migrate mountainward, and in any vertical section, the maxi-

mum size of fragments will decrease upward.

As the base level rises and the gradients decrease, abrupt

changes in slope will tend to diminish and the break at the toe of the

slope will eventually disappear, resulting in a more even size grada-

tion0

if a playa lake is formed, a second type of abrupt change in

size may be expected near the margin of the lake due to the sudden de

crease of velocity where the streams enter the lake water.

Lakeshore sediments may be formed and preserved.

As the effect of stream erosion and deposition decreases, the

role of wind erosion may increase.
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These conditions may also develop above the deposits resulting

from structural complications discussed below, provided there is a

cessation of tectonic activity and the uppermost deposits will mask the

sedimentary and structural history of the valley, In a general way, the

conditions observable at the surface are shown by Wilicox and Animas

Valleys.

If centripetal deposition occurs in adjoining basins, and the base

level in the one basin is lower than the other, headward erosion from

the lower basin may pirate into the upper basin and degrade its deposits.

If there is no through drainage, the base levels of the two valleys may

eventually integrate, to form a single alluvial unit across both valleys

but the underlying deposits in each basin will differ, This may occur

between adjacent structural troughs and between individual centripetal

drainages along a single structural trough. The end result is a broad

alluvial surface, studded with small mountain ranges, that masks the

existence of the original basins of deposition. This is a simplification

of what is interpreted to be the sequence of deposition in a portion of

the lower San Pedro Valley and in the coalescing valleys around the

south ends of the Steeple Rock and Big Burro Mountains which extend

southward to the Lordsburg and Deming areas,

Where an asymmetrical valley is involved, an overflow of sediments

may engulf the ranges on the low side and eventually a graded slope will

develop around them continuing into the basin containing the next lower
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base level. An example of this is the west slope between the Baboquivari

Mountains and The Great Plain (fig. 1).

R, B. Morrison (personal communication) has suggested that, as

deposition from one trough spills over into an adjacent trough, a large

alluvial cone may be superimposed upon the newly transgressed valley.

If subsequent faulting occurs along the lines of original displace-

ment (fig, BC):

Erosion will be periodically rejuvenated with the deposition of

fanglomerates, either over earlier fanglomerates or earlier finer sedi-

ments if the period between movements was long enough to develop moun-

tainward migration of the finer sediments.

Considerable thicknesses of fanglomerate material will develop

along the valley margins,

Appreciable angular unconformities developing between the de-

posits resulting from the several stages of uplift near the mountain front

may not be discernible among the finer deposits along the axes of deposi-

tion0

Contact between fanglomerates and bedrock will be faulted ex-

cept for the topmost deposits.

Asymmetrical differential movement along the bounding faults

may shift the axis of deposition.

One of the most explicit descriptions of this type of relationship

Is by Crowell (1950), who clearly relates alternations of finer and
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coarser alluvium to movements along the bounding faults in the Hungry

Valley area in California. This type of relationship is also suggested

along the west fronts of the Black Range and Mogollon Mountains in New

Mexico, and the west front of the Guliuro Mountains in Arizona

If subsequent faulting is valleyward, the general situation is shown

in figure 9A:

The earlier fanglomerates, or at least part of them, will be

exposed and at least partly, if not completely, eroded.

As successive blocks are stripped of their alluvial cover, a

bedrock or "range-base terrace" bench will be exposed (Eckis, 1928),

The width of the trough and the alluvial fill will be progressively

decreased,

Progressively finer material may be in contact with bedrock,

Valleyward faulting may occur on either or both sides of a valley,

or be more pronounced on one side than the other.

Blackwelder (1928) and Eckis (1928) have described surface ex-

pressions of this situation in California. In the area of this study, this

relationship is probably reflected in part by the many areas of exhumed

rock pediments (Tuan, 1954 and 1957), whose fault contacts with the

valley-fill deposits range up to about 5 miles from the mountain escarp-

ment, On the east side of the lower San Pedro Valley almost due east

of Tucson, the relationships of bedrock and alluvium are in part those

shown diagrammatically in figure 9A.
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Bedrock Conglomerate Sandstone Mudstone

Figure 9--Diagrammatic cross sections showing postulated relation-
ships between uplift along marginal normal faults and alluvial deposits.
A - development with subsequent faulting moving into the depressed
block; B - development with subsequent faulting moving into the
uplifted block.
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If the subsequent faulting is mountainward of the line of original

displacement, the conditions in figure 9B are postulated:

A considerable width of conglomerate and fanglomerate is de-

velopecL

Deposition from the newly formed bedrock scarp will be analo-

gous to that under the initial conditions.

The valley will be progressively boradened.

So far as has been observed, this is a hypothetical condition for

which no field examples can be cited.

The relationships described above are gross simplifications of

actual conditions in the field. No attempt has been made to outline here

the relationships of alluviation and structure when step-faulting along

the mountain fronts involves slivers of upthrown blocks and the alluvial

deposits form more or less contemporaneously in the tributary valleys

behind, around one or both ends, and on the valley side of the horsts,

Two further complicating conditions must be considered. Valley-

ward faulting subsequent to mountainward faulting will tend to erode

evidence of earlier movements involving valley fill (Hooper, 1947). As

the erosion of the elevated areas progresses and the alluvial material

is stripped away, traces of the earlier faulting will remain in the bed-

rock, but the evidence for an earlier alluvium may be gone. Mountain-

ward faulting will tend to preserve evidence of earlier movements, which

may not be exposed except after deep erosion of the alluvium.



Thrust faulting

The involvement of some alluvial units in thrust faulting has been

recognized since the description of post-Whitetail conglomerate thrust-

ing in the Globe and Miami areas (Ransome, 1919) Moore (1940) rë-

ports thrusting involving the Pantano formation and probable equivalents

on the west and east sides of the Rincon Mountains, and on the south side

of the Santa Catalina Mountains0 In the same area, Voelger (1953) shows

that only the lower of his three units (the probable equivalent of Moorets

Pantano formation) is involved in possible thrusting whereas the two upper

units are not0 However, Voelger points out, thrusting is reported to de-

form beds that are possibly equivalent to his two upper units0

Hargraves and Benedict (1953; and report in preparation) and

Schwartz, R. J, (1954) in describing thrust faulting in the Tortilla

Mountains south of Ray, Ariz0, show that repeated thrusting involves

successively younger alluvial deposits which, in part, are derived from

portions of alluvial deposits deformed during some of the earlier thrust-

ing.

The structural relationships along the San Manuel fault in the

vicinity of Mammoth, Ariz., have been interpreted as those of a rotated

normal fault (Steele and Rubly, 1947; Schwartz, G. IVL, 1953). Pe C.

Benedict and E0 D. Wilson (in separate personal communications) have

suggested that the relationships might equally well be explained by thrust-

ing. Heindl (in preparation) concludes that the thrusting involved units

127
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which beyond the area of deformation are inseparable from units younger

than the thrusting and apparently affected only by normal faulting

Two general cases of thrusting involving alluvial deposits are pos-

tulated on the basis of observations in the Tortilla Mountains and Mammoth

areas - those in which the thrusting appears to be essentially parallel

to the bedding and those in which it cuts the bedding. These are shown

diagrammatically in figures 1OA and lOB, which are simplifications of

the relationships in the Tortilla Mountains and Mammoth area, respec-

tively.

In figure 1OA, the older alluvium has been thrust up against the

motmtain mass and exposed. The exposed portion forms the source of

part of the alluvial material deposited on its backsiope. Away from the

deformed zone, the younger alluvium and the older unit from which it

was derived are essentially parallel..

In figure lOB, the older alluvial units (lA and 1B) are deposited

on both sides of a horst-like block downfaulted in relation to the main

mountain masse The deposits between the two bedrock masses are

thrust over the small horst and the exposed portions of the older al-

luvium (lA) contribute debris to the formation of the younger alluvium

(2B)0 The alluvial units lB and 2B are different in composition, due to

the elimination of the horst as a source rock, but the deposits are es-

sentially parallel, particularly away from the zone of deformation. In

contrast, the units lÀ and 2A are similar in composition but are separated
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Bedrock Conglomerate Sandstone Mudstone

F'igure 10. --Diagrammatic cross sections showing postulated relation-
ships between deformation along thrust faults and alluvial deposits.
A - thrusting essentially parallel to the bedding planes of the
alluvial deposits (1) older alluvium, (2) younger alluvium; B -
thrusting cutting across the bedding planes of the alluvial deposit,
IA and 1B, older alluviums, 2A and 2B, younger alluviumS.(See
text for further discussion).
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by an angular unconformity, Beyond the area of deformation deposits

equivalent to all four units shown are essentially indistinguishable.

In general, the older alluvial deposits appear to be most frequently

associated with thrusting (Heind.l, 1954). It is possible, however, that,

as in the Mammoth area, deposits involved in thrusting may be traceable

into units that appear to be characteristic of the "upper set" of alluvial

deposits. King (1939), who tentatively correlates the Baucarit forma-

tion in northern Mexico with the Gila conglomerate, states the Baucarit

formation is overridden by thrusts in many places. Consequently, as

Voelger (1953) points out, involvement in thrusting cannot alone be the

basis for distinguishing older and younger alluvial deposits,

Symmetry

Alluvial deposits laid down in block-faulted valleys are most corn-.

monly described as symmetrical. The deposits are in the form of

elliptically symmetrical belts of fanglomerate near the mountain fronts,

and grade into finer grained deposits toward the centers of the basins.

The classical pattern of symmetrical deposition is particularly well

shown by the Solornonsvifle beds in the Safford Valley. KnechteFs

description (1936 and 1938) of the deposition in this valley, if restricted

to the Solomonsville beds, needs no amplification here. In many areas,

however, the size-gradation relationships are not symmetrical and the

deposits adjoining the mountains are fine grained to within a few tens of
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feet of the bedrock contact. This condition may be due to a variety of

reasons.

Near Buckhorn, N. Mex., fine-grained deposits derived from the

high mass of the MogoUon Mountains several miles to the east interfinger

with stubby wedges of coarse scree and conglomerate from the immediately

adjoining basaltic hills. The asymmetry of the deposits here is apparently

due to the greater height of the Mogollon Mountains and the consequent

greater runoff and debris-carrying capacity than in the mountains west

of Buckhorn0 In other words, the asymmetry is due to the greater dif-

ferential uplift of the Mogollon Mountains compared to the uplift of the

range on the west side of the trough. Similar depositional relationships

have been reported elsewhere as a result of deposition on the backsiopes

of tilted fault blocks (Blackwelder, 1928).

Along the southwest front of the Gila Mountains northeast of Safford,

Ariz,, sand and small gravel form the deposits lying directly on the steep

front of the mountains, Here the fine grain of the alluvial materials ap-

pears to be a reflection of the succeptibility of the exposed bedrock to

rapid weathering into small fragments.

Some of the alluvial deposits along large bounding faults are com.

posed of fragments smaller than those commonly associated with fanglom-

erate deposits. East of Safford, the Bonita beds along the fault forming

their eastern boundary are composed of fragments generally no larger

than cobble-size. Here it is possible that the streams were able to
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regal; or nearly regain, a graded condition between successive small

movements0 Though the final stratigraphic throw is in excess of 700

feet, the effective relief at any one time may have been so low that

boulder beds did not form along the line of faulting,

Shape of basins

The shapes of the basins containing valley fill differ considerably

from one structural trough to the next and along the length of each trough.

These differences are in part due to the relief existing before the forma

tion of the trough, the variations along the lines of differential uplift

parallel and transverse to the troughs, and the rock formations involved.

In addition, the effective shape of the basin will change as the basin is

filled with debris, as erosion alters the form of the mountains, and with

deformation contemporaneous with the deposition of the alluvial deposits.

Except for the Gilita Creek-Black Mountain area in New Mexico,

the main portions of the valleys are in some areas in excess of 120 miles

long and up to about 40 miles wide. The width, however, is generally

less than 15 miles. The length of the valleys is so much in excess of

the width that it is only from the air or a relief map that a proper im-

pression of their lineation can be obtained. A typical description of

these valleys is that by Schwennesen (1917): "The (San Simon) valley

has the form of a broad, shallow trough, the sides of which are formed

by the alluvial slopes that extend down from the bordering mountains.
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Where the valley is narrow the bases of the alluvial slopes almost meet

at the axis, but where the valley is wide it has the appearance of a nearly

level plain with upward-curving edges,"

The valleys, however, are not always formed in simple lineal

troughs, Sallents and reentrants, step-faulting, and differences in

amount of uplift along the lines of the bounding fault zone result in basins

whose shapes deviate from the idealized lineation, The irregularities of

shape may be present initially and also may develop as the basins become

progressively filled and as deformation and other geologic processes

affect the process of alluviation.

These irregularities of shape influence the character of the deposits.

In general, where the valleys are wide, gradients are more gentle and

better sorting may occur than where the valleys are narrow. The valley

of the upper San Francisco River ranges in width from about 10 miles to

less than 3 miles, Where the valley is broad, the alluvial sediments

grade from boulder conglomerate to mudstone and silty sandstone; where

the valley is narrow, the gradation is from boulder conglomerate to pebble

conglomerate and coarse sandstone. Irregularities in the shape of this

basin have resulted in three centers of fine-grained deposition within its

northern 40 miles alone.

More particularly, distinctive alluvial deposits are laid down in

tributary valleys formed within prominent reentrants, These alluvial

deposits reflect their local source rocks in their upper reaches and lose
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their identity where they merge with the general deposition in the valley

as a whole. Such reentrants occur at the heads of the troughs, as in the

vicinity of Globe and San Carlos, or along their lengths, as in the lower

San Pedro Valley between the Santa Catalina Mountains and the Black

Hills and in the Safford Valley along Bonita Creek. A special case of

such tributary valleys are small, separate intra-montane valleys, dis-

cussed separately, that contain alluvial deposits unconnected with those

of the main structural trough.

Intra-montane alluvial deposits

Within some of the larger mountain ranges in southeastern Arizona

and southwestern New Mexico, there are small intra-montane areas of

alluvial deposits, Some of these deposits are at altitudes considerably

above those of the surrounding valleys; others have broad erosion sur-

faces that are apparently continuous with those developed on the larger

adjacent valleys although bedrock exposures separate the alluvial de-

posits of the two areas; still a third group develop in tributary valleys

and their deposits merge into the deposits of the major trough. The

development of the intra-montane valleys appears to be analogous to

that of the larger adjoining basins. An example of the second type,

located in the vicinity of Mule Creek, N. Mex., near the Arizona bor-

der, was examined during the course of this study.
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Mule Creek area, --The Mule Creek area lies within the high stand-

ing volcanic range between the upper San Francisco River and Duncan

areas0 It is south of the San Francisco River where it flows west across

the Arizona-New Mexico boundary and north of Bear Mountain. This

area is drained northward into the San Francisco River by Mule Creek

and its tributaries. The Mule Creek area includes a small basin of al

luvial deposits, probably not more than 25 square miles in extent.

The Mule Creek beds were deposited upon the underlying volcanic

material, which appear to be generally basaltic although tuffaceous beds

were noted west of Tennessee Creek, Post-alluvial flows were not seen

but they may be present in the southern half of the basin, which was not

examined,

A partial section was measured about 3 miles east of the Mule

Creek community center (Section 17, appendix)0 The exposed thickness

of about 150 feet of alluvial deposits includes two distinct, essentially

horizontal members separated by a rapid gradational contact. The

lower member is generally pinkish-buff with light-gray streaks and

ranges from sandy and silty beds to less common pebble conglomerate

lenses containing a few cobbles. The material is angular to subangular

and generally poorly consolidated with a weak and irregularly distributed

lime cement. The fragments are predominantly of gray rhyolite and

latite, with only a scattering of basaltic and andesitic material. Bedding

is poorly developed, particularly for so fine a material, and the lenses
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tend to be stubby. There is some crossbedding of the small-scale tor-

rential type which, combined with some poorly developed imbricate

structure, suggests a general westward deposition. Toward the top

there is an irregular zone of caliche streaks which are locally nodular,

The beds are eroded into steep slopes and, where not covered by soil,

the silty and pebbly beds tend to form small cliffs and the sandy and

granule conglomerate beds tend to form slopes, The upper member is

about 25 feet thick and is composed of poorly sorted cobble conglomer-

ate lenses locally intercalated with irregular lenses of structureless

mudstone0 The composition is predominantly basaltic with an admix-

ture of lighter colored volcanic rocks. The fragments are angular to

subrounded, Toward the top there is a thick caliche zone, separate

from the caliche near the top of the lower member, and in which the

lime cementation appears to be stronger,

Along Tennessee Creek, about 2 miles west of the Mule Creek

community center, where the creek makes a sharp hairpin turn to the

south, there is a 50-foot exposure of conglomerate similar to the lower

member described above. This exposure is noteworthy because of the

selective cementation it demonstrates. The lower 30 feet of the ex-

posure contains no lime cement except along fractures and in a few se-

lected beds. The upper 20 feet, of similar composition and size distri-

bution, has marked development of lime cementation along the coarser

lenses. However, individual lenses are not equally well cemented
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throughout their extent and the zones of well cemented material cross
from lens to lens, apparently along some pre-existing fractures or

zones of permeability. As a result the upper portion of the cliff has a

highly irregular rugose appearance.

The lower member appears compositionally similar to the Cactus

Flat beds; the upper member may be one of the "late slope deposits."

These beds lie in a small, separate basin, which may at one time have

been connected to the east with the deposits of the upper San Francisco

River area. The general altitude of about 5, 500 feet at the top of the de.-

posits is at a grade with the erosion surface cut on the volcanic rocks

between Mule Creek and the upper San Francisco River area. No resid

uals of the lower member were found on this surface which is covered

with float similar in composition to the upper member.

Climate

The similarity of the character and sedimentary structures of the

"upper set" deposits to those being laid down at the present time was

remarked upon by many. of the earlier authors. Ransome (1919) states:

"Possibly the greater height of the mountains (during the deposition of

the Gila conglomerate) was accompanied by greater precipitation than

at present, but the general character of the deposit points to a decided

preponderance of mechanical disintegration over rock decay and to an

arid rather than a humid climate." Similarly, Lindgren (1905) concludes:
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"The climatic Conditions were then probably very similar to what they

are at present," and some authors consider an arid to semi-arid climate

as favorable or necessary to the development of alluvial fans (Bliss enbach,

1951, for summary)0 The presence of mudflows in the coarser members

of the alluvial fill suggests a semi-arid climate (Blackwelder, 1928),

and the presence of evaporites, such as gypsiferous silt (Ransome, 1919),

many limestone (Knechtel, 1938), and gypsum (Bryan, 1926), among the

finer deposits also suggest a semi-arid climate.

On the other hand, it has been suggested that similar deposits

might be developed under more humid conditions (Krynine, 1937). The

identification of vertebrate fossils from the San Pedro lake beds led

GicUey (1923) to state: "This general assemblage of species, including

proboscidians, camels, horses, glyptodonts, and an extinct species of

the ocellated turkey related to a group now living only in Central America

and southern Mexico, suggests that the climate at the time the beds were

laid down was rather warm and moist, probably subtropical or even

tropical." The presence of fossil Capybara in the Safford Valley deposits

also suggests a near tropical environment (Van Horn, 1957). The grada-

tion of boulder deposits to lake-bed clays led Knechtel (1936) to postulate

a "mild and humid" climate. Diatoms from the Safford area are suggested

to have been "deposited in warm, somewhat saline lake water" (Lohman,

in Knechtel, 1938).

Some authors have suggested the influence of fluctuating climate.
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Ransome (1919) contends that the overall character of the sediments is

such that conditions fluctuated from lesser to greater humidity and

Krynine (1937) postulates that the variations in sedimentary type in the

Siwalik formation in India are due to climatic control alone4

Meinzer (1922), in discussing Pleistocene lakes of the Basin and

Range province, suggests fluctuating conditions from the Pleistocene to

the present.

The range in humidity (or aridity) among the various ba
sins in the Pleistocene epoch was apparently as great as
the difference in a given basin between the Pleistocene and
the present. A considerable number of the closed basins
in the province were too arid in the Pleistocene to contain
lakes of any consequence, whereas a few are humid enough
at present to contain perennial lakes of considerable size.
The relatively humid parts of the province at the present
time seem to be comparable to the most arid parts in the
Pleistocene epoch,

The range in climate suggested by the above lines of evidence may

appear contradictory until compared to conditions existing at the present

timeQ The wide range in altitude in the Basin and Range country results

in the presence within a few miles of each other, of climates that range

from semiarid to semihumid, Comparatively heavy rainfall in the

mountains, up to around 30 inches per year, contrasts with less than 10

inches per year in the centers of some of the valleys, as at Benson, Ariz.

The heavier mountain rainfall results in heavier runoff which sweeps out

the debris from the mountains, drops the coarser fractions near the

mountains, and carries the finer fraction out to central playas containing

evaporites or muds, or to through streams4 The distribution of materials
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in the deposits of the "upper set" suggest similar conditions.

While saline content of the central lakes may have been high (Van

Horn, 1957), sufficient potable water to support the type of fauna identi-

lied by Gidiley (1926) was probably obtainable from springs along the mar

gins of the playa lakes (Meinzer, 1913), and fault-controlled springs

(Knechtel, 1938). The presence of vertebrate forms such as the Capybara

suggests the presence of at least local near-tropical climatic conditions

contemporaneous with ephemeral saline lakes.

It seems quite possible then, that the climate during the deposition

of the "upper set" of alluvial deposits was largely controlled by relief and

ranged from semi-arid to semi-humid. The thickness of some of the

Pliocene(?) mudstone members suggest a climate somewhat more humid

than that of today and somewhat less variable than that of the PleistoceneQ

Vertical variations in the sediments may be, in part, the result of inter-

action between structural movement and climatic change,

Volcanic activity

Deposition of the "upper set" of alluvial deposits was accompanied

in part by volcanic activity which contributed intercalated basalt flows

and many beds of tuff, or more commonly, tuffaceous sediments, to the

sequence of alluvial deposits. It is also possible that local volcanic flows

may have acted as dams, changing the pattern of deposition with-in a basin.

Contemporaneous vulcanism and alluviation are reported from several



141

basins (Gilbert, 1875; Knechtel, 1936 for examples), but no detailed

study of their relationships has yet been made.

Some Sedimentary Characteristics

The lenticularity, unconformities, and thicknesses of alluvial de-.

posits have certain characteristics which are not known to be discussed

elsewhere. These are described below.

Lenticularity

The occurrence of alluvial deposits has been described in some

detail by many writers (Knechtel, 1938, for example) and their gross

shapes have been described and analyzed (Krynine, 1948). Detailed

descriptions of the shapes of individual lenses or beds, however, are

rare, One aspect of their shape, the observed ratio of length to thick-

ness, here referred to as "lenticularity," is perhaps the most readily

observed,

Lenticularity is best displayed along the steep banks of tributary

arroyos and in road cuts transverse to the main axis of the valley. These

exposures are along the general line of original dip. Exposures at angles

to this direction, give a distorted picture of lenticularity. The exposures

along axial streams are generally cut in the finer grained deposits of the

central portions of the valleys which were laid down in essentially blanket-

like sheets and are not considered in this discussion of lenticularity.
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The lenticularity of a single lens may be expressed as a ratio of

length of an individual lens or bed, measured along its dip, to thicknessQ

Krynine (1948), in discussing the external shape of sedimentary bodies

of formational significance, expressed their shape as the ratio of width,

measured along the strike, to thickness, In general, the ratio of length

to thickness of alluvial lenses ranges from about 5 to more than 100:1.

In some cases the lenticularity is even greater and individual beds less

than 2 feet thick have been traced for more than 300 feet, indicating a

lenticularity of greater than 150:1. In thisreport, lenses with lenticularity

between about 5:1 to 15:1 are often referred to as "stubby," particularly

where they are 3 or more feet thick; lenses with lenticularity ranging

from about 15:1 to 50:1 may be referred to as "moderate;" and lenses

with lenticularity of about 50:1 or greater are referred to as "afenuate"

As the ratio of length to thickness increases, lenticularity merges into

bedding,

A sequence of lenses with about the same range in fragment size

have about the same lenticularity. Individual lenses in the sequence,

particularly of noticeably different fragment size, may have a sharply

divergent lenticularity, A sharp change in the average size of the frag

ments is commonly associated with a change in lenticu1arity. The len

ticularity of coarser deposits is commonly smaller, that is, less at

tenuated, than that of finer grained deposits. In the same vicinity, the

lenticularity of older units appears commonly to be greater, that is,
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more attenuated, than that of the younger units,

The factors controlling lenticularity are not definitely known, but

because greater lenticularity is associated with finer grained deposits,

lenticularity appears to some degree to be controlled by gradient and

runoff, The rapid change in the lenticularity and fragment-size assem-

blage of individual lenses, without any appreciable change in dip, in the

top few hundred feet of the Cactus Flat and Greenlee beds, may indicate

a change in runoff pattern and, consequently, a change in climate.

Unconfor mities

Alluvial deposits abound in erosional and structural hiatuses which

are represented for the most part by diastems, The division of alluvial

deposits into individual stratigraphic units implies the presence of map-

able unconformities and disconformities. Although the general features

of unconformities in alluvial deposits are similar to those of other de-

posits, two features deserve discussion - lateral changes along the

dip and strike of an unconformity and a special case of vertical grada-

tion which involves changes in composition or texture, rather than size

of material,

Lateral changes of unconformities

Alluvial deposits are laid down in comparatively narrow basins in

which intense deformation may be limited in extent and the degree of
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general structural deformation may differ sharply between their margins

and their axes, Deposition may be continuous across zones ranging

widely in the degree of deformation and this contrast of structural activity

is reflected in the character of the sediments, During and subsequent to

a period of uplift along a structural front, pre-øexisting deposits are de-.

formed, and the rate of erosion along the zone of uplift is accelerated.

At the same time, however, deposits away from this front or in the cen-

tral part of the basin are undeformed and the effect of the increase of the

stream gradient near the zone of uplift is gradually lost away from the

zone of deformation, Later deposition may be continuous across the

truncated ends of deformed beds near the zone of uplift and the unde-

formed beds in the center of the basin. The resulting angular uncon-

formity here at the zone of deformation grades into an erosional uncon-

for mity or a transitional zone (see below) and then into a diastern in the

center of the valley (fig. 11),

The relationships shown in figure 11 are essentially along the dip

of the alluvial deposits, Similar relationships occur along the strike,

particularly in deposits laid down in tributary valleys as they merge into

the deposits of the main portion of the basin (Heindi, in preparation).

The significance of this type of change is demonstrated by the

problem of the relationship of the Bonita beds to the Solomonsville beds

in the Safford area, East of where their contact passes below the surface,

there is more than 200 feet of relief between the two units, West of where
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their contact passes below the surface, there is a thickness of nearly

2, 000 feet of fine-grained deposits which are included in the Solomons

vile beds (Van Horn, 1957). Their great thickness suggests that a

portion of the Solomonsville beds may be the equivalent of the Bonita de-

posits, but the absence of a traceable unconformity will make the defini-

tion of the horizon of contact difficult.

Transitional zones

Locally, there are noticeable changes in composition and seth-

mentary texture in the vertical sequence of alluvial deposits which are

not associated with changes in attitude or prominent erosional surfaces.

These changes occur through zones that range from less than about 3

feet to more than 30 feet in thickness and which include one or more in-

dividual lenses, No size gradation is present, although in some sections

there is a difference in the general size of the fragments above and below

the zone. These zones are referred to in this report as "transitional

zones,"

The change in composition within these zones are not oscillatory,

In the Black Mountain area in New Mexico, there is a transitional zone

between the Hunting Lodge and Dry Diamond beds along Dry Diamond

Creek. The predominantly rhyolitic Hunting Lodge beds are overlain by

a transitional zone about 20 feet thick forming the basal portion of the

Dry Diamond beds, composed of about equal proportions of rhyolitic
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and basaltic fragments0 The lowest lenses of the transitional zone con-

tain predominantly rhyolitic fragments, but the sedimentary texture and

lenticularity of the lenses are those of the overlying Dry Diamond beds,

The next higher lenses contain only moderate proportions of basaltic

fragments, and the proportion of basalt fragments to rhyolite fragments

increases upward until about 20 feet above the Hunting Lodge beds the

proportions characteristic of the Dry Diamond beds become more or

less stabilized, Nowhere in the overlying thickness of several hundred

feet of Dry Diamond beds is there a reversion to the composition of the

Hunting Lodge beds.

The transitional zones are believed to reflect changes in the deposi-

tional and erosional regimen and to have, at least locally, some of the

significances of unconformities.

Thicknesses of Deposits

The reported thicknesses of alluvial deposits within the structural

basins of the upper Gila River drainage area have ranged from not less

than 1, 000 feet (Schwennesen, 1919) to a maximum of about 8, 000 feet

(Ransome, 1919). Exposed thicknesses of low dipping or nearly horizontal

strata seldom exceed about 700 feet; the calculated thickness of 8, 000

feet made by Ransome in the area south of Ray, Ariz, referred to beds

with an average dip of about 300 to 35°; drilled holes have penetrated

alluvial material to depths ranging from less than 1, 000 to about 4, 000
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feet (6. S. Geological Survey, open-file data; Peterson, 1954). Reported

thicknesses of alluvium become significant in attempting correlations, in

reconstructing the structural history of a basin, and in estimating its

possible ground'-'water storage capacity.

Before proceeding with a discussion of the thicknesses of alluvial

deposits, some hypothetical considerations of the shape of the cross

section of the body of sediments must be considered Under most con-

ditions of deposition in areas of high relief, the gradients of stream de-

posits will range from less than 15 minutes (less than 25 feet per mile)

in the centers of valleys to about 12° (about 1, 000 feet per mile) near

the mountains Though the angle of repose of alluvial materials may

range up to nearly 35°, it is seldom more than 12° (Blissenbach, 1951).

Ignoring the variations in thicknesses which may result from irregular-

ities or tilting of the floor of the basin block, this changing gradient

should result in deposits that are about 1, 000 feet thicker near the mar-

gins of the basin than in the center of the basin. The deposits along the

margin of the basin thin upward (away from the center of the basin) as

the alluvium transgresses over the bedrock of the mountains. Conse-

quently, the hypothetical cross section of an undisturbed sequence of

alluvial deposits would combine the upward concavity of the gradient

with the angle made by the intersection of floor of the basin with the

slope of the adjoining uplifted bedrock (figs 12A), The maximum thick-

ness of the deposit would be in the vicinity of the intersection of the floor
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of the basin with the slope of adjoining mountain mass, but this is a max-

imum figure only and not meaningful for the thicknesses of the deposit

at any other point. The effect of differential uplift near the base of the

mountain, coupled with drag folding and deformation along the fault and

shallow exposures may readily produce a calculated thickness far in ex-

cess of the true thicknesses (fig. 12B).

An estimate or report of the thickness of a sequence of alluvial

deposits presupposes that the thickness is that of a single unit. So long

as all the alluvial deposits of the basins are considered as a unit, the

gross thickness between the surface and the underlying bedrock is a

satisfactory summary statement. However, if the alluvial deposits are

broken down into more than one unit, the relationship of the gross thick-

ness of the alluvial deposits to the individual units must be considered.

The relationships may not be readily resolvable because of the difficulty

in determining the planes of separation between units, However, where

an apparent anamoly exists, it should at least be identified. One example

is cited Van Horn (1957) reports a thickness of about 2, 400 feet of

finegrained Solomonsville beds in the central portion of the Safford

Valley. In the vicinity of Bonita Creek, the coarser phase of the Solomons-

vile is about 1,000 feet thick. Three possible relationships exist between

the two reported thicknesses: (1) Both thicknesses represent the same

period of deposition; (2) the 1,000 feet of coarser material are the equiva-

lent of a portion of the upper thickness of finer material; or (3) the 1, 000
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feet of coarser material are the equivalent of a deep portion of the finer

materials, Because insufficient data are available at the present time

to completely validate any one possibility, all three must be considered

in evaluating the significance of the reported thicknesses,

Moderately tilted alluvial deposits exposed over considerable

areas are reported to have thicknesses up to about 8, 000 feet (Ransome,

1919) or apparent thicknesses up to about 10, 000 feet (Elston, 1953).

Such thicknesses contrast markedly with the range in depths to bedrock

through alluvial deposits of from less than 1, 000 to about 4, 000 feet.

Several explanations have been given for the large thicknesses and each

of these explanations involves a different interpretation of the history of

the deposits.

Ransome (1919), discussing a postulated 8, 000.foot thickness of

moderately east-.dipping alluvial deposits south of Ray, Ariz,, suggested

that some of the lower beds may be of slight areal extent. The possibility

of duplication by faulting was also considered by Ransome, but he could

not substantiate it on the basis of his field evidence. The deposits at the

base of Ransomes 8, 000-foot section are those considered by Benedict

and Hargraves (in preparation) to be composed of at least two sequences

of alluvial deposits separated by thrust planes. Ransome recognizes the

fact that the easternmost portions of the tilted beds flatten, pass under,

and grade upward into several hundred feet of conglomerate that dip at

low angles to the west, but does not clarify the relationships further
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(see p. 89 and fig, 3). His cross section (Ransome, 1919, p1. XXX, A-

A) does not contain all the elements discussed in his text.

In discussing the probable thickness of deposits along the Mimbres

River, Elston (1953) discounts the apparent thickness of about 10, 000

feet and suggests that the excessive thickness may be due to a misin-

terpretation based on their attitude. He suggests that the moderate dips

may represent essentially the original dip of deltaic foreset beds. The

environmental conditions under which deltaic deposits on such a scale

would be deposited on one side of a valley contemporaneously with al-

luvial beds on the other are not described.

A third suggestion is that the considerable thicknesses are the re-

sult of contemporaneous uplift of the block furnishing the detritus and

depression of the block being covered. Gilluly (1946) suggests this as a

reason for the apparent thickness of about 12, 000 feet of the Locomotive

fanglomerate in the Ajo, Ariz. area.

Repetition of beds by faulting has been suggested as a possible

source of a portion of the apparent thickness, but Ransome (1919) and

Gilluly (1946) note the lack of duplication of deposit sequences and Gilluly

mentions the regularity of the strike and dip as minimizing the importance

of duplication by faulting. The widespread distribution of faults too small

to be shown at the scale of usual reconnaissance geological mapping is

reported by Brennan (1957) within the Pantano formation near Tucson,

and has been observed by me in deposits of the "upper set" in the San
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Pedro Valley, It is possible that large-scale faulting resulting in recogniz-

able duplication of portions of the alluvial section is not so important a

factor in the apparent thicknesses as the presence of almost insignificant,

but highly pervasive small-scale faulting.

Benedict and Hargraves (in preparation) suggest the involvement of

thrust faulting contemporaneous with deposition of more than a single se-

quence of alluvial deposits in the Tortilla Mountains south of Ray. Brennan

(1957) interprets the structure within the Pantano formation as reflecting

compressional forces, Voelger (1953) notes that all defined units of al-

luvial deposits have somewhere been reported to have been deformed by

thrusting in this region, The effects of compression, associated with

thrust faulting and bedding plane movement, on alluvial deposits have not

been studied in detail.

It cannot be overemphasized that a simple statement of the thick-

ness of an alluvial deposit, without reference to how and where it is

measured, may be meaningless, if not completely misleading. It is

also obvious that the reported thicknesses of alluvial deposits strongly

affect, or are affected by, the interpretation of the sedimentary history

of the area The three basic problems involved in the measurement of

the thicknesses of alluvial deposits are these: 1) How and where are the

thicknesses measured?; 2) are the alluvial units for which thicknesses

are reported comparable?; and 3) are the reported thicknesses of al-

luvial units compatible with the structural interpretation of their history?



Post*Depositionaj Geologic Relationships

The separation of units of the "upper set" of the alluvial fill from

younger terrace, floodplain, or other deposits has been consistent in

the literature, Gilbert (1875) noted that the Gila conglomerate differed

from other western Quaternary deposits primarily in that it was being

dissected, and he separated from the Gila conglomerate the younger

flood-plain deposits along the larger streams and the thin cover of poor-

ly consolidated debris mantling the mesa tops and slopes that were ob-

viously related to the degradation of the bulk of the valley fill. Ransome

(1919) added to these two types of younger deposits what he described as

remnants of younger alluvial fans and terraces which he believed marked

successive steps in the development of the present topography. Ross

(1925a) noted that locally two ages of "pediment gravel't lie above the

valley fill and, similarly, Knechtel (1938) reported two deposits of

terrace gravels, Schwartz (1953) recognized a thick sequence of "al-

luvial slope deposits" as younger than the moderately tilted alluvial beds

he assigned to the Gila(?) conglomerate, but which are not differentiated

from each other on his maps.

The general division between deposits assigned to the Gila conglom-

erate and those considered younger has been drawn implicitly along the

154
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two or more broad, terrace-like surfaces beveled across the valley fills0

Deposits older than the surfaces were considered to be Gila conglomerate;

deposits contemporaneous with the formation of or younger than these sur-

faces were considered to be post.-Gila.

This apparently clear-cut basis for separation is complicated by

a group of deposits that occur below the broad, pedimentlike surfaces

and their associated deposits and above deposits clearly assignable to

the "upper set." These are referred to in this report as "late slope de-

posits," Because the separation of the late slope deposits from the

"upper set" of units of the valley fill is made on a basis somewhat dif-

ferent from that used to separate terrace and flood-plain deposits, the

relationships of all three to deposits of the "upper set" are discussed

below0

Late Slope Deposits

Late slope deposits, consisting predominantly of fluvial and al-

luvial deposits, are well exposed in the San Francisco River area in the

vicinity of Glenwood, in the Eagle Creek-Duncan area in the vicinity of

Clifton, and in the San Pedro Valley in the vicinity of Mammoth. For

the most part, the late slope deposits are composed of poorly consoli-

dated pebble to boulder conglomerate, characterized by a moderately

reddish-brown color and irregular, almost jumbled, lensing. The

fragments are subangular to well rounded, and the sorting ranges from
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poor to goocL Lenses of cobbles and boulders, particularly those con-

taining a high proportion of mudstone, tend to be stubby; sandstone and

pebbly granule conglomerate lenses have moderate to attentuated lentic

ularity, Crossbedding, particularly of the fluviatile, torrential, and

festoon types and cut and fill structures are common4 The late slope

deposits are generally poorly consolidated, but some lime is present

and callche deposits at the tops of the units are common0

The composition of the fragments is generally more heterogeneous

than that of the underlying units of the "upper set," especially along the

central portions of the deposits, Locally, the basal beds may be com

posed almost entirely of material derived from the underlying deposits4

The lower surface is a well=developed erosional surface marked by chan.

neling, whose slopes range widely from less than 250 to nearly vertical

(pl, 24, fig, 1). The upper surface is truncated by one of the va11eywide

pedliment4ike surfaces,

The thicknesses of the late slope deposits range from about 50 feet

to about 300 feet. North of Glenwood, along the Mineral Creek road,

the deposits range from about 50 to about 75 feet in thickness; between

Clifton and Morenci, the deposits along Chase Creek may be as much

as 300 feet thick; near Mammoth the late slope deposits range from less

than 50 to about 200 feet thick,

The above description, except for thicknesses, is not materially

different from that that might be made of materials of the "upper set,"



PLATE 24

LATE SLOPE DEPOSITS

Figure 1, Essentially vertical contact between late slope deposits
(left) aiid Greenlee beds (right) exposed along the high
way between Clifton and Morenci, Ariz,

Figure 20 Channeling on the contact between late slope deposits
(top and right) and Greenlee beds along the highway
between Clifton and Morenci, Ariz. Note the marked
differences in fragment size, bedding, and sorting,
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However, wherever the contact is exposed, the differences between the

late slope and underlying deposits are striking9 The major differences

are (1) the late slope deposits are better oxidized and browner, in con-

trast to the deposits of the "upper set" which tend to be gray; (2) the

matrix is less dense, less silty, and more porous; (3) the average size

of the fragments is larger and better rounded; and (4) the lensing is more

stubby and irregular9 Some of the differences between the late slope de

posits and units of the "upper set" along their contact are shown in plate

24, figures 1 and 2

In the San Pedro Valley, south of Mammoth, late slope deposits

are more or less continuously exposed along the San Pedro River, with

the base of the deposits about 50 feet above the present channel9 Away

from the river, up some of the larger tributaries, the late slope deposits

can be traced only sporadically, and appear to be remnants of channel

deposits whose courses were more or less parallel to those of the present

day9

In the Mammoth area, the late slope deposits are truncated by the

middle and lower (younger) of three broad pediment-like surfaces, the

Whetstone and Aravaipa surfaces of Bryan (1926) South of Clifton, the

late slope deposits are truncated by the only post-valley fill pediment

surface recognized in the area. In the upper San Francisco River area,

the late slope deposits are truncated by the middle and lower of at least

three major pediment-like surfaces.



Terrace and flood-plain deposits

Ransome (1919) described the terrace deposits as:

detritai, accumulations younger than the Gila formation
(which) include certain sheets of unconsolidated or partly
consolidated rock waste that have been considerably dissect
ed by the present intermittent streams and now form sloping
terraces or low flat-topped ridges. . (The material) repre-
sents a series of low-angle confluent alluvial fans formed
during a halt in the dissection of the Gila conglomerate0

An excellent description of the formation of floodplain deposits is

given by Knechtel (1938) in his description of what he terms the "alluvial

lowland plain along the Gila River0"

The Gila River excavated a trench about 200 feet deep in
the Pliocene lake beds. A further halt in the downward
cutting of the river was attended by lateral cutting and ag-
gradation, which have continued until comparatively recent
time0 These processes have built up the present broad
bottom land, floored by alluvial deposits, in places 100
feet thick and consisting largely of unconsolidated gravel,
sand, and silt.

Discussion

The description of terrace and flood-plain deposits quoted above

can be equally well applied to the most of the late slope deposits, except that

the late slope deposits are older and more deeply dissected. The present

flood plain is continuous and dissected to a depth of only a few feet; the

best exposed late slope deposits, those in the lower San Pedro Valley,

form discontinuous renmants The apparent continuity of these fluvial

deposits along the basal portion of the late slope deposits suggests that

159
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they were formed by a through stream and they are interpreted as an

ancient river flood plain. The presence of remnants of fluvial deposits

on both sides of the San Pedro River suggests that at least locally the

ancient flood plain was broader than the one in existence today.

The critical difference between the late slope deposits and the

more recent terrace and flood-plain deposits is that the late slope de-

posits were formed before the development of at least the middle of the

three pediment-like surfaces in the San Pedro Valley, whereas the ter-

race and flood-plain deposits are younger than the middle surface, The

critical similarity between these three sets of deposits is that they rep-

resent stages in the degradation of the valley fill,

The presence of the late slope deposits cannot everywhere be

readily recognized; nor can late slope deposits everywhere be differ

entiated from terrace deposits. An example is provided by an exposure

along the Gila River about 3 miles northwest of Winkleman, Ariz, The

exposure is composed of cobble conglomerate deposited in channels

scoured into deposits of pebbly sandstone, Ransome Q.919, p1. XXLLI-

A) interprets the upper channel material as contemporaneous with the

Gila conglomerate and notes that "it is not always easy to distinguish

such contemporaneous stream cutting from later channeling and filling

accomplished by streams during the general dissection of the conglom-

" Field examination discloses that there is not only a sharp dif-

ference in the sizes of the materials in the two deposits, but that there
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are also notable differences in the proportions of the materials and a

small, but definite angular unconformity0 The upper conglomerate is

essentially horizontal and the lower pebbly sandstone dips at angles of

about 100 to the northwest0 Similar coarse conglomerate deposits lie

at about the same elevation above the river0 This concordance, the

welldeveloped erosion surface at the contact, and differences in size

distribution and composition proportions suggest that the deposits are

related to the dissection of the valley fill. The angular unconformity,

here fortuitously present, confirms this interpretation0 However, the

lack of a pediment surface that can be related directly to the deposits

at this exposure precludes the identification of the deposit as belonging

definitely to either the late slope or the younger terrace deposits,

Late slope deposits are separated from units of the "upper set"

of alluvial deposits because they appear to be related to the dissection

of the valley fill rather than its aggradation. The fact that these de

posits may be of moderate thickness and apparently were deposited

prior to the formation of the pediment-like surface will make their

separation from units of the ttupper set" difficult in many areas where

they may be present. Their textural similarity to the terrace deposits

lends to their confusion with the younger beds. But where they can be

identified, their presence indicates another stage in the history of the

dissection of the valley fill.



Age

From the time of Gilbertts original description to the identifica

tion of Pliocene vertebrate fossils in the San Pedro Valley by Gidley

(1923), the age of the Gila conglomerate was considered to be Quater

nary, based on a physiographic interpretation of the region and a few,

scattered Pleistocene fossils whose stratigraphic position was only

vaguely known (Ransome, 1923)Q Gidley (1923) summarized the results

of his work as follows: "The special problem involved was the determina

tion of the age of the sedimentary deposits, which up to that time had

been termed Pleistocene Two localities, apparently at slightly different

horizons, yielded material representing a fauna sufficiently varied and

distinctive to establish their age as Pliocene." Knechtel (1936) reported

vertebrate fossils of Pliocene age, middle to late Tertiary fossil wood,

and Pliocene=Pleistocene diatoms from the lakebed deposits of the

Safford ValleyG

More recent evaluation of the fossil evidence in the San Pedro

Valley suggest that the upper portion of an unbroken stratigraphic se

quence of lake beds and contemporary deposits may be as young as

Pleistocene (Gazin, 1942) and Dr Claude Hibbard (personal communica

tion, 1953) has suggested an Aftonian(?) age In the Safford Valley, Van

Horn (1957) shows that the Solomonsville beds range from upper Pliocene

to Pleistocene, possibly Kansan (Lance, personal communication, 1957).
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In the San Pedro and Safford Valleys, then, exposed deposits of

units of the "upper seV' range at least from Pliocene to early Pleistocene0

Fossil evidence from other valleys discussed in this report is either neg-

ligible or does not conflict with the overall dating. Cope (1884) suggests

a Miocene age for one reported find of vertebrate fossils from the upper

San Francisco River area, but it is possible that the material then con=

sidered Miocene may now be Pliocene (Lance, personal communication,

1954). The uppermost of the fossil localities in both the San Pedro and

Safford Valleys are a few tens of feet below an erosional surface that

may represent the removal of up to at least 200 feet of materiaL Ver-

tebrate fossils from the base of terrace deposits are of undetermined

late Pleistocene age, Vertebrate fossils associated with human artifacts

from within the flood-plain deposits are of extinct forms and are con-

sidered to be very late Pleistocene to early Recent (Antevs, 1941; Hunt,

1953).

The lower boundary of the "upper set" of alluvial deposits has only

been postulated in terms of the considerable thicknesses of apparently

continuous lakebed and associated deposits, The alluvial fill has been

penetrated to depths of over 4, 000 feet before bedrock was encountered

below the marginal conglomerate near Globe, Ariz, In the central por

tions of the basins, known thicknesses of alluvial fill range from more

than 1, 000 feet to about 4, 000 feet, These thicknesses represent deposi

tion over considerable periods of time whose exact range is unknOWn. A
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lower limit to the possible age of the units of the "upper set" is formed

by the early Miocene age of the Mineta beds (Chew, 1952b), which are

included among the older deposits of the "lower set0"

In summary, exposed portions of dated units of the "upper set" of

alluvial deposits in the upper Gila River basin are known to range in age

from late Pliocene to early Pleistocene, possibly Kansan, but the full

thicknesses of the deposits can only be postulated as ranging from middlle

or late Tertiary to middle Pleistocene0

Geologic Relationships of Units of the "Lower Set" of
Alluvial Deposits

The many widely separated units of the "lower set" of Cenozoic

alluvial deposits in the upper Gila River basin have two features in corn.-

mon they are older than some units of the "upper set" and they do

not appear to be directly related to the topography and rocks exposed in

the adjacent mountain blocks, These deposits of the "lower set" are

themselves diverse and are here subdivided into three categories.

These categories are made on the basis of known or apparent strati.-

graphic relationships and degree of deformation. They are listed in

the general order of increasing age4 It must be emphasized, however,

that the categories are arbitrarily based on the physical setting in which

they are known to occur and it is quite possible that some deposits

classifiable in one category in one area may, in other areas, be closely
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related to or correlatable with deposits classified in other categories or

with units of the "upper set" The three categories are summarized

below:

Category I:: Older than volcanic rocks exposed at the crests of adja-

cent mountain blocks; locally conformable with or grad-

ing upward into deposits of the "upper set;" exposed

within limits of the major troughs0

Gold Gulch type: Essentially undeformed except

by normal faulting; essentially

conformable to deposits of the
"upper set."

Hackberry Wash type: Tilted deposits, deformed by

normal and possibly thrust

faulting; locally appears to

grade upward into deposits

of"upper set."

Category U: Whitetail type: Interbedded with upper por-

tions of Tertiary volcanic

rock sequence exposed with-

in uplifted blocks; essentially

undeformed except by normal

faulting.



166

Category III: Pantano type: Underlying or interbedded with lower por

tion of Tertiary volcanic sequence; ex-

posed both within mountain and depressed

blacks; deformed by both thrusting and

normal faulting.

Category I Deposits

Gold Gulch type

The Gold Gulch type of deposits of the "lower set" include the Bat

and Gold Gulch beds in the Eagle CreekDuncan area, the Hunting Lodge

and Gilita beds in the Gilita CreekBlack Mountain area, and the lower

portion of the alluvial deposits exposed in Sapillo Creek.

All of the above deposits are essentially conformable with the

overlying deposits of the "upper set" but are separated from them by a

distinct erosion surface or transition zone and a sharp change in the

lithology of their included fragments. None of the Gold Gulch type de

posits, except the Bat beds, contain basalt fragments in anything ap

proaching the proportion contained by the overlying deposits of the

"upper set" The great thicknesses of basalt in the areas of these de-

posits are either younger, as appears possible in the GiLita Creek-Black

Mountain area, or were structurally or topographically unavailable as

source areas, as may be the explanation in the Eagle Creek area.

Wherever identified, the Gold Gulch type deposits lie within
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depressed areas bounded by the major basin-and-range faults, In the

Eagle Creek area, the Bat and Gold Gulch beds form a portion of a nar-

row graben which forms a sort of structural tributary to the main por-

tion of the depressed block forming the Duncan basin. The Gold Gulch

beds appear to extend southeastward into the main portion of the Duncan

basin where they disappear below the Greenlee beds, In the Black Moun-

tain area, the Hunting Lodge beds abut the north side of the east-west

volcanic ridge through Copperas Peak with normal fault contacts, On

the south side of the ridge, the lower portions of the alluvial deposits

in Sapillo Creek are in fault contact with the volcanic rocks of the ridge,

The similarities in texture and lithology of these two units, their short-

age of fragments larger than cobble size, and their faulted contacts with

the volcanic ridge indicate deposition under similar conditions and simi-

lar post-depositional histories, It is possible that future work in the

area may show that these deposits were laid down either in adjacent

basins under similar conditions or in a single basin which was subse-

quently divided by a horst which now forms the east-west ridge,

Though essentially conformable to deposits of the "upper set,"

the Gold Gulch type deposits are considered to be separate because

their composition reflects distinctly different provenances.

Hackberry Wash type

Deposits referred to as the Hackberry Wash type are named for
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that portion of the "Gila conglomerate" described by Ransome (1919) in

the vicinity of Hackberry Wash, east of the Tortilla Mountains and south-

west of the Gila Rivera These beds and a portion of the tilted alluvial

deposits in the vicinity of Mammoth, Ariz. are examples of the Hackberry

Wash type of alluvial deposits of the "lower set." It is possible that the

Wampoo beds in the Duncan area should be included in this type, but in

sufficient data regarding the structural relationship are available to do

so with certai.nty.

The Hackberry Wash type of alluvial deposits are moderately

tilted, apparently thick sequences which have been thrust, either con-

temporaneously with or subsequently to their deposition, in addition to

being deformed by later normal faulting. Benedict and Hargraves (in

preparation) consider the lowest beds in this sequence to be the equiva

lent of the "Cloudburst formation," one of the Category ifi, Pantano type

deposits0 Locally, the Hackberry Wash type appears to grade upward

into units of the "upper set" of deposits, which elsewhere may also ap-

pear to overlie them with angular unconformities9 These relationships

are shown diagrammatically for the deposits between the Tortilla and

Dripping Springs Mountains in figure 3.

Though the Hackberry Wash type grades into deposits of the "upper

set," it is believed preferable to consider them separately because of

the considerably greater apparent thicknesses of the Hackberry Wash

type of deposits and because of the locally more intense deformation.
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The red beds exposed in Elder Gulch about 4 miles southeast of

Ray are believed to be the equivalent of the Hackberry Wash type near

the Tortilla Mountains (fig. 3). These red beds are mineralized and

intruded, whereas the overlying younger deposits of the "upper set"

are not.

Category U

Whitetail type

The Wbitetai1 type of alluvial deposits of the "lower set" include

the Whitetail conglomerate in its exposures on Teapot Mountain, the

Whitetail(?) conglomerate and interbedded tuff and tuffaceous conglom

erate reported by Ross (1925b) at the north end of the Galiuro Mountains,

the Gila conglomerate reported by Darton (1925) in Aravaipa Canyon, and

the Gila('?) conglomerate reported by Carpenter (1947) in the Vekol Moum=

tains. All of these deposits are exposed in uplifted blocks interbedded

with or overlain by Tertiary volcanic rocks and their separation as a

type depends on these criteria9

In general, it is postulated that the block faulting which elevated

these deposits occurred alter the deposition of the volcanic flows over-

lying them, and that remnants of the flows or their equivalents are with-

in the depressed blocks and underlie the more recent deposits of the

"upper set." The Whitetail type of deposits are separated from deposits
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of the "upper set" by at least the length of time necessary for the extru-

sion of the intercalated flows. The development of the post-Whitetail type

differential movement indicates that the younger deposits were laid down

under a different set of depositional conditions than those of the Whitetail

type deposits.

In the case of the Whitetail conglomerate in the Ray area, it has

been shown that where a deposit of the Category II type could be identified

on a depressed block, the absence of the interbedded volcanic flows might

preclude the separation of these deposits from nearby units considered

to be in the "upper set." The difficulty of separating the units above and

below the intercalated flows beyond the limit of the flows in the depressed

blocks does not alter the fact that Category II beds in the upthrown block

are older than, and locally separable from, the younger deposits of the

"upper set" within the depressed block.

Category Ill

Pantano type

The Pantano type of alluvial deposits of the "upper set" includes

the Pantano formation in the Tucson area, the "Cloudburst" and Mineta

formations in the San Pedro Valley, and possibly the Miocene(?) deposits

reported by Ross (1925a) on the west flanks of the Graham Mountains.

The Pantano type deposits near Tucson and in the San Pedro Valley are
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considered to be equivalent in general on the basis of lithologic similarity

and structural relationships (Voelger, 1953; Brennan, 1957), The de.

posits generally crop out around the flanks of the mountain blocks and,

depending on the local degree of dissection, are exposed near the mar

gins of the elevated blocks or within the depressed blocks near the moum

tains,

Generally, the deposits of the Pantano type have been reported

only in fault contact with older rocks and in recent years these faults

have been interpreted as thrusts (Chew, 1952a; Voelger, 1953; Brennan,

1957; Wilson, 1957). Along the margins of the mountain blocks, they

are commonly in fault contact with all younger units, but locally they

may be overlain by younger volcanic rocks within which deposits of the

Whitetail type occur or may lie conformably under deposits of the Hack-

berry type which in turn appear to grade into deposits of the "upper set."

Within the depressed blocks, the Pantano type deposits are widely over-

lain unconformably by deposits of the "upper set."

The Pantano type deposits are distinguished by having an age de.

termination for at least one part of one unit. The upper unit of the

Mineta formation contains a fossil rhinoceros of early Miocene age

(Chew, 1952b). A similar or earlier age has been accorded lithologically

similar beds at Guanajuato, Mexico (Fries, Hibbard, and Dunkle, 1955;

Edwards, 1955).

Locally, deposits of this type have been mineralized (Schwartz,
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G. lvi., 1953; Schwartz, R. J., 1954; Wilson, 1957) and intruded by

dikes (Chew, 1952; Schwartz, G, M., 1953),

Hypothetical Composite Cross Section

The major types of alluvial units in the upper Gila River drainage

basin are combined in one hypothetical basin and their relationships are

shown diagrammatically in cross section in figure 7. The sequence of

events detailed below is consistent with the cross section but does not

necessarily represent an actual sequence of events in any real basin.

It is particularly possible that the Whitetail, Hackberry, and Gold Gulch

types of deposits may be deposited in sequences other than the one de-'

scribed,

The sequence of events shown in figure 7 is summarized as follows:

The hypothetical basin is conceived as consisting of two major

elements - a comparatively stable east block and a comparatively Un-'

stable west block.

Pantano type deposits (2A) were laid down in a broad basin

which extended west of the stable (east) block and over the unstable

(west block), The boundaries of this early basin differed considerably

from those of the later structural basins,

The Pantano type basin was deformed and Whitetail type de-

posits (2B) were laid down on an irregular surface formed essentially

east of Block 2, The Whitetail type deposits were subsequently capped
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by conformable volcanic rocks,

A deep basin was developed along the east margin of the un.=.

stable west block (west of Block 1) and Hackberry type deposits (2C)

were accumulated in considerable thicknesses. Successive units of

Hackberry type deposits contained materials derived from both the

Pantano and Whitetail type deposits, as well as from older rocks.

Uplift of the west block resulted in the thrusting of both Pantano

and Hackberry type deposits in the area of the local basin in which the

Hackberry type deposits were formed. This thrusting was essentially

confined to the zone between the east and west blocks and did not ma

terially deform deposits on the east block.

Block faulting occurred in the zone between the major east and

west blocks resulting in the development of comparatively small=.scaie

horstgraben structures, Gold Gulch type deposits (2D) were laid down

in the graben developed on Block 4,

Further uplift of the west block occurred more or less con

temporaneously with the depression of Blocks 1 through 4 along normal

faults in the zone between the east and west bloCkS, The west block was

uplifted relative to the east block as well as to the complex graben be-

tween them,

Deposition of the "upper set" of deposits (I) occurred more or

less contemporaneously with the depression of the small blocks along

the zone between the more stable east and less stable west blocks,
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Continued block faulting resulted in further deposition of "upper

set" units,

Development of an early through drainage resulted in partial

erosion of "upper set" deposits, This early through drainage was fol-

lowed by further deposition in the form of the "late slope deposits,"

Subsequent rejuvenation of through drainage resulted in dis-

section through the "late slope deposits" into the underlying beds of

"upper set" units,

Minor changes in base-level control have resulted in the

partial filling of the dissected valleys with floodplain and related de-

posits,



THE PROBLEM OF NOMENCLATURE

The use of the term Gila conglomerate for the alluvial deposits in

the structurally and geographically separate areas of original definition

and extended use, implies that these deposits form a single stratigraphic

unit a formation According to the present standard (Ashley, et.

aL, 1933) a "formation is a genetic unit.. (that) will best meet the

practical and scientific needs of users of geologic maps. Inasmuch as

a formation is conceived as a genetic unit formed under essentially uni-

form conditions,, and inasmuch as such environmental conditions were

local as well as temporary, it is to be assumed that each formation is

limited in horizontal extent," In short, a formation is a mappable genetic

rock unit of limited areal extent whose use will meet practical and sci-

entific needs,

With this definition in mind, the present and possible future use of

the term Gila as a stratigraphic unit is examined from several points of

view - its current use as a regional formation, the possibility of its being

restricted to a specific unit, and its use as a term with group status. It

is concluded that in none of these ways is the use of the term Gila advis-

able at this time and it is recommended that its use be abandoned as

rapidly as possible until the time when field data justify its definition as

175
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a group or series name.

The proposal to abandon the term Gila conglomerate is based pri-
marily on its inadequacy as a term within which the many alluvial rock

units can be individually defined and its lack of formational significance

as a regional term0 The nomenclatural problems that remain are ex-

actly those which the term Gila fails to resolve - how to define the

individual alluvial rock units and how to describe the broad general as-

sociation of alluviums over the whole of the region. The approach to

the resolution of these problems that is recommended in this report is

deceptively simple. It is that the established stratigraphic procedures

and standards, with some modifications, are applicable and should be

applied to the definition of alluvial deposits.

The Term Gila Conglomerate

As a Regional Unit

So long as the chief need in discussing the alluvial deposits was a

broad regional term to cover the sequence of deposits laid down within

a presumably brief period of time, the Gila conglomerate was an ade

quate unit. It is in this sense that it was originally described by Gilbert

(1875). "It (the Gila conglomerate) is indeed, one of the 'Quaternary

gravels of the desert interior.,," and by implication the Gila conglom-

erate was correlated with the valley fills from northern Mexico and west
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Texas to southern Oregon. The problem is whether the Gila conglomer-

ate can be used as a valid regional formational unit at the present time.

As a regional term, the Gila conglomerate should represent some

unified concept regarding the deposition of alluvial materials0 It is gen-

erally accepted that Pantano type deposits should not be included within

the Gila conglomerate. The difficulties of defining the Gila conglomer-

ate to include all other alluvial deposits, or even just those of the "upper

set," are discussed below.

A formation should be a mappable unit. The contact of a regional

Gila conglomerate changes within short distances from a fault contact

involving alluvial deposits of one age to a depositional contact involving

deposits of a different, younger, age. As a map unit, its contacts can

be drawn, but its contacts essentially show only the limits of bedrock ex-

posure and little if anything of the nature of the complex relationship of

the bedrock to the alluvium as a whole.

If the top limit of the Gila conglomerate is set at the topmost al-

luvial deposits, it should be considered to extend throughout most of the

Basin and Range country because the topmost deposits of the valley fills

are nearly continuous This continuity, however, is only apparent be-

cause the surface deposits nearly everywhere overlap and hide the limited

horizontal extent of the underlying deposits (fig. 5). Only the topmost

deposits have the continuity fundamental to a definable formation and the

underlying deposits must be defined within the areas of their horizontal
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extents,

The earlier use of the Gila conglomerate as a regional unit was

compatible with the known structural relationships involving high-angle

normal faults. Recent investigations involving the stratigraphy and

structure of alluvial sediments (Benedict and Hargraves, 1953; Heindi,

in Halpenny, et at., 1952; Chew, 1952a; Van Horn, 1957), the accumula-

tion of paleontologic evidence pointing to alluvial deposition over a large

part of the Tertiary period (Lance, personal communications, 1953.57),

and the discovery of major irregularities in the continuity of valley fill

sediments at depth (U. S. Geological Survey, open-file well records,

Tucson, Ariz.), all indicate the necessity of working with smaller, more

definite alluvial units. It has been suggested that such units could be des-

ignated as members within the Gila conglomerate (James Gilluly, in S. W.

Lohman, personal communication, 1957). The confusion that already ex-

ists as a result of the indiscriminate use of the term Gila conglomerate to

describe disparate alluvial units suggests that a fresh approach, uncom-

plicated by attempts to show the relationship of one alluvial unit to the

whole of the Gila conglomerate, is presently required.

The crux of the problem is whether the Gila conglomerate as a

regional unit meets practical and scientific needs. It is contended that

it does not meet such needs because it covers discontinuous deposition

in many basins over long periods of time; it is an ambiguous map unit;

and its usage fosters correlations within and between basins of deposits
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which do not represent equivalent portions, either in time, space, or
environment.

Furthermore, if the use of the Gila conglomerate as a regional

formation could be justified, because of its continuity with the alluvial

deposits in New Mexico, its use as a synonym for late Cenozoic valley

fill is pre-empted by the Santa Fe formation (Hayden, 1869),

As a Specific Unit

It has been suggested that the Gila conglomerate could be redefined

as a specific mappable unit within the area of original definition, encom

passing either a single unit, all the units in a specific basin, or all the

units in adjoining basins, excluding units of the "lower set,"

In the areas of original definition, there are at least 8 mappable

units, 4 of which conceivably could be considered for designation as the

Gila conglomerate, The singling out of one unit as the Gila conglomer-

ate would be necessarily arbitrary, but the unit so selected would un-

doubtecily be given the misleading status of a "type section" of regional

significance, no matter how cogently it might be argued that the restrict

ed Gila conglomerate was only one of many, equally significant units,

Attempts to clarify the overlap between the present regional use of the

term and a new sensu strictu would be awkward at best,

The designation of the combined deposits in any one area or basin

as the Gila conglomerate would lead to similar difficulties, and the
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redefinition of the Gila conglomerate as limited to the deposits in two

adjoining basins has the same undesirable features contained in the

present regional use.

It has also been suggested that the most similar units in the sepa-

rate areas be considered as the Gila conglomerate. This satisfies the

requirements of genetic unity and mappability, but not that of limited

horizontal extent and scientific practicaiity This suggestion is merely

a refinement of the concept of an all4nclusive Gila conglomerate, based

on a more limited set of environmental boundaries. When correlations

between the individual units in separate basins are substantiated not only

by genetic similarity but also by continuity, the use of a unit common to

more than one basin may be justified.

It is not considered feasible to single out any one unit, or combin

ation of units, in the area of original definition as the Gila conglomerate

because of the variety of units included in the original definition and be.=

cause the confusion that would result from the simultaneous existence of

an informal extended meaning, thoroughly entrenched by popular usage,

and a formal restricted definition.

In Group Status

It has been suggested that because of the number and variety of

units within the alluvial fill, the term Gila should be raised to group

status, similar to the Santa Fe group proposed by Baldwin, Kottlowski,
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and Spiegel ( Kottlowski, 1953). A group is defined as "a local or

provincial subdivision of a system, based on lithologic features. It is

usually less than a standard series and contains two or more formations"

(Ashley, et al., 1933). Consequently, formational units must be defined

within the alluvial deposits before the term Gila can be applied to a group0

The future use of a Gila group to include units of the "upper set"

and based on validated correlations within and between basins cannot be

objected to at this time. However, a blanket designation of a Gila group,

founded primarily on general genetic similarity, would be as limited in

its use as the Gila conglomerate is today.

A Gilan series was proposed by C. R9 Keyes (in Wilmarth, 1938)

as a substitute for the term Gila conglomerate0 This use may have ap

plicability after more than one group is defined among the alluvial de.'

posits of the upper Gila River area.

As the Gila Formation

In general, formations are designated by both geographic and

lithologic terms, viz. Gila conglomerate. Ashley, et aL (1933) state:

"There may, in some areas, be justification for a formation marked by

extreme heterogeneity of constitution, but that, in itself, may constitute

a form of units,,, If the formation consists of beds differing greatly in

constitution, so that no single lithologic term is appropriate, the word

formation may be substituted (for a specific lithologic term)," The
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alluvial fill has been shown to grade from conglomerate into sandstone

and mudstone and to include thick deposits of limestone, gypsum, dia-

tomite, and tuffaceous material, This variety was first noted by Ransome

(1919) and gradational and intertonguing relationships were demonstrated

by Meinzer and Kelton (1913) and Knechtel (1938). On the basis of both

the variety and the wide distribution of fine-grained materials, it has

been suggested (R. B. Morrison, personal communication; Van Horn,

1957) that the Gila conglomerate could more properly be designated as

the Gila formation0 Such a change, while justified, would in no way

alter the basic objections to either the unrestricted or restricted uses

of the term Gila as a for mational unit,

Conclusions and Suggestions for Designating Alluvial Units

The principal objections to the use of Gila conglomerate are that

its use is not consistent and that it fosters misleading correlations be-

tween regional deposits and specific units in particular areas and be-

tween units which do not represent equivalent portions of alluvial deposits.

The arguments for its continued application lie chiefly in the facts that it

is a handy "wastebasket" for Cenozoic valley fills and that its use is en-

trenched in the literature and among local geologists, These arguments

are not sufficient to offset the evidence presented in this report that the

Gila conglomerate as a formational unit is inadequate to describe the al-

luvial units or to further serve as a tool for deciphering the Cenozoic
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history of the area. It is therefore concluded that it is untenable to con-
tinue the use of the term Gila conglomerate as a for mationai. unit,

The following proposale for designating alluvial deposits are con-

sidered to be applicable both to regional discussions and detailed geologic

studies. Basically, they embody the application of standard stratigraphic

practices to alluvial deposits. Although it is obvious that these proposals

will result in a nomenclatural plethora, it is believed that this multiplicity

of names will serve to clarify our knowledge of Cenozoic history in this

region,

Regional Terms

In those areas where no specific work is done on the alluvial de-

posits, they can be described in general terms and referred to as "al-

luvium" (viz, Barton, 1917; Bryant, 1925; Gilluly, 1946) or as "late

Cenozoic valley fill" or some similar phrase. This designation identi-

fies the rock sufficiently to warrant applying general comparisons with

similar deposits elsewhere without implying detailed correlation.

When sufficient numbers of units are dated, it will be possible to

refer to them collectively by stage names, The use of stage names in

this region is currently limited by the paucity of fossils. However, some

term analogous to "stage" would be useful in discussing, in terms more

specific than "late Cenozoic valley fill," or some similar phrase, the

recognizable similarity of many alluvial deposits. The widespread use
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of the Gila conglomerate as a regional term reflects its utility in dis.-.

cussing generally similar sequences of alluvial deposits laid down under

generally similar environmental conditions during approximately the

same period of time0 There is no geologic term that denotes such simi-

larity without implying continuity, correlation, or without being limited

to a single general rock type, To fill this need, the term synchrostrome

is suggested - from the Greek roots, syn (together), chronos (time),

and stroma (beds) to describe similar assemblages of rocks deposited

in similar environments in different basins at about the same time. Units

in different basins, such as the Dry Diamond, Cactus Flat, Greenlee and

Solomonsville beds, have many similarities and could be referred to as a

synchrostrome. The striking similarities of widely separated Pantano

type deposits suggests that these also could be collectively referred to as

a synchrostrome. Synchrostrome could be identified by the name of a type

formation and referred to as the Pantano synchrostrome or the Solomons

yule synchrostrome0 With proper definition, it might be logical and ap.-

propriate to designate a Gila synchrostrome.

Specific Unit Terms

The basic stratigraphic tool is the rock unit, described by recog-

nizable objective features. This study has shown, as have earlier workers

(Chew, 1952a; Voelger, 1953; Van Horn, 1957), that alluvial deposits in

this area may be separated into rock units on the basis of lithologic
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composition, sedimentary texture, stratigraphic position and structural
relationship0

Where preliminary work is done on alluvial deposits but is insuf-

ficient to warrant the designation of units as formations, units may be

designated lithologically, such as "granitic conglomerate," "tilted tuffa-

ceous conglomerate," or "basalt pebble mudstone." Where the described

unit includes a wide range of material sizes, it can be referred to with

informal or colloquial names, such as "Duncan alluvial unit" or as been

done in this report, "Dry Diamond beds," etc. Such units can be de-

scribed sufficiently to show their stratigraphic identity locally. Even

without mapping, the description of individual units may be an aid in

deciphering the geologic history of an area.

The separation of units on the basis of geologic relationships, as

those between the "upper set" and "lower set" and between the several

categories of "lower set" deposits, should be recognized by separate

unit designation, If more than one category is exposed within a mapping

project, each definable unit within each category should be separately

named unless, or until, correlations can be demonstrated or substantiated0

Deposits of the "lower set" should be separated from those of the "upper

set" despite the fact that locally individual units of the "lower set" can

be shown to be in part gradational into units of the "upper set."

It is customary that a formation which cannot be designated by a

single appropriate lithologic term should be denoted by the word "formation,"
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such as the Supai formation. It is also acceptable, however, that the de-

scriptive lithologic term may consist of accepted petrographic or genetic

terms (Ashley, et al., 1933, p. 29). It is therefore suggested that the

heterogeneity of alluvial units be designated by the word "alluvium," to

be applied formally to alluvial rock units instead of the word "formation."

For example, the Solomonsville beds described by Van Horn (1957) could

be formally designated as the Solomonsville alluvium.

Alluvial rock units designated as formations may be differentiated

into members, lentils, and tongues and assembled into groups. Even-

tually, these deposits may be shown to form a major time-rock sub-

division a series. It is in this sense that it might be most appro-

priate to once again use the term Gila as the "Gila series."

Deposits of the "lower set"

The necessity of separate designation of the Pantano type deposits

has already been established i. e., the Pantano formation (Brennan,

1957), the Mineta formation (Chew, 1952a), the "Cloudburst" formation

(Steele, H. J., personal communication, 1951), the lower Rillito beds

(Voelger, 1953), and possibly the Locomotive fanglomerate (Gilluly,

1946) The general separateness of these units was recognized earlier

on the geologic map of the State of Arizona (Darton and others, 1924).

The Whitetail type deposits have also been either separately

named, as the Whitetail conglomerate (Ransome, 1905, 1919; Ross,
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1925b), or designated lithologicany (Ross, 1925a). They have also been

designated as Gila(?) (Darton, 1925; Carpenter, 1947). The advantage

of a separately named designation for Whitetail type deposits is exempli-

fied by Ransomes practice in the Ray area. The fact that the Whitetail

and Gila conglomerates were separately identified made the problem of

their similarity and separation constantly evident, facilitated their de-

scription, and clarified the sequence of geologic events

Hackberry Wash type deposits present a more difficult nomen-

clatural problem because they can in part be shown to grade upward

into younger deposits, and the line between them and deposits of the

"upper set" must be arbitrary, In general, however, their stratigraphic

relationships are complex and the eventual unraveling of those complex

ties may be better served by their designation as separate units, This

can be done by considering them as a member of a larger unit or by

some more informal designation. The effect of a lack of such separa-

tion may be illustrated by the experience of P0 C. Benedict (personal

communication, 1953) in the Hackberry Wash area. Because all the

alluvial deposits had been identified as Gila (Ransome, 1919) and be-

cause the Gila was considered to be PliocenePleistocene, the thrust

faulting in the area was considered to be Pliocene-Pleistocene. It was

not until the anomalous thickness of the so-called Gila and the possible

correlation of its lower beds with the Cloudburst formation were recog-

nized, that an earlier age for the thrusting was considered tenable,
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Deposits of the Gold Gulch type should be separately identified be-

cause their peculiar composition separates them from the younger "upper

set" deposits and the separation emphasizes the presence of large-scale

changes in source area geology between the time of their deposition and

that of the younger units,

Deposits of the "upper set"

Individual units of the deposits of the "upper set" can be designated

and mapped and given formal formational or member status according to

the prevailing practices of establishing formational units. The same form

mational names should not be applied to deposits in more than one basin

until evidence is presented to validate such continuity. In more clearly

separated basins in the central mountain area of Arizona, some alluvial

deposits have already been individually designated (Hook, 1956; M. H

Krieger, personal communication, 1954), but the practice is not univer=

sal (Anderson et a!,, 1955), Again it must be pointed out that the con-

tinuity of the uppermost deposits across a mountain pass or around the

end of a mountain range does not constitute evidence for a similar con-

tinuity of the underlying strata, Rather, it should serve as a basis for

a further subdivision of alluvial units, separating the deposits laid do'wn

in individual basins from those deposits that transgress the structural

barriers,

Within these formations, particularly the widespread ones like the
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Dry Diamond, Cactus Flat, Greenlee, and Solomonsville beds, it will be

constructive to designate lithologic members by geographic names9 As

an example, the Cactus Flat beds could be defined as a formation with

members designated both vertically and laterally. Laterally, it might

be useful to define the fine-grained deposits around Buckhorn, north of

Glenwood, and northwest of the Maple Peak ridge as separate members;

other members could be the narrow conglomerate zone along the east

margin of the Maple Peak ridge, the wide conglomerate zone along the

Mogollon Mountains, and the conglomerate zone separating the fine-

grained deposits north of Glenwood and northwest of Maple Peak ridge.

At least in one area, along the northern front of the Mogollon Mountains,

the wide conglomerate member could be separated into a lower, felsic

unit and an upper, andesitic unit.



THE PROBLEM OF CORRELATION

"Stratigraphic correlation is the demonstration of equivalency of

stratigraphic units" (Krumbein and Sloss, 1951) and its purpose is to

provide "the fundamental data of geologic history" (Grabau, 1924). As

such, then, the scope of individual stratigraphic units depends on the

stratigraphic correlation required by the degree of detail desired of

geologic history, A generalized history of the Cenozoic era in the

upper Gila River drainage basin has been considered adequate in the

past and broad stratigraphic units were acceptable, The present trend

of increasing interest In the historical problems of the Cenozoic and the

economic importance of its ground-water resources require that its his.

tory be known in greater detail and this in turn requires more refined

stratigraphic units to implement the more refined correlations.

The alluvial deposits represent a large portion of the evidence re

garding Cenozoic history and, although standard stratigraphic principles

apply to them as to other deposits, they do so under some particular con

ditions, The outstanding characteristics of the alluvial deposits in the

upper Gila River basin alfecting this correlation are their limitations in

space and time and the essential contemporaneity of deformation, vul-

canism, and deposition,

190
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Alluvial deposits in this region were laid down in basins of limited

areal extent, basins whose boundaries lie within the scope of individual

projects of geologic reconnaissance mapping, in some cases, within the

limits of single 15-minute quadrangles. Within these limits, the deposits

may show all possible sedimentary facets from source rocks to place of

final deposition, containing stratigraphic relationships and environmental

changes whose equivalents in marine or broader continental deposits can

be demonstrated only over vastly larger areas.

The limitation in time is compounded of two elements. The first

is that deposition occurred during an era of rapid erosion and nearly con-

tinuous deformation and resulted in many individual units of sediments.

On one hand, the diversity of units may obscure their essential concom-

itance. On the other hand, the importance of significant changes may be

lost among the constant changes, The second element in the time factor

is that up to a few years ago the alluvial deposits as a whole were con-

sidered to cover only a short span of time and to be of only limited

geologic interest, The discovery of the early Miocene fossil in the

Mineta formation has broadened the scope of these deposits to where,

considering the gap in local geologic information from upper Cretaceous(?)

to Miocene, alluvial deposits can now be recognized to constitute a large

measure of Tertiary history in this region.

The third outstanding characteristic is the contemporaneity of

deposition and deformation. From at least early Miocene time to the
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present, deposits separated by normal faulting, thrust faulting or volcanic

units in one area grade laterally into conformable successive units or

indistinguishable continuous deposition in adjacent areas. In some cases,

debris from deformed portions of units was deposited upon, and considered

to form a portion of, its undeformed counterpart. The best reported ex-

amples of these relationships are in the lower San Pedro River Valley

and its structural extension into the vicinity of Ray, Ariz.

Secondary characteristics of alluvial deposits, in part related to

those mentioned above, that affect correlation are contemporaneous vul-

canism and the scarcity of fossil materiaL The stratigraphic interrela-

tionships of Tertiary vulcanism and alluvial deposition, mildly suggested

by the significance of the dacite between the Whitetail and Gila conglom-

erates near Ray, are beyond the scope of this paper. The relationships

of fossil materials to the correlation of alluvial units is briefly discussed

under correlations between deposits of the "upper "

Environmental changes in space and time have resulted in lateral

and vertical changes in lithology which are rapid along lines of structural

deformation and become progressively less conspicuous away from them0

The extent to which an alluvial unit crops out determines to some degree

its uniqueness as a stratigraphic unit. Alluvial units exposed in limited

areas have individuality and stratigraphic character that more widely ex-

posed units lack because they can be shown to include a greater variety

of lithologic and textural types. The general sparcity of fossil material
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results in correlations based on combinations of stratigraphic sequence,

lithology, texture, and relationship to deformation.

The deposits discussed in this report have been classified schematicaF

ly, based in part of the form of their exposures and in part to their strati-
graphic positions, One or the other elements may be more important in

the classification of any individual deposit, but in all cases there is some-

thing of both. Because the system is based only in part on stratigraphic

position, the groupings are not meant to imply definite stratigraphic re-

lationships. In general, however, the principal characteristic, age-

wise, of the deposits of the "lower set" is that they are older than the

deposits of the "upper set" with which they are in contact or close prox-

imity. In turn, the numbered categories of the "lower set" are generally

in the order of increasing age. The relationships of alluvial deposits in

the vicinities of Mammoth and Ray illustrate the limitations of the strati-

graphic significance of these groupings.

On the west side of the San Pedro Valley in the Mammoth area, the

Pantano type "Cloudburst" formation of possible early Miocene age is

conformably overlani by a thick sequence of tilted alluvial deposits of the

Hackberry Wash type, and both are thrust over older rocks. The Hack-

berry Wash type deposits grade upward and laterally into or are faulted

against deposits of the "upper set" that form the lake-bed and coarser

alluvial deposits in the central and east portions of the valley, On the

east side of the valley, deposits of the "upper set" along the west front
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of the Galiuro Mountains are in normal fault contact against deposits

possibly of the Pantano type which are unconformably overlain by the

younger volcanic rocks which to the north include Whitetail type deposits.

East of the Tortilla Mountains and southwest of the Gila River,

Pantano type deposits are in part thrust over Hackberry Wash type de-

posits on the footwaU side and grade upward into Hackberry Wash type

deposits laid down contemporaneously on the back slope of the hanging

wall side0 The Hackberry Wash type deposits in turn grade upward into

essentially horizontal deposits of the "upper set" along and northeast of

the Gila River, On the northeast side of the Gila River, deposits of the

"upper set" in Elder Gulch are laterally continuous with those gradational

with Hackberry Wash type deposits to the south and are exposed lying on

an erosional surface cut on deformed alluvial sediments considered to be

the equivalent of some of the older portions of the Hackberry Wash type

deposits, Northward toward Ray, deposits of the upper set" pinch out

against a bedrock barrier on the north side of which there are similar

deposits which have been correlated with both the Whitetail and Gila con

glomerates. North of Ray, in the Rustler Gulch vicinity, the Whitetail

and Gila conglomerates cannot be distinguished except by the separating

dacite and may be considered as "upper set" deposits. East of Rustler

Gulch, however, in Teapot Mountain, the Whitetail conglomerate forms

the type example for the Whitetail type of alluvial deposit relationships.



Correlations of the "Lower Set"

In general, deposits of the "lower set" crop out in areas of limited

extent, and their paucity of fossil material forces correlations to be based

on lithology and structural relationships0 Such correlations are, of course,

tentative, but where substantiated by sufficient evidence, must be ventured

to provide working hypotheses of Cenozoic history0

Pantano Type Deposits

The possible equivalence of the Pantano, lower Rillito, and Mineta

formations has already been suggested (Chew, 1952; Voelger, 1953;

Brennan, 1957) In the lower San Pedro Valley, the Mineta and "Cloud

burst" formations are considered to be equivalent (Heindil, in preparation)

and the "Cloudburst" formation probably extends north to the Tortilla

Mountains (Benedict, personal communication, 1953; Schwartz, R0 J,

1954) The Locomotive fanglomerate and Ajo volcanics (sic) (Gilluly,

1946) show a remarkable resemblance to the volcanic and fanglomeratic

phases of the "Cloudburst" formation, and some of their structural fea

tures are also similar0 The Locomotive fanglomerate is not only tilted

as reported by Gilluly (1946) but may also have been associated with

thrusting0 On the southeast side of the New Cornelia pit there is a

block of Cornelia quartz monzonite completely surrounded by the young

er Locomotive fanglomerate that, incompletely exposed, measured about

500 feet long and nearly 100 feet thick Its general dip and strike are

195
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conformable to the Locomotive fanglomerate, but its contacts are sheared
and fractured and the whole mass is brecciated. Its general appearance

is not unlike some of the huge block breccias in the "CloudburstTl forma

tion and the Hackberry Wash type deposits in the Mammoth area which

are interpreted as related to thrusting (P. C, Benedict, personal com-

munication, 1953; Wilson, E. D., personal communication, 1957) De-

scriptions of Oligocene red conglomerate from the Guanajuato and other

areas of Mexico (Edwards, 1955) suggest possible correlation with the

Pantano type deposits on the basis of sedimentary characteristics and

ages Because the suggested correlations are based mainly on lithologic

similarities of widely separated deposits, it may be less commital to

consider these deposits as forming a synchrostrome,

Whitetail Type Deposits

Problems of correlating Whitetail type deposits are related to the

fact that this category is separated more on the basis of mode of exposure

and less on known stratigraphic relationship than the other categories, In

the Globe and Ray areas, the Whitetail conglomerate can be identified only

in the presence of the overlying dacite (Ransome, 1904, 1919; Peterson,

1954). Ross (1925b) reports a Whitetail(?) conglomerate in an area 25

miles southeast of Ray. His use of the query appears particularly justi

fied when the deposits are compared to each other and to their relation-

ships to older and younger units (fig. 5). The problem of the relationship
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of the Whitetail conglomerate to older deposits of the "upper set" has

already been discussed. A second possible illustration of this type of

relationship exists at the north end of the upper San Francisco River

basin where exposures of conglomerate capped by volcanic flows in the

upthrown blocks forming the Brush and Saliz Mountains are similar in

part to the Cactus Flat beds north and east of Glenwood, N. Mex.

The possibility that some Whitetail type deposits are equivalent

to deeply buried portions of alluvial deposits within the larger basins

necessitates the use of caution in the assignation of the great thicknesses

of valley-fill deposits to the particular "upper set" unit exposed at the

surface4, This is illustrated by the discussion of the Solomonsville beds.

Hackberry Wash Type Deposits

The tilted Hackberry Wash type deposits present a correlation

problem because, except where they are exposed in very small areas,

they have been shown to be at least locally gradational into younger de-

posits of considerably lesser apparent thicknesses0 In the lower San

Pedro Valley, the correlation of the Hackberry Wash deposits in the

Mammoth and Tortilla Mountain areas is substantiated because the

deposits of the "upper set" with which they are gradational are con-

tinuous and the deposits of the underlying "Cloudburst" formation are

nearly so. Elsewhere, it appears best to treat each exposure individually

and to postpone correlation until substantiating data are available, or the



significance of the anomalous thicknesses is better understood.

Gold Gulch Type Deposits

Gold Gulch type deposits, like the Whitetail type deposits, empha-

size the need for correlating the volcanic sequences with the alluvial de-

posits and their mutual relationships to subsequent deformation. At the

present time, the reported exposures of Gold Gulch type deposits are

scattered and no correlation between them and with other deposits ap-

pears to be justified.

Correlations of the "Upper Set"

The correlation of units of the "upper set" in individual basins has

been discussed in separate sections dealing with each area.

C orrelations Between Separate Basins

With the discovery of Pliocene fossils in both the San Pedro and

Safford Valley deposits, Knechtel (1936) wrote:

Since the principal deposits exposed in these two troughs,
which are separated by two ranges of mountains, are there-
fore more or less equivalent in age, it may be inferred that
many of the thick valley deposits that have been described as
Gila conglomerate belong in reality to a common period of
deposition, The uncertainty which has heretofore attended
the assignment of these scattered deposits (in southeastern
Arizona and southwestern New Mexico) to the Gila conglom
erate is as a result somewhat diminished

It should be pointed out that the deposits in the San Pedro and Safford

198
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Valleys in which fossils of similar age were found are just one of at

least 5 and 3 units in each area, respectively. It does not appear to

be justified to correlate all the units in the two separate valleys simply

because one unit in each valley was deposited at about the same time and

under similar environmental conditions, It is not argued that upper por-

tions of the deposits In many of the basins were not deposited more or

less contemporaneously under remarkably similar conditions, Their

general correlation from basin to basin is unquestionably justified and

they do appear to belong "to a common period of deposition," What is

argued is that all the units in all the basins cannot be correlated on the

basis that portions of them were deposited at the same time.

Correlations With Other Regions

The application of the name "Gila" to alluvial deposits in areas

widely separate from the area of original definition is a form of correla-

tion and again can only be justified if the Gila conglomerate is used as a

synonym for valley fill, which has already been discussed.

The problems of correlation between deposits of the "upper set"

and late Cenozoic deposits in other regions are similar to those involved

in correlations between basins, Tertiary terrestrial, intermontane de-

posits that have been correlated with the Gila conglomerate are the Santa

Fe formation in New Mexico (Kottlowski, 1953) and the Baucarit formation

in the Sierra Madre Occidental of Mexico (King, 1939). The Baucarit
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formation has not figured extensively in the discussion regarding cor-
relation with the Gila conglomerate, but its description suggests that

conclusions drawn from the correlation of the Santa Fe to the Gila may

be equally applicable to the Baucarit.

The drainage basins of the Glia River and Rio Grande are cleanly

separated by the Continental Divide north of Silver City, N. Mex. South

of Silver City, however, between the Arizona-New Mexico boundary and

the vicinity of Deming, N, Mex., is a region of broad alluvial basins

with interior or poorly integrated drainage. The surface of these al-

luvial basins is continuous with the surfaces of the dissected alluvial de-

posits in the Eagle Creek-Duncan, upper San Francisco, and Mimbres

River areas. At the west end of this region, the deposits have been cor-

related with the Gila conglomerate (Schwennesen, 1918); at the east end

they are part of the Santa Fe formation (Kelley and Silver, 1952; Kottlowski,

1953), In the central part of this region, in the vicinities of Silver City

and Deming, the alluvial deposits have been referred to both the Gila and

Santa Fe formations or given independent status, Paige (1916) refers the

alluvial deposits in the Silver City quadrangle, including those along the

Mimbres River, to the Gila conglomerate and Darton (1928) concursG

Hernon, Jones, and Moore (1953), however, defined these deposits as

a new unit, the Membres conglomerate, whereas Jicha and Elston (1952)

correlated deposits in the Mimbres River drainage with the Santa Fe,

In his description of the deposits around Deming, which may form a
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continuum with the better exposed alluvial deposits to the east and west,

Darton (1917) referred to the unexposed portions of the valley fill simply

as ??afluviumu (p1. 25).

The correlations that have been made are based on the similarities

of the sedimentary textures of the alluvial deposits, their topographic ex

pression and apparent relationships to the adjoining mountains, and the

presence of thick sequences of gravel, sand, silt, and clay underlying

the surface as reported by drillers logs in brief, on genetic simi

larity. These correlations are valid in a broad sense because they are

expressions, not of the correctness of the correlations of the separate

units described, but of the ubiquitous presence of valley fills throughout

the whole of the Basin and Range province.



SUMMARY

The degree of stratigraphic detail required for the analysis of

geologic problems in any area depends in some measure on the degree

of detail desired of the geologic history, Recent intensification of sci-

entific and economic interest in the alluvial deposits of the upper Gila

River area necessitates the designation of stratigraphic units capable

of defining the Cenozoic history of this region in greater detail than has

been possible up to this time,

Alluvial deposits, other than slope, flood plain, channel, and

small terrace deposits related to recent cycles of degradation, forming

the bulk of the valley fill in the structural troughs of the region, range

in age from at least early Miocene to early Pleistocene, probably Kansan,

These deposits are shown to be divisible into major groupings - "upper
set" and "lower set" based on stratigraphic and structural relation-

ships,

The "lower set" of deposits includes those that (1) are apparently

not directly related to the major structural troughs forming the basins of the

existing Basin and Range topography; (2) are at least locally deformed by

thrust and normal faulting; (3) may be intruded and mineralized; and (4)

can be shown to be older than those deposits of the "upper set" with which

202



203

they are in contact or juxtaposition, The "lower set" of deposits are

divided into four types, based in part on stratigraphic positions and in

part on other geologic relationships, These are the Pantano type de-

posits intensely deformed units that underlie or are Interbedded

with lower portions of the Tertiary volcanic sequence; the Whitetail

type deposits deposits underlying or interbedded with upper por-

tions of the Tertiary volcanic sequence within essentially undeformed

uplifted blocks; the Hackberry Wash type deposits thick sequences

of tilted deposits that are deformed by normal and possibly thrust fault

ing and grade upward into deposits of the "upper set;" and Gold Gulch

deposits normally faulted deposits that are essentially conform-

able with or grade upward into deposits of the "upper set,"

The "upper set" of deposits form the bulk of the exposed and an

unknown part of the buried deposits in the major valleys of the area.

They are characterized by (1) lithology which reflects the rocks in the

adjacent mountain areas; (2) sedimentary relationships which reflect

deposition essentially within the topographic basins in existence today;

(3) structural relationships involving the development of basins and

ranges along normal faults; (4) lack of mineralization; and (5) erosion

to approximately the same degree of relief, The deposits of the "upper

set" are shown to be composed of many mappable rock units, limited,

for the most part, to individual structural basins of deposition. Detailed

correlations between the deposits in individual basins cannot be Justified
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at this time and the deposits of the "upper set" cannot be adequately de-

scribed within the limits of a single formation0

Specifically2 it is shown that the original Gila conglomerate includes

deposits of both the "upper set" and "lower set" which are divisible into

at least 12 rock units located in four separate basins and that no combina-

tions of these individual units can form a single formation common to the

four basins0

Both the "lower set" and "upper set" of deposits reflect the repeat-

ed intimacy of deformation and deposition within basins of limited and

changing areal extent and variable relief0 The consequent environmental

changes in space and time further modified by recurrent vulcanism and

climatic fluctuations, have resulted in rapid lateral and vertical changes0

Unconformities also reflect the changing environments and, depending on

their proximity to zones of deformation, may range from angular to grada-

tional0 Locally, there are gradational contacts between units of the "lower

set" and "upper set" of deposits and the sequence given above is believed

to be only in general in the order of decreasing age. The fact that deposits

are similarly categorized by their structural relationships does not nec-

essarily imply that they are stratigraphically equivalent.

The upper portion of the Whitetail conglomerate in the vicinity of

Ray is shown to be part of the same depositional sequence as the Gila

conglomerate. The two units are locally separated by a dacite flow which

did not materially affect the pattern of alluvial deposition. South of the
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limits of the dacite flow, probable equivalents of the upper Whitetail con

glomerate beds are included in the Gila conglomerate, as defined in that

area,

The number and wide variety of mappable alluvial rock units in the

region precludes the continuing usefulness of their being considered as

a single formational unit, The Gila conglomerate, both in its originally

defined areas and in the areas of its extended use in southwestern New

Mexico and southeastern Arizona, is shown to be a misleading term

when used as a regional unit and undefineable as a restricted unit. Its

use also fosters misleading correlations of regional deposits and specific

units and between units which do not represent equivalent portions of

alluvial deposits, The term Gila conglomerate as a formational unit

should be discarded and there is insufficient data at the present time

to justify the use of Gila as a group or series name.

Alluvial deposits are amenable to standard procedures of strati

graphic analysis and nomenclatures Individual alluvial rock units should

be designated as formations, subdivided into members, tongues and

lentils, and assembled into groups, For mational units should not cross

or be correlated across basin boundaries until such use can be validated

by supporting evidence, The word t?alluviumt? is suggested as a proper

genetic term to be used for the rock descriptive portion of a formational

name, The separation of Pantano type deposits has already been recog

nized by the designation of the Pantano and other formations,
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Where alluvial deposits need to be referred to en masse, they may

be called "late Cenozoic alluvial deposits" or some similar phrased The

term "synchrostrome" Is suggested to describe similar assemblages of

rocks deposited in different basins at about the same time, without imply..

ing formational correlations0

Due to the scarcity of dateable fossils within ailuvial deposits, cor

relations must be ventured on the basis of lithology, texture, relationship

to deformation and stratigraphic sequence, Such correlations are as yet

best attempted within single basins or between adjacent basins. The

presence of fossils of a common age in lithologically similar deposits

indicates contemporaneity of deposition and not continuity or formational

unity such data should be used as a basis for correlation between the

units actually containing the fossils and should not be construed to infer

that the full sequence of deposits in both areas are equivalent in toto,

It is obvious that this more detailed approach to the alluvial de.

posits in the upper Gila River drainage area will involve a profusion of

unit designations with correspondingly complex correlation problems,

but it is only through an application of detailed stratigraphic procedure

that an understanding of the Cenozoic history in this region can be at

temptecL,



Erosion surface0
Surface gravels0

NEGRITO BEDS:

Unit
No0 Description

Cobble to boulder conglomerate: pebbly sandstone
and pebbly siltstone; gray to brown; thin to thick
bedded, up to 5 feet; lenticular; poorly sorted; poor-
ly consolidated, rarely weakly cemented with lime;
fragment size from silt to boulder; angular to round-
ed; both rhyolite tuff and mafic volcanic rocks com-
mon; weathers to moderately steep slopes almost
completely masked by float and thin soiL

Total Negrito beds

Contact, covered zone 50.100 feet thick,

(Gilita beds locally eroded and covered by volcanic flows),

APPENDIX
DESCRIPTIONS OF MEASURED SECTIONS

SECTION 1
(Partial)

Gilita Creek..Black Mountain Area

Three and onehaJf miles west of Loco Mountain and 0.9 mile north-
west of junction of Gilita and Snow Creeks, Elevation of lowest ex-
posure, 7, 350+ feet.

(Beds have low 3°±, east dip)
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3004-

Thickness
in feet

3004-



GILITA BEDS (pL 2):

Unit Thickness
No, Description in feet

Granule to pebble tuff conglomerate and tuffaceous 3004-
sandstone: light buff to cream, gray, and white on -
both fresh and weathered surfaces; thin bedded (1/2
in, to 18 in,) attenuated lenses; predominantly med-.
iumwgrained sandstone to pebbly granule conglomer-.
ate; cobble conglomerate common, boulders rare;
calcareous cement weak in selected coarse beds,
wholly absent in finer grained beds; angular to sub-.
rounded; predominantly rhyolite crystal tuff with a
few larger fragments of scoria and basalt; weathers
commonly to steep slopes thinly covered by soil,

Total measured Gilita beds 3004-

Base cover ed,
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SECTION 2

Gilita Creek-Black Mountain Area

Measured 0.9 mile north of Double Springs Ranch, 5 miles west of
Black Mountain. Elevation of lowest contact, 7, 550± feet.

(Beds essentially horizontal)

Gray basaltic(?) flows0
Old erosional surface,

GILITA(?) BEIDS:

Unit
No, Description

3 Tuffaceous sandstone to pebbly conglomerate: light
gray to light buff; medium scale, opentrough cross
stratification; very thin bedded; predominantly tuff
fragments with little sand and few pebbles of scoria
and red flow rhyolite; slope former; upper 2 feet red
stained, due partially to weathering and partially to
baking by overlying flows.

2 Conglomerate: light gray; alternating thick-bedded
pebble to cobble conglomerate; angular to subround
ed; predominantly rhyolite tuff with few scoria and
basalt fragments; poorly and irregularly cemented
with lime; slope former.

1 Tuffaceous sandstone to pebbly conglomerate: sim-
ilar to bed 3.

Total Gillta(?) beds

Old erosional surface.

Old soil on underlying lava flows0

23

38

78
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Thickness
in feet

17



SECTION 3
(Composite)

Gilita Creek.Black Mountain Area

Located generally along the Gila River north of Diamond Creek (p1, 3)
Included are individual sections measured 1, 2 miles north of Beaver
head Ranger Station (Montoya tuffaceous beds), lower reaches of Cor
duroy Canyon (lower portions of Hunting Lodge beds), 1 5 miles east
of junction of Diamond Creek and Gila River (Hunting Lodge and lower
Dry Diamond beds) and on Dry Diamond Creek immediately above its
junction with Diamond Creek (upper portion of Dry Diamond beds)0
Altitude of base of section above mouth of Diamond Creek, about 6, 100
feet; altitude of top of section, south side of Dry Diamond Creek, about
7, 400 feet,

(Horizontal to low, 3°± dips, generally westerly)

Erosion surface0
Surface gravels0
Transitional zone,

DRY DIAMOND BEDS (p10 6):

Unit Thickness
No. Description in feet

2 Conglomerate to pebbly siltstone: gray (conglom 200
erate) to light brown (siltstone); thin to thick bedded
(4 in, to 5 ft.) in stubby, jumbled lenses with irregw=
lar alternation of silt and conglomerate beds; indivi&
ual beds poorly sorted; some lime cement, localized
along bedding planes, fractures and selected beds;
siltstone and silty sand lenses bonded rather than ce='
mented; silt to cobble size; angular to rounded; scour
and fill common; rhyolite tuff and lightcolored volcanic
flow rocks abundant with basaltic fragments common;
weathers to taluscovered slopes with some steep
walled exposures.

Transitional zone,
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Erosional unconformity.

MONTOYA TUFFACEOUS BEDS pl. 3):

1 Tuffaceous conglomerate and tuft: gray on fresh
surface, weathers buff; water laid, thick bedded;
cliff former.

Composite thickness

Erosional unconformity.

Basaltic flows.

0-100
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Unit Thickness
No0 Description in feet

Conglomerate: gray; thin to thick bedded; massive; 500
poor to moderate sorting; moderately consolidated
to poorly cemented with lime; sand to boulder; an-
gular to subrounded; scour and fill and fluvial cross-
bedding common; rhyolite tuff and lightcolored vol-
canic rocks predominate, with minor amounts of
basaltic rocks; weathers to steep slopes.

Transitional zone with local erosional unconformities0

HUNTING LODGE BEDS (pls0 4 and 5):

Tuffaceous conglomerate and sandstone: light buff 300
to white; thin to thick bedded (2 in0 to 6 ft0); massive;
well consolidated and without lime cement; granule
to rare cobble; angular to subangular; some fluvial
medium scale, crossbedding; mainly rhyolitic tuff
with scattered scoria and amygdaloidai basalt frag=
ments; weathers to steep, stair-like slopes.

1,000±



SECTION 4
(Partial)

Gilita CreekBlack Mountain Area

At junction of West Fork and Gila Rivers (p1. 4). Bed 1 measured along
Gila River at mouth of West Fork; bed 2 measured along road south out
of Hunting Lodge.

(Beds have low, less than 3°, dips north)

Erosion surface0
Surface gravels.
Erosional unconformity.
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HUNTING LODGE BEDS:

Unit
No0 Description

2 Conglomerate: variegated light pastel shades on
fresh surface, weathering dark gray to buff; thin
bedded (6 in. to ft.); bedding in irregular lenses;
moderately well sorted, predominantly pebble to
cobble, with coarse sand to granule matrix, rare
boulders; well-consolidated to well cemented by
silica, fractures across pebble fragments but not
across quartz grains; no lime; angular to rounded,
subangular predominant; crossbedding rare and
poorly developed; light gray felsitic rocks abundant,
andesitic rocks common, some red rhyolite porphyry;
weathers to cliffs, ledges or steep step-.like slopes0

Conglomerate, basal: brown irregularly bedded, in
short thick lenses; well consolidated, without lime;
predominantly cobble sized with sandy silt to silty
pebble matrix, few boulders; angular to subangular;
medium troughtype cr ossbedding; andesitic volcanic
fragments most abundant; weathers to steep slopes,
or vertical faces where cappecL

Thickness
in feet

5004-

0-15

Total Hunting Lodge beds 500-I-

Erosional unconformity4

Andesitic flows0



HIJNTING LODGE BEDS:

Unit
No0 Description

3 Conglomerate: light buff to gray; thin bedded (6 in0
to 2 ft4; well consolidated but without lime cement;
small pebble to cobble fragments in sand matrix,
with rare large cobbles or boulders; angular to sub
angular; lensoid, with some fluvial crossbedding;
composed mainly of rhyolitic tuff and pumice with
occasional pebbles of red porphyritic flow rhyolite
forms bare stair-like cliffs with rounded edges due
to spalling; small overhangs common with weathering
most rapid along contacts between bedse

2 Tuffaceous conglomerate and tuff: buff colored;
water laid; cliff forming; with conglomerate lenses
containing rhyolitic and intermediate volcanic rocks,

SECTION 5
(Partia'

Gilita Creek.-.Black Mountain Area

At junction of West Fork with northeast-trending canyon in Gila Cliff
Dwellings National Monument, approximately 6 miles northwest of
junction of West Fork and Gila Rivers, Bed 1 measured along West
Fork opposite the Gila Cliff Dwellings; beds 3 and 2 measured at the
Gila Cliff Dwellings,

(Beds have low, about 30, east dips)

Erosion surface0
Surface gravels0
Erosional unconformity,
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300-i-

Thickness
in feet

2004-
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Unit Thickness
No Description in feet

Conglomerate variegated lightly tinted grays; thin 50+
bedded; pebble to cobble; well consolidated without -
lime; light colored volcanics abundant, with smaller
proportions of andesitic and basaltic types; forms
steep slope or cliff.

Total Hunting Lodge beds

Erosional unconfor mity

Andesitic flows:

Rhyolite crystal tuff:

Covered.

5504-

504-

75+



Unit
No0 Description

2 Conglomerate: shades of brown; thickly lentoid,
with lenses up to 10 ft.; crudely stratified; poor
ly sorted; poorly consolidated with little to no
lime cement; fragments predominantly cobble to
boulder (up to 4 ft.), angular to subrounded (com=.
pare pls. 11 and 16); larger fragments andesitic;
matrix of dilatant silty granule to pebble material
of similar roundness and predominantly felsic com
position; weathers to steep slope.

Total upper member

Rapidly gradational contact, generally covered.

SECTION 6

Upper San Francisco River Area

Exposed along Mineral Creek and on the north side of Mineral Creek in
NE 1/4 sec. 30 and SE 1/4 sec. 19, T. lOS., R. 19 W., New Mexico
Base and Meridian. Altitude at base of section, approximately 5, 400
feet; altitude at top of section, approximately 6, 100 feet.

(Dips variable, 5° to 12° west)

Erosion surface0
Surface gravels.

CACTUS FLAT BEDS:
Upper member (p1, 8):

4004-

215

Thickness
in feet

Ann I-r



Lower member:

Conglomerate: gray; beds lentoid, rarely more than 3004-
3 feet thick and often less than 1 foot; lenses short to -
moderately attenuated and contact between individual
lenses is often gradational although the bedding con-
tacts appear sharp from a distance; some irregular
moderate-scale crossbedding, particularly in granule
and small pebble beds; individual beds moderately well
sorted; bonded by silt, with little to no lime except on
surface or along fractures; many granule beds are
friable; many beds grade upward into coarse silty
sandstone which is also the common matrix material;
fragments of coarse sand to unommon cobbles and
rare boulders up to 3 feet; predominant range between
granule and small cobble with 1/2 in0 to 1 in0 pebbles
most abundant; composition predominantly of felsic
volcanic rocks with some andesitic material; forms
cliffs to steep slopes0

Total lower member

Total Cactus Flat beds

Contact concealed, possibly unconformable4

UNNAMED BEDS, dipping 20° southeast(?):

Conglomerate: generally greenish gray; bedding
poorly expressed due to excessive fracturing;
poorly sorted; well indurated; much lime along
fractures and on surface but only small amounts
of cement within individual beds; fragments pebble
to cobble with occasional boulder, subangular,
composed of gray andesite(?) with smaller quantities
of weathered brown andesite or olive drab basalt;
matrix gray, medium sand to granule, quartz and
gray volcanic rocks; well fractured; exposed only
in a single road cut0

CoverecL

104-

216

Unit Thickness
No0 Description in feet

3004-

7004-



SECTION 7
(Partial)

Upper San Francisco River Area

Bluff on south side of Mogollon Creek, SE 1/4 sec. 4, T0 14 S., R. 17 W,
New Mexico Base and Meridian, approximately one-half mile west of 916
Ranch headquarters and one-eighth mile south of site of old Box N Ranch
(p10 9). Altitude at base of section, approximately 5, 075 feet0

(Dips essentially 10 west or southwest)

Gravel: dark brown, poorly sorted and unconsolidated; cobble
to boulder, predominantly basaltic; forms steep slope and
is source of basaltic fragments which irregularly mantle
lower slopes and ledges (102O).

Sharp erosional unconformity.

CACTUS FLAT BEDS:
Lower member (?):

Unit Thickness
No0 Description in feet

Sandy mudstone to cobble conglomerate: conglomer- 265
ate beds gray and siltstone beds buff, sometimes
reddish; sorting fair to poor within individual beds;
bedding well developed, lentoid with some festoon
type crossbedding; firm to hard with little lime ex-
cept along fractures or selected coarser lenses,
some caliche in top 75 feet; generalized size divisions,

Upper zone, predominantly mudstone and
sandstone 45 feet

Middle zone, predominantly of sandstone
and conglomerate 135 feet

Lower zone, predominantly of pebble and
cobble conglomerate . . .. 85 feet;

Subangular to subrounded with few angular and well
rounded fragments; composition mostly of rhyolite,
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Total measured Cactus Flat beds 265

Base covered.

A well 2 miles northwest of measured section 7, located
in the NE 1/4 NE 1/4 sec. 32, T. 14 S., R 17W., at a
surface altitude of about 5, 375 feet, or about 300 feet above
the base of section 7, is reported to be 490 feet deep all in
conglomerate. This suggests the thickness of the Cactus
Flat beds in this area is in excess of 450 feet.
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Unit Thickness
No. Description in feet

tuff, quartz latite, and dacite, with little andesitic
or basaltic material; matrix of conglomerate or
granule to sandy mudstone, similar to finer beds;
shallow erosional surface cut on mudstone beds
common beneath overlying conglomerate lenses;
generally larger fragments weather out, but in
lower beds weathering is often across pebbles and
cobbles, particularly more basic fragments; spall
ing common; forms steep slope with alternating cliffs,
ledges, and reentrants; conglomerate lenses forms
steep slope in lower portion arid ledges where thter.
bedded with mudstone higher in the section.



Unit
No9 Description

Gravel: dark brown; poorly sorted and unconsoli-
dated; cobble to boulder; subangular to subrounded;
predominantly basaltic; some caliche. Source of
much of the material in the blanketing talus slopes
below, (N. B. 1/4 mile east, these gravels are not
present and underlying beds are capped by a basalt
flow9)

Late slope deposit (dips essentially horizontal):
Conglomerate light reddish brown; bed 6 to 18 in.
thick, poorly sorted; granule conglomerate beds show
medium-scale, fluvial. crossbedding; gener ally poorly
consolidated, cement concentrated in coarser beds
and in caliche patches; granule to cobble; subangular
to rounded; coarser beds predominantly basaltic,
granule conglomerate beds are about half basalt and
half light-colored igneous material; weathers to a
slope.

Concealed transitional zone:

CACTUS FLAT BEDS (dips 5° southeast) (p1. 11):

SECTION 8
(Partial)

Upper San Francisco River Area

Bluff on north side of Keller Canyon, S 1/2 NW 1/4 sec0 28, T. 10 S.,
R. 21 W. (projected) New Mexico Base and Meridian (p1. 10) Altitude
at base of section approximately 5, 375 feet,

Erosion surface,

20-25

5

219

5 Sandstone and granule conglomerate: light buff; 30
thin bedded (4 to 18 in.), in irregular lenses with
crossbedding or channeling; moderately sorted; no
cement, caliche is common in top 5 feet; coarse sand
to granule; subangular to subrounded; composed most-
ly of light-colored volcanic rocks, some andesite, and,
less commonly, well-weathered basalt; matrix, brown
silt; weathers to an even slope9

Thickness
in feet

54-



Unit
No Description

4 Sandstone and granule conglomerate: light buff;
similar to bed 5, but lacks caliche and the slope
is step-like,

3 Granule sandstone to granule conglomerate: buff
to gray; in beds 2 to 18 in. moderately well sort-
ed; well consolidated with some lime in coarser
beds; light colored volcanics or shallow intrusives
predominate with some well-weathered mafic ma-
terial; subangular to subrounded; matrix is silt or
clay; individual lenses grade upward from conglom-
erate to sandstone, frequently separated from suc-
ceeding coarser material by thin (1 to 4 in.) mud-
stone layers; weathers to nearly vertical cliff with
ledges and reentrants which may be composed of
more than one bed; basal 6 inches are a pebbly con-
glomerate.

2 Sandstone and granule sandstone: light buff; thin
bedded (2 to 6 in.); moderately well sorted; no
lime cement; coarse sand to granule with some
pebble material; subangular to subrounded; com-
position as in bed 1; weathers to a moderate slopes

Coarse sandstone to pebble conglomerate: light
buff to gray; thin bedded (2 to 10 in.); moderately
well sorted; firm matrix of silt and clay with no
lime except in fractures and coarser beds; sand to
pebbles up to 1 inch, cobbles rare; subangular to
subrounded; predominantly of light-colored vol-
canics or shallow intrusives with some well-weather-
ed scoriaceous and amygdaloidal andesite and ba-
salt; lower 35 feet weather to vertical cliff and top
10 feet weather back to merge with overlying member

Total measured Cactus Flat beds

Base covered.

30

30

45

180

220

Thickness
in feet

45



SECTION 9
(Partial)

Upper San Francisco River Area

Eroded solidatry mesa (p10 9) in NW 1/4 sec0 29, T 14 S0, R0 18 W,
New Mexico Base and Meridian, approximately 3 miles northwest of
Buckhorn0 Elevation at base, approximately 4, 900 feet0

Erosion surface,

Unit Thickness
No0 Description in feet

Late slope deposits:
Gravel: brown; thickly lentoid; crossbedded; poorly 42
to moderately well sorted; pebble to cobble with some
sandstone lenses; subangular to well rounded; felsic
and mafic volcanic rocks; forms slope and contributes
heavily to masking talus material0

Transitional contact: 2

CACTUS FLAT BEDS (dips horizontal):
Lower member(? )

30 Sandy mudstone: white; thin bedded to laminated; 10
lower 3 feet composed of paper-thin mudstone which
forms a weak cliff; upper 7 feet sandier, with in
dividual beds to 4 inches; slope former,

29 Mudstone and sandstone: covered, slope former0 16

28 Mudstone and sandstone: white; thin bedded; in 11
dividual beds well sorted; weak lime cement; top
1 foot sandstone member with weak crossbedding;
prominent 1 foot pink granule mudstone in center
of unit; forms alternating slopes and weak ledges.
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Unit
No0 pescription

27 Claystone and sandstone: pink; well-developed
bedding ranges from thin to laminated; well sort-
ed; composed of

Mudstone, pink, paper-thin, slope
former 2 feet

Mudstone, pinkish buff, made of
limey mudballs, forms small
cliff 14 5 feet

Mudstone, pinkish buff, weakly
cemented to no lime, slope
fornii.ng .............oO..,00 05feet

Sandy siltstone, white, lime
concentrated In small copralitic
concretions, forms weak ledge ., 5 feet

Mudstone, pink, concretionary
mudstone with shaley partings,
cliff former .,... 3 feet

Mudstone, pinkish huff, alternat-
ing sandier and siltier beds
form alternating slopes and
weak ledges 4. 5 feet

26 Sandstone: white; distinctly bedded; cliff former;
composed of

Sandstone, medium to coarse
sand, capped with 3-inch bed
of silicified mudstone 1 foot

Granule sandstone grading up-
ward into sandstone, weakly
consolidated ....,.. .........., 2 feet

Sandstone, with thin irregularly
distributed silty lenses, cliff
former 3 feet

6

25 Mudstone and silty sandstone: pink; well bedded in 26
structureless layers 4 inches to 1 foot thick; some
lime cement with prominent calcareous caprolitic
concretions; prominent 1. 5 feet sandy mudstone
ledge 6 feet below top; forms low slope with some
weak step-like ledges,
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Thickness
in feet

12



Unit Thickness
No. Description in feet

24 Mndstone: pinkish buff; alternating thin sandy 2
mudstone and siltstone beds; forms pink ledge.

23 Mudstone: pinkish brown; slope former, 3

22 Sandstone: similar to unit 20, 2

21 Sandstone: gray green on fresh surface and white 5
when weathered; thin bedded (2 to 6 in.); alternating
silty sandstone and sandstone beds; slope former,

20 Sandstone: gray green on fresh surface and white 6
on weathered surface; lower 3 feet bedded but
weathers as a massive unit; upper 3 feet in alternat
ing 3- to 6-4nch beds of silty to granule sandstone;
cliff former.

19 Siliceous mudstone: greenish gray; laminated; 8
breaks up into plates or small blocks with conchoidal
fracture; siliceous cement; small opaline concretions
common, with some up to several inches in length in
one 6-inch bed about 2 feet above base of unit; con
cretions in irregular kidney and discoid shapes; mu&
stone becomes sandy toward top with some granule
material; forms slope.

18 Sandstone: gray on fresh surface and white where
weathered; silicified on surface but poorly con
solidated below; smaUscale scour and fill struc='
tures on slight erosional surface cut on unit 17;
forms weak ledge.

17 Claystone: green; structureless; upper 6 inches
grade into sandy clay; prominent blocky conchoidal
fracture; slope former.

16 Claystoñe: green; structureless; siliceous; has
prominent conchoidal blocky fracture; ledge former,

5-1

2-2.5

05

223



Unit
No0 Description

15 Sandy claystone: gray green; grades from 4-inch
sandy zone to clay and then to a top 4-inch sandy
zone; central claystone laminated('?) to structure
less, with small limey concretions; slope former0

14 Claystone: similar to unit 16 above, but with
slightly less regular thickness due to weak erosion
of unit 13; forms small ledge.

13 Silty claystone: similar to unit 5 4

12 Sandstone: similar to unit 8

11 Silty claystone: similar to unit 5

10 Sandstone: similar to unit 8.

9 Silty claystone: similar to unit 5.

8 Sandstone: gray green; finely laminated; without
crossbedding; slight erosional contact at base;
forms weak ledge0

7 Silty claystone: similar to unit 5 4

6 Sandstone: gray; laminated; without crossbedding; 12 inches
rapid gradational contact with unit 5 below; forms
weak ledge,

5 Silty claystone: lavenderish gray; structureless; 4, 5
very thinly bedded and laminated; some lime; lower
2. 5 feet structureless, grades upward into laminated
claystone; forms cliff0

4 Silty claystone: pinkish; structureless; weak lime 3

cement; weathers to moderate slope covered with
limey concretions which are not obvious in fresh
materiaL

3 Sandy siltstone: white; structureless to very finely
bedded; moderate lime cement; forms steep slope0

Thickness
in feet

.5

224

2

.5

05

50 5

.5
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Unit Thickness
No. Description, in feet

2 Claystone: gray; structureless; tough; forms steep 2
slope.

Mudstone: alternating pinkish, greenish,. and mottled 27
many mudstone; beds range from sandy siltstone to
silty claystone, with siltstone predominating; grades
into unit 2; texture firm, but with little lime except on
surface which weathers to steep slope covered with
irregular clay coils and nodules,

Total measured Cactus Flat beds 167

Covered.



SECTION 10
(Partial)

Upper San Francisco River Area

Solitary mesa (p1. 12), NW 1/4 sec. 33, T. 10 S., R. 20 W0, and west
to San Francisco River0 Upper 150 feet of section measured along south
west spurs of mesa. Elevation at San Francisco River, approximately
4, 875 feet; elevation at base of mesa, approximately 5, 075 feet; eleva
tion at top of mesa, approximately 5, 225 feet, Lower 200 feet of section
listed as "covered" are exposed intermittently between the river and the
base of the mesa and are similar in character to the upper 131 feet0

(Beds clip about 2° northwest)

Erosion surface0

Unit Thickness
No0 Description in feet

Surface gravel: brown; poorly sorted; unconsolidated; 24-
pebble to cobble; subangular to subrounded; predomi
nantly basaltic.

Late slope deposits:
Conglomerate: light reddish brown; thin bedded 20
(4 to 12 in.); lentoid; poorly sorted; generally poor
ly consolidated; lime cement more common in coarser
beds; granule to pebble, rarely cobble; material divided
between basaltic and more felsic volcanic rocks; general
ly weathers to a slope.

CACTUS FLAT BEDS:
Lower member(?):

12 Granule to pebble conglomerate: gray; lentoid beds 6

6 to 18 inches thick; well consolidated, but with little
lime cement; fragments mostly of lightcolored vol
canic rocks; subangular to subrounded; matrix genera1
ly gray silty sand; forms prominent ledge0
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Unit
No. Description

11 Sandstone and granule conglomerate: pinkish gray;
generally similar to beds described below; without
lime cement except in basal 4.-inch pebble conglom-
erate; slope former.

10 Sandstone to small pebble conglomerate: some
lime in coarser beds; few large pebbles and cob-.
bles up to 6 inches; composition less basaltic than
below; cliff former.

9 Sandstone and mudstone: pinkish gray; very thin
to thin bedded, upper mudstone beds generally less
than 4 inches thick; poorly consolidated, some lime
cement and irregular concretions in upper mudstones,
no cement in sandstones; small-scale scour and fill
and channeling; slope former,

8 Granule to pebble conglomerate: light gray; mod-
erately lentoid in lenses up to 2 feet thick; granule
to large pebble, with occasional cobble up to 10 inches;
composition predominantly of light-colored volcanic
rocks with some basaltic material; matrix silty sand
to granule; forms prominent cliff line about half way
down mesa,

6

28

7

7 Mudstone and sandstone: slope former, 11

6 Coarse sandstone to granule conglomerate: light 3
gray; some crossbedcling within lenses; pebbles
common in conglomerate beds; deposited in eroded
surface of underlying bed; some lime cement is in
a few of the coarser beds but not in all; forms
distinct ledge.

5 Mudstone and sandstone: forms slope, 14

227

Thickness
in feet

11



Unit
No0 Description

4 Granule .sandstone and pebble conglomerate: pink-
ish gray; formed of lower granule sandstone beds
totaling about 15 inches, middle pebble conglomerate
beds totaling about 24 inches which grade upward into
coarse sandstone beds; pebble conglomerate beds con-
tail some lime but the granule sandstone beds do not;
both appear to be equally well consolidated; upper sand-
stone beds contain some crossbedding; maximum pebble
size about 4 inches; forms prominent ledge,,

3 Mudstone and sandstone: pinkish buff; moderately
well bedded; beds generally less than 4 inches thick;
no cement; some thin granule sandstone and granule
conglomerate beds about 4 inches thick; forms slope.

2 Conglomerate and sandstone: pinkish buff; moder-
ately well bedded with well developed medium-scale
festooned crossbedding in upper 2 feet; festoons about
2 to 6 inches thick and about 4 feet long; well consoli-
dated but without discernible lime except on surface;
fragments run about 8:1 felsic volcanic rocks to ba
salt; pebbles commonly 1/2 to 1 inch with occasional
cobble to 5 inches; matrix of light pinkishbrown silty
clay; forms ledge.

Sandstone: light buff, thin bedded (4 to 8 inches)
with gravel beds to about 6 inches; little to no lime
cement; considerable silt in matrix; silty to pebbly
sandstone, pebbles to 1/2 inch; subangular to sub-
rounded; mainly light-colored volcanic fragments and
quartz; thin pebble beds form small ledges on slope;
slope former.

Partially concealed zone:

Total measured lower member(?)
Cactus Flat beds 331

Base covered.

Thickness
in feet

13

22

200

6

4-
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SECTION 11
(Composite)

Eagle Creek-Duncan Area

Generally along Eagle Creek between Pump Station and NE 1/4 sec. 18,
T. 5 S., R. 29 E. (p1. 13). Altitude of Eagle Creek at base of section
generally about 3, 500 feet.

Erosion surface.
Surface gravels.

GREENLEE BEDS (low south to southeast dips):

Unit
No0 Description

Conglomerate: brownish gray; pebble to boulder
with pebbly granule matrix containing minor
amounts of sand and silt; subangular to subrounded;
moderately well indurated, particularly in lower
1004- feet, with lime cement common along fractures
ancfselected beds; bedding fair to poor, with lenses
from 6 inches to 4 feet thick; crossbedding rare;
sorting poor to fair; composed predominantly of ba
saltic and rhyolitic fragments with red granite frag
ments frequent and conspicuous; forms cliffs and
steep slopes,

Total Greenlee beds

Slight angular unconformity
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100300

Thickness
in feet

10030O



GOLD GULCH BEDS (pls0 13 and 14) (generally low west dips on
east side of Eagle Creek):

Unit Thickness
No0 Description in feet

Conglomerate, tuffaceous sandstone and tuff: yellow-. 1, 0004-
ish-gray on weathered surface, white, gray or buff -
on fresh surface; granule to pebble conglomerate
predominant, with pebbly sandstone common and
small cobble beds frequent; angular to rounded, small
er pebbles and granules less well rounded than larger
pebbles; fragments are water-worn; well indurated,
lime only locally well developed along fractures or
selected beds; bedding, fair to good, with individual
lens contacts sharp to gradational; sedimentary struc
tures include lensing, crossbedding, cut-sand-fill chan
neling; sorting, poor to good; composition predominant=.
ly rhyolite with considerable basalt in basal portion and
also, to the southeast, near the top of the unit; many
pumiceous tuff beds up to several feet thick, including
a local basal tuff up to 30 feet thick and an upper tuff
up to 50 feet thick; forms conspicuous cliffs.
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Total Gold Gulch beds 1, 000±

Conformable contact,

BAT BEDS (pls 13 and 14):

1 Boulder conglomerate: red brown on weathered sur 03004-
face, matrix pink on fresh breaks; subangular to -
roughly rounded; poorly sorted; crudely bedded in
stubby lenses up to 4 feet thick; some weakly de-.
veloped crossbedding; well indurated; boulders of
basalt up to 4 feet, commonly 1 to 2 feet; pebble-.
sized fragments of rhyolite; forms vertical dliffs
and steep slopes,

Total Bat beds fj=.3004-

Erosional unconformity.

Basalt flows and breccia.



SECTION 12
(Composite)

Eagle CreekDuncan Area

Generally between Gillard Hot Springs and Clifton along dirt road from
Gillard Hot Springs northeast to paved highway and then northwest to
C liiton.

Erosion surface0

Unit Thickness
No0 Description in feet

Late slope deposits or surface gravels: O3O
Erosional unconformity,

GREENLEE BEDS (low east or southeast dips):

4 Silty conglomerate and pebbly mudstone (p1 18): uu r
silty conglomerate, gray, and pebbly mudstone,
light brown; clay to boulder, coarser lenses con-
taining silty, sandy matrix; poorly to moderately
well indurated, spotty lime cement common in
coarser lenses and rare, or surficial, in silty beds;
bedding poor to good, highly variable; lenses of
sandy silt are short and stubby; crude fluvial cross
bedding and cut-and-fill structures common; sorting,
poor, characterized by coarse fragments in silty
matrix; predominantly basaltic and rhyolitic frag
ments, some red granite, quartzite, porphyry and
rarely, limestone; generally forms steep soil cover-
ed slopes,

3 Conglomerate: gray; pebble to boulder sized with 5004-
pebbly to sandy matrix; frequent thin lenses of -
coarse sandstone, silt rare; subangular to subround
ed; well indurated with heavy lime deposition along
fractures and coarser lenses, and few lenses without
any lime except as surface crust; bedding, fair to
good, best developed at sharp contacts between sand
stone streaks and coarser lenses; crossbedding com
mon; sorting, fair; predominantly basaltic and rhyolitic
fragments, with some red granite, quartzite, porphyry
and fine-grained igneous rocks; weathers to pitted or
smooth surfaces; forms cliffs and steep slopes.
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Unit
No9 Description

2 Conglomerate: alternating red-brown and gray;
pebble to cobble; subangular to subrounded; mod-
erately well indurated; bedding fair; sorting poor;
composed of alternating lenses of predominantly
basaltic or rhyolitic fragments, with red granite
fragments in both; forms steep to moderate well-
covered slopes9

Total Greenlee beds

Erosional unconformity(?).

GOLD GULCH BEDS(?) (p1. 15):

Base covered.

232

Thickness
in feet

1004-

Basaltic conglomerate (p1. 17): red-brown, pebble- 150-250
to boulder-sized fragments with sandy granule
matrix; angular to rounded, with larger fragments
rounded and matrix predominantly sharply angular;
well indurated with little or no lime; bedding poor;
sorting poor; composed predominantly of basaltic
fragments, with rare rhyolite fragments and toward
the top, frequent red granite fragments; weathers
smooth; forms cliffs and steep slopes.

Pebble conglomerate and pebbly sandstone: 20
yellowish-gray on weathered surface, granule-
to pebble-sized fragments with silty, sandy
matrix; subangular to rounded; moderately well
indurated; bedding poor with short, stubby, rapidily alternt-
tug lenses 4 to 18 inches thick; crossbedding common;
predominantly of rhyolitic pebbles; weathers to a pitted
and warty surface; forms cliffs or steep slopes.

Total measured Gold Gulch(?) beds 20

1, 000±



SECTION 13
(Partial)

Eagle Creek-Duncan Area

Measured on small mesa on north side of highway to Clifton, 2 miles
north and 1 mile west of Duncan,

Erosion surface.

Gravel: brown; pebble to cobble with occasional boulder; matrix
sandy; fragments well rounded; poorly consolidated; forms
weak cliffs and loose rubble,

Erosional unconformity.

GREENLEE BEDS:

Unit Thickness
No, Description in feet

14 Mudstone and sandstone: buff colored; moderately
indurated with lime; bedding thin, indistinct to
poorly developed; small calcareous nodules com-
mon; forms moderate slopes.

13 Sandstone: gray; coarse grained; calcareous;
single bed, ranging from 1 to 4 feet thick; forms
steep slope or ledge.

12 Mudstone and sandstone: light buff to pinkish;
weakly indurated with lime cement; bedding thin,
indistinct; irregular calcar eous concr etions com-
mon; lower 4 in. to 1 foot composed of well-ce-
mented coarse gray sandstone similar to 13; forms
slope,

11 Sandstone and mudstone: white; very calcareous;
sandstone beds up to 4 inches thick, mudstone,
irregularly laminated; top of unit grades upward
into 1- to 4foot bed of white marly mudstone;
below the many mudstone there is a zone of ths
continuous thin lenses of granule to small pebble
conglomerate composed entirely of volcanic frag
ments; slope former,
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3
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Unit
No. Description

Base covered.

Thickness
in feet

10 Marl: pinkish to light buff; silty; structureless 4except for thin streaks of irregular limestone
nodnies; forms weak cliff.

9 Mudstone: similar to 1; grades upward into 10. 5

8 Diatomaceous earth: gray; silty; grades upward 3
into 9; forms weak slope,

7 Mudstone: buff; sandy; calcareous; thin bedded to 1
laminated.

6 Diatomaceous earth: white; similar to 3; forms 3
prominent ledge.

5 Sandstone: gray; coarse grained; weakly calcareous; 8
in very thin 1/4. to 1-inch beds; some crossbedding;
forms prominent cliff or steep slope.

4 Sandstone and mudstone: buff; poorly consolidated2 37
weakly calcareous; in thin beds 2 to 8 inches thick;
grades upward into 5; forms slope.

3 Diatomaceous earth: white, chalky; well consolidated 4
but without lime; massive; weathers to a lightly gnarled
surface; blocky fracture; top 4 inches is highly calcar
eous; forms prominent white ledge.

2 Sandstone: brown on fresh surface but stained gray 8
to buff from overlying diatomaceous layer; medium
to coarse grained in thin beds2 2 to 6 inches thick;
grades upward into 3; forms steep slope.

Mudstone: light brown; silty to sandy; weakly ca1 7
careous; in thin beds 6 to 12 inches thick with inter
bedded i/4 to 1/2inch streaks of sandstone and
occasional layer of discontinuous calcareous nodules;
blocky fracture; slope former.

Total measured Greenlee beds 138
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SECTION 14
(Composite)

Bonita Creek-Safford Area

Section is composite of exposures along Bonita Creek between its
(p1. 18) and Earven's Ranch and from Earvents Ranch west to theof a ridge in sec. 17, T. 6 S, R, 28 E. Altitude at the mouth of
Creek is about 3, 125 feet,

Erosion surface.
Surface gravels.
Unconformity.

SOLOMONSVILLE BEDS:

3004-

Qnr -r

02O

235

mouth
crest
Bonita

Unit
No0 Description

Conglomerate: gray to gray brown; pebble- to
boulder-sized fragments in granule to silty
matrix; subangular to rounded; poorly consoli-
dated; thick bedded generally but with some thin
streaks of silty or sandy lenses; sorting poor;
composed predominantly of basalt and rhyolite frag-
ments with frequent and conspicuous pebbles to
boulders of red granite, less frequent pebbles to
cobbles of quartzite, polished manganiferous peb-
bles, and quartz amygdules(?); weathers readily to
a loose rubble but in large outcrops stands with
moderately steep, gravel-covered slopes,

Total measured Solomonsville beds

Unconformity.

BONITA BEDS:

4 Conglomerate: brown; similar to 2 but less
well indurated; forms steep slopes.

3 Tuff (p1. 19): creamy white; discontinuous; simi-
lar to 1; upper surface channelecL

Thickness
in feet

3004-



Basalt flows: gray; fine grai.ned; flows 30 to 60 feet
thick with thin interbedded tuffaceous sandstone
to small pebble conglomerate lenses up to 5 feet
thick; upper surface weathered and channeled;
cliff formers; not everywhere present.

Conglomerate: gray to dark gray; pebble to boulder
fragments in coarse tuffaceous sandy to pebbly
matrix; subangular to subrounded; well indurated
with interstitial lime cement; bedding thick, fairly
distinctly developed; sorting poor; larger fragments
are basaltic, smaller fragments are rhyolitic or
light-colored volcanic rocks; matrix is tuffaceous,
arkosic; cliff former,

Base covered.

Total Bonita beds, including tuff beds 400±

Erosional unconformity0

0.400

2060

236

Unit Thickness
NO, Description in feet

2 Conglomerate: gray to brown; pebble to boulder; 100
subangular to subrounded; moderately well in-
durated with some interstitial lime; bedding thick,
poorly developed; sorting poor; composed pre-
cominantly of basaltic and rhyolitic fragments;
cliff former,

Tuff and tuff conglomerate (p1. 19): creamy white 0=20
to light buff; thin bedded in 2- to 6inch layers,
lower 1 to 3 feet commonly laminated; contains
lapilli of pumice and scoria; forms conspicuous
yellowishgray cliffs; discontinuous,



SECTION 15
(Composite)

Bonita Creek-Safford Area

Vicinity of Bonita well, sec. 26(?), T. 3 S., R. 26 E. The basaltic
conglomerate is best exposed about a half mile southeast; the tuffa
ceous conglomerate is well exposed at Bonita well,

Erosion surface,

Surface gravel: boulders up to 2 feet common; fragments include
basalt porphyry, granite, quartzite and limestone,

Unconformity.

BONITA BEDS:

10-30

237

Thickness
in feet

-

400'- 6004-

Unit
No, Description

3 Tuffaceous conglomerate: light buff; coarse sand
to pebble conglomerate predominant, with few
cobbles; angular to subrounded; moderately well
indurated with lime cement most common along
fractures; bedding, thin, generally in 2'- to 8'-
inch thick, well developed, irregular lenses;
small scale cut-.and-fill structures and cross'-
bedding common; sorting fair to good; composed
predominantly of fragments of fine-grained banded
and massive rhyolite and rhyolite tuff, with gray,
red and brown basaltic fragments common; matrix
composition similar to that of larger fragments,
with little quartz; weathers to characteristic pitted,
warty surface with prominent development of ledges;
forms cliff or steep slopes

2 Transition zone: rapid gradation from underlying
basaltic conglomerate to overlying tuffaceous con'-
glomerate,



Total thickness of Bonita beds

Erosional surface of moderate undulating relief.

Basalt flows, rhyolite, or rhyolite breccia.

UT

238

Unit Thickness
No. Description in feet

Basaltic conglomerate: dark brown on weathered
surface, with matrix light buff on fresh surface,
particularly where rich in lime; cobble to boulder
fragments predominant, with boulders up to 12
inches common, rarely up to 4 feet; lenses of ma-
terial smaller than cobble size are rare; matrix
of pebbles and granules, rarely coarse sand; sub
angular to subrounded; well indurated with inter-
stitial lime present but not common; bedding poor,
stubby, average about 4 feet thick; sorting irregu
lar, with large difference between fragment and
matrix size, but main bulk of fragments in any
one bed is fairly consistent; composed predomi-
nantly of basaltic fragments of a wide range in
color from red to black, wide variety of texture
from scoriaceous to massive; fine-grained, crys-
talline, and banded rhyolite fragments common up
to about cobble size; locally, lenses of angular
rhyolite fragment conglomerate at base; vertical
jointing is common and unit weathers with pedestal,
salients and fluted cliffs; cliff former.

6OO8OO



SECTION 16
(Partial)

Bonita CreekSafford Area

Located along wash on south side of road from Thatcher to Frye Mesa,
approximately in the SW 1/4 sec. 29, T. 7 S., R. 25 E. Altitude at
base of section, approximately 3, 250 feet.

Erosion surface.

FRYE MESA BEDS(?):

Unit Thickness
No, Description in feet

Boulder conglomerate: light brown; cobble to 20
boulder; subangular to subrounded; poorly con-
solidated; calcareous cement along fractures
and some interstitial zones; bedding poorly de.-
veloped to structureless; sorting poor; composed
of fragments of gneiss and schist; forms steep
slopes to cliffs.

Total measured Frye Mesa beds(?)

Erosional unconformity.

SOLOMONSVILLE BEDS (essentially horizontal):

12 Sandy mudstone: gray green; coarse-grained sand
to silt; sand angular; poorly consolidated, bonded,
with only slight trace of lime; laminated to thinly
bedded; forms weak cliff.

11 Mudstone and sandstone: alternating purple and
gray green; moderately consolidated, bonded with
weak lime locally; bedding crude, thin (2 to 12
inches thick), locally fissile; similar to 8

10 Pebbly mudstone: gray green; structureless, sub
rounded to broken pebbles to schist and gneiss;
forms steep slope,

9 Mudstone and sandstone: pink, sandstone fine
grained, angular; bedding laminated; smallscale
crossbedding and channeling common,

20

7

5

3

1

239



Unit
No0 Description

8 Mudstone and sandstone: alternating purple to
gr ay-gr een; moderately consolidated, bonded with
weak lime locally; small calcareous concretions
in zones up to 3 inches thick; bedding thin (1 to
4 inches thick), irregular; base irregular; weak
cliff former.

7 Sandstone and pebble conglomerate: similar to 5. 11

6 Mudstone: similar to 4 4

5 Sandstone and pebble conglomerate: gray; ranges 3
from coarse sand with streaks of mudstone to silty
pebble conglomerate; poorly indurated; angular to
subrounded; well bedded, laminated to thinly bedded;
some crossbedding; pebbles of schist and gneiss;
forms weak cliff0

4 Mudstone: graygreen on fresh surface, weathers 6 inches
purple; bedding faint; fracture blocky0

3 Sand and granule gravel: gray-green; subangular;
poorly consolidated, with weak calcareous friable
cement; thinly bedded in irregular lenses, with
small-scale cros sbeddi.ng common; forms weak
cliff.

2 Pumiceous thff: white; medium grained; well sorted
upper surface lightly channeled; grades upward into
3; base sharp.

1 Sandstone and mudstone: gray green; coarse-grained 4
sand to silt; quartz angular; moderately well cemented
with lime; thin, indistinct bedding; moderately well
sorted; forms vertical cliff.

Base covered0

Total measured Solomonsville beds 45

2 feet 4 inches

2 inches

240

Thickness
in feet

4



SECTION 17
(Partial)

Mule Creek Area

Located approximately center of the NE 1/4 SE 1/4 sec. 5, T. 14 S.,
R. 20 W., New Mexico Base Meridian., about 3 miles east of Mule
Creek community, 1/2 mile south of the Mule Creek RoacL The sec-
tion is a composite of exposures along Sawmill Creek in the vicinity
of a ranch headquarters and those in the 100-foot bluff 1/4 mile east
of the ranch headquarters. Elevation at the base is about 5, 375 feet
above sea level and the elevation at the top of the bluff is about 5, 525
feet0

(Dips essentially horizontal)

Erosion surface.
SoiL

MULE CREEK BEDS:

241

Unit
No. Description

2 Conglomerate: gray; thickly lentoid; poorly bedded
and sorted and with individual lenses of sandy mud-
stone; lenses up to 2 feet thick; moderate lime ce-
ment; fragments pebble to cobble; angular to sub-
angular; basaltic predominantly with smaller quan-
tities of gray volcanic rocks; matrix varies from
gray granule sand to brown sandy silt; weathers to
steep slope where soil covered or steep cliff; zone
of heavy caliche development in top 5± feet.

Transitional contact.

Thickness
in feet

254-



Unit
No Description

Sandstone and conglomerate: light pink streaked
with gray; bedding poorly developed, less than 6
inches to 2 feet thick, lentoid; some steep small
scale torrential-type crossbedding; poorly con-
solidated, variable, with occasional coarse beds
well cemented; silty coarse sand to pebble, some
small cobbles, no boulders; angular to subangular;
predominantly of gray rhyolitic to andesitic frag-
ments with some basaltic and brown andesitic ma-
terial, rare diabase(?) or intrusive basalt; matrix
from brown sandy silt to gray coarse sand; weathers
as a unit to a steep slope where covered by soil;
where unweathered, silty and pebbly beds tend to
form small cliffs and sandy and granule beds form
slopes

Base cover ed.

Total measured Mule Creek beds 1504-

242

Thickness
in feet

125+
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Gila Santa Fe
conglomerate formation
[Pleistocene] (Miocene-Pltocen

Alluvium

Mirobres
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[Miocene( ? I-

Pliocene[

EXPLANATION

Continuous line between charts Indicates
phystcal continuity of topmost alluvial dc-
posits.

Diagonal slashes between charts indicate
presence of mountain ranges between
areas of alluvial deposits.

CHART SHOWING NOMENCLATURE APPLIED TO CONTIGUOUS CENOZOIC ALLUVIAL DEPOSITS BETWEEN EAGLE CREEK, ARIZONA AND THE VICINITY OF LAS CRUCES, NEW MEXICO.
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Plate 25
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ARIZONA

Gilbert
(1875)

This
Report

Gila
conglomerate
[Quaternary]
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? ?
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