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ABSTRACT

An Upper Cenozoic fine-grained sequence of fluviatile and la

custrine sediments of unknown thickness crops out in the San Pedro Val

ley basin near St. David and Benson, Arizona. It is composed chiefly 

of silt and clay with some fine sand, fresh-water limestone, and water- 

laid pyroclastic units.

The sediments contain the well-known Benson (Blancan age) and 

Curtis Ranch faunas (post-Blancan age) in localities that are approxi

mately 12 miles apart. Sedimentologic and stratigraphic studies have 

shown that these two localities are in a continuous succession of con

tinental sediments. These faunal assemblages are near the top of the 

fine-grained sequence; thus, this sequence may contain units older than 

Late Pliocene. . « -

The name St. David Formation is proposed for these sediments, 

which outcrop in badland topography on the east and west sides of the 

San Pedro Valley. The northern extension is eroded away; the southern 

extension is not exposed. A total of 29 stratigraphic sections were 

measured, sampled, and described.

Results of petrographic studies indicate that the streams were 

carrying dominantly fine-grained sediments into the area of deposition, 

and that the velocities of the depositing currents were low. An imma

ture heavy mineral suite, the angularity of the mineral grains, and the 

lack of abrasion suggest only that the source area was close by. X-ray 

analyses show that the clay mineral suite is dominated by illite in the

x
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lower part and by montmorillonite in the upper part of the St. David 

Formation. The illite may have been formed in part diagenetically; 

the montmorillonite is probably derived from volcanic ash. The fresh

water limestones are chiefly white, very fine crystalline, and fossil- 

iferousj they are principally a micrite-fossiHferous micrite textural 

assemblage. Algae, ostracodes, and mollusks are the dominant fossils 

in the limestones. Chert and opal are associated with the pyroclastic 

units. Paleosols and caliche layers are common in the upper sediments 

and record a change toward semi-aridity.

The age of the St. David Formation, based on vertebrate fossils, 

is considered to be Late Pliocene to late Kansan. The boundary between 

the Blancan and post-Blancan is at or near I4.OOO feet in elevation.
The St. David Formation was deposited by a large, slow-moving, 

through-flowing stream system which spread fine-grained sediments on an 

aggrading floodplain and, at times, in large lakes, ponds, and marshes. 

Savannas and open grasslands prevailed in areas away from the streams.

The climate was probably sub-humid.

Structural activity continued throughout the deposition of the 

St. David Formation and is represented by a north-trending linear zone 

of monoclinal folding that has affected units on the west side of the 

valley.

Degradation of the St. David Formation began in middle (?) Pleis

tocene time but was not continuous. The St. David Formation was dis

sected and, in places, eroded away; aggradation followed, which deposited 

the 11 granite wash" sequence. The formation of the highest erosional 

surface (Tombstone), which is cut across the "granite wash," was
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followed by a second lower erosional surface (Whetstone). The "Whet

stone" surface bevels the "granite wash" and the St. David Formation.

A deep red soil (Sangamon age) formed on the "granite wash.”

Renewed aggradation and degradation continued and produced a 

third erosional surface (Aravaipa) that formed only on the fine-grained 

sediments of the St. David Formation. Since i860, the San Pedro River 
has become incised in a channel and the Aravaipa surface is being dis

sected



INTRODUCTION

General Statement

The San Pedro Valley in southeastern Arizona is a typical basin 

in the Basin and Range Province. The valley is bounded by steep rugged 

mountains and is deeply filled with continental fluviatile and lacus

trine deposits of Cenozoic age. In the past, these sediments have been 

assigned to one formation, the Gila Conglomerate (Bryan, 1926; Knechtel, 

1936; Gilluly, 1956), or have been lumped under the broad name of Qua

ternary-Tertiary sediments.

Recent studies of the alluvial sediments in similar basins in 

southeastern Arizona by members of the Geology Department of the Univ

ersity of Arizona and the U. S. Geological Survey have shown that the 

Cenozoic history in southeastern Arizona is a complex picture of a 

number of interrelated geologic processes. These processes are primar

ily volcanic activity, structural deformation, and non-marine deposi

tion within basins of interior, or poorly integrated, drainage (Heindl, 

1958; Marlowe, I960; Melton, 1965). These studies have shown also that 

the assignment of the alluvial sediments in these basins to one unit, 

the Gila Conglomerate, is not valid (Heindl, 1962), and that more stra

tigraphic and sedimentologic work must be done to unravel the Cenozoic 

history in these basins.

Purpose

The present study is concerned primarily with the fine-grained 

sequence of continental fluviatile and lacustrine sediments near St.

1
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The sediments also contain the well-known Blancan and post- 

Blancan (Irvingtonian) vertebrate faunal assemblages (Gazin, 19l&2; Hib

bard, 19U95 Thenius, 1959)e The original Blancan fossil locality in 

the San Pedro Valley was the Benson site on the west side of the valley 

approximately 1.8 miles south of Benson (SE^ sec* 21, T. 17 S., R. 20 

E.) at an elevation of 3810 feet. It is incorporated in the Post Ranch 

locality, number k7 on figure 1. The post-Blancan fossil locality is 

the Curtis Ranch (Curtis Flat) site on the east side of the valley ap

proximately 2 miles east of U.S. Highway 80 (NW-̂  sec. 25, T. 18 S., R. 

21 E.) at an elevation of 1*025 feet. The Curtis Ranch locality is ap

proximately 12 miles southeast of the Benson locality.

Previous studies of this sedimentary sequence dealt almost 

entirely with the fossils (Gidley, 1922, 1926; Gazin, 191*2) or the 

physiography and geomorphology (Bryan, 1926; Gilluly, 1956) and neg

lected the sedimentologic studies.

The present study includes the stratigraphic and sedimentologic 

features found in the immediate area of the two fossil localities and 

was increased to include a section extending on both sides of the val

ley from the Benson locality to the Curtis Ranch locality. The sedi

ments were mapped to establish close stratigraphic control between the 

two localities and to learn more of the sources of the sediments, the 

environment of deposition, the relationship of these sediments to the

David and Benson, Cochise County, Arizona (Fig. 1). The sequence is

composed chiefly of silt and clay, but also contains fine sand and lime

stone .
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contained fossils, and paleoclimatologic data* Stratigraphic and sed-

imentologic studies were coordinated with a study of the vertebrate 

fossils.

Location

The San Pedro Valley extends from south of the International 

Boundary about 170 miles to the junction of the San Pedro and Gila 

Rivers near Winkleman, Pinal County, Arizona. The river basin varies 

in width from about 5 miles to a maximum of 2$ miles near St. David, 
Arizona (Fig. 1).

The axis of the valley is linear in a northwest-southeast dir

ection. At St. David and Benson, the valley trough is bounded by the 

Johnny Lyons Hills on the north, the Little Dragoon Mountains on the 

northeast, the Dragoon Mountains on the east and southeast, the Tomb

stone Hills on the south in the valley, the Whetstone Mountains on the 

west, and the Rincon Mountains on the northwest.

Bedrock constrictions at Charleston, about 23 miles south of 

Benson, and the Narrows, about 12 miles north of Benson, have divided 

the San Pedro Valley into at least three depositional basins (Heindl, 

1952). The Benson sub-basin extends northward from Charleston to the 

Narrows and includes St. David and Benson. The Narrows separates the 

San Pedro Valley into the Upper San Pedro Valley, from Cananea to the 

Narrows, and the Lower San Pedro Valley, from the Narrows to the Gila 

River junction. The Upper San Pedro Valley is approximately 108 miles 

long and drains an area of about 2500 square miles, of which 650 square 
miles are in Mexico (Heindl, 1952).



5

The amount of continental sediments in the San Pedro Valley 

suggests a larger drainage area than is new known. This additional 

drainage area may have existed in Mexico. A similar valley, the Rio de 

Sonora Valley, extends south from Cananea toward the Gulf of California 

and exhibits the same linearity as the San Pedro Valley. These valleys 

may have been connected at one time (Plate 1).

The area described in this report, comprising about 1J>0 square 

miles, is in the vicinity of St. David and Benson. The entire area 

lies within Cochise County, in Townships 17 and 18 South, and Ranges 

20, 21, and 22 East. The principal towns are Benson, St. David, and 

Tombstone. Benson is at 3550 feet elevation, and St. David is at 361*0 

feet elevation.

From the base of the mountains, wide pediments, which have been 

cut across bedrock and older alluvial sediments, slope gently toward 

the axis of the valley, the San Pedro River, where they form bluffs and 

steep scarps. A lower flat surface is cut by the San Pedro River where 

it has entrenched itself from 20 to 50 feet below this surface.
Most of the region is devoted to cattle raising and agriculture. 

The principal agricultural developments are in the vicinity of Benson, 

Pomerene, and St. David.

Climate and Vegetation

The climate of the area is arid to semi-arid. The climatologi

cal data as recorded by the U.S. Weather Bureau (Arizona Climate, I960, 

Benson) is as follows:
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Benson lies in a section of Arizona that receives most of 
its rainfall in July, August and September when moist unstable 
air invades the area from the Gulf of Mexico. Almost sixty 
percent of Benson’s annual precipitation comes from these 
showers.

A secondary wet season is experienced in the winter when 
extensive storm systems move into the area from the Pacific 
Ocean, producing widespread precipitation.

The average yearly rainfall ranges from about 11 inches in the 

valley to nearly 2$ inches in the mountain areas. The mean annual 

precipitation for the period from 1898 through 1957 was 11 inches of 
rain. During these years, the mean maximum temperature during the 

summer months was approximately 95°F., and the mean minimum temperature 

during the winter months was approximately U7°F. The record high was 

in°F. in 1932 and the record low was 5°F. in 1921* (Arizona Climate, 
I960, Benson).

The flora and fauna are typical of the Lower Sonoran life 

zone. The vegetation ranges from mesquite, saltbrush, catclaw, and 

creosote on the valley floor5 to grass, chaparral, ocotillo, and oak 
woodland on the lower mountain slopesj to juniper and pines at higher 

elevations. Grasses were at one time prevalent throughout the area 

and covered most of the valley floor and the lower mountain slopes. 

They have been replaced by mesquite, saltbrush, and catclaw since 

1880 (Hastings, 1959).

Previous Studies

Previous geologic studies have been of two types: (1) general 

reconnaissance and physiographic study of the area or (2) study of the 
vertebrate fossil localities.
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The first studies of the San Pedro Valley near Benson were 

groundwater investigations by W. T. Lee (1903) and by F. H. Newell 

(1903)• Fairbanks (1903)> in a brief summary of the physiography of 

southern Arizona and southern New Mexico, interpreted the valley allu

vium in the San Pedro Valley as being of marine origin.

In 1921, Kirk Bryan, who was conducting a study of the physi

ography and groundwater in the San Pedro Valley, discovered the Curtis 

Ranch and Benson fossil localities. In the following year, J. W. Gid- 

ley (1922) excavated these sites and published the first major paper 
of importance on the Late Cenozoic geology of the San Pedro Valley.

This paper, which deals chiefly with the description of the vertebrate 

fossils, especially the rodents and lagamorphs, was followed by another 

paper on the proboscides, and edentates in 1926. Numerous papers on se

lected vertebrate fossils have also been published from time to time 

(Gilmore, 1922, 1928, 1938; Frick, 1937; Stirton, 1931; Wetmore, 192U; 

Wilson, 1927).

Kirk Bryan’s only paper on the valley is an abstract (1926, 
p. 169) in which he discusses the physiography and defines three sur
faces: the Tombstone surface (oldest), the Whetstone surface, and the

Aravaipa surface (youngest). The first two surfaces are considered 

pediments and the last one is considered an alluviated pediment by 

Melton (1962).

Knechtel (1936, 1938) correlates the bone-bearing beds in the 

San Pedro Valley near Benson with the fossiliferous beds in the Gila 

Valley near Safford that have been referred to as the Gila Conglomer

ate (Gilbert, 1872).
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The most complete study of the vertebrate fossils is that of 

Gazin (19U2). He discusses the fossils that had been collected prev

ious to 1938, their geologic ages, and assigns a Late Pliocene (Blan- 

can) age to the Benson locality and an early Pleistocene (post-Blancan) 

age to the Curtis Ranch locality#

Gilluly (1956), in a generalized reconnaissance survey of the 

valley alluvium, retains the classification of Gila Conglomerate (con

sidered Pliocene) for the valley alluvium that contains the fossilifer- 

ous beds, but noted that the alluvium that caps the pediments is younger 

and, therefore. Pleistocene in age#

Recently, several papers from the Utilization of Arid Lands 

Project of the University of Arizona (Lance, I960; Marlow, I960; Mel

ton, I960; Seff, 1962; Wood, 1963) have been published on the basin fill 

from the San Simon-Gila Valley (Safford Basin). Some of the papers, 

based upon the work of Knechtel and Gazin, correlate these deposits with 

the basin-fill sediments in the San Pedro Valley.

Tuan (1959# 1962) discusses the origin and development of the 

San Pedro Valley and its geomorphic units, and states that structural 

deformation has continued through the Pleistocene#

Heindl (1951*, 1958, 1962, 1963), in a series of articles, points 

out the inadequacy of the term "Gila Conglomerate" for the basin fill in 

the numerous valleys in southeastern New Mexico# He proposes that the 

term "Gila" should be elevated to group status. In the Lower San Pedro 

Valley near Mammoth, he divides the Gila Group into three formations:

San Manuel Formation (oldest), Quiburis Formation, and the Sacaton Form

ation (youngest). He suggests, furthermore, that the major basin fill



9

in the entire San Pedro Valley is assignable to one formation, the Qui- 

buris Formation of Plio-Pleistocene age*

Melton (1965) has just completed a comprehensive study on fluv

ial and related geomorphic processes of arid and semi-arid regions, the 

results of which are taken chiefly from work done in the San Pedro 

Valley*



GEOLOGIC SETTING

Structure

The San Pedro Valley trough was a structural basin during the 

development of the Basin and Range Province in southeastern Arizona 

(Wilson, 1962). Wilson (p. 87) summarizes the event as follows:
In Arizona, the Basin Ranges for the most part represent 

fault blocks of complex structure which were elevated in ref
erence to adjacent relatively depressed basins, plains, or 
valleys. Many of them seem to be bounded on one or more sides 
by faults that may occur either within continuous zones or 
partly enechelon. These boundary faults mostly are concealed 
by late alluvium or lava flows. The displacement effected by 
such faulting, which range from relatively small amounts to sev
eral thousands of feet, are regarded as dominantly of normal 
types ...

The major uplift of the Basin and Range orogeny in this area is consid

ered to be Early to Middle Miocene (Melton, 1965).

The intermontane valley in the vicinity of Benson contains 

fine- to coarse-grained terrestrial sediments that range in age from as 

early as Late Pliocene to Recent. Sedimentation appears to have kept 

up with subsidence. Renewed uplift of the bordering mountains caused 

deformation and faulting in the valley trough through the Pleistocene 

(Bryan, 1933; Tuan, 1962).

The axis of the trough, based upon geophysical data, appears to 

be slightly west of the present San Pedro River near Benson and directly 

beneath St. David (Melton, 1965). An intense gravimetric negative anom

aly occurs near the junction of the San Pedro River and Tres Alamos Wash, 

about six miles north of Benson. Because the deepest portions of the

10



valley near Benson appear to be west of the present San Pedro River, 

the trough probably represents an asymmetric structural basin.

Pre-St. David Formation Rocks

Precambrian. - PreCambrian rocks are exposed in most of the 

mountains near St. David and are composed chiefly of the Pinal Schist 

and intrusive rocks. A large part of the northern end of the Whetstone 

Mountains is composed of Precambrian granite (Plate 1).

Paleozoic. - Paleozoic rocks are represented principally by 

limestone with lesser amounts of quartzite, shale, and dolomite. The 

aggregated thickness of these units is about $600 feet (Gilluly, 1956). 

A small hill near the study area in Sacaton Wash (sec. 7, T. 19 S., R. 

20 E.) is. composed of Epitaph Dolomite which is highly deformed.

Mesozoic. - Mesozoic rocks are represented by intrusive rocks 

older than Early Cretaceous, the Lower Cretaceous Bisbee Group, by some 

Upper Cretaceous sediments (Taliaferro, 1933), and by some questionable 

Mesozoic volcanic rocks that are mainly andesitic to dacitic in compo

sition (Gilluly, 1956).

The Lower Cretaceous (Comanchean) Bisbee Group is one of the 

most widespread units in the area. The bulk of the Bisbee Group con

sists of mudstone (mainly maroon in color), shale, sandstone, and a 

few thin beds of limestone. The Bisbee Group attains a thickness of 

at least 15,000 feet (Gilluly, 1956). Rocks assigned to the Bisbee 

Group make up the low hills that protrude from the basin fill along 

the San Pedro River near Boquillas (SE? sec. 8, T. 18 S., R. 20 E.), 
nine miles south of St. David. "

11
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Volcanic rocks, either of Late Cretaceous or Tertiary age, con

sist principally of andesites, quartz latites, and related pyroclastic 

flows (GiUuly, 1956).

Tertiary. - Tertiary rocks older than the Upper Pliocene-middle 

Pleistocene sediments in the Upper San Pedro Valley are primarily in

trusive rocks, volcanic rocks, and subordinate sedimentary (pyroclas

tic) rocks.

Intrusive rocks have been assigned to the Laramide interval or 

younger. The largest outcrops of Tertiary intrusive rocks are in the 

Little Dragoon Mountains, Dragoon Mountains, and Tombstone Hills. The 

major Tertiary volcanic rocks are exposed in the Bronco Hills near 

Charleston in secs. 3h and 35* T. 20 S., R. 21 E., in the S. 0. Ranch 

area in the eastern half of T. 20 S., R. 23 E., and as two small iso

lated outcrops north of Tombstone in sec. 32, T. 19 S., R. 23 E.

Older Cenozoic sedimentary units other than pyroclastic rocks 

have not been observed in the Upper San Pedro Valley except possibly 

near Tombstone (Butler, Wilson, and Rasor, 1938). In the Lower San 

Pedro Valley, sedimentary rocks recognized to be older than the basin 

fill are the Pantano beds. Mineta Formation, and the Lower Pliocene 

"deformed gravels" (Chew, 1952j Heindl, 1963j Montgomery, 1963),



ST. DAVID FORMATION AND YOUNGER SEDIMENTS 

General Statement

The Upper Pliocene to middle Pleistocene sediments exposed in 

the valley near Benson and St. David are the subjects of this report. 

The sediments are composed chiefly of fine sand, silt, clay, limestone, 

and water-laid pyroclastic rocks that are interpreted as fluvio- 

lacustrine in origin. The writer here proposes the name St. David 

Formation for these sediments.

St. David Formation

Heindl (1962, p. 86), in his discussion of the validity of the 
term "Gila Conglomerate," suggests "... that within each individual 

basin, the different Cenozoic sedimentary units be given formational 

names according to the prevailing practices of designating formational 

units." The Upper Pliocene to middle Pleistocene fine-grained sedi

ments near Benson and St. David make a distinct lithologic sequence, 

and therefore the name St. David Formation is appropriate for them.

Although the names "Benson fauna, Benson beds, and Benson for

mation" have been used informally and formally for this sequence, the 

name "Benson" is already used as a formational name and, therefore, 

should not be used in subsequent publications as a formational name for 

these sediments.

The type area of the St. David Formation is in badland topog

raphy along the east and west sides of the San Pedro River near

13
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St® David and Benson in Townships 17 and 18 South, Ranges 19# 20, and 

21 East. No single type section is given because rapid vertical and 

lateral changes preclude a single exposure as typical of the formation.

The sediments have filled the trough to an unknown depth. A 

thickness of 600 feet of the St. David Formation, from 3600 feet to 

1*200 feet in elevation, is exposed in the valley, but the total thick
ness is much greater, as is shown by the logs of wells in the vicinity. 

Deep water-wells (1000+ feet) near Benson and St. David bottom in sedi

ments and penetrate a sequence of fine-grained clay and mudstone that 

contain.thin sand and gravel lenses. See appendix B.

The exact stratigraphic relationship of the St. David Formation 

and other fine-grained basin-fill sediments in the San Pedro Valley has 

never been established. Heindl*s (1963) suggestion that the fine

grained sediments (St. David Formation) near Benson may be part of the 

fine-grained sequence near Mammoth and Reddington (Quiburis Formation) 

may be valid, but can be proven only when close correlation can be made 

between these areas*

Stratigraphy. - The characteristic badland topography cut into 

the sediments of the St. David Formation exposes the sediments for 

stratigraphic studies. In all the stratigraphic field work, the sedi

mentation unit was used. A sedimentation unit is regarded here to be 

one that, on the basis of its lithologic aspect, has accumulated under 

persistent and essentially uniform environmental conditions (Otto, 1938). 

Few units are traceable over large areas. Units of limestone are best

for correlation.



Twenty-nine stratigraphic sections were measured throughout the 

area* The descriptions of the sections are presented in appendix A and 

will not be discussed here. These sections together with selected 

water-well logs are shown in Plate 2.

One problem in stratigraphic measurements in this area is the 

gradient of the streams because the gradient of the streams is steeper 

than the flat-lying sediments. When tracing out a sedimentary unit 

along a stream bed with a steep gradient, the question arises as to 

whether variations from outcrop to outcrop toward the mountains is due 

entirely to a lateral facies change, or due to vertical variations in 

the sedimentary column. On first impression, many units seem to become 

progressively coarser mountainward, but on closer observation, the sedi

ments actually become coarser upward. This problem is complicated by 

the deposition of a coarse gravelly alluvium across the eroded surface 

of the St. David Formation. Unless it can be shown in a single outcrop 

that the gravel was laterally continuous with the silt or clay units 

some distance away, the gravel may, in fact, be a younger and higher 

deposit.

Knechtel’s (1938) work in the Gila Valley near Safford shows 

that fine-grained basin-fill deposits grade laterally into coarser de

posits mountainward, and that most of the coarse gravels are equivalent 

to the fine-grained sediments. He states (p. 191) that "... the stream 

sediments exposed in the high marginal hilly belts are equivalent in 

geologic age to the lake sediments of the central part of the valley and 

are not an older formation underlying the lake bed." Van Horn (1997), 

Heindl (1998), Seff (1962), and others have shown that Knechtel’s
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approach was partly correct, but that the geological picture is more 

complex than previously thought* In some areas near Safford, they have 

shown that fine-grained sediments were actually deposited directly on 

bedrock along the marginal belt without any appreciable coarse sedi

ments .

The lateral change suggested by Knechtel from fine-grained sed

iments near the valley center to coarse-grained sediments near the 

mountains has not been recognized in the San Pedro Valley near St. 

David. Part of this problem may be due to the position of the outcrops 

in the valley. Most of the exposed section of the St. David Formation 

is within five miles of the center of the valley. Most logs of water 

wells nearer the mountain front where this change might be noticed are 

unreliable. A few logs that are considered reliable show a possible 

coarsening of the sediments toward the mountains. See appendix B.

In some areas, however, the fine-grained sediments are depos

ited directly on granitic bedrock. The best exposure is near the Nar

rows in Happy Valley (secs. 29, 30, and 31, T. 1$ S., R. 20 E.) where 

red clay and red silt directly overlie the granite.

The poorly exposed sediments in the vicinity of Tombstone are 

coarse alluvial units considered to be equivalent to the St. David For

mation (Butler and others, 1938). The fine-grained units of the St. 

David Formation probably are partially equivalent to and gradational 

into coarser alluvial sediments near the mountains and partially 

directly overlie the granitic bedrock.

- The relationship of the St. David Formation to bedrock or older 

sedimentary rocks at depth can only be inferred because the sediments
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extend to an unknown depth in the basin. Heindl (1958) reported that 

deep drilling in some southeastern Arizona basins has revealed a base

ment of several rock types at a wide range of depths several miles from 

the exposed mountains. He suggested that the basin fill (St. David 

Formation equivalent in part) accumulated on a topographic surface of 

several hundred feet of relief. This surface may have been fonned prior 

to deposition of the basin fill or represent interdepositional deforma

tion during basin fill time. The bedrock types are chiefly older de

formed sedimentary rocks, volcanic rocks, and intrusive crystalline 

rocks. Gilluly (1956) has mentioned that the Upper San Pedro Valley 

may have been covered largely by volcanic rocks during the Miocene. 

Heindl (1963) shows a series of diagrams postulating possible stages in 

the Lower San Pedro Valley during the Cenozoic.

Figure 2 shows a hypothetical cross-section of the San Pedro 

Valley near St. David. The interpretation of the bedrock at depth is 

suggested from Gilluly*s and Heindl*s papers. A number of small, iso

lated outcrops of bedrock of various rock types are encircled by the 

alluvial basin fill some distances from the mountains south of St.

David (Plate l).

There is a slight but subtle vertical change in the color and 

lithology of the units. Three major divisions can be recognized if 

these gross features are used. The lowest division is represented by 

a predominance of red clay and red mudstone and minor small sand lenses. 

Exposed sections of this division are from 3600 feet to 3800 feet in 

elevation, but the logs of water wells (Appendix B) show that red clay 

predominates to at least a depth of 2800 feet in elevation. This
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division makes up most of the isolated hills and mounds in the center 

of the valley.

Above 3800 feet in elevation, a second division is recogniz

able. In addition to the red clay, limestone, green clay, tuffaceous 

units, and brown silt are fairly abundant. The calcium carbonate con

tent is higher, especially in the lacustrine units; this is shown by 

limestone lenses in the silt and by nodules in the clay. This division 

contains most of the fossiliferous beds (Fig. 3)« The second division 

grades imperceptably into the highest or third division.

This division is composed almost entirely of light brown 

(5YR6/ii)"L to grayish orange (10YR7/U) silt, silty clay, and fine sand 

separated by paleosol and caliche units. Some of the caliche units 

are directly related to the paleosols, but other caliche units, espec

ially those that are nearly pure limestone and are well bedded, may 

represent playa calcareous units. This division is much coarser than 

the two lower divisions.

Channel conglomerate and sandstone beds occur locally in the 

sediments; however, the amount of sand and gravel increases toward 

the Little Dragoon Mountains and the Tombstone Hills. Cementation is 

calcitic and is weak to strong. Low angle cross-bedding, scour-and- 

fill structures, channel filling, and some ripple marks indicate a 

fluvial environment.

1. The number and letter designation following the color name 
is that of the Munsell color system used in the Rock- Color Chart pre
pared by the Rock Color Chart Committee, National Research Council, 
Washington, D. C., 19U8.



Figure 3 - Typical exposure of the St* David Formation in a canyon 

west of the Post Ranch. Limestone units form the resis

tant ledges. Located in NE^ sec. 27, T. 1? S., R. 20 E.
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Limestone forms most of the resistant ledges* They contain 
most of the invertebrate fossils and numerous vertebrate fossils*

Structure, - Structural activity continued throughout the depo
sition of the St* David Formation, although most of the major structur

al movements had ceased prior to this time* Structural activity in the 

St* David Formation is represented by a north-trending linear zone of 

monoclinal folding that has affected the sediments on the west side of 

the valley. The zone, as shown in Plate 3, roughly parallels the Whet
stone Mountain front* The northern extension of the zone is eroded 

away; the southern extension is not exposed* Since the zone is not 

continuously exposed, it is represented by a dashed line on Plate 3*

Good exposures of the structure are in the Post Ranch area 
(sec* 27, T. 17 S., R. 20 E.) and near the Middle Canyon road (sec. 11,
T* 18 S., R. 20 E.) (Fig. i|). The structure probably represents a down
warping in response to subsidence of the valley floor during deposition. 
The dip of the beds varies from 15° to 35° toward the valley center*

The zone of downwarping seems to have involved only the lower 
units in the Benson and Post Ranch area and only the upper units in 

California Wash (sec. 35, T. 18 S., R. 20 E.). Near Middle Canyon road 

(Plate 3), however, both lower and upper units have been involved in 
the downwarping.

A possible sequence of events in the Post Ranch area is shown 

in figure 5* The resistant units are generally tuff or limestone. Part 
of the movement in these units is by normal faulting. In the clay units, 
faulting is not easily recognized.



Figure 1* - Cross-sectional view of the St. David Formation in the 

Post Ranch area. The lower sedimentary units have been 

affected by the zone of downwarping. The upper units 

have not been affected by the structure zone. Plastic 

overlay outlines the individual sedimentary units.
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I. Initial deposition 2. Subsidence and faulting
WEST WEST

3. Erosion and deposition 4. Subsidence and deposition 
of tuff

5. Subsidence of tuff 6.Deposition of clay and limestone

7. Subsidence of clay and limestone 8. Deposition of remaining beds 
not affected by structure

Limestone

Figure 5.—  Hypothetical development of monoclinal fo ld ing in 
the St.David Formation, Post Ranch area



Basinward thickening of the units supports the idea of subsi

dence during deposition. The upper limestone and clastic units in the 

Post Ranch area are not affected by the structure zone and indicate 

that structural movement had ceased by the time of their deposition.

Present hasinward extensions of units involved in the struc

tural deformation have largely been obliterated by erosion. In places 

where these units can be traced basinward, the beds are generally 

dropped down from a few feet to fifty feet (Figs. 6 and 7). In some 

places, the beds seem to have been eroded away prior to deposition of 

the next unit.

Other structures are numerous in the sediments. Slump and flow- 

age structures occur in some of the clays. In several places near the 

linear structure zone, tuffaceous muds were injected into more resistant 

units along fractures. The contorted bedding probably formed on a gent

ly sloping surface. Crumpling in many of the limy units is also attri

buted to penecontemporaneous deformation and soft-sediment folding 

(Fig. 8).
Scour-and-fill structures and cross-bedding, which is generally 

lenticular, are common in places where coarser gravel and conglomerate 

units are present. The cross-bedding generally shows two major direc

tions 3 one direction indicates transport from south to north and the 
other shows transport from the mountains toward the valley center.

Ripple marks are common in sandy channel deposits.

Many mud cracks and compaction shears (slickensides) are pres

ent in the clay. The mud cracks commonly occur in the red clay, and in



Figure 6 - Subsidence of the lower limestone unit with deposition.
The upper limestone is not affected. The units between 
the limestones thicken basinward. Located in SÊ - sec. 
3h) T. 17 S., R. 20 E. View is south.

Figure 7 - Subsidence of the lower limestone and then a flattening 
out basinward. The unit can be traced eastward toward 
the valley center and is essentially horizontal. The 
upper limestone at the top of the ridge is not affected 
by the deformation. Located in SW4 sec. 2, T. 18 S.,
R. 20 E. View is north.
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some units are filled with gypsum. Gypsum generally is found as verti

cal veins or as thin beds in the red clay (Fig. 9).

"Granite Wash"

The St. David Formation is overlain by a sequence of reddish 

orange ($Rk/6) to reddish brown (IORI4/6) fine to coarse gravel alluvium 
ranging in thickness from zero to at least 1$0 feet. This sequence was 

termed "granite wash" in the field since the deposit consisted of a 

heterogeneous granitic alluvium. This alluvium, which consists almost 

entirely of quartz and feldspar grains together with granite, gneiss, 

quartzite, and schist fragments, increases in grain size toward the 

mountains. Sand-size particles are angular to sub-angular, and the 

gravel-size particles are slightly more rounded. The amount of matrix 

material is large in some zones and is almost all of clay size.

Bedding is rarely noticeable in this unit. Silt and clay sel

dom occur and are probably derived from the underlying St. David For

mation. The "granite wash" is more resistant to erosion than the St. 

David Formation, and the thicker the unit, the more resistant it is to 

erosion. This is due in part to the calcium carbonate cement and ca

liche layers •

The unconformity between the St. David Formation and the "gran

ite wash" represents a major cycle of erosion. The weak St. David sed

iments were quickly eroded away to form a rugged surface. Near the 

center of the valley, this surface consisted of ridges and valleys that 

coalesced mountainward to form a pediment. It was on this pediment 

that the "granite wash" was deposited, filling in the valleys in thick

nesses in excess of 150 feet.



Figure 8 - Soft-sediment deformatione Ledge-forming clayey lime
stone shows differential compaction and flowage in 
clay lenses. Compaction has also occurred in red 
clay beneath limestone. Hammer is resting on lime
stone nodule in clay. Located in SÊ - sec. 21, T.
17 S., R. 20 E.

Figure 9 - Gypsum thinly bedded and in vertical veins in red clay 
near Post Ranch. Located in sec. 27, T. 17 S e, R. 
20 Eo Sunglasses are for scale.
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Figure 10 diagrams the possible sequence of deposition of the 

"granite wash" on the surface of the St. David Formation. Diagram 1 

illustrates the buried pediment formed on the St. David Formation near 

the center of the valley. Diagram 2 illustrates the deposition of the 

"granite wash" on the eroded surface of the St. David Formation. Dia

gram 3a represents the present surface nearer the mountains and diagram 
3b represents the present surface nearer the center of the valley. The 

various pediments are also shown on diagrams 3a and 3b. Where the 

"granite wash" was deposited in the pre-existing channelways in the St. 

David Formation, the present eroded surfaces form ridges between val

leys cut into prior ridges of the St. David Formation. This topograph

ic reversal is easily seen on the geologic map (Plate 3). The core of 

the ridges near St. David and Benson that extend into the valley is 

mostly "granite wash" (Figs. 11 and 12).

Near the river, the "granite wash" is strongly cemented at its 

contact with the underlying St. David Formation. The silt and clay of 

the St. David Formation acted as impervious layers so that the movement 

of water was along the contact between the units toward the center of 

the valley.

The "granite wash" probably represents alluvial fan, sheetflood, 

and mud flow sediments deposited across the eroded surface of the St. 

David Formation. These coarse sediments may have had their genesis 

through a climatic change, structural movement, drainage change, or by 

combinations of these processes.

The age of the "granite wash" is known only indirectly from 

sparse fossil material. It has yielded vertebrate fossils identified
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Figure U  - Contact between the St. David Formation and "granite 
wash" in Dragoon Wash near San Pedro River. The 
thickness of the "granite wash" is about 1!>0 feet. 
Located in SW^NE^SE^ sec. 29, T. 1? S., R. 21 E.

Figure 12 - Contact between the lower units of the St. David Forma
tion and the overlying "granite wash." Located in a 
wash near the Apache Powder plant in SWi$5W|SW^ sec. 6. 
T. 18 S., R. 21 E.
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as late Pleistocene (Lance in Heindl, 1963) # Melton (1965) has sug

gested a late Illinoian age for the "granite wash."

In a few places nearer the mountains, the upper surface of the 

"granite wash" is exposed and shows buried soils and caliche layers.

These soils are deep red near the surface but change in color 

downward. The deep red mature soil is considered to be Sangamon in 

age (Melton, 1965).

The "granite wash" is possibly equivalent to the Sacaton For

mation near Mammoth (Heindl, 1963). Both have similar lithologies, 

similar grain sizes, and were similarly deposited on an erosion sur

face cut on fine-grained sediments.

The outpouring of the "granite wash" was followed by the for

mation of a series of gently sloping, nearly planar surfaces of both 

erosional and depositional origins. Bryan (1926, p. 132U) has de

scribed and named three surfaces in the central segment of the valley. 

The Tombstone (highest) and the Whetstone surfaces are pediments cut 

across the mountain bedrock and the alluvial basin fill represented 

by the "granite wash” and the St. David Formation. The Aravaipa sur

face (lowest) is probably an alluviated pediment cut across only the 

units of the St. David Formation and younger alluvial fill in the 

center of the valley. Age relationships are discussed in later para

graphs. See figure 10.

Gravel Alluvium

Near the center of the valley are isolated outcrops that are 

composed almost entirely of gravels. These gravels appear in part to



32

be reworked from the ”granite wash" and in part deposited in an ances

tral San Pedro River channel. Fragments that range to boulder size are 

composed mostly of granitic, quartzitic, and volcanic rock fragments 

and minor amounts of limestone, sandstone, and metamorphic rock frag

ments. Most of these gravels are sub-rounded to well rounded. Scour- 

and-fill structures and imbrication directions show a northward direc

tion of deposition. Ripple marks are prevalent near the contact with 

the St. David Formation. The gravels are aligned in a direction that 

nearly parallels the present San Pedro River but crop out $0 to 100 

feet above it (Plate 3).

The exact age of the gravel alluvium is not known, but it is 

younger than the "granite wash" and older than the Recent alluvium.

The formation of this gravel unit may have coincided with the formation 

of the Whetstone pediment, which is considered to be late Wisconsin by 

Melton (l965)o

Recent Alluvium

Recent alluvium includes former flood-plain and cienega depos

its of the San Pedro River. These sediments were deposited by the 

present San Pedro River when it was in the process of aggrading.

The flood-plain sediments form a depositional surface termed 

the Aravaipa surface by Bryan (1926, p. 170). Melton (1965) describes 

the surface as an alluviated pediment. The surface has developed only 

on the St„ David Formation and extends from the center of the valley 

toward the mountain about 75 to 100 feet below the Whetstone pediment 

surface. Except for extensions along streams, the Aravaipa surface
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ends at the escarpments* These fine-grained sediments are similar in 

grain size to, and probably derived directly from, the fine-grained St« 

David Formation. Numerous thin, coarse sand and gravel units are inter- 

bedded with the fine-grained sediments. The discovery of archeological 

materials in numerous places in the fine-grained sediments dates most of 

these as fairly recent, i.e., within the past few thousand years. Mel

ton (1965) uses a figure of about $00 B.C. to 1800 A.D.

The flood-plain and cienega deposits have been dissected by 

downcutting of the San Pedro River. These deposits exhibit nearly ver

tical cliffs near the river and small scale badland topography in the 

washes and streams channels leading away from the valley center. Some 

of these cliffs are in excess of 1̂ 0 feet high near Benson.

Modern Alluvium

Modern alluvium includes the material deposited in the channel 

cut into the Recent alluvium by both the San Pedro River and its tribu

taries. This deposition has occurred since 1800 and more actively 

since i860, the beginning of the last period of channel trenching 
(Bryan, 192$). The modern alluvium also includes very recent surface 

gravel deposits near the mountains, in washes coming from the mountains, 

and in stream beds associated with the San Pedro River. Some of these 

deposits have been dissected to form terraces.

The last period of channel trenching (arroyo cutting) is gen

erally believed to have begun around 1880 (Bryan, 192$; Antevs, 19$2j 

Hastings, 19$9). Before that time, historic accounts show that the 

channel of the San Pedro River was not well-defined. During floods.
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the river spread out in a shallow sheet of water across the fields and 

lowlands. Jack McRae of St. David (personal communication, 1963) re

lates the story of the early pioneers (1870-1880) in this area saying 
that "during a good flood, a farmer had to use a row boat to cross the 

river. It was a couple of miles across."
L

Marshes also existed along many parts of the San Pedro Valley. 

Hastings (1959, p. 62) reports that "... one large cienega extended 

along the river from Benson to old Tres Alamos. From the same area ... 

we know that beaver ponds dotted the course of the river and fish were 

abundant in the stream."

The hypotheses that account for the change from a discontinuous 

channel to a deeply entrenched channel involve (1) biological, (2) geo

logical, (3) climatic, and (1;) human factors.

The biological aspects and man are closely correlated. Cattle, 

brought in by man, have overgrazed the area initiating changes in plant 

cover (grass), soil conditions, and run-off patterns. Many of the lo

cal ranchers and farmers attribute the initiation and formation of the 

arroyos to incisement of stream channels along cow paths and wagon 

ruts. Rapid erosion along abandoned canals has also initiated arroyo 

cutting.

Diastrophism has been suggested as the chief geological factor. 

Bryan (1925) has shown that the climatic changes have caused erosion 

and arroyo cutting. Dessication, more arid conditions, shift in the 

rainfall pattern, and changes in the intensity of storms are all fac

tors that have contributed to the climatic change. Probably the



combination of all these factors was enough to trigger the beginning of 

arroyo cutting in the San Pedro Valley around 1880#
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PETROGRAPHIC STUDIES

Certain laboratory studies were made on selected samples from 

measured sections of the St. David Formation to determine the mineral

ogy and grain-size distribution that would aid in the interpretation of 

the origin and depositional environment of the sediments and in their 

possible correlation.

Size Analysis

Standard procedures for the size analysis of coarse- to fine

grained clastic particles were followed (Krumbein and Pettijohn, 1938; 

Folk, 1961). The Wentworth grain-size scale was used but was modified 

to the phi (0) scale of Krumbein (193W. The phi (0) scale converts 

fractional millimeters to positive whole numbers by the formula 0 *
- logg d (d equals grain-size diameter in millimeters). The phi (0) 

notation facilitates the application of statistics to the study of sed

iment textural properties. Table 1 correlates the Wentworth scale and 

the phi (0) notation system.

Samples that were predominantly coarser than I4 phi (sand and 
gravel) were sieved using a set of Tyler standard sieves on a half-phi 

interval. Samples that were finer than It phi (silt and clay) were 

first wet-sieved for grains coarser than It phi and then were analyzed 

by the pipette method, using Calgon as a dispersing agent.

Weight percentages were obtained and recorded as individual per

centages, cumulative frequency percentages, and textural group

36
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Table 1. Conversion Chart - Millimeters to Phi (0)

Wentworth size 
grade Phi (0) Microns Millimeters

boulder

cobble

pebble

very coarse sand 

coarse sand 

medium sand 

fine sand 

very fine sand 

coarse silt 

medium silt 

fine silt 

very fine silt 

coarse clay 

medium clay 

fine clay 

very fine clay

-8

-6
-1

0

1

2
3

-h

5

6
7

- 8 

9

10
11
12

1000
5oo

250
125

62.5-

31.2
15.6
7.8

3.9 - 

2.0 
1.0 
0.5 

0.2k

256mm
Gravel

61pm:,

- 2m m ----------

1mm

0.5mm
Sand

0.25mm
0.125mm
0.062 5m m -------

0.0312mm
Silt

0.0156mm
0.0078mm
0.0039mn -------
0.0020mm 
0.0010mm Clay 

0.0005mm 
0.0002mm

percentages (sand, silt, clay). The group percentage was used to deter

mine the classification of the sediments according to grain size; the 

cumulative percentage was used to plot the cumulative curve on arithmetic 

probability paper; and the individual percentage was used to plot
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histograms and to determine the median diameter for the grain-size 

nomenclature.

The grain-size classification of Folk (195U) for clastic sedi

ments was used in this paper. This classification uses sand, silt, 

and clay as its end-members. The amount of gravel in the sediments 

does not warrant the use of Folk1s (19510 gravel-sand-mud diagram. The 

weight percentages for each group and the major textural classes are 

shown in figure 13.

Cumulative curves were plotted on arithmetic probability paper; 

selected samples are shown in figures ll|, 15, and 16. These plots were 

used to determine the significant percentiles for the calculation of 

certain statistical parameters. The phi percentiles were read directly 

from the graph.

Once the parameters of graphic mean (Mz), inclusive graphic 

standard deviation (©j), inclusive graphic skewness (Skj), and graphic 

kurtosis (Kq ) (Folk, 1957) are determined, a large number of samples 

may be compared easily to shew differences in the transportation and 

deposition media, in textural maturity, in mineralogical composition, 

and in grain-size relationships. Folk’s statistical parameters of 

grain size are discussed further in the following paragraphs.

The four parameters used in this study were as follows:

1. Average size:

Graphic mean; Mz ■ 0l6+05G+$8U + 3

2. Uniformity or sorting:

Inclusive graphic standard deviation;



SANDE X P L A N A T IO N  
mS— Muddy sand 
cS — Clayey sand 
zS— Silty sand 
sC— Sandy clay 
sM— Sandy mud 
sZ— Sandy silt 
S — Sand 
Z — Silt 
M — Mud 
C -  Clay

Channel Sand

— Sample

CLAY
After Folk, 1954

SILT

%

Figure 13. — Grain size nomenclature for c las t ic  sediments, St. David Formation



Figure lit - Cumulative curves of selected sand samples, St* David 
Formation*
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Figure 15 - Cumulative curves of selected silt samples, St. David 
Formation.
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Figure 16 - Cumulative curves of selected clay samples, St. David 
Formation.



SAND

M R - 2 - 1 0

D I A M E T E R  IN 0 U N I T S

CU
M 

WT



U3
,, 08L-016 09S-0S

®I Y " " 6.6

3e Skewness or asymmetry:

Inclusive graphic skewnessj

Skj • 4%8U-2^Q5-016) 0S+095-205Q
2(095-05)

5* Kurtosis or peakedness: 

Graphic kurtosis; 095-05:
2.UU(?75-025)

The graphic mean (size) indicates the measure of the average 

size of the sediment. Sahu (1961;) points out that the mean diameter 

indicates the average kinetic energy (velocity) of the depositing 

agent. However, the average size of a sediment is dependent also upon 

the size distribution of the available source material.

The standard deviation measures the sorting of the sediment. 

Folk's inclusive graphic standard deviation (©^) embraces 3.3 standard 

deviations and is the best measure for sorting because it includes the 

tails of the curve. It indicates (Sahu, 1961;) the fluctuations in the 

kinetic energy (velocity) conditions of the depositing agent about its 

average velocity. Of course, it is also dependent somewhat on the size 

distribution of the source materials. A convenient scale for the degree 

of sorting has been set up by Folk (1957). The divisional limits for 

are:
Under 0.35; very well-sorted 
0.35- 0.50; well-sorted 
0.50- 1.00; moderately sorted
1.00- 2.00; poorly sorted
2.00- U.00; very poorly sorted 
Over 1;.00; extremely poorly sorted
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Skewness is a measure of the asymmetry of the frequency distri

bution. It marks the position of the mean to the median and the posi

tion of the tails. If the mean is toward the coarser side of the median 

- that is, if the tails are in the coarser units - skewness is negative. 

This relationship has been set down in a scale by Folk (195?) as fol

lows:

Skj — —  -1.00 to -0.30 —  very negative skewed 
-0.30 to -0.10 —  negative skewed 
-0.10 to 0.10 —  nearly symmetrical 
0.10 to 0.30 —  positively skewed 
0.30 to 1.00 —  very positively skewed

Kurtosis is a measurement of peakedness of the frequency curve.

It measures the ratio between the sorting of the tails of the curve and 

the sorting of the central portions. The following verbal limits of 

kurtosis were set by Folk (1957) as follows:

K_ ~ —  Under 0.67; very platykurtic
0.67 to 0.90; platykurtic 
0.90 to l.U; mesokurtic 
1.11 to 1.50; leptokurtic 
1.50 to 3.00; very leptokurtic 
Over 3.00; extremely leptokurtic

The application of skewness and kurtosis measures to sedimentation stud

ies is not as well understood as those of size and sorting. Folk (Folk 

and Ward, 1957; Mason and Folk, 1958) and Friedman (1961) have demon
strated in recent years that certain environments may be delineated by 

the use of the skewness and kurtosis parameters • Continental environ

ments have been studied very little. In the interest of contributing 

data on skewness and kurtosis values for continental sediments for future 

studies, appendix C has been prepared.



Figure 17 illustrates a number of histograms for the selected 

sediments. Most of the sediments are poorly sorted. Clay percentages 

greater than 10 phi were estimated.

The size analyses of the clastic sediments generally corrobor

ated the field identifications. In some instances, however, there was 

a tendency to use a coarser terminology for the silt and very fine sand, 

and to use a finer terminology for the clay in the field than in the lab

oratory. A number of coarse silt units were called fine sand, and silty 

mud was commonly called clay in the field because it was difficult to 

distinguish between mud and clay without some laboratory analyses.

The size analyses show that the clay is generall y coarse (90) 
to medium (100) and very poorly sorted. Silt is medium (60) to fine 

(70) and poorly to very poorly sorted. Sand other than channel sand 

is usually fine (30) to very fine (U0) and moderately to poorly sorted. 
The channel sand and fine gravel represent a small fraction of the 

overall volume of sediments. Channel gravel is usually bi-modal with 

a peak in the pebble size and a secondary peak in the fine sand; it is 

very poorly sorted.

There appears to be little difference in mean size or sorting 

in similar units found throughout the section. For instance, a red 

clay low in the section has similar grain-size parameters to a red clay 

high in the section. No investigations were made on grain size versus 

distance downstream. It was felt that the differences in grain-size 

parameters did not vary enough from one place to the next between simi

lar units a few miles apart.



Figure 17 - Histograms of selected sand, silt, and clay samples, 
St. David Formation.
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The results of the grain-size parameters show that there was a 

predominance of fine-grained sediments in the area of deposition, that 

the current velocities were low, and that the sediments in transport 

were principally in suspension.

Heavy Minerals

Heavy mineral distributions were determined for selected sands 

and silts. The heavy mineral separations were made following the pro

cedure of Krumbein and Petti John (1938). The heavy minerals were sep

arated from the 3*5 phi and U phi size fractions as these fractions con

tained the highest percentages of heavy minerals. Calcite-cemented 

samples were disaggregated rapidly in dilute (10%) hydrochloric acid. 

This method, which preserves the apatite grains, does not remove all 

the iron oxide stain. However, the iron oxide stain did not inter

fere with the mineral identification. Approximately 100 grains were 

counted for an opaque and non-opaque countj a minimum of 300 non

opaque grains were identified. The results are tabulated in table 2.

The results of the non-opaque study show little variation of 

the major components in the area studied. Non-opaque minerals gener

ally are slightly more abundant than opaque minerals. The grains are 

chiefly angular to sub-angularj however, some of the zircon and tour

maline grains are rounded. The most abundant non-opaque heavy minerals 

are those of the epidote-clinozoisite-zoisite (E-C-Z) group and the 

pyroboles (pyroxenes and amphiboles). The non-opaques were identified 

chiefly by their optical properties. For certain minerals the



Table 2. Results of heavy mineral grain counts from selected sample, St. David Formation

Sample No. Op* Non-op'"" Op/Non-op E-C-Z* Pyro-;:*
boles

Ba.
Hnbl Zirc'"' Apat* Biot'" Tour'' Gar*'5' Others*"-"' Total

PR-3-19 70 55 1.27 95 63 95 21 12 8 It 5 15 318
CR-1-10 30 53 0,9k 85 59 111 17 8 H* 3 8 23 328
CR-1-12B 63 65 0.97 100 65 100 16 16 10 1 5 21* 337
CR-1-12E 70 71 0.98 101 53 98 21* 17 1* 1 7 19 321*
OR—2—5 58 ii9 1.19 150 1*9 70 15 11 5 2 5 18 325
cR-3-3 U8 81 0.59 152 65 H* 16 15 6 It 7 36 315
cR-u-11 ill 10li 0.39 123 68 21* 19 13 10 5 10 1*3 305
CR—1|—20 a • 89 0.1*9 126 1*8 3 25 18 51 2 12 27 312
MW-l-UA 51 71 0.71 159 63 10 17 9 — — 1 25 22 306
W-2-16 U3 7ii 0.58 200 51* 3 21* 9 3 1 17 21 332
MW-3-U 5U 89 0.60 Utl 65 23 16 5 It 2 28 ' 18 302
LV-7-62 51 6ii 0.80 209 36 5 15 8 5 - 10 17 307
LV-8-62 5o 60 0.83 171 68 11 H* 19 12 1* 13 28 31*0
LV-2-2 33 8I1 0.39 151 70 7 12 9 19 3 15 21 317
LV-2-16 35 75 0.1*7 130 52 25 20 10 8 2 7 32 300
SH-1-3 59 59 1.00 183 51 1* 19 12 10 1 11 18 330
SH-1-5 6I1 52 1.23 201 1*3 21* 13 7 - 10 28 313
SH-1-13 69 88 0.78 166 78 8 17 7 13 3 16 21 329
EP-1-3 55 61 0.90 120 73 61* 18 11 8 1 3 16 . 311
EP-1-7 ii8 87 0.55 109 81* 68 12 10 6 7 5 19 320
GW-Ii-9 ii8 65 0.73 131* 67 7 21 30 7 3 3 32 301*
SD—3—1 7ii 61* 1.15 101 62 12 23 38 2 10 5 1*7 300
SD-U-2 65 ii9 1.33 165 1*2 8 21* 18 6 2 2 33 308
MR-1-5 9k 20 1*.20 169 32 3 1*5 18 1* 3 5 21 310
MR—1—2 82 22 3.73 128 1*5 5 61 27 6 6 2 29 309

Op-opaques j Non-op .-Non-opaques j E-C-Z-Epidote-Clinozoisite-Zoisite $ Pyroboles-Pyroxenes and amphi- 
bolesj Ba.Hribl-Basaltic hornblende $ Zirc-Zircon; Apat-Apatite j Biot-Biotitej Tour-Tourmaline3 Gar- 
Garnet.

** Others include Barite, Chlorite, Kyanite, Muscovite, Monozite, Olivine, Rutile, Spinel, Titan!te, 
Staurolite, and Unknowns.



properties of crystal shape, cleavage, color, and fracture surfaces 

were also used.

The epidote-clinozoisite-zoisite minerals are generally cloudy 

from alteration. Pyrdboles are dominated by hornblende, although aug- 

ite, enstatite, and tremolite-actinolite are present in minor amounts. 

Hornblende, except for basaltic hornblende, is largely the common green 

variety. Many pyroboles are characterized by ragged or "hacksaw" edges, 

poor angularity, and elongation along the cleavage traces.

Basaltic hornblende was differentiated from the other pyroboles 

by its dark brownish-yellow to opaque color, prismatic cleavage, low 

extinction angle (almost parallel in most grains), and distinctive 

pleochroism. Grains are commonly fresh and larger in size than most of 

the heavy minerals. The preponderance of this mineral in the suite and 

its tendency for euhedral grains indicate a short distance of transport 

in water, or perhaps, in some areas, an airborne mode of transport.

Zircon occurs mostly as euhedral grains with pyramidal termina

tions that are colorless to slightly pink. Fractured grains are com

mon. A few rounded zircons are considered to have come from reworked 

sediments. Most apatite grains are elongated, prismatic, and anhedral. 

The surfaces are slightly etched and display prominent cleavage cracks 

accentuated by impurities (iron oxide?) along the cracks.

Garnets are angular, sharp cornered and irregular, showing con- 

choidal fractured surfaces. They are colorless to pale pink. Samples 

from the east-northeast part of the area contain a higher percentage of 

garnet. Tourmaline is rare and occurs as small brown rounded grains.
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Elongated prismatic tourmaline is absent suggesting that most of the 

tourmaline comes from reworked sediments •

Biotite is found chiefly in the 1.5 to 2.0 phi size fraction. 

The grains are deep brown, weakly pleochroic, and show pseudo-uniaxial 

interference figures. Green biotite commonly has jagged edges and is 

altered partially to chloritic material. Rutile and olivine are un

common.

Magnetite and ilmenite are abundant in all samples• Magnetite 

grains generally have good crystal form. Close inspection reveals that 

some magnetite is altering to hematite(?) or limonite. Ilmenite was 

identified by its non-magnetic behavior, by its lack of good crystal 

structure, and by its purple-gray metallic color.

Leucoxene is present as amorphous grains, white to yellow in 

reflected light. Some are stained light brown with iron oxide. Hema

tite is represented by grains that are bright red in reflected light.

Limonite is mainly rounded and yellow to brown in reflected 

light. It occurs commonly as a coating on other opaque minerals. Py- 

rite is found in some green clays as well-developed crystals or as 

fractured grains, and is probably authigenic in origin.

The heavy minerals proved to be of little value for correlation 

and could be used only in a general way to determine sediment proven

ance. The samples studied show little variation of the major heavy 

mineral components. The predominance of an immature, heavy mineral 

suite in all samples, the angularity of the mineral grains, and the ap

parent lack of abrasion suggest only that the source area was close by.



The association of certain heavy minerals has been used by geol

ogists to determine different source rocks (Feo-Codecido, 1956; Petti- 

john, 1957; Milner, 1962). In general, the following rocks supply the 

minerals listed below.

Gnelssic rocks: high pyroboles, some epidote, biotite

Granitic rocks: high zircon, some biotite, muscovite,
apatite, and hornblende

Schists and phyllites: high epidote-clinozoisite-zoisite,
some garnet, kyanite, and titanite

Basic volcanic rocks: high augite, magnetite, ilmenite,
some olivine and basaltic hornblende

Rhyodacitic rocks: high apatite, some biotite

Reworked sediments: rounded tourmaline, rounded zircon,
barite, leucoxene, iron oxides

Volcanic ash fall: basaltic hornblende, hornblende, glass 
shards, magnetite(?)

All the source rocks described above are present in the Upper San Pedro 

Valley. A summary of these rock types was discussed under Stratigraphy, 

so only a brief recapitulation will follow.

The Precambrian schist is high in epidote, chlorite, zoisite, 

muscovite, and hornblende. Where the Paleozoic limestone, shale, and 

siltstone have been metamorphosed, they contain large amounts of epidote, 

tremolite, and garnet. The Bisbee Group of Early Cretaceous age is prob

ably the major source for reworked heavy minerals (tourmaline, zircon, 

rutile, and iron oxides). Where it has been metamorphosed to phyllites, 

schists, and hornfels, the major heavy minerals are epidote, zoisite, 

garnet, chlorite, and muscovite.

51



Intrusive rocks of all ages are represented in the heavy miner

al suites by minor amounts of green hornblende, muscovite, biotite, 

titanite, zircon, and magnetite* Volcanic rocks, mostly of Late Cre

taceous or Early Tertiary age, contain high amounts of hornblende (both 

basaltic and brown), and augite, magnetite, and epidote*

Some general conclusions can be reached* A granitic block is 

exposed in the northwest part of the area, and sediments in this area 

exhibit larger amounts of zircon and opaques (mainly magnetite). A 

highly metamorphosed region and a large granite body exist in the east- 

northeast; sediments in this area contain larger amounts of garnet, epi

dote, and zoisite, and a smaller amount of opaques. These conclusions 

are only tentative since all the mountain areas in the Upper San Pedro 

Valley contain similar source rocks. The distance of transport gener

ally is short.

Clays

Field occurrence.- Clay-size particles are the dominant clastic 

material in the St. David Formation, and commonly occur in silt, marl, 

limestone, and tuff units, as well as in clay. Nearly all the clay 

units are silty; even the "purer" clay contains at least 10 to 20 percent 

silt-size material.

Clay units form slopes, which makes it difficult to see the con

tact between different units because debris is always covering the 

slopes. Viewed from a distance, contacts between clay units look sharp, 

but on close inspection many contacts are gradational. Some units are 

thinly laminated, but most units are massive and homogeneous and show
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few sedimentary structures. Commonly, the clay fractures into angular, 

blocky, or subconchoidal fragments that probably resulted from compac

tion of the clay.

One striking feature of the clay is the variegated coloring.

The color range includes medium light gray (N-6), pale olive (10Y6/2), 

grayish orange (10YR7/1|), brown moderate brown (5lR3/lt), and

dark reddish brown (lOR3/it)» Green and red colors are actually pale 

olive and moderate brown, respectively. The reddish brown and moderate 

brown clays have been frequently referred to as red clays or red beds. 

Stratification of the varicolored clay units is due chiefly to differ

ences in color, since the units are similar in grain size and other 

textural properties. However, lateral variation and gradation in the 

colors, plus the interfingering of different clay units, makes it dif

ficult to make time comparative studies on a detailed scale.

Green clays contain the highest percentage of vertebrate fos

sils of all the sedimentary units. Invertebrate fossils such as 

ostracodes, fresh-water mollusks, and fresh-water plants have been 

found in the green clays and indicate a probable swamp or lacustrine 

environment of deposition. Red and brown clays are lacking in fossils.

Calcium carbonate concretions, both in nodular form and as en

crustations around the fossils, occur in green clay that is in contact 

with overlying limestone. Mottled green and red clay units occur 

sparsely throughout the section.

Mud cracks and larger dessication cracks are common in the red

dish brown clay. In some lower red clay units, gypsum (selenite) has 

filled the cracks or may be bedded in the clay (Fig. 9)» This
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association is well known and usually indicates a shallow body of water 

on a floodplain where climatic conditions are such that wetting and dry

ing occurs frequently and evaporites can form.

In one locality about 2 miles southwest of the Apache Powder 

Plant, gypsum makes up at least $0 percent of the clay. Here, a green 

clay grades upward into a green gypsiferous clay. The gypsum crystals 

are generally small, about one-eighth to one-quarter inch long, although 

larger crystals have formed in some zones. The gypsum is more resistant 

than the clay and commonly forms small (2 to U foot) vertical cliffs in 

places where the gypsum acts as the framework for the rock. The thick

ness ranges from a few inches to nearly 7 feet and is greatest in sec. 

30, T. 17 S., R. 21 E. Thin section analysis of this unit reveals a 

framework of gypsum crystals between clay particles.

The gypsiferous clay thins in all directions and indicates that 

a local basin of deposition probably existed in this area. A possible 

explanation for the abundance of gypsum may be hot springs. Structural 

activity is known to have occurred during deposition of these sediments 

so that a spring or series of springs may have formed along fractures. 

Similar gypsum units are known in younger sediments and are possible 

spring deposits (T. ¥. Mitcham, personal communication, 1961*).

Most clays contain quartz and feldsparj some contain calcite 

and volcanic shards. Detrital quartz is fairly abundant even in.the 

"purer" clays.

X-ray analysis. - The mineralogical analysis of the clay min

erals was made by X-ray diffraction methods following the procedure of
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Warshaw and Roy (1961). Bernard W. Pipkin, a fellow graduate student, 

made numerous helpful suggestions.

In all samples, a -2 micron size fraction was obtained by sedi

mentation methods. The clay suspension was transferred to a glass slide 

by means of a medicine dropper. As the sample dried at room temperature 

the clay particles settled out in a preferred orientation, i.e., the 

clay flakes paralleled the slide surface.

All X-ray diffraction work was done on a Norelco X-ray diffrac

tometer unit using Ni-filtered Copper K-alpha radiation at UO kilovolts 

and 20 milliarnps with a slit system of 1° (divergence and scatter slits).

The oriented samples were scanned through a 2 theta range of 3° 

to 30° at a speed of 2° 2 theta per minute. All samples were then gly- 

colated by a simple but effective method, which consisted of placing 

the oriented sample face down on top of a 100 ml beaker in which a tis

sue had been saturated with ethylene glycol. The beaker was placed on 

a preheated hot plate (i>0oC-70°C). A larger beaker (2$0 ml) was in

verted and placed over the 100 ml beaker and slide to act as a vacuum. 

The slides were left on the hot plate from l|r to 2 hours. The glyco- 

lated samples were then scanned.

Many of the samples were then heated to a temperature of 600°C 

in an oven for at least 2 hours. After slow cooling to prevent crack

ing or warping of the glass, the slides were transferred to the X-ray 

unit and scanned.

The identification of the clay minerals groups follows those 

of Brown (1961):



Mbntmorillonite: Minerals of the montmoidllonite group show a

broad basal peak between 12.ijA and l£*3A, which expands to approximate

ly 1?A when solvated with ethylene glycol and collapses to about 10A 

when heated to temperatures in excess of 200°Ce No attempts were made 

to differentiate the minerals of the montmorillonite group.

Illite: Minerals of the illite group generally show a strong

broad basal peak at approximately 10A that do not expand when solvated 

with ethylene glycol and do not collapse when heated to 600°C. The 10A 

peak is usually reinforced when heated to 600°C.

Kaolinite: Minerals of the kaolinite group show a characteris- .

tic 7A basal peak with supporting basal reflections at 3.56A and 2.38A 

(Griffen, 1962) that do not expand when solvated with ethylene glycol 

and are completely destroyed when heated to 600°C.

Chlorite: Minerals of the chlorite group show a basal spac

ing at about li|A with other spacings developed at higher orders similar 

to kaolinite. The chlorite does not expand when solvated with ethylene 

glycol and does not collapse when heated to 600°C.

Clay minerals in both the kaolin and chlorite groups yield a 7A 

and a 3.56A peak, making it difficult to distinguish between the two 

groups. However, under temperatures in excess of 550°C, the 7A peak of 

kaolin is completely destroyed and any peak that is left at 7A is at

tributed to chlorite. Heating also intensifies the IfoA peak of chlor

ite but generally causes a shift in "d" spacing to about 13.8A (Brown, 

1961). Droeste (1961) reports that the U.75A peak of chlorite can 

also be used for differentiation. The identification of kaolin and 

chlorite was confirmed by heat treatment at 600°C.
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Quartz is the major mineral other than the clay minerals that 

shows up on the X-ray diffraction patterns. It was recognized by a 

strong peak at 3.31|A and a secondary peak at about U.26A. Quartz is 

present in every sample.

Quantitative estimation of the clay minerals was not made in 

the study. The relative abundance of the clay minerals was estimated 

by comparing intensities of the strongest basal peaks. The abundance 

of the clay minerals was described as follows: dominant (D) for those

having the strongest basal reflectionsj strong (S) for those having a 

representative basal reflection; subordinate (So) for those having a 

small basal reflection; and tfrace (Tr) for those showing a trace 

amount. The results are listed in table 3#

The results conclusively indicate that illite is more abundant 

in these sediments than previously thought. Earlier papers on basin- 

fill sediments have reported that montmorillonite is the only clay min

eral in the sediments (Marlowe, 1961; Seff, 1962; and others). Illite 

is also the dominant clay in the lower units, most of which are red 

clays. Montmorillonite, however, is the dominant clay mineral in units 

higher in the section. This change may be due in part to the initia

tion of volcanic activity and to the alteration of the volcanic ash to 

montmorillonite•

Origin. - Because the clays and silts represent the major per

centage of the sediments in the St. David Formation, the origin of the 

clay minerals is important. Clay minerals principally reflect the 

source area (detrital origin) but may also reflect the environment of 

deposition (diagenetic origin). Most studies of Recent terrestrial



58

Table 3« X-ray analysis of the clays in the St. David Formation, 
See text for terminology.

Sample No. Mont n i Chi Ka Green Red Brown

MR-1-2 D D So X
MR—2—62 D D So Tr X
MR—2 —1|. D s So X
MR-2-11A D D So X
GW-2-1 D S? So X
GW-3-2 S D So Tr X
GW-b-2 D So Tr X
GW-li-9 • D D So X
GW—5'—2'V'' So D Tr X
SD-l-l-X* So D Tr Tr X
SD-2-5^ S D So X
sD-1-7 D So Tr X

sD-3-7 D S So X
SD-U-l D S Tr Tr X
SD-U-7 D So Tr X
FR-1-2* So D So X
PR-1-12 D So Tr X
PR-3-2 D S So X
PR-3-8 D D? So Tr X
PR-2-U D S So Tr? X
PR-1-35' So D So Tr X
EP-1-1* S D So X
EP-1-9 D S So X
EP-2-2 D So X
SH-1-11 D S So X
LV-2-62* D So S X
LV—10—62 So D So X
LV-2-1* D ■ So So x. ,
MSiJ—1—1(B D So So Tr X
MW-1-11 D D So Tr? X
MW—1—7 D S So Tr? X
MW-2-lt S D So Tr X
MW—2—22 D So Tr X
MW-3-18 D So Tr Tr? X

MW-3-1U D So Tr? X
MW-3-1* So D Tr X
CR-1-9 S D So X
CR-2-U D S? So Tr X
CR-3-20 D So Tr Tr X
CR-3-26 D So Tr? X
CR-li-12 D D So X
CR-ii-20 D So So • X
CR—1|—2 7 D S So X
CR-3-7 D So So X
SH-1-9 D S So X

^"Signifies clays that are in the lower part of the section.



sediments (Milne and Eardley, 1958; Weaver, 1959) suggest that the kinds 

of clay minerals deposited in these sediments are determined by the com

position of the clay minerals of the source rocks and not by the en

vironment of deposition in the basins.

Illite and montmorillonite are the dominant clay minerals. A 

detrital origin would require that the source rocks be high in these 

minerals. Numerous studies have shown that Paleozoic and Mesozoic 

rocks contain chiefly illite (Grim, 1953; Weaver, 1958)• In fact, il

lite seems to be the stable mineral in most ancient sediments older 

than the Tertiary. The formation of illite in these sediments may be 

due in part to diagenetic changes. Thus, illite in Tertiary and Recent 

sediments would be secondary in origin, i.e., derived from older illite- 

rich rocks in the source areas. This has been demonstrated by the stud

ies of Keller (1956), Milne and Eardley (1958), and Griffen (1962).

The rocks in the Upper San Pedro Valley drainage area contain 

large amounts of marine limestone, shale, sandstone, and mudstone. A 

probable major source for the clays in the St. David Formation is the 

Lower Cretaceous Bisbee Group. The Bisbee Group crops out in thick

nesses up to 1£),000 plus feet and consists primarily of shale and red 

mudstone. The secondary illite is probably derived from erosion or 

from chemical weathering (soils) of the shale and mudstone.

Montmorillonite could have been derived from the erosion of 

montmorillonite-bearing rocks. Another origin, however, is pictured 

by the writer. Volcanism is probably the source of most of the mont

morillonite. The contribution of volcanic ash to the sediments of the 

St. David Formation is indicated by the numerous fresh-water tuffs'and
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other volcanic sediments in the formation. Most of the green clays and 

some of the reddish-orange clays give good montmorillonite peaks, swell, 

and became highly plastic in water, properties that are characteristic 

of altered volcanic ash.

Sediments derived from soil-forming processes could also con

tribute montmorillonite, illite, kaolinite, and chlorite. Evidence 

from fossils indicates that the San Pedro Valley was wetter than at 

present. Soil-forming processes were probably very active, especially 

in the mountains, producing the clay minerals. Conditions for the for

mation of the clay minerals as a part of the regolith have been dis

cussed by Van Houten (19U£>) and Keller (1957) •

Diagenetic changes could also include the alteration of mont

morillonite to illite. Burst (1959)# Powers (1959)# and Weaver (1959) 

have suggested that montmorillonite has diagenetically altered to il

lite in ancient marine rocks. Keller (1963) has documented the evi

dence that diagenesis of illite from montmorillonite takes place, and 

suggests that time, burial depth, geothermal gradient, and activities 

of the essential ions contribute significantly to the diagenetic 

changes. Diagenesis maybe more important to the formation of the clay 

minerals in the St. David Formation than previously stated.

This study represents a beginning in the analysis of the clay 

minerals from basin-fill sediments. Additional studies of the clay 

minerals from the San Pedro Valley as well as from other basins in 

southeastern Arizona are recommended by the writer.
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Red Beds

Field and laboratory observations > - A substantial part of the 

St, David Formation is composed of red-banded, fine-grained sediments 

that typically can be called red beds. These red clays and red muds 

occur throughout the section but are thickest in the lower part. The 

dominant color is moderate brown (5lR3/h) but is also dark reddish 

brown (5R3/U)* Water-well legs show that some units of these red sedi

ments are more than 75 feet thick. Generally the red beds represent 

some of the finest grained sediments and are usually void of carbonates 

except adjacent to limestone units. Drab (green and gray) clays and 

brown clays alternate with the red beds, especially in the upper part 

of the formation. Gypsum occurs in some red beds.

The study of red beds has received considerable attention be

cause they represent an extensive portion of the geologic column, es

pecially in North America and elsewhere, i.e.. South Africa and India, 

During the last decade, a number of papers have been published on the 

subject. Most of the information in this paper is from the work of Van 

Houten (19U8, 1961, 196U). The abundant information indicates that of 

all the iron minerals that are available to provide the red pigment, 

hematite is the most stable and most prevalent pigment in almost all 

red beds (Van Houten, 1961), The ferric oxide occurs in most red muds 

and red clays as very finely disseminated material. Most of the pig

ment is held as a coating on the surface of the clay or as larger det- 

rital grains. On disaggregation of a mud or silt, most of the red 

pigment is concentrated in the clay fraction.
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Although red beds do not owe their color to a greater iron con

tent or to a greater ferric oxide content than is present in many non- 

red beds, results show that there is commonly more of both in red beds 

than in non-red beds of the same sequence (Van Houten, 196U). However, 

a decrease in hematite or the FegO^ content is not necessarily corre

lated with a drab (green or gray) color. Drab colors, except for
+3 +2organic black, generally result from the reduction of Fe to Fe in 

which the reduction is accompanied by removal of some of the iron in 

solution (Keller, 1929} Miller and Folk, 1955)• This could account for 

the lesser amounts of iron in the drab sediments listed in table U, 

which gives the results of the chemical analyses of the total iron con

tent of twenty clays in the St. David Formation. , A standard spectro- 

photometric procedure as used by the Agricultural Chemistry and Soils 

Department, University of Arizona, was followed.

The analyses indicate that in nearly every sample, the FegO^ 

content of the red clays is greater than in the drab clays. Brown 

clays do not show any consistent pattern.

Origin. - Hypotheses for the origin of red beds involve deriv

ing a red pigment from a source area or developing the red pigment at 

the place of deposition. Van Houten (1961) has summarized the current 

ideas as follows:
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Table h* Total iron content of selected clays, St* David Formation

Sample No.
Sediment Color 

Drab* Brown Red Dom. Clay Mineral

EP-1-9 2.73 Mont

GW—Ij.—5 3.03

MR—2—10 3.92

PR-2-2 3.98 Mont

CR-3-20 3.80 Mont

CR-2-12 2.76 •

m-i-ii 3.57 Mont/111?

SD-^-7 U.16 Mont

MR-2-2 5*36

CR-U-13 it*58

l-M-1-8 3.93 Mont

MW-3-1 6.25 i n

m - 2-13 5.29

LV-2-1 lt.88 H I

OR—2—It U.6U Mont

SD-1-1 5.23 111

SD-1-8 5.30 Mont?

GW-5-1 3.61 Ill

MR—2—7 5.00

PR-1-2 5.12 111

•55-Drab clays are chiefly green in color*
Values of total iron are expressed as percent.
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Derivation of pigment

A. From Source Area

1. Erosion of red soil contain
ing anhydrous ferric oxide 
pigment*
Primary Detrital Red Beds

2* Erosion of red bedrock con
taining anhydrous ferric oxide 
pigment*
Secondary Red Beds(Second Cycle)

B. Developed at Place of Deposition

3* Dehydration of goethite, aging 
of hydrohematitej alteration of 
ilmenite-magnetite or biotite. 
Post-Depositional Red Beds

4* Precipitation of anhydrous 
ferric oxide or of hydrated 
ferric oxide later dehydrated* 
Chemical Red Beds

Condition at place of deposition

1. Oxidizing; favored by warm, 
dry climate; well-drained 
area.

2, Oxidizing; favored by warm, 
dry climate; well-drained 
area.

3a. Oxidizing; hot, dry climate 
produces anhydrous ferric 
oxide before burial.

3b. After burial; produces anhy
drous ferric oxide.

4* Oxidizing; favored by warm 
dry climate,and saline 
water*

The writer believes that evidence supports both a secondary and 

post-depositional origin for the St. David Formation red beds. Evidence 

for the red beds having been derived from some red source areas (a sec

ondary origin) will be discussed first.

Ferric oxide pigment is commonly associated with clays and clay 

minerals and, therefore, can be transported with clay minerals. Men

tioned earlier was the supposition that the clays in the St. David For

mation may have been derived from older sedimentary rocks in the source 

area. A possible major source for the red pigment in the clays is the 

Lower Cretaceous Bisbee Group, which contains numerous red mudstones 

and shales. The ferric oxide would then be inherited from older red

beds.



Van Houten (1961) points out that many red beds are associated 

with volcanic rocks and implies that the weathering of relatively 

easily decomposed volcanic rocks in the source area may have produced 

some of the red pigment in the red beds. Volcanic rocks constitute a 

considerable portion of the mountain areas in the Upper San Pedro Val

ley, especially in Mexico, and may have been the source of some of the 

red pigment.

Some of the clays may have been derived from upland soils under 

conditions of restricted weathering and alkaline environment, and the 

ferric oxide pigment could either be primary or secondary.

Evidence for the red coloration forming at the place of deposi

tion (post-depositional origin) will now be considered. The red color 

is uniformly distributed in the red sediments. The uniform distribu

tion is difficult to account for if the ferric oxide was inherited as 

red pigment from the source area. If the red pigment was derived from 

the source area, the red coloration would probably not be uniformly 

distributed throughout the sediment and would present a mottled appear

ance .

Present alluvium in stream washes that is derived from the red 

beds of the St. David Formation is not red but brown. Granite wash in 

streams is not red, but granite wash in place is becoming red. The for

mation of reddish-brown clays in an oxidizing environment from the al

teration of brown clays and muds through the aging and dehydration of 

the brown ferric oxide would be more in accord with the idea that brown 

clays and muds instead of red clays are being deposited in modem en

vironments (Van Houten, 1961;). The brown ferric oxide in the clays and
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soils could be altered to hematite diagenetically in place to account 

for the red pigment in the sediments*

Accordingly, the source area would determine whether or not the 

sediments would be initially red; conditions in the basin of deposition 

would detennine if the sediments would stay red, become red, or be con

verted to another color (presumably a drab color)#

Limestone

Field characteristics# - Fresh-water limestones form a small 

part of the silt and clay sequence but are important and distinctive 

marker beds for distinguishing and correlating stratigraphic units#

They range in thickness from a few inches to a few feet, the average 

thickness being about 8 or 9 inches * Some limestones grade laterally 
into green clays and "caliche” cemented clastic units or into tuffa- 

ceous limestones and tuffs. Erosion and the present outcrop pattern 
have made it nearly impossible to trace any individual limestone unit 

over any great distance*

The exposed limestone ranges from hard to soft and chalk-like j 

weathering seems to produce a resistant capping on the surface. Frac

tures cause the limestone to break down into rough, irregular blocks 

or rounded nodules• The limestones are characteristically white (N-9) 

to light gray (N-7), although some are grayish orange (10YR7/W and 
yellowish brown (10YR5A)* These units develop a steep ledge and slope 

topography, but in places where organic remains constitute the frame

work, the limestone is a vertical cliff-former.



Thin section study and classificationo - The classification and 

terminology of fresh-water carbonates have largely been neglected by 

carbonate workers in spite of the excellent work that has been done on 

carbonate rock classification in the last decade, Part of this problem 

is caused by the apparent paucity of fresh-water limestones in the geo

logic column, especially in rocks older than the Cenozoic, and their 

non-economic value*

Folk (19^9) has proposed a classification of marine carbonate 

rocks that has been erected primarily on a texture-composition basis 

but which also has genetic implications. Thus his classification is 

not only descriptive but also interpretive and may be applied to fresh

water carbonate rocks.

All of the fresh-water limestones in the St. David Formation 

are very fine grained and fall into the micrite family of Folk's clas

sification. Micrite is the term for microcrystalline calcite grains 

1 to It microns in size. It may also be likened to a lime mud (Fig.

18). Micrites that contain from 1 to 10 percent fossils are called 

fossiliferous micrites; those containing greater than 10 percent fos

sils are called biomicrites (Fig. 19).

Some of the biomicrites make up thick limestones. One common 

type is the Chara-bearing limestones. In a number of places, the Char- 

aceae acts as a framework-builder resulting from the lime encrustation 

formation. In thin section, these algae form small elliptical shapes 

with clay within the organic framework (Fig. 20). The central portion 

of the algae may be filled in with sparry calcite. In one place in 

the Curtis Flat area, the algal limestone unit is approximately eight
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Figure 18 - Typical micrite in St. David Formation. Vein (sparry) 
calcite has filled the fracture zone. (X80, cross 
nicols).

Figure 19 - Fossiliferous micrite in St. David Formation. Typi
cal ostracode near center of picture. (X50, plane- 
polarized light).



68



feet thick. Commonly, the Ohara bogonia or portions of them, especial

69

ly the spiraled gyrogonites, become strongly calcified and are common 

in some limestones (Fig. 21).

The classification of the limestones as micrites or fossilifer- 

ous micrites indicates formation of lime muds in a low energy environ

ment —  in quiet or very sluggish water devoid of persistent current 

action or wave motion. Many of the fossils are whole and unbroken 

and/or are not mechanically abraded, which is another indication of 

quiet water environment.

Not all the limestone material consists of micrites or biomi- 

crites. Fractured zones and solution cavities are commonly filled with 

vein calcite (microspar). These crystals are generally coarsely crys

talline and fill in the cavities and channelways. Vein calcite is also 

found as secondary filling in fossil shells, especially in ostracode 

shells. In places where vertebrate fossils have been found in the 

limestone, the core or shaft of the bone has been filled with secondary 

calcite.

Many of the limestones were described as marls in the field.

To determine the accuracy of this identification, wet chemical analysis 

was used to determine the CaO and MgO employing the EDTA (Versenate) 

technique of Bisque (1961)5 results are given in table 5. The amount 

of magnesium as MgO was low. It is probably present as MgCO^ in solid 

solution with the calcite and not as dolomite.

Insoluble residue percentages were determined on 10-gram sam

ples using 3N hydrochloric acid to dissolve the carbonate. The residue



Figure 20 - Algal (Ohara?) structures, which are elliptical and 
somewhat rounded in shape, are usually surrounded by 
clay (black areas). The center portions of the al
gal structures are usually filled with vein calcite. 
(X225, plane-polarized light).

Figure 21 - Cross-section of two spiraled Ohara gyrogonites sur
rounded by other algal material. Ohara is quite 
abundant in the limestones. (X225, plane-polarized 
light).
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Table 5» Classification of the carbonate rocks according to GUerrero 
and Kenner (1955)*

Sample No, 5 CaCCy % MgC03 % Insol Remarks

95.10 0.84 4.0 Limestone
86«00 0.84 12.0 marly Limestone
95.20 i.5o 4.0 Limestone
89.20 , 1.30 9.0 marly Limestone
86.20 3.00 9.0 marly magnesian Ls
76.60 2.00 20.0 marly Limestone
94.00 2.00 4.5 Limestone
90.00 1.80 8.0 marly Limestone
96.20 3.90 — — — magnesian Limestone
87.20 1.80 11.0 marly Limestone
89.20 2.70 8.0 marly magnesian Ls
89.80 2.20 7.0 marly Limestone
88.40 i.5o 8.0 marly Limestone
85.20 2.20 11.0 marly Limestone
87.00 2.90 10.0 marly magnesian Ls
92.00 0.84 8.0 marly Limestone
96.60 1.20 4.0 Limestone
96.20 1.00 3.0 Limestone
68.20 1.50 28.0 Marl
94.20 0.50 5.0 marly Limestone
94.40 1.70 4.0 Limestone
98.00 1.70 1.0 Limestone
98.20 0.84 1.0 Limestone
85.00 2.70 12.0 marly magnesian Ls
85.60 2.40 31.0 marly magnesian Ls
94.00 1.20 4.0 Limestone
96.20 1.00 3.0 Linestone
68.80 1.20 29.0 Marl
96.40 1.50 2.0 Limestone
88.60 4.20 7.0 marly magnesian Ls

CR-1-10 
OR—2—6 
OR—2—lit 
CR-3-llt 
CR-3-21 
CR—it—2 

-1-10 
-3-1
-lt-12
-U-lU -5-io 
-1-6 
-2-h e  
->-5 
-3-9 
-1-12 
-2-10 
-2-23 
-3-15 

PR-1-7 
PR-3-19 
PR-3-9 
PR-3-3A 
SD-1-7 
SD—1—10 
SD-2-8 
SD-3-3 
SD—It—10 
LV-2-63 
MR-3-62



72

weights were checked against the results of the EDTA method, and in 

most samples, the amounts of the insoluble residue by the weight-loss 

percentage method checked favorably with the EDTA method. The amount 

of insoluble residue recorded by the EDTA method is more accurate than 

the weight-loss percentage method. Binocular examination of the insol

uble residues showed a high clay content, although siliceous organisms 

and silt-size quartz particles are present. The results, as presented 

in table 5, indicate that most of the limestones contain some insoluble 
residues•

The classification used for the chemical analyses was adapted 

from the classification of Guerrero and Kenner (1955) in which the dolo- 

mite-calcite mixture is plotted against the percent of clay. Because 

clay makes up most of the insoluble residue, the writer used clay and 

insoluble residue interchange ably in the classification as shown in 

table 5.
The results of the chemical analyses indicate that most of the 

fresh-water carbonate rocks are truly limestones and not marls, although 

there was a tendency to call some limestones in the field marls because 

they had a weathered chalky appearance.

There is little evidence to indicate the agent responsible for 

precipitation of the limestone in some localities» It is not known how 

much other micro-organisms have contributed to the precipitation of 

calcium carbonate or how much of the calcium carbonate is really formed 

by chemical reactions not related in any way to organic activity. Cer

tainly, the conditions must have been right for the precipitation of 

calcium carbonate by physico-chemical processes.
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Field and laboratory characteristics. - The content of pyro

clastic material in the sediments varies from vitric tuff to tuffa- 

ceous limestone and altered volcanic ash. Most of the tuff is 

associated with lacustrine units on the west side of the valley. It 

is predominantly white in color but may be pink.

The tuff is almost entirely composed of glass shards of fine 

sand to coarse silt size. The shards may be elongated, striated, 

crescentic, or spindle-like in shape. Bubbles are common. Most of 

the shards are isotropic, colorless to light brown, and sharp, which 

indicates that the shards are not devitrified (Fig. 22).

The tuff units grade laterally into tuffaceous limestone units 

that exhibit similar characteristics of the tuff. The tuffaceous lime

stone is highly fossiliferous, very light in weight, and porous. In 

thin section, the rock contains glass shards and clastic material.

The matrix is a limy clay (ash?). The calcite is probably directly 

related to the plant fossils, notably Characeae, sedges, and tules. 

Stems of the sedges and scouring rushes are large enough to be seen 

in hand specimens. Diatoms are abundant in some tuffaceous units, 

but snails, clams, and ostracodes are also locally plentiful. Clastic 

material consists of quartz and feldspar grains. Muscovite is abundant 

while biotite is sparse. The opaque minerals are generally magnetite 

and ilmenite(?).

The tuffaceous silt units are recognized in the field by their 

color (usually pink), lightweight, and porous appearance, and high

Tuff
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amount of clay matrix. In thin section, the glass shards are partly 

altered to clay. Green and pink clay, which behave very much like ben

tonite, commonly grade upward into tuff and tuffaceous limestone. In 

water, these units swell and become sticky and plastic. In hand speci

men, they show a waxy luster, especially when carved with a knife. A 

thick green bentonitic clay is being quarried in section 21, T. 17 S., 

R. 20 E. It is directly underlain by a pink tuffaceous clay. The pink 

tuffaceous clay beds have been found only in association with tuff and 

tuffaceous limestone.

A direct relationship exists between the tuffaceous sediments 

and the structure zone on the west side of the valley. Major tuff 

units as much as 7 feet thick occur only in the vicinity of the struc
ture and rapidly thin out and grade into limestone to the east and 

west. The structure zone apparently represented a small linear sub

siding trough in which the volcanic ash was deposited and was not sub

sequently eroded when the lake or lakes disappeared. Sedges and 

scouring rushes in some areas indicate that sedimentation kept up with 

subsidence and that the lakes were shallow.

Origin. - The source of the volcanic material in the sediments 

is not readily apparent in the San Pedro Valley. A small basalt flow 

near Tombstone is the only volcanic unit near St. David that is consid

ered to be Late Cenozoic (Butler and others, 1938). Volcanic ash and 

glass shards are the most abundant volcanic material in the sediments, 

suggesting that the chief mode of transportation was probably through 

the air. Evidence of Quaternary volcanic eruptions are widespread 

throughout southeastern Arizona and southwestern New Mexico so that



the source of the volcanic material might be at some distance from the 

site of deposition in the San Pedro Valley. The amount of volcanic 

material may have been great, but weathering and erosion probably al

tered or removed the volcanic ash, except in some lacustrine units.

A definite break, marked by the deposition of tuffaceous units, 

occurs at about 3775 feet elevation, especially on the west side of the 
valley. Laboratory studies show that a change from predominantly il- 

lite to montmorillonite in the clay units and an increase of euhedral 

basaltic hornblende occur in a number of units above this break. The 

basaltic hornblende probably indicates an increase in volcanic activity.

Chert

Field and laboratory characteristics. - Silica, in the form of 

opal and chert, is found associated with some of the tuff and tuffa

ceous limestone. Chert bodies are confined to discontinuous lenses in 

the tuff. They are commonly nodular, very irregular, and dense. The 

shapes are infinitely varied and show rounded contouring and knobby 

protuberances. The exterior of the nodules has a white porous coating 

(cotton rock), while the interior is generally concentrically banded. 

The outer bands are white chert that has a porcelanous appearance.

The core is of yellow vitreous opal or opaline chert (Fig. 23). The 

constituents seen in the microscope are opal, chalcedonic quartz, and 

microcrystalline quartz. Much of the material is isotropic in which 

numerous minute birefrigent specks occur. These specks probably repre

sent opaline material which is beginning to alter to microcrystalline 

quartz. The chalcedonic quartz generally fills the larger spaces.



Figure 22 - Photomicrograph of glass shards in a tuff of the St, 
David Formation. A bubble is shown on the right. 
(X225).

Figure 23 - Knobby chert and opaline nodules in a tuff located
in SW4NW5NW4 sec. 12, T. 18 S., R. 20 E. Lower mas
sive unit is a tuffaceous limestone which is fossil- 
iferous. Upper units show soft-sediment compaction 
that may be related to the formation of chert from 
opal.
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Origin. - The association of volcanic ash and chert is well 

known. Chert and opal are often associated with continental volcanic 

sediments and siliceous organisms which are chiefly diatoms and other 

siliceous plants (Swineford and Franks, 1959; BramLette, 19U6).

Krauskopf (1959# p. 17) reports that the direct precipitation 

of gelatinous silica by water can take place only where volcanic ac

tivity supplies high concentrations of silica. Such solutions may be 

derived from the decomposition of the volcanic ash. Diatoms and other 

siliceous organisms may flourish in such an environment, but their 

presence should not be essential for precipitation of silica. Alkaline 

solutions are favorable for the formation of siliceous gelatinous flows 

(Krauskopf, 1956, p. 2U).
The formation of the chert bodies in the tuffaceous sediments 

and their conformity to the bedding suggests that they formed as sili

ca gels on the bottom of lakes in which volcanic ash accumulated. 

Similar conditions have been noted in Cenozoic sediments in Nevada 

(Regnier, I960, p. 1210).

Paleosols

Ancient soil zones (paleosols) and caliche layers represent a 

substantial part of the upper units of the St. David Formation. These 

soil zones, for the most part in silt- and clay-size material, vary in 

thickness from several inches to as much as four or five feet. They 

are commonly parallel to the sedimentary units so as to give a banded 

appearance. Most paleosols consist of an upper carbonate-free reddish- 

brown clay or silt layer that becomes progressively lighter in color



downward. The soil may be massive and structureless, or may show pris

matic structure. Prismatic structure, however, is also recognized in 

non-soil clay. The lower part of the silt or clay layer may contain 

minute vertical veinlets of calcium carbonate which may extend downward 

into a carbonate-enriched (caliche) layer.

The caliche layer is a layer of carbonate-enriched silt or 

clay, or locally, sand and gravel. The caliche layer probably formed 

by evaporation and deposition of carbonates in the Cca horizon of a 

soil that has been leached from the A and B horizons by descending sur

face waters (Brown, 1956, p. lit). The thickness of the caliche layer 

and the amount of carbonate it contains varies widely in the different 

units. Commonly the caliche forms an irregular network of discontinu

ous vertical veinlets that weather to pitted and knobby ledges. It 

also occurs as irregular masses an inch or two in diameter resembling 

limestone nodules or it may be finely and somewhat uniformly distri

buted through the caliche layer (Figs. 2k and 25).

Locally, the caliche layer is not present. Schultz, Tanner, 

and Harvey (1955, p. 9) have pointed out that less mature soils may 

be buried before much leaching has taken place so that a caliche layer 

may not form. This may be the situation of some of the soils of the 

St. David Formation. In other instances, the caliche layer is the only 

portion of the soil profile that is present. The upper portions of the 

soil probably were eroded prior to deposition of the next unit.

A number of problems are apparent in the recognition of the 

soil zones. Paleosols resemble very closely the sediments from which 

they are derived so that criteria such as color, prismatic structure,
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Figure 2k - Paleosols and caliche layers in silt and clay units in 
the upper part of the St. David Formation. Wash is 
located in SE^NE|- sec. 2i>, T. 18 S., R. 21 E. Arrows 
point to caliche layers.

Figure 25 - Paleosols and caliche layers in SE|SW|- sec. 2k, T. 18 
S«, R. 21 E. The lower soil unit is represented only 
by the caliche layer. The green-gray soil unit in the 
upper part of the picture grades laterally into a 
green clay of lacustrine or swamp origin.
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or caliche layers may not be enough to differentiate the weathering 

processes from the sedimentary processes*

Green clay and limestone units that are definitely lacustrine 

or swampy in origin also contain caliche zones. In a number of places, 

a caliche layer in a green clay or limestone grades laterally into a 

lacustrine green clay or limestone, indicating that some areas were 

probably exposed to weathering as the swamps and lakes decreased in 

size or dried up.

Climatic implications of caliche zones of fossil soils have 

been pointed out by Bryan and Albritton (19U3, p. U88), who consider 
that successive caliche zones indicate a record of relatively arid 

conditions. The recognition of successive caliche zones in the upper 

part of the St. David Formation would then suggest a trend toward more 

arid conditions.



PALEONTOLOGY

General Statement

Fossils are locally abundant in the lacustrine units of the St. 

David Formation. Fossil vertebrates have generally proved of greatest 

value for regional and continental correlations. Their use in local 

correlation is hampered because they occur in a number of units, none 

of which can be correlated over any great distance. Fossil mollusks 

and ostracodes occur in a number of beds, but their use for correla

tion is somewhat limited because most of them are similar to modem 

species. They are useful, however, as ecological indicators. Fossil 

plants are probably the most widespread fossils, but their microscopic 

size makes them difficult to recognize in the field.

Plants

Fossil plants are restricted principally to the limestone and 

tuffaceous units, but they also occur sparsely in green clay and brown 

limy silt. Where possible, the fossil plants were classified to gen

eral groupings. The most abundant plant fossils belong to the algae 

group. These consist of diatoms, the Characeae, and blue-green 

algae(?).

The diatomaceous sediments contain as much as 30 percent dia

toms but vary widely. The Characeae occur in limestone, tuff, and 

green clay. In some units, the framework of the rock is made of Chara

ceae fragments. Commonly, the bogonia or portions of them, especially 

the spiraled gyrogonites, are beautifully preserved (Fig. 21). In
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addition, the stem fragments and roots(?) are represented as heavily 

encrusted, brittle, tubular fragments•

Davis (1900, p. It95) has reported that "... filamentous blue- 

green algae (Cyanophyta) commonly grow in masses of spheroidal to 

ellipsoidal shapes in fresh water." These colonies start at some point 

of attachment and grow outward radially in all directions, each fila

ment precipitating calcium carbonate tubules. In cross section, the 

algae resemble a semi-circle or a fan and show radial and concentric 

textures. David names these structures "algal, pebbles" because they 

resemble balls or pebbles in shape. A number of these "algal pebbles” 

have been found in the St. David Formation, apparently weathering out 

of the limestone. They are small and are sometimes overlooked because 

of their similarity to limestone nodules. No doubt these algal forms 

are more prevalent and widespread than they appear to be.

Some other fossil plants are the scouring rushes (Equisetales) 

and the sedges (Cyperaceae). The scouring rushes have been referred 

to the species Equisetum by Richard Hevly (personal communications, 

196U), and consist of vascular plants represented by siliceous stems 

marked by nodes at the joints. A number of tooth-like ridges join to

gether at the base of the nodes• The fossil parts of the sedges are 

commonly trigonous calcareous stems and corm-like basal portions. The 

stems are straight and generally end in a triangular base. The corm- 

like basal portions are nearly spheroidal in shape. The surface is 

divided into small platelets with indentations in the middle of the 

platelets. The scouring rushes and sedges are directly related to
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living species* They are principally shallow-water plants and live in 

a marsh-type environment.

The requirements of the physical environment for fresh-water 

plants have been outlined by Conger (191*2), Davis (1900), Johnson 

(1961), and Wendorf (1961). Shallow, quiet or slow moving waters, 

slightly alkaline to alkaline (pH 7*0 to pH 9*5), are necessary for 

growth. An appreciable amount of carbonate and an excess of silica 

(for diatoms and scouring rushes) in the water are also necessary for 

growth. The depth of the water is from approximately one-half to 9 

meters.

Mollusks

The fossil molluscan faunas discussed in this report were col

lected from the west side of the San Pedro Valley. They represent the 

first known fossil molluscan assemblages reported from the Blancan 

sediments of this area.

The fossil mollusks were collected from three localities and 

sent to Dr. Dwight W. Taylor at the U. S. National Museum in Washing

ton, D. C., for identification. His report is given belowj also see 

table 6.

Report on referred fossils

Post Ranch locality (U.S.G.S. loc. #2356?). 600 ft. E., 11*00 ft.
S. of NW cor. sec. 27, T. 17 S., R. 20 E.; #3790 feet elevation.

California Wash locality (U.S.G.S. loc. #23599). 1900 ft. N.,
600 ft. W. of SE cor. sec. 35, T. 18 S., R. 20 E.j About 3950 feet 
elevation.



El Paso Natural Gas Pipeline locality (U.S.G.S* loc. #23600). 1800
ft. N., 900 ft. W. of SE cor. sec. 23, T. 18 S., R. 20 E.j About 3890 
feet elevation.

None of the localities has yielded a wide variety of species, 
and all of those present have a tolerance for a range of habi
tats. None of the aquatic species are characteristic of peren
nial water bodies, and all can live in seasonal ponds. The 
terrestrial snails can live in areas of grass and shrubsj these 
are non characteristic of deep humus or forest. These features 
of the molluscan assemblages suggest that the water bodies were 
seasonal and may have been dry part of the year, and that although 
there were damp and protected situations (for example among tus
socks of grass and in leaf litter under bushes) practically all 
year, there was no dense vegetation. Thus the climate was season
al, with a dry season, and probably subhumid rather than semiarid 
or humid.

Age and Correlation

One of the interesting features of the mollusc fauna is that 
it is a Great Plains assemblage. All of the species occur in 
the early and middle Pleistocene faunas of the southern High 
Plains, and none of the genera or species now restricted to the 
southern Rocky Mountains or Colorado Plateau are present (possi
ble exception is Physa virgata, but probably this is the same as 
Physa anatina of the Plains). Such species as Gastrocopta cris- 
tata, G. tappaniana, Pupoides albilabris. Vertigo milium and V. 
ovata live today in southern Arizona at or close to the western 
limit of their ranges. Their wide range is correlated with the 
ability to live in semiarid and semihumid regions with summer 
extremes of heat and with a deficiency of moisture for part of 
the year.

Assigning an age to these molluscs on the basis of known 
molluscan faunas is risky, because there are no available faunas 
nearby for comparison, and correlation with faunas in the High 
Plains rests on the assumption that there has been a similar se
quence of faunas. If one makes this assumption then these Ari
zona molluscs are Pleistocene rather than late Pliocene. The 
diagnostic species are Gastrocopta cristata and Vertigo ovata. 
Torquis circumstriatus has not been found in Blancan faunas 
previously, but probably ranges well back into the Pliocene.

The mollusk shells, although very fragile, have been well pre

served. In many instances, even the larger thin shells are whole.

This signifies that little or no transportation has occurred. The
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Table 6. Blancan fossil mollusks of the St. David Formation (after 
Taylor, dittoed report, 196)4).

U.S.G.S. locality numbers
2326? 23299 23600

Freshwater clam:

Pisidum cf. P. casertanum (Poll)

Freshwater snails:

Fossaria dalli (Baker)

Lymnaea caperata Say

L# cf. L. elodes Say x

Nasonia bulimoides techella (Halderman) x

Torquis circumstriatus (Tyron)

Promenetus kansasensis (Baker)

Promenetus umbillicatellus (Bater) x

Physa virgata Gould x

Land snails:

Gastrocopta cristata (Pilsbry and Ferriss) x 

Gastrocopta tappaniana (Adams)

Pupoides albilabris (Adams) x

Vertigo milium Gould

cf. Succinea x

Deroceras aenigma Leonard x

Hawaiia minuscula (Binney)

Vertigo ovata Say

x

x

X  X

X  X

X

X

X  X

X  X

X

X  X

X

X

X

X
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assemblage is dominated by the aquatic species, and although a number 

of terrestrial forms are represented, they are not abundant* The scar

city of the land snails might mean that their habitat was not close to 

the site of deposition* Upon death, however, the individuals were 

washed into the lakes and ponds*

Ostracodes

Fresh-water ostracodes are the most widespread fossil fauna oc

curring in many limestone beds as well as some green clay beds. Speci

mens from a number of localities were identified by Dr. I. G. Sohn of 

the U. S. National Museum, Washington, D. C. His report is given be

low; also see table 7*

Report on referred fossils

California Wash locality #1 - same locality as mollusk 
sample.

California Wash locality #2 - (new) NE^SE^ sec. 36, T. 18 
S., R. 20 E.; About 38$0 feet elev.

El Paso Natural Gas Pipeline locality - same locality as 
mollusk sample.

The assemblages are typically fresh-water pond and lake 
biotas. The California Wash locality #2 suggests a somewhat 
different environment from the other assemblages, either a 
larger body of water, or a slightly saline body of water. 
Presently not enough is known about Blancan ostracodes to as
sign an exact age.
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Table ?• Blancan fossil ostracodes of the St. David Formation (after 
Sohn, dittoed report, 1961;).

Calif. Calif. El
Wash Wash Paso
#L #2 loc.

Cypridopsis of. C. vidua 
(Muller, 17767 X X X

Limnocythere of. L. staplini 
(Guttentag and Benson, 1962) X

Limnocythere sp. X X

Candona cf. C. renoensis
(Guttentag and Benson, 1962) X X ?

Candona sp. X

Candona spp. X

Candona sp. (differs from above) X

Candoniella or Candona 
(Pseudocandona) sp. X X X

Heterocypris or Eucypris sp. X X?

Cyclocypris? sp. X

Potamocypris sp. X

Cyprideis sp. or spp. with and 
without nodes X

Darwinula sp. x
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Vertebrates

The collection of fossil vertebrates from deposits of the St* 

David Formation have come to be of much significance to stratigraphers 

and vertebrate paleontologists * As originally described, the place

ment of the beds within the Blancan and post-Blancan of the North 

American land-mammal ages was based entirely on the contained verte

brate fossils. The vertebrate fossils are also the primary evidence 

in the continental Plio-Fleistocene boundary problem in the Southwest*

This project marks the first significant work on the verte

brate fossils since 19h2* In addition to the original Benson and 

Curtis Ranch localities, new localities on both sides of the valley 

were discovered. These localities are shown in figure 26 and described 

below.

Blancan faunal localities * - (a) Mendevil Ranch: S^SW^SE? sec.

8, T» 17 S., R. 20 E.j elevation 3837 feet; west side of the valley. 

This locality has yielded more fossils than the original Benson local

ity. Fossils are primarily in a green clay, but some come from fresh

water limestone.

(b) Post Ranch: SEg- Sec. 21, NW^ sec. 27, and sec. 28,

T. 17 S., R. 20 E.; elevation 3795 to 3810 feet; west side of valley.

A number of sub-localities in and around the Post Ranch have yielded 

numerous fossils. One locality in particular (1*7-1) has yielded a col

lection of small vertebrate fossils, especially rodents and rabbits.

The Post Ranch area is an extension along the structure zone of the 

original Benson locality. Fossils have been found in green clay.



Figure 26 - Location of vertebrate fossil localities in the St 
David Formation near St. David and Benson, Arizona
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limestone, tuffaceous limestone, and tuff. In one locality, good fos

sils have been recovered from a brown, silt.

(c) San Juan (Middle Whetstone Road): NE^SE^SE^- sec. 11, T.

18 S., R. 20 E.j approximate elevation 3825 feet; west side of the val

ley. This locality has yielded a number of specimens of the two horses 

in the Benson fauna. The sediments are green clay and limestone.

(d) El Paso Natural Gas pipeline locality: SW^NE%5E% sec. 23,

T. 18 S«, R. 20 E.; approximate elevation 3890 feet; west side of val

ley. This locality has yielded more invertebrate fossils than verte

brate fossils. The chief sediments are green clay and tuff.

(e) California Wash: NE|NW|SEi sec. 25, T. 18 S., R. 20 E.;

elevation 3950 feet; west side of the valley. It has yielded good 

invertebrate fossils and excellent plant fossils as well as vertebrate 

fossils. Specimens, of the two Benson horses were found. The sediments 

are primarily a green clay and a tuffaceous limestone.

(f) McRae Wash: SE^NE^NE^- sec. 3U, T. 17 S., R. 21 E.; eleva

tion 3960 feet; east side of the valley. This locality is significant 

in that it definitely establishes the presence of Blancan fauna on the 

east side of the valley. It has yielded abundant Nannippus as well as 

Plesippus bones and appears to be rich in small vertebrate remains.

This unit, a green clay, or its equivalent is also found a mile south 

and contains a Blancan fauna.

(g) A number of vertebrate fossil fragments of Blancan age have 

been found in other units on the east side of the valley. These local

ities are all below 3960 feet elevation and contain only scattered 

fragments. In the Curtis Flat area, Philip Seff (personal communication,



1963) has reported that Nannippus occurs with post-Blancan fauna at or 

near 3960 feet elevation (California Institute of Technology locality) *

(h) A number of scattered fossil fragments have been found in 

green clay and limestone along the structure zone. In most places, 

further excavation has yielded sparse material.

Post-Blancan faunal localities. - (a) Curtis Flat area: E-g sec.

22, T. 18 S., R. 21 E., and sec. 30, T. 18 S., R. 22 E.j approximate 

elevation U000 to U100 feet; east side of the valley. A number of post- 

Blancan fossils have been found in beds corresponding to or younger than 

the original Curtis Ranch locality in Curtis Flat. These sediments are 

primarily green and gray clay, but locally sandstones contain fossils.

(b) Scattered bone fragments have been found in a number of 

beds on both sides of the valley in elevations higher than 1:000 feet, 

but none have been diagnostic.

The problem of preparation and identification of the various 

vertebrate fauna in the St. David Formation is not within the realm of 

this report. The following lists of vertebrate faunas represented in 

the local assemblages in the St. David Formation are only a preliminary 

summary gleaned principally from the literature and the initial work 

done during 1963 and 1961; (Tables 8 and 9).

Age and correlation. - A discussion of the age of the vertebrate 

fossils in the St. David Formation is in effect a discussion of the age 

of the formation. The initiation of the North American land-mammal ages 

by the Wood committee (I9l;l) established the Blanc an through the faunal 

assemblage from Mt. Blanco, Texas, and assigned a Late Pliocene age.
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Table 8. Blancan vertebrate fauna near Benson and McRae Wash, Arizona

Benson, Arizona

Teleostei: miscl. Mammalia:

Amphibia: Canidae
Boraphagus

Urodela Mustellidae
Ranidae Fells sp. 

Citellus bensoni
Reptilia: Prodipodomys ? minor 

Nerterogeomys ? minor
Kinostemon arizonense Cratogeomys bensoni
K, flavescens Geomys sp.
Testudo ? sp. Geomys minor
Crotophytus ? sp. Baiomys minimus

Peromyscus sp.
Avesi Bensonomys arizonae 

Sigmodon medius
Ondontophoridae Onychomys bensoni
Chloroenus micula Neotoma fossilis
FringilUdae Hypolagus sp.
Branta minuscula Sylvilagus bensoni
Anatidae Cuvieronius ? bensonensis
Gallinula sp. Mammut sp.
Colymbus sp. Pratilepus sp.
Querquedula sp. Nekrolepus sp.
Dendrocygna eversa Nannippus phlegon 

Equus (Plesippus) sp.Anabemicula minus cula
Agriocharis sp. Platygonus sp.
Colinus sp. Camelidae
Micropalma hestemus Tanupolama sp.
Corvus sp. Texoceras sp.
Junco sp, 
Aves: miscl.

Soricidae

McRae Wash, Arizona

Reptilia: Mammalia:

Testudinidae Nannippus phlegon
Equus \Plesippus) sp. 
Rodentia 
Camelidae 
Odocoileus sp.

Carnivora 
Mustellidae 
Lagomorpha 
Fells sp.



Table 9, Post-Blancan vertebrate fauna at Curtis Ranch (Curtis Flat 
area), Arizona

Curtis Ranch, Arizona

Amphibia Mammalia:

Ambystoma sp. Simonycteris stocki
Ranidae Glyptotherium airizonae 

Canis edwardi 
Spilogale pedroensis

Reptilia: Felis cf. lacustris 
Citellus cochesi

Testudo sp. Perognathus sp.
Coluber sp. Dipodomys gidleyi
Crotalus sp. Dipodomys sp.
Lampropeltis sp. NerteroReomys persindllis 

Geomys sp.
Geomys tuskeri

Aves: Baiomys brachygnathus 
Sigmodom curtisi

Ondontophoridae Sigmodon minor
Columba micula Onychomys pedroensis
Aves: miscl. Ondatra sp.

Lepus californicus
SylvilaRUS floridanus 
S te Romastodon arizonae 
Capybara sp.
Eguus(s.sT) sp.
Equus XAsinusT callobatus. 
Tanupolama longurio 
Camelidae 
Capromeyx gidleyi 
Odocoileus sp.



The Benson fauna was considered to be a correlative since it contains 

these guide fossils: Plesippus, Nannippus phlegon, and Borophagus(?)»

Gazin (I9l;2) concurs with the Late Pliocene age for the Benson 

fauna and equates the assemblage to other Blancan faunal assemblages, 

namely, Blanco, Texas j Hagerman, Idaho; Coso Mountain, California; 

Tehama, California; and Meade County, Kansas. He considers the Benson 

fauna to be slightly older than the Blanco fauna of Texas but still 

within the Blancan age, and the Curtis Ranch fauna to be slightly 

younger than the Blanco fauna but definitely post-Blancan in age. He 

also considers the Hagerman fauna to be very close in age to the Benson 

fauna.

Gazin suggests an early Pleistocene age for the Curtis Ranch 

fauna. This age is based on the presence of Equus (s..s.), Glyptother- 

ium arizonae, Lepus and Sylvilagus, and the absence of Nannippus 

(Gazin, 19h2)•

In recent years, it has been shown that some of the local Blan

can faunas considered as Late Pliocene are actually early Pleistocene 

(Schultz, 1937; McGrew, 1924*; Meade, 191*5; Hibbard, 192*9, 1957). Pres

ently, the Blancan is considered by some geologists as Late Pliocene- 

early Pleistocene (Hibbard, 1957) and by others as early Pleistocene 

(Savage, 19&; Flint, 1957; Taylor, 1957).

Hibbard (1957), Flint (1957) and others have also equated the 

Pleistocene land-mammal ages (Blancan, Irvingtonian, Rancholabrean) to 

the glacial intervals. Flint places the Blancan-post-Blancan (Irving- 

tonian?) boundary within the Kansan interval. Hibbard reports that 

Equus (s.s.) is unknown in North America before the late Kansan.



Therefore# the presence of Equus (s*s*) in the Curtis Ranch fauna would
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put this post-Blancan assemblage in the late Kansan. The discovery of 

the limb bones of a horse, which are very similar to those of Equus 

(Asinus) callobatus known from localities in Texas and Oklahoma consid

ered to be middle Pleistocene age (Lance, 1963), and Geomys remains, 

which were identified by Paul Wood (personal communications, 1963) as 

belonging to a new species known from the middle Pleistocene in the 

San Simon-Gila Valley, Arizona, tends to confirm a middle Pleistocene 

age for the Curtis Ranch fauna.

Hibbard (191*9) considered the Benson fauna and the Blanco fauna 

as being pre-Nebraskan, but in a later paper (1957), he concludes that 

the Blanco fauna, Coso Mountain fauna, Hagerman fauna. Deer Park fauna, 

and the Sanders fauna are equivalent in age to the Aftonian. If the 

Benson fauna is so close in age to the Hagerman fauna as mentioned by 

Gazin, then the Benson fauna should be at least Nebraskan if not Afton

ian. Part of the confusion about the age of the Benson fauna stems 

from the fact that no work has been done on the vertebrate fossils in 

the Benson suite since 191*2 when the Blancan was considered to be Late 

Pliocene.

Other supporting evidence for an early Pleistocene age comes 

from the stratigraphic and sedimentologic studies. These studies 

have shown that units containing both Blancan and post-Blancan fossils 

are in stratigraphic succession in a continuous sequence of continental 

sediments. They have also shown that there is no appreciable time in

terval (unconformity) between the Blancan and post-Blancan sedimentary



units# The occurrence of Nannippus in the McRae Wash fauna, the Cal
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ifornia Wash fauna, and two other areas near the Curtis Ranch locality 

(Lance, 1963) firmly establishes a lower limit for the Elan can and 

post-Blancan boundary at or near lj.000 feet elevation# The Curtis 

Ranch locality is at 1*025 feet elevation# If the Curtis Ranch fauna 

is considered middle Pleistocene (late Kansan), then the Benson fauna 

and its equivalents are probably early Pleistocene (Nebraskan?), Tay

lor (this report), using certain assumptions, considers the Blancan 

mollusks to be Pleistocene instead of Late Pliocene#

The close stratigraphic relationships of the Blancan locali

ties to the Curtis Ranch locality raises the possibility that Nannip

pus may have survived in Arizona after it disappeared elsewhere# 

Detailed studies of Nannippus from the St, David Formation with Nan

nippus from other areas will be helpful# Van Horn (195?) and Seff 

(1962) have reported that Nannippus may be representative of the very 

late Blancan stage in Arizona,

Summary

The age of the St# David Formation is based primarily upon 

the vertebrate fossil record. The time boundary between the Blancan 

and post-Blancan is probably at or near 1*000 feet elevation, and 

therefore, most of the exposed section is considered to be Blancan.

At least 1200 feet of older fine-grained sediments, which are 

probably part of the St. David Formation, are present below the occur

rence of the lowest known Blancan fossils, and it may possibly be that 

the lower part of the St, David Formation might be at least as old as
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Middle Pliocene• The Curtis Ranch fauna is considered to be middle 

Pleistocene, and the Benson fauna is at least Late Pliocene and more 

than likely is early Pleistocene.



ENVIRONMENT OF DEPOSITION

In geologic work one attempts to interpret past environments in 

terms of present environmental requirements for the fauna and flora and 

the accompanying sediments. The generally accepted principles used for 

the interpretation of the Late Cenozoic environments are governed by 

present day distribution of the various animals and plants and their 

association with the various habitats and climates (Taylor, I960). 

Involved, therefore, in a study of the pale©environment are: (1) tec

tonic activity, (2) sediments and their physico-chemical relationships, 

(3) fossils, and (It) climate.

The wide range of conditions that can affect the environment of 

deposition makes it difficult to interpret accurately the environment. 

Local tectonic activity and climatic differences may induce greater 

changes than those of regional tectonic activity or climatic conditions. 

Erosion may obliterate the sediments while deposition of younger sedi

ments may bury them.

Tectonic activity has a very pronounced influence on the depo- 

sitional environment. It affects the source area, the lithology, re

lief, and rate of subsidence of the depositional basin, and the phases 

of sedimentation. The Late Cenozoic tectonic history of the San Pedro 

Valley may be summarized as follows: the area was blocked out with the

uplift and tilting of the mountain blocks and the partial filling of 

the relatively depressed valleys with material derived from the sur

rounding mountains. Repeated movements along the bordering faults
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further depressed the low areas and allowed deposition of the predomin

antly fine-grained sediments* The accumulation of the sediments kept 

up with subsidence. Structural activity continued during deposition 

of the St. David Formation, especially on the west side of the valley, 

and led to the formation of many of the lacustrine units.

Structural activity outside the San Pedro Valley had a profound 

influence on the deposition in the valley. Thick deposits of Upper 

Cenozoic fine-grained sediments in nearly every basin in southeastern 

Arizona cannot be accounted for by local conditions alone. Melton 

(i960) and others have suggested that the base level of the entire 
drainage area in southeastern Arizona was raised by gradual damming of 

the ancestral Salt River-Gila River system by the accumulation of vol

canic flows south of the Mazatzal Mountains and by structural move

ment along uplifted mountain blocks. Melton (1965) also implies that 

volcanism and uplift in the vicinity of "The Buttes" near Florence in 

Pinal County locally affected the San Pedro River drainage. The process 

was probably gradual and the stream gradients in the San Pedro Valley 

were reduced so that the streams were only capable of transporting 

fine-grained sediments.

The high proportion of fine matrix to grains in the fine, 

sandy sediments and the predominance of silt and clay show a lack of 

sorting in the sediments that is typical of a low energy environment. 

The great volume of the fine-grained sediments present, however, sug

gest a high stream capacity. As mentioned previously, this combination 

of factors would indicate that the streams were probably of low veloc

ity, large in size, and aggrading.
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The thick accumulation of the fine-grained sediments and the 

absence of coarse materials suggest a combination of (1) structural 

activity that caused gradual damming that initiated a rising base 

level, (2) predominance of chemical weathering (formation of soils) in 

the mountains, (3) predominance of older sedimentary rocks in the 

source areas, and/or (k) the location of the source areas far from the 

site of deposition.

No doubt all these factors have been important to the deposi

tion of the fine-grained sediments. The suggestion of rising base 

level due to structural damming has already been mentioned. Heindl 

(1958) points out that initial deposition in a local basin with a ris

ing base level, controlled by structural damming, produces a reduced 

gradient in which the streams can carry only suspended particles. Dur

ing times of intermittent increases in current velocity, larger size 

fragments may be transported. The fact that"channel sandstones and 

conglomerates do occur in the St. David Formation suggests a partially 

through-flowing drainage system. Centripetal or interior drainage was 

probably active in some areas, possibly due to local structural condi

tions , but the bulk of the fine-grained material was deposited in re

lation to a sluggish through-flowing river system.

If chemical weathering predominated in the mountain, soil for

mation was probably accelerated. Conditions for the formation of soils 

could be vastly different in the mountains than in the valleys. Even 

at present, some mountain areas in southeastern Arizona receive about 

25 to 30 inches of rainfall per year; yet the surrounding valleys may 

receive only about 10 to 15 inches of rainfall (Arizona Weather, i960).
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Climatic conditions in southeastern Arizona during the Late 

Cenozoic have been based upon fossil evidence from the San Simon-Gila 

Valley (Knechtel, 1938 j Wood, 1963) and from the San Pedro Valley (Gid- 

ley, 19263 Gazin, 19U2) • This evidence shows that the climate was more 

humid, that rainfall was greater, and that freezing conditions probably 

did not exist* Mountain areas with their greater relief would receive 

rainfall in excess of 30 inches producing humid to sub-humid conditions.
The mountains near St. David, as shown on the General Geology 

Map (Plate 1), are composed primarily of older sedimentary rocks, which 

are locally metamorphosed, and intrusive rocks. The sedimentary rocks 

contain abundant shale, sandstone, mudstone, and limestone, which, when 

weathered, would produce fine-grained sediments. Soil formation would 

be very active on most of these sediments.

Many of the mountain areas in the upper San Pedro Valley in 

Mexico are composed of similar sedimentary rocks as well as older vol

canic rocks. The drainage area of the San Pedro River may have been 

greater than at present during deposition of the St. David Formation 

so that many of the sediments near St. David may have been transported 

from highland areas in Mexico,

Heavy mineral suites, however, do not record much transporta

tion. The suites are immature; non-stable minerals (pyroxenes, amphi- 

boles, zoisite, epidote) are more abundant than the stable minerals 

(zircon, rutile, tourmaline). Most of the grains are sub-angular to 

angular; some are even euhedral in shape. Source rocks for these min

erals can be found in the mountains near St. David.
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The available evidence indicates that the sediments are predom

inantly clastic and are of fluvial origin; however, the tuff, limestone 

and green clay indicate a lacustrine origin. The association of these 

deposits <has been recognized by many geologists in what has been 

called the normal floodplain, the valley flat association, or the val

ley flat environment (Twenhofel, 1932; Happ, Rittenhouse and Dobson, 

19U0). The nature of the valley flat environment has been summarized . 

by Twenhofel (1932, p. 807) as follows:

The deposits of the valley-flat environment are found in 
the channels and on the floodplains. The latter deposits are 
made during floods over many parts of the floodplain, in flood- 
plain lakes and swamps.... The nature and color of the flood- 
plain deposits depends largely on the sources of the sediments, 
the climatic conditions over the floodplain, the duration and 
distance of transportation, and the extent and depth of water 
on the floodplain during each year.... Flood-plain sediments 
are mainly silts and clays, but sands are common and gravels 
are occasional. Calcareous deposits due to evaporation, algal 
growths, etc., may be made in floodplain lakes in sufficient 
quantities to form beds of limestones.

Channel sediments consist of gravels, sands, silts and 
clays. All deposits are lenticularly bedded, more or less ex
tensively cross-laminated.... The channel sediments of a stream 
migrating over its floodplain are deposited unconformably over 
an eroded surface cut on floodplain, channel, lake and swamp 
sediments•

The fundamental types of deposits which make up the floodplain 

have been outlined by Happ and others (19I4.O, p. 22) as follows: (l)

colluvial deposits, (2) channel lag deposits, (3) flood-plain splays, 

(It) vertical accretion deposits, (£) lateral accretion deposits, and 

(6) channel-fill deposits.

Colluvial deposits accumulate on the floodplain at the base of 

most slopes bordering the valley. Channel lag deposits are the
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coarsest material on the channel bottom and have been winnowed of finer 

material. Flood-plain splays occur where excess water leaves the chan

nel through restricted low places or breaks in the natural levees.

Vertical accretion deposits, also called overbank deposits (Wol- 

man and Leopold, 1957), are the finest-sized material on the floodplain 

and generally consist of clay- and silt-size material. These deposits 

are composed of finer sediments which have been carried farther from the 

channel and deposited as layers over the entire floodplain surface. The 

sediments form horizontally stratified deposits.

Lateral accretion deposits, commonly called point bar deposits 

(Wolman and Leopold, 1957), are always an important constituent of the 

floodplain. The deposits are formed in the channel. Although coarser 

than vertical accretion deposits, they are finer than the channel-fill 

deposits. The sediments commonly form gentle and low angle cross- 

bedded deposits.

Vertical accretion and lateral accretion deposits are the impor

tant units of a typical floodplain. During continual aggradation, it 

is possible for both the surface of the floodplain and the bed of the 

channel to be built simultaneously (Wolman and Leopold, 1957)* As the 

stream aggraded, it would shift across the valley floor with an irregu

lar motion. Deposits of the channel fill, vertical accretion, and lat

eral accretion types would form. Periodic floods would cause deposition 

of vertical accretion sediments. Subsidence of the basin, probably 

caused by structural activity, would tend to increase the thickness of 

these deposits.
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Figure 27 is a hypothetical block-diagram of the San Pedro Val

ley during deposition of the St, David Formation# The important depos

its are vertical accretion (overbank deposits) and lateral accretion 

(point-bar deposits). Most of the lake deposits are interpreted as 

being formed in structurally-controlled basins on the floodplain# Some 

sediments, however, were probably deposited in ox-bow-lakes and small 

depressions on the floodplain surface# A f luvio-lacustrine environment 

is indicated from the field and laboratory studies discussed previously#

Certain conclusions about the environment of deposition can be 

reached from a consideration of the chemical factors involved. The 

two fundamental components of the natural environment, the availability 

of electrons in the environment (Eh) and the proton activity (pH), have 

been used to delineate natural environments (Krumbein and Carrels,

1952j Baas Becking, Kaplan and Moore, I960).

Studies of the fresh-water environment (Baas Becking and others, 

i960) show that most lakes and streams have oxidizing environments, but 
that the reducing activity increases in the sediments with depth. The 

green color, probably imparted from the ferrous state of the iron, im

plies reducing conditions. Because the solubility of calcium carbonate 

is greater at a pH less than 7.8, the presence of calcite in fresh

water sediments indicates an alkaline environment of at least 7#8 and 

probably greater. Krumbein and Carrels (1952) indicate that silica is 

precipitated in slightly alkaline waters usually between pH 7 and 7*8. 

The behavior of calcite and silica would suggest possibly a range of pH 

from 7*8 to 8.1; for most of the lacustrine sediments in the St. David 

Formation.



Figure 2? - Hypothetical view of the San Pedro Valley during depo
sition of the St* David Formation*
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Most fossils are useful in interpretation of the chemical fac

tors because they are restricted by the chemical factors and tempera

ture in the natural environment. The Characeae require alkaline condi

tions (pH 7.8 to 9)j the diatoms generally require slightly alkaline 

waters (pH 7 to 8), low to moderate temperatures, and high amounts of 

dissolved silica; sedges and scouring rushes require slightly alkaline 

waters (pH 7*5 to 8.5) with high amounts of calcium carbonate and dis

solved silica, respectively. Mollusks commonly require slightly alka

line waters*

The conditions of deposition for most of the lacustrine units 

would indicate shallow, quiet waters with slightly alkaline to alkaline 

conditions for the tuff and limestone units. Dissolved silica was in 

sufficient quantity to support diatom growth.

Results of studies of the chemical factors of soil environments 

(Baas Becking and others, i960) are as widely varied as are soil types. 
The high amount of calcium carbonate in the caliche zones associated 

with the paleosols in the upper units of the St. David Formation sug

gests highly oxidizing alkaline conditions in a semi-arid climate.

The red color in the soils and clays represents oxidizing con

ditions at the site of deposition. The red coloring may be from re

worked sedimentary rocks, from red upland soils, or from diagenetic 

changes at the site of deposition.

Since most vertebrates are not as restricted by the chemical 

and physical factors as are the invertebrates and plants, their interpre

tation of the environment of deposition is more subjective* If it is 

assumed that the ecological requirements of fossil vertebrates fall

I
/
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within the range of variations exhibited by the living representative 

of the same genus or a similar form suggesting adaption to a particular 

situation, then it may be possible to indicate certain environmental 

conditions based on the fossil vertebrates during deposition of the St* 

David Formation*

Various writers (Knechtel, 1938; Van Horn, 1957; Heindl, 1958; 

P. Wood, 1963) have commented on the similarities in the Blancan and 

post-Blancan fossil vertebrate assemblages from the San Simon-Gila Val

ley and San Pedro Valley. References in these discussions were also 

made of the similar environmental conditions for the two areas.

In a discussion of the paleoecology of the 111 Ranch fauna 

(Flat Tire of Blancan age and Tusker of post-Blancan age) from the San 

Simon-Gila Valley, Paul Wood (1963, p. 97) reports:
The occurrence of Synaptomys and large forms of Testudo in 

the Tusker fauna have important implications with regard to the 
possible paleoclimate during Tusker time. The presence of Tes
tudo indicates the winter must have been slightly warmer than 
at present with rare, if any, freezing temperatures * Synaptomys 
indicates that the average yearly temperatures were lower and/or 
the average rainfall was higher than at present in the San Simon 
Valley. The presence of Synaptomys apparently indicates that 
the annual precipitation during Tusker time must have been at 
least as great as that of western Kansas today, 1$ to 20 inches 
annually.

The occurrence of Dipodomys and Perognathus in the Tusker 
fauna indicates the presence of a semi-arid climate and a short 
grassland habitat.

Synaptomys has not been found in the Curtis Ranch fauna; how

ever, Testudo, Dipodomys, and Perognathus are known from the Curtis 

Ranch fauna and may indicate a similar environment of deposition during 

Curtis Ranch time.
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Wood concludes by saying that "... the Flat Tire Nannippus, if 

Shotwell's (1961) interpretation of the paleohabitat of Nannippus is 

correct, lived in a savanna habitat. This may indicate that the cli

mate during Flat Tire time was somewhat more humid than during Tusker 

time." Nannippus is also common in the Benson fauna.

Shotwell's paleohabitats are based upon the occurrence of cer

tain fossil mammals. He proposes the following communities (1955, 1958):

(a) Pond-bank community - This community consists principally 

of mammals that inhabit ponds, small lakes, or slow moving streams.

Such animals as beaver, mole, pika, fish, small turtles, and aquatic 

birds inhabit this community.

(b) Savanna community - This community consists of herbaceous 

plants of which grasses and sedges are the principal components, and 

shrubs, trees, or palms. A typical savanna is found in a humid to sub- 

humid climate, and in some areas, it is even found in a temperate cli

mate.

Shotwell considered Nannippus to be an important animal in this 

community because of its lateral toes and short limbs. The lateral 

toes and short limbs were necessary for strength and traction to make 

quick changes of direction in dodging movements between shrubs and 

bushes. Peccary, camel, and mastodon also inhabit this community.

(c) Open-grassland community - The open-grassland community is 

characterized by high growth of grasses, high rates of evaporation, 

seasonal rainfall, and semi-arid to semi-humid climates. The animals 

of this community depended upon fleetness of foot and included large 

herbivores such as Plesippus, Equus. camel, bovoids, and carnivores.
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Shotwell implies that all these communities existed in the Blan- 

can side by side, but by the end of the Blancan, the savanna environ

ment, especiall y in the Basin and Range Province, had given way to the 

open-grassland environment, indicating a trend toward aridity*

In summary, during Blancan time (Benson fauna), the San Pedro 

Valley probably consisted of a large, slew moving, through-flowing 

stream system depositing fine-grained sediments on an aggrading flood- 

plain and at times in large lakes. Savannas and open-grasslands pre

vailed in areas away from the streams. The climate was probably sub- 

humid.

During the post-Blancan time (Curtis Ranch fauna), the San 

Pedro Valley probably consisted of a large through-flowing stream sys

tem with local lakes, some ponds, and marshes. A drying trend, indi

cated by the paleosols, caliche layers, and playa sediments, was 

initiated and the climate became more arid. True 

(desert) had not yet developed*

arid conditions



GEOLOGIC HISTORY

The San Pedro Valley was outlined following the major uplift of 

the Basin and Range orogeny during mid-Miocene time. Large scale block- 

faulting and gradual regional uplift occurred, accompanied by deposition 

of coarse fanglomerate units and extensive volcanism. These coarse al

luvial units and volcanic flows were in turn faulted and tilted during 

the Early Pliocene by large scale normal faulting that resulted in con

tinual differential uplift of the ranges in relation to the intermon- 

tane troughs.

Middle Pliocene to middle Pleistocene time represents a period 

of relatively little deformation, widespread aggradation and the deposi

tion of fine-grained sediments near Reddington (the Middle Pliocene 

Quiburis Formation) and near St. David (the Late Pliocene(?) to middle 

Pleistocene St. David Formation). Structural uplift and volcanic ac

tivity near Florence and Phoenix raised the base level of the San Pedro 

Valley and brought a reduction in the river’s gradient. Drainage was 

poorly integrated and, at times, centripetal.

The St. David Formation was deposited in a valley whose bound

aries were about the same as those of the present San Pedro Valley.

The sediments were deposited on the faulted and tilted older Cenozoic 

rocks, spread across the Paleozoic and Mesozoic rocks, and lapped ex

tensively onto the marginal bedrock. Sedimentation kept up with subsi

dence producing a floodplain of low relief that allowed the accumulation 

of over 1800 feet of fine-grained sediments near St. David. On the
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floodplain, fine sand, silt, and clay were laid down by sluggish 

streams. Coarser sand units were laid down in the stream channels. 

Erosion of the bordering mountains produced coarse clastic material 

near the marginal areas, but at times, fine-grained sediments accumu

lated directly on the mountain bedrock.

Standing bodies of water coalesced into broad lakes and swamps 

in which limestone, calcareous mud, and tuffaceous deposits accumulated. 

The larger lakes existed for a longer time and locally were probably 

structurally controlled.

Local volcanic activity during the deposition of the St. David 

Formation is not recorded; the fine ash the formation contains probably 

drifted in from remote volcanic centers. Some of the ash debris was 

preserved unaltered, some of it was altered to bentonite, while some 

altered ash released silica that formed chert nodules in the tuffaceous 

units.

The lowland areas were probably dominated by a savanna-grassland 

environment. The vertebrate population, especially the larger herbivor

ous mammals, required a large plant community. Part of the flora grew 

in considerable amounts in alkaline lakes and swamps. Most of the lakes 

and swamps also contained flourishing communities of invertebrate ani

mals. The lack of evaporitic salts in the lake sediments suggests that 

there were inlets upstream and outlets downstream. The fauna is indica

tive of a semi-humid climate, but periods of dryness were prevalent as 

shown by gypsum layers and mud cracks in the floodplain clays.

During the late history of the St. David Formation, the climate 

was most likely semi-arid, indicated by playa units and the formation of
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paleosols and caliche layers. Aggradation ceased and longer periods of 

stability occurred. Sediments became coarser with the increase of 

coarse stream channel and flood-plain gravels and sands.

By middle Pleistocene time, sedimentation ceased and downcut

ting along the valley axis began. An erosional surface bevelled the St. 

David Formation. Across this surface, and over large areas, the 

"granite wash" alluvium was deposited. This alluvial plain, which was 

principally the product of sheetfloods from the mountain areas, uncon- 

formably truncates the St. David Formation. Melton (1965) considers 

the "granite wash" Illinoian in agej its formation may have been initi

ated by a climatic change or a structural change or by both.

A mature red-brown soil developed on the "granite wash” surface 

during Sangamon(?) time, but erosion and downcutting removed the soil 

near the river and produced new erosional surfaces. Two of these sur

faces, the Tombstone and the Whetstone, are recognized in the St. David 

area and have bevelled both the "granite wash" and the St. David Forma

tion.

Near the river, the "granite wash" was reworked and incorpor

ated with coarser sediments from upstream and produced a coarse gravel

ly unit (gravel alluvium). Further downcutting and erosion stripped 

many of these gravel units.

During prehistoric times, an inner floodplain was developed 

only on the St. David Formation, and fine-grained sediments were de

posited. The present surface is called the Aravaipa surface.



Recent events, beginning about i860, have caused incisement of 

the San Pedro River in a channel and the dissection of the Aravaipa 

surface. The Whetstone surface is a surface of stability on which a 

deep red soil formed, probably during late Wisconsin time. The gen

eral succession of these events are outlined in table 10.
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Table 10o Classification of the Late Cenozoic sediments near St. David 
and Benson, Arizona

lilt

Time
Possible
Glacial

Equivalents
Stratigraphic

Column Remarks

Floodplain & stream gravels.
g sands, & silts of the San

Recent Recent Alluvium Pedro River. Recent terrace
£ 1

(Qal) gravels & fine-grained sedi
ments (Qal).

1- ?-?-?-? -
1 Wisconsin Older river gravels, partly

Gravel reworked from "Granite Wash" &
Alluvium volcanic material. Loosely to

Late Sangamon (Qg) _ well-cemented (Qg).

MGranite Heterogeneous reddish-brown
Wash" alluvium ranging in size from

1 (Qgw) gravels to coarse sands. A
§ -?—?—?—?— Illinoian — — w— gravel wash resembling "decom
■£< posed granite"j includes mud

flows, fluvial, alluvial-fan.
a Yarmouthian and paleosol materials (Qgw).

Middle
Fine-grained sediments con
sisting of stratified red &

Kansan St.
brown clays and brown silts 
with some green clays, marls, 
limestones, & pyroclastics.

David Some paleosols it caliche
Early Aftonian Formation

layers near top; contains 
some channel sands & gravels. 
Contains Blancan (Benson) &

(Qsd) Post-Blancan (Curtis Ranch)
Nebraskan vertebrate fossil localities 

(Qsd).? ? ? ? ? ?

§

i
Late

Si
ii
? ? ? ? ? 
I -

? ? ? ? ? ?



APPENDIX A

DESCRIPTIONS OF MEASURED SECTIONS

NOTE: All color designations in the following descriptions are those
of the Rock Color Chart prepared by the Rock Color Chart Commit
tee, National Research Council, E. N. Goddard, Chairman. Ac
cording to this color chart, the designation of 5IR3/U is 
moderate brown. The more complete Munsell Soil Color Charts 
show this color as dark reddish brown. Therefore, to emphasize 
the reddishness of the brown, "red" appears in parentheses after 
the term brown, as follows: brown(red)(5XR3/U)•
The terms "lime" and "limy" are used in the following strati
graphic sections to indicate units either cemented by calcium 
carbonate or containing calcium-carbonate nodules or stringers. 
The term "caliche" is used to indicate units that have a cal
cium carbonate-enriched layer that may be representative of a 
Cca horizon of a buried soil.

Stratigraphic Section SD - 1

Located in NE^SW^NWi* sec.2, T. 18 S., R. 20 E. along a steep slope in 
badland topography approximately 3.62 miles west-southwest of St.
David; elevation at base is 371*2 feet.

Unit
No. Description 

Erosion Surface

12 Granite Wash - conglomeratic, moderate reddish brown(10Rl*/l*), 
very coarse pebble to fine sand with clayey and micaceous 
matrix; contains quartz, feldspar, and granitic rock frag
ments, very angular to sub-angular, very poor sorting, weak 
calcareous cement; some crude stratification, crumbly and 
friable, iron stained throughout; weathers to rounded hill
top; base very irregular-- ----------_ _ _ _ _ ------ 8.1

Erosion Surface

St. David Formation

11 Clay - brown(red)(5YR3/U), some small limy stringers and
nodules near top; crumbly and blocky; forms moderate slope; 
top unconformable, base irregular — ---- — ---------- 3.0

Thickness 
in feet
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10 Limestone - marly, light greenish gray(5G8/l) to white(N-9), 
fine crystalline, soft, friable, porous and nodular except 
near top, forms hard limestone capping, possible tuffaceous 
(volcanic ash) material, green clay stringers especially in 
middle, forms firm ledgej fossil ostracodes and Chara 
bogonia, thin section also reveals fossil hash; top uncon- 
formable, base gradational ------ ------—  ------------ 6.2

9 Silt - calcareous, moderate brawn(9lR$/li), clayey matrix, 
weak to strong calcareous cement, where cement firm, unit 
is ledge former, near top is dense silty limestone; etched 
and pitted; plant fossils prominent in upper part; top un-

Section SD - 1— Continued

conformable, base irregular---- —  - —  -------------- 3.0

8 Clay - similar to unit #L1 but more silty, has numerous
compaction fractures; top unconformable, base irregular - 17.0

7 Limestone - marly, lower 1.0 feet is light gray(N-8),
upper 6.0 feet is light brown(5YR$/lt), fine crystalline; 
lower limestone is hard, dense, and fractures into blocks, 
upper limestone is porous, nodular, and crumbly, near top 
is numerous clay stringers, forms discontinuous ledge; 
plant fossils in upper limestone; top unconf ormable, base 
irregular - - ------------- ---------- ------------------ 6.0

6 Clay - silty, moderate brown(^YRii/U), numerous small silt
lenses, consists of quartz and mica in silt lenses; 
crumbly and blocky, forms steep slope; top unconform
able, base irregular —  - -------— ------—  - - - - 7.8

5 Clay - similar to unit # L 1 -----------------------------  1.2

U Clay - similar to unit #11 but is non-calcareous and
contains more silt; top gradational, base sharp - - - - -  5*3

3 Silt - grayish orange(10YR7A), similar to unit #9; top
unconf ormable, base irregular --------------------------- l.U

2 Clay - banded brown(red)(£XR3A) and moderate brown
($YRUA)» similar to unit #U but highly fractured; crude 
stratification; top unconf ormable, base gradational---- 30.5

1 Clay - gypsiferous, brown(red)(5YR3A), similar to unit 
A  but contains numerous secondary gypsum veins up to 1 
inch thick and discontinuous, thinly-bedded gypsum veins

( up to 2 inches thick; weathers to steep slopes and small
mounds; top gradational, base covered at stream wash —  18.U

Thickness - - -  - -  - -  - 107.9 
Elevation at base ------ 371*2.0

NOTE: This section was measured approximately 100 yards east of the
structure zone. SD-1-7 has been affected by the structure.
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Located in SW%NW%SW^ sec.2, T. 18 S«, R. 30 E. along a steep slope in 
badland topography approximately 3.9 miles west-southwest of St. David;

Stratigraphic Section SD - 2

elevation at base is 3790 feet.

Unit ' Thickness
No. Description in feet

Erosion Surface

15 Granite Wash - similar to granite wash in SD-1. - - - - —  2.7 

Erosion Surface 

St. David Formation

lit Clay - calcareous, moderate brown ($TRk/k), numerous limy 
stringers and nodules, crumbly and blocky, forms shallow 
slope; top unconformable, base irregular - - - —  - - - - 8.1

13 Limestone - tuffaceous, marly, yellowish gray( 5Y8/1)
weathered, white(N-9) fresh; upper 2.0 feet is hard dense 
lime capping, lower 3.0 feet is soft, porous and nodular 
marl; some quartz grains and mica flakes, vein calcite in 
drusy cavities and along fractures, clear angular glass 
shards and volcanic ash(?), brown clay in lower part, 
forms resistant steep cliff; thin section shows Ohara 
hash; top unc onf ormable, base irregular; this unit is 
not affected by the structure zone - - - —  _ _ _ _ _ -- 5.2

12 Silt - calcareous, clayey, grayish orange(10YR7/U), medium 
silt, grains mainly quartz and feldspar, very-angular to 
sub-angular, weak calcareous cement; crumbly and blocky, 
forms small steep slope; top unc onformable, base irregular- 1.7

11 Clay - tuffaceous, silty, greenish gray(5GY9/l), weak 
calcareous cement in silt lenses, quartz and feldspar 
grains in silt-units; angular glass shards and volcanic 
ash(?); top gradational, base irregular --------- - -------2.6

10 Clay - calcareous, brown (red) (5YR3/W, lime nodules and 
liny stringers near contact with unit #11, blocky and 
crumbly, slope former; top unconformable, base irregular - 2.1

9 Clay - silty, calcareous, moderate brown(5YEli/ii)> similar 
to unit #LU but lower 2.0 feet is limy clay or clayey 
limestone, forms a steep slope; top unconformable, base 
irregular; this unit thickens greatly eastward in the 
structure zone - - -  - -  - -  - —  - - — ---- ---------- 6.6
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8 Limestone - tuffaceous, marly, similar to unit #13 but 
upper part is stained very pale orange (10YR8/2), fine 
crystallinej fossils are Chara and ostracodes, thin sec
tion also shows diatomsj basinward, this unit has been 
downwarped(monoclinal folding) about 30 feet in structure 
zone, some vertebrate fossil scraps in vicinity of struc
ture; top unconformable, base irregular-- ------------ - - 6.3

7 Clay - similar to unit #10 ------ -- —  —  —  —  - - - 2.0
.

6 Silt - similar to unit #12 - - —  - - -  - -  - -  - -  - -  - 1.0

5> Clay - similar to unit #7 and unit #10 - - ------------- - ll.lt

It Silt - similar to unit #6 and unit #12 but base is grad
ational and may be a part of unit #3j forms small hard 
ledge---- -- —  — ---- -------------------------------- 3.2

3 Clay - calcareous, grayish orange(10YR7/It), contains
less silt than unit #lt, blocky and crumbly, hard, dense,
thin silty limestone ledge in clay; base gradational----- 1.3

2 Silt - similar to unit #12 but more moderate brown
(5>IRf>/It), contains numerous small silty limestone lenses
and nodules; crude stratification, crumbly and friable;
top gradational--------------------------   32.1

1 Clay - similar to unit #9; top unconf ormable, base
covered at stream wash - - ------ --------------------- - 5.3

Thickness----------------  91.6
Elevation at base - - - - 3790.0

Section SD - 2— Continued
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Located in NW^SW|SE|- sec.3, T. 18 S., R. 20 E. along a very steep 
slope in badland topography approximately 1*.25 miles west-southwest 
of St. David5 elevation at base is 3839.0 feet.
Unit Thickness
No* Description in feet

Erosion Surface

20 Granite Wash - similar to granite wash unit in SD-1----  5.8

Erosion Surface 

St. David Formation

19 Limestone - clayey, grayish orange(10YR7/U) weathered, fine

Stratigraphic Section SD - 3

crystalline, has caliche appearance, hard, nodular, and 
fractured, crumbly when penetrated by brown clay string
ers 5 knobby and etched, vein calcite along fractures and 
in cavities, forms thin persistent ledgej top very irreg
ular, base irregular ------- - —  - - - - - —  - - —  1.0

18 Clay - calcareous, brown(red)(5YR3/l*), numerous limestone 
nodules throughout, crumbly and blocky, forms steep 
slope j top unconf ormable, base irregular - —  - - - - - 6.6

17 Limestone - similar to unit 019 --------- 2.1*

16 Silt - clayey, grayish orange (10IR7/1*), coarse silt, 
grains mainly quartz and feldspar, angular to sub- 
angular; medium calcareous cement; crumbly, friable, 
and blocky, forms very steep slope; top unconformable.
base sharp - - ------- - ------- -------_ _ _ _ _ ------ 7.2

15 Limestone - similar to unit #19 - - - - ----------- 0.8
lU Clay - sandy, silty, moderate brown(5YRl*/U), fine to 

very fine sandy stringers and lenses, and silt grains 
mostly quartz, some feldspar and mica, angular to sub-
angular; blocky, crumbly and friable, forms small
slope; base gradational---_ _ _ _ _ _ _  —  _ — ------ 2.1

13 Clay - similar to unit #18 but grayish orange (10YR6/1*)
and calcareous; top conformable, base irregular - - ----- 2.1*

12 Limestone - similar to unit #19 -------— ------------ - 1.0
\
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11 Clay - similar to.unit.#11* but more gravelly, fine
pebble to coarse silt, gravels mainly quartz and gran
itic rock fragments, angular to sub-angular; base 
irregular-----------------------------------------------  U.3

10. Limestone - marly, light gray(N-8) in lower 3.0 feet, 
light brown(£YR6/l*) in upper 1.2 feet, fine crystal
line; upper forms hard, dense, caliche capping, lower 
part is porous, nodular and vuggy, vugs and fractures 
filled with vein calcite, brown clay stringers in up
per lime; forms very persistent ledge, somewhat dis
continuous, grades laterally westward into greenish 
limy clay; fossil ostracodes and Chara noticeable; top 
unconformable, base irregular - - --------- —  --------- 1*.2

 ̂ Clay - similar to unit #13 but the limestone is hard, 
dense silty and has caliche appearance; limestone 
lenses form small thin ledges in sloping clay; top

Section SD - 3— Continued

unconf ormable, base irregular —  - —  - - — ---- -- - 26.1*
8 Limestone - similar to unit #19; apparent western

extension of S D - 2 - 1 3---- -- 1.6
7 Silt - similar to unit #16 but more gravelly; gravels 

are fine pebbly quartz, feldspar, quartzitic and gran
itic rock fragments, very angular to sub-angular; 
some thin silty limestone lenses; top unconformable, 
base gradational---- -- - - ---------- -- ---- -- - - - 5.0

6 Clay - tuffaceous, silty, calcareous, very pale 
orange (10YR8/2) to grayish orange (10YR7/1*), silt 
grains mainly quartz, glass shards and mica, very 
angular to sub-angular; numerous lime nodules and 
small lime stringers, forms blocky and crumbly
slope; top conformable, base gradational--------------- 3.2

5 Clay - similar to unit #11 and unit # U *  ------------- 10.8

1* Clay - similar to unit #11 and unit #U* but not
gravelly or silty; has good prismatic structure; may 
represent a buried soil; top unconformable, base ir
regular -------------------------------------------------  1.5

3 Limestone - marly, tuffaceous, light gray(N-8) to light 
greenish gray(5GY8/l), fine crystalline, similar to 
unit #10 but contains angular glass shards and volcanic 
ash(?); some small green clay stringers showing laminae 
and soft sediment deformation, forms steep cliff; top
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Section SD - 3— Continued

unconformable, base very irregularj westward.extension 
of SD-2-8, in turn grades laterally westward into small 
green gravelly clay that has yielded vertebrate fossils 
especially two-horse teeth ----------- - --------- - —  3*5

2 Silt - similar to unit #7 but non-calcareousj.some crude 
cross-stratification) top unconformable, base gradation
al -------------------------------- -------------------- U.3

1 Silt - very gravelly, sandy, grayish orange(10YR7/3), 
coarse silt, gravel lenses with gravels up to coarse 
pebbly, mainly quartz, feldspar and granite rock frag
ments, grains equant, medium sandy, clayey matrix, 
weak calcareous cement; cross-stratification in gravel 
lenses show direction from south-southeast; steep cliff 
former since stream has undercut; top conformable, base
covered at stream floor - --  - - - - - - -  --- _ _ _ _ _  3*6

Thickness--------------- 97*7
Elevation at base ------- 3839*0
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Located in SlfiswiSE^ sec.3, T. 18 S., R. 20 E. in a wash in badland 
topography approximately U.6 miles soutlwest of St. Davidj section 
measured along slope approximately $0 yards due west of earthen-filled 
dam; elevation at base is 3881j.O feet.

Unit Thickness
No. Description in feet

Erosion Surface

lU Granite Wash - similar to granit wash unit in SD-1 - - - 

Erosion Surface 

St. David Formation

13 Clay - moderate brown ($YR^/lt) f coarse silty, crumbly 
and blockyj forms small slope; top unconformable, 
base irregular - - —  - - - - - - ----------- lt.2

12 Marl - orange pink(5YR8/lj), fine crystalline, very
clayey; hard, nodular and fractured, crumbly where clay 
predominates; knobby and etched; vein calcite has filled 
vugs and cavities, manganese and iron found along frac
tures, forms small weathered ledge, persistent marker; 
top unconf ormable, base irregular - - ------------- - - 1*5

11 Clay - moderate brown(5YElt/U), similar to unit #13; 
coarse silty, weak calcareous cement in silt lenses; 
fractures crumbly and blocky; prismatic structure; 
forms steep slope; top unconf ormable, base irregular - - 9.6

10 Marl - orange pink(5YR8/lt), similar to unit #12; top
unconf ormable, base irregular ----------- -------—  —  1.1

9 Clay - grayish orange(10YR7/U), fine sandy, calcar
eous; small dense silty limestone stringers and 
nodules; small silt lenses; blocky and conchoidal 
fractures; steep slope former, some small ledges;

Stratigraphic Section SD - i*

top unconf ormable, base irregular---- ------------------  8.1

8 Marl - grayish orange (10YR7/U) weathered, light gray
(N-8) fresh, similar to unit #10 and #12 —  - --------- 0.7

7 Clay - moderate brown(5YRlt/U), repetition of unit #11 
but more gravelly; quartz, feldspar and mica predom
inate, angular to sub-angular grains; forms steep 
slope; top unconf ormable, base irregular -  -------- 12.U
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6 Marl - grayish orange (10YR7A)» similar to units #8,
10 and 12 j top unconformable, base irregular---- - - - 0.6

5 Clay - moderate brown(5YHl|/U), similar to unit # 9 ------  7.2

U Limestone - marly, light gray(N-8), lower part is 
more clayey, light brown(5YR6/l*)j fine crystalline, 
porous and fractured, vein calcite in vugs and cav
ities $ forms small nodular persistent ledge; east
ward extension grades laterally into green clay with 
limestone, westward extension grades in gray limy

Section SD - ^— Continued

clay5 top unconformable, base irregular -  ------ -- - - 2.U
3 Clay - calcareous, moderate brown(5YRlt/lt), similar to

unit #7 J top unconf ormable, base gradational---- -- - - 1.1*

2 Silt - gravelly, sandy, moderate brown($YRf>/U to
grayish orange(10YR7/U;, very coarse pebbly to coarse 
siltyj pronounced gravel lenses consisting of quartz, 
feldspar, and granitic rock fragments, angular to 
sub-angular; small thin-bedded sand units; clayey 
matrix, very poor sorting, weak calcareous cement; 
irregular ledge former where gravel is rock size and 
slope where silt and sand are rock size; cross-bedding
in gravels from southeast to northwest; top gradational - 6.0

1 Clay - moderate brown ($YRfj/U), similar to unit #7; top
unconf ormable, base covered at stream wash ------ - - - 6.8

Thickness--------------- 71.1*
Elevation at base ------- 3881*.0
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Located in sec.27, T. 17 S., T. 20 E. along a steep slope in
badland topography 30 feet west of the Post Ranch corral; elevation at 
base is 3736.0 feet.

Unit Thickness
No. Description in feet

Erosion Surface 

St. David Formation

15 Limestone - tuf faceous, marly, greenish gray(50X7/1), 
crystalline, nodular, porous and friable except for 
hard, dense limestone capping; angular glass shards and 
volcanic ash(?), weathers to small soft ledge; abundant 
fossil Ohara stems and rootlets, some vertebrate scraps; 
base gradational ------- ------- —  - ------- 2.6

11* Clay - calcareous, tuffaceous, light brown(5XR$/1*), 
limy stringers and nodules, angular glass shards and 
volcanic ash(?); crumbly and friable, forms small 
ledge; top gradational, base irregular - --------- - - - 2.5

13 Clay - silty, calcareous, brown(red)(5XR3/l*), lime
stone nodules near top, silt lenses contain quartz 
and mica, very angular to sub-angular; crumbly and 
blocky; forms moderate slope; top unconformable, base 
sharp--------------------------------------------------- 1.7

12 Limestone - marly, pale greenish yellow(10X6/1*) fresh, 
light brown(5XR6/j*) weathered, fine crystalline, por
ous and nodular, crumbly and friable; angular glass 
shards and volcanic ash(?), forms irregular ledge; 
fossils mainly ostracodes and Chara; top unconformable.

Stratigraphic Section PR - 1

base irregular — -------------------------------------  2.7
11 Clay - calcareous, grayish olive (lOXl*/2), crumbly and

blocky; gradational with unit #L0, top unconformable - - 0.6
10 Clay - similar to unit #L3 but silt lenses are near

base, top conformable, base unconformable--------------- 13.7

9 Tuff - vitric, silty, calcareous, light greenish gray 
(5GX8/1), coarse silty, mainly quartz grains and abund
ant angular glass shards, clayey matrix, moderate cal
careous cement; forms discontinuous ledge; top uncon
formable, base irregular - - -  - -  - -  - -  - -  - -  - - 5.0
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8 Clay - moderate brown( 5YRltA) >. contains silt lenses at 
11 feet and 13 feet above base, weak calcareous cementj 
numerous compaction fractures, blocky and crumbly, forms 
steep slope j base irregular-----------------------------  17.8

7 Clay - tuffaceous, calcareous, light greenish gray
(5GY8/1) fresh, moderate brown (5YRl*/U) weathered, sim
ilar to unit #12 but more clayey than limy; numerous 
angular glass shards, forms resistant ledge; top un- 
conformable, base sharp --------------------- - —  - —  1,0

6 Clay - similar to unit #8 but not silty---- ------ - - - 2.U

5 Silt - clayey, light brown(5YR6/U), coarse silt, 
quartz, mica and feldspar grains predominate, very 
angular to sub-angular, poor sorting, weak calcareous 
cement; laminated to thin-bedded, fractures tabular 
and blocky, forms steep slope; top mconformable, 
base gradational -----------.-------------------------- 1.9

It Silt and Clay - banded brown(red) (5IR3/U) and light 
brovm( 5YR6/U), alternating clay and silt in 3 to $ 
inch units; clay similar to unit #8, silt similar to 
unit #5, forms steep slope, gradational throughout -------- 10.7

3 Clay - similar to unit #8 but non-calcareous and con
tains some gypsum crystals along fractures; top con
formable, base gradational --  - - - - - - - - - - - - -  11.0

2 Clay - gypsiferous, similar to unit #3 but contains 
numerous gypsum crystals in veins up to 1^ inches 
thick and thinly bedded up to 2 inches thick, pattern 
of fractures similar to dessication cracks; base 
gradational------------ --------------------------------  11.5

1 Clay - similar to unit #3 but non-gypsiferous;
highly fractured; base covered  ------- --------Hi.5

This section was measured east of the structure zone.

Thickness--------------- 99.6
Elevation at base —  - - 3736.0

Section PR - 1— Continued

NOTE:
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Located in SW^NW^NW^ sec.27, T. 1? S., R. 20 E. along a steep slope in 
badland topography about 800 yards west-southwest of Post Ranch; sec
tion begins at ore shoot; elevation at base is 3780.0 feet.

NOTE: This section is generalized since thickness of the units vary
along the structure zone; see location of section on photograph 
in text of paper.

Unit Thickness
No. Description in feet

Erosion Surface 

St. David Formation

2It Limestone - silty, pale orange (10YR8/2), fine crystal
line, has caliche appearance, hard, nodular and fractured, 
crumbly when penetrated by clay stringers, vein calcite 
along fractures and in vugs; silt grains mainly quartz, 
forms small dense ledge; base irregular and covered in 
p l a c e s -------------------------------------------------  1.2

23 Clay - silty, light brown(£YR6/U), coarse silty grains 
mainly quartz, feldspar and mica, very angular to sub- 
angular, slightly calcareous especially near top; 
crumbly and blocky, forms steep slope; top unconformable,

Stratigraphic Section PR - 2

base irregular----------------------------------------  2.U
22 Limestone - similar to unit #2It  -- -- -  ---- -- - - - 1,6
21 Clay - similar to unit # 2 3 ----------------   3.1

20 Limestone - marly, white (N-9) to yellowish gray
(5>Y8/l), otherwise similar to unit #2It  ------- — --- 2.8

19 Clay - similar to unit # 2 3 -----------------------------  2.7

18 Limestone - similar to unit #2it - - - ------------- - - - 0.8
17 Clay - similar to unit #23 but moderate brown(5YRlt/it)

and contains less s i l t ---------------------------------  lt.1
16 Limestone - light gray(N-8) fresh, pale orange(10YR8/2) 

weathered, similar to unit #2It; unit thickens westward; 
top unconf ormable, base irregular-- ------------------- 1.2

1$ Clay - calcareous, brown(red) (5YR3/lt), numeroud lime
stone nodules near top; crumbly and blocky, forms steep 
slope; top unconformable, base irregular--------------- 3.1
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lit Limestone - marly, light gray(N-8) to white (N-9), fine 
crystalline, similar to unit #2It but less silty and 
clayey? forms persistent marker bed that has not been af
fected by structure zone; top unconformable, base sharp - 1*0

NOTE: All units below have been affected by the structure zone
and thickness of individual units vary place to place.

13 Clay - similar to unit # 2 3 -----------------------------  2.7

12 Limestone - similar to unit #16-------------------------  0.7

11 Clay - similar to unit #L7 and thins eastward------ -- - 5>.7

Section PR - 2— Continued

10 Silt - tuffaceous, calcareous, moderate brown(5YRli/lt) # 
course silty with thin irregular lenses of brown clay, 
medium calcareous cement and small limy stringers, 
angular glass shards throughout unit; blocky and fri
able, forms small persistent ledge; top unconformable.
base gradational - — ---- ------- ---------- --------- 2.2

9 Clay - similar to unit # 2 3 -----------------------------  U«7

8 Limestone - similar to unit #L6 but is less clayey;
top unconf ormable, base very irregular----------------- 1.5

7 Silt - similar to unit #10 but less calcareous and
tuffaceous------------------------------------- -------- 2.1

6 Limestone - marly, yellowish gray( fjY8/l) to light gray
(N-8), similar to unit #11: — ---- ----------------- - 2.0

5 Clay - calcareous, grayish olive (lOTlt/2) fresh, moder
ate green(566/2) weathered, isolated quartz and feldspar 
grains, numerous limestone nodules near top; weathers 
blocky and crumbly showing compaction fractures, clay is 
"bentonitic," forms irregular slope; unit thins westward; 
contains numerous vertebrate fossils, ostracodes; top un
conf ormable, base irregular, same as sample PR-2-It - - - 5*0
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1* Tuff - vitric, calcareous, silty, yellowish gray(5Y8/l) 
weathered, white(N-9) fresh, medium silt containing 
quartz, mica and abundant glass shards, very angular 
to sub-angular, clayey matrix probably altered volcanic 
ash, weak calcareous cement; weathers blocky and mas
sive, forms small cliff, thins westward, small contorted 
bedding and glide folding near base; contains numerous 
vertebrate fossils and ostracodes, thin section shows 
abundant diatoms; a lightweight porous unit that has 
been mined as a building aggregate and scouring powder; 
same as sample PR-2-2-----------------------------------  5.0

3 Clay - similar to unit #5; bedding, although indis
tinct, shows dip basinward, contains vertebrate and 
invertebrate fossils; thins very rapidly westward - -----10.7

2 Clay - silty, moderate brown (5YRliA)* silt grains
mostly quartz, feldspar and mica, very angular to sub-angu
lar, non-calcareous; blocky and crumbly, bedding stratifi

Section PR - 2— Continued

cation dips slightly basinward; unit is usually covered
and obscured by overburden; top unconformable, base
covered---- -- - --------------------------------------- 9.3

1 Clay - similar to unit but contains small, silt lenses; 
eastward extension is eroded, westward extension is cov
ered; top covered, base covered; same as PR-2-1 - - - - -  13.1

NOTE: Slightly westward, two more units are obscured between unit
#2 and unit #3 but appear to be faulted out or eroded off 
prior to deposition of unit #3. They are:

a. Tuff - silty, grayish pink(5^8/2) to pinkish gray 
(5YR8/1), otherwise similar to unit clayey 
matrix principally altered volcanic ash, in thin 
section, glass shards are altering to day; shows 
numerous contorted laminae and thin beds showing 
soft sediment folding and flowage; some of the 
unit has been injected into the lower units; top
unc onf ormable, base irregular------------------- - - 1.9

b. Clay - similar to unit #3; covered or obscured
except in two small places - - —  ----------- - —  0.9

Thickness --------- -----88.7
Elevation at base - - - - 3780.0
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Located in SE5NE5NE4 sec.28, T. 17 S., R. 20 E. along a very steep 
ridge in Post Ranch Wash about 1200 yards west-southwest of Post 
Ranch; elevation at base is 3806.0 feet.
Unit Thickness
No. Description in feet

Erosion Surface

22 Granite Wash - conglomeratic, reddish brown(10R5/6), 
fine cobble to coarse sand with clayey and micaceous 
matrix; consists of quartz, feldspar, granitic and 
quartzitic rock fragments, very angular to sub-rounded, 
very poor sorting, weak calcareous cement; crude strati
fication, crumbly and friable, iron stained throughout, 
small soil zone in upper foot; weathers to a rounded 
hilltop; base very irregular - - - - - - - - - - - - - -  5.0

Erosion Surface

St. David Formation

21 Limestone - marly, light gray(N-7) weathered, white(N-9) 
fresh, fine crystalline, hard, nodular and fractured, 
vein calcite in fractures and vugs; knobby and etched, 
small persistent ledge; base irregular —  - —  — —  - 0.8

20 Clay - silty, calcareous, light brown(5YH6/U), coarse 
silty, small limy stringers and nodules near top; 
crumbly and blocky; forms small irregular slope; top
unconformable, base irregular - ---------------------- - 9.2

19 Limestone - similar to unit #21---- ----—  - - - ------ 2.U
18 Channel Sandstone - calcareous, pale yellowish brown 

(10YR6/2), medium to fine sand, clayey matrix, weak 
to moderate calcareous cement, some gravel lenses, 
sand grains mainly quartz, feldspar, mica, volcanic 
fragments and opaques, very angular to sub-angular; 
medium to poor sorting; forms a massive tabular unit 
that has been deposited in eroded channel of unit #17, 
lenticular cross-stratification from the south, scour 
and fill in gravel lenses; base sharp and irregular; 
same as sample PR-3-17; Note: this unit not included
in overall thickness-----------------------— -------- 5.5

17 Clay - silty, brown (red )(5lR3A), calcareous nodules
near top, otherwise similar to unit #20----------------- 17.0
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16 Silt - clayey, calcareous, grayish orange(10YR6/1*), 
grains mainly quartz and feldspar, angular to sub- 
angular, strong calcareous cement; small thin silty 
limestone lenses occur randomly throughout, very poor 
sorting; crumbly and friable; top unconformable, base 
irregular-----------------------------------------------  8.7

1$ Limestone - silty, grayish orange (10YR7/W, weathered, 
fine crystalline, has caliche appearance; hard, nodular 
and fractured, vein calcite in vugs and fractures, num
erous small calcareous silt lenses, blocky and friable 
splitting, forms persistent ledges; top gradational, 
base irregular - - -  - -  - -  - -  - —  - -------—  - - 1.9

lit Silt - similar to unit # 1 6 ------------------------------ 2.8

13 Limestone - similar to unit #15 -  --- ------------------ 1.9

12 Clay - similar to unit # 2 0 -------------— ------------ 3.1

11 Limestone - similar to unit but becomes thicker
and less silty eastward - - -------- -- 1.8

10 Silt - similar to unit /516 - - --------------- - - ----- 6.0

9 Limestone - similar to unit #21 but stained by num
erous brown clay stringers; a good persistent marker 
bed that thickens eastward, becomes more porous and 
contains invertebrate fossils; top unconformable, 
base irregular - - ------- ----------------------------- 3.1

8 Silt and Clay - banded grayish orange(10YR7/U), silt 
and light brown($YR6/li), clay; silt similar to unit 
#16 and clay similar to unit #20; top unconformable, 
base irregular---------—  ----------------------------  12.U

7 Silt - similar to unit #L6 but light brown(5YR6/U)
and tuffaceous; some hard dense silty limestone- lenses
which have caliche appearance in silt; clear angular
glass shards; top unconformable, base gradational(?) --  3.1

6 Silt - similar to unit #16 but moderate brown ($YR$/!i) 
and more sandy; fine to very fine sandy grains mainly 
quartz and feldspar; crumbly and blocky; irregular 
slope former; base irregular-- ------------------------  U.3

5 Limestone - tuffaceous, sandy, marly, similar other
wise to unit #9; very fine sandy grains mainly quartz, 
silt grains mainly clear angular glass shards, and 
mica; tuffaceous matrix, forms resistant ledge that

Section PR - 3— Continued
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Section PR —  3— •Continued

grades laterally westward into limy green clay; con
tains ostracodes and Ohara; top is unconformable, base 
is irregular-----------------------------------------

Clay - calcareous, banded grayish olive(10YU/2) and 
brown(red) (5>Ht3A;> olive clay predominates, clay 
"bentonitic," some small limy stringers and nodules; 
crumbly and blocky, forms moderate slope; contains 
invertebrate fossils and seme vertebrate fossils, 
grades laterally westward into brown(red) clay and 
eastward laterally into green clay; top unconformable, 
base gradational-- ------- - - - ------------------

3 Tuff - vitric, calcareous, clayey, light greenish gray 
(5G8/1), alternating units are lower hard calcareous 
tuff (l foot), an olive green tuffaceous clay (l foot), 
porous calcareous tuff (0,5 foot) and upper tuffaceous 
limestone capping (1 foot); numerous lime stringers and 
nodules, clear angular glass shards in tuff, altered 
volcanic ash (bentonitic) in clay matrix, forms steep 
cliff; contains Ohara and ostracodes in lower units and 
vertebrate fossils in clay units; top and base grada
tional; represented by units Mi, and #6 in PR-2 
section-----------------------------------------------

1.5

9.1

ll.O

2 Clay - similar to olive clay in unit Mi but more silty;
forms recessive cliff where stream has undercut------- - 1.1

1 Silt - gravelly, clayey, moderate brown( 5YR5A)} a lower 
blocky silt Ut,2 feet) has been eroded into by small 
gravelly sand lens (1.5 feet) and overlaid by upper 
blocky silt; very fine pebbles throughout mainly quartz, 
granitic and volcanic rock fragments, and feldspar, an
gular to sub-rounded, with micaceous and clayey matrix; 
blocky and crumbly; forms recessive cliff where stream 
has undercut; base covered - - - —  —  - ------- —  - 7.6

Thickness - - --  - - - - 106.8
Elevation at base ------- 3806.0
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Unit Thickness
No. Description in feet

Erosion Surface

Stratigraphic Section GW - 1

Located in NW-|SE^SW^ sec.20, T. 17 S., R, 20 E, along a Southern Paci
fic railroad cut approximately 1.5 miles southeast (S. UO E.) of Whet
stone; elevation at base is U066.7 feet.

7 Granite Wash - similar to granite wash in section GW-3 - 9.3

Erosion Surface

St. David Formation

6 Clay - gravelly, sandy, reddish brown(lORl^/6); coarse 
pebbly to coarse silty, grains quartz, feldspar, and 
granitic rock fragments, very angular to sub-angular, 
moderate calcareous cement; crumbly and friable, crude 
stratification especially in sand lenses; may be a 
soil unit; top sharp, base irregular - - ------- - -----10.2

5 Limestone - clayey, pale orange (10YR8/2) weathered, 
fine crystalline, crumbly when penetrated by brown 
clay stringers; etched and pitted, forms thin persis
tent ledge;.top unconformable, base irregular - - - - --- 0.8

h Clay - similar to unit #6 - - —  - - - - --------- ----- 8.0

3 Limestone - similar to unit #5 ------ ------------ —  - 0.6
2 Clay - similar to unit #6 ------------- -------.------- - 11.4

1 Limestone - similar to unit #5j base covered at railroad
t r a c k s -------------------------------------------------  0.9

Thickness --------------- 41.3
Elevation at b a s e---- -- 4060.7
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Stratigraphic Section GW - 2

Located in NE^SW^SE^ sec.20, T. 17 S., R. 20 E. along steep slope in
a large wash approximately 2.5 miles southwest of Benson and 2 miles
west of U.S. 80; elevation at base is 39W&.0 feet.

Unit
No. Description 

Erosion Surface

Thickness 
in feet

St. David Formation

20 Clay - gravelly, sandy, reddish brown(lORl*/6), fine 
pebbly to coarse silty, grains quartz, feldspar, and 
granitic rock fragments, very angular to sub-angular, 
weak to moderate calcareous cement; crumbly and fri
able, crude stratification especially in sand lenses; 
may be a soil unit; top very irregular, base irregular - 10.6

19 Limestone - clayey, pale orange(10YR8/2) weathered,
fine crystalline, has caliche appearance; hard, nodu
lar and fractured, crumbly when penetrated by brown 
clay stringers, etched and pitted, forms thin persis
tent ledge; top unconformable, base irregular - ------- 0.6

18 Clay - similar to unit #20 - - ------- - - -------—  - 15«5

17 Limestone - similar to unit $ L 9 ---- ---------- - - - - 0.8
16 Silt - clayey, calcareous, grayish orange(10YR7/U),

coarse silt, consists of quartz, feldspar with micace
ous and clayey matrix, angular to sub-angular, strong 
calcareous cement, very poor sorting; bedding irregular, 
blocky and massive, persistent ledge former; top uncon- 
formable, base sharp----------------------------------- 1.3

15 Clay - similar to unit #20 - - - —  - - --------- - - 2.8

lit Limestone - similar to unit # 1 9 -- -- —  ------------- 0.8
13 Clay - similar to unit #20 but is light brown (5YR5/6)

and less gravelly and s a n d y --------------------------- 5*3
12 Conglomerate - medium sandy, calcareous, pale orange

(10YR8/2), fine pebble, consists of quartz, feldspar and
granitic rock fragments, very angular to angular, clayey
and micaceous matrix, strong calcareous cement, poor
sorting; massive and blocky, weathers to a knobby and
etched ledge; has caliche appearance and may be Cca
horizon of soil; top covered, base sharp--------------- 0.9
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n  Clay - similar to unit # 1 3 ----- - - ----------   2*2

10 Conglomerate - similar to unit # 1 2 ---------------------  1*U

9 Clay - similar to unit # 1 3 --------------   lt*0

8 Clay - fine silty, calcareous, grayish orange(10YR7/U), 
small nodular silty limestone lenses; has caliche ap
pearance; crumbly and friable, forms irregular slope; 
may represent Cca horizon of soil; top gradational, 
base sharp-------------------------— ---------------- 0.8

7 Silt - similar to unit #16 but is light brown(5YR6/U) 
and banded with some sand lenses; weak calcareous 
cement, irregular slope former; top unconformable, 
base irregular ----------------------- — -- ---------- 6*I>

6 Limestone - similar to unit # L 9 -----—  —  ---------- 0.5

5 Silt - similar to unit #7  ---------- ------.------- - 8 .It
U Limestone - similar to unit #19 but more gravelly, 

gravels are fine pebble consisting of quartz, feld
spar and rock fragments, very angular to sub-angular; 
grades laterally westward into calcareous conglomer
ate; may represent Cca horizon or playa unit----------- 0.6

3 Silt - similar to unit # 7 ----- - - - —  - - - —  - - 2.8

2 Limestone - similar to unit # 1 9 -------—  —  -------- 0.9

1 Clay - similar to unit # 1 3 ----------    5,2

Thickness--------------- 71.9
Elevation at base------- 39Wt.O

Section G¥ - 2— Continued
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Unit Thickness
No* Description in feet

Erosion Surface

18 Granite Wash - conglomeratic, moderate reddish orange 
(10R6/6), coarse pebble to very fine sand with clayey 
and micaceous matrixj consists mainly of quartz, feld
spar and weathered granitic rock fragments, very angular 
to sub-angular, very poor sorting, weak calcareous 
cement; some crude stratification, crumbly and friable, 
iron stained throughout; weathers to rounded hilltop; 
base very irregular----------        15*5

Erosion Surface

St. David Formation

17 Silt - clayey, calcareous, grayish orange(10YR7/4),
medium silt, consists of quartz, feldspar with micace
ous and clayey matrix, weak to. moderate calcareous 
cement, very poor sorting; friable and blocky; base 
irregular-----------------------------------------------  6.5

16 Limestone - marly, yellowish gray(5f8/l), fine crys
talline, hard, nodular and fractured, crumbly when 
penetrated by brown clay stringers; knobby and etched, 
vein calcite in fractures and vugs, forms persistent

Stratigraphic Section GW - 3

Located in SV^SE^NW^ sec.21, T. 17 S., R. 20 E. along steep slope in
a large wash approximately 2.25 miles southwest of Benson and 1*5
miles west of U.S. 80j elevation at base is 3889*0 feet.

small ledge; top unconformable, base sharp - - - - -  --- 1.5
15 Silt - similar to unit # 1 7 ----- ------- --------- - - - 6.0
lit Limestone - similar to unit #16 - - - - --------- - 0.6
13 Clay - medium silty, moderate brown(5YRUA)» weak 

calcareous cement, some small limestone nodules; 
crumbly and blocky, irregular slope former; top un
conf ormable, base sharp------- - —  - - - 5.9

12 Limestone - similar to unit #16 but lower part is
more porous and clayey producing a crumbly soft ledge;
base gradational---------------------------------------  2.1



Section GW - 3— Continued

11 Clay - similar to unit #13 but more calcareous j numerous 
small silty limestone lensesj contains abundant plant 
roots(?) and stems heavily encrusted with calcitej be
comes more limy near top; base irregular--------------- 3.2

10 Limestone - similar to unit #16 but light gray(N-8) in
color------------------------------------------------   0.7

9 Clay - similar to unit #13 but more calcareous, limy
stringers throughout —  - — ---------- -------------- 15.9

8 Limestone - similar to unit #10 and thin section shows
microfossils especially algae - ------------------------- 0.8

7 Clay - similar to unit #11; six feet above base is
small calcareous ledge with plant fossils heavily en
crusted with calcite; crumbly and friable-----------------  12,7

6 Limestone - similar to unit #10---- --  —  - - —  —  - 3.1

5 Clay - similar to unit # 9 ------------------- ------------ 6.3

It Silt - similar to unit #17 but strongly cemented with
CaCO-, plant fossils heavily encrusted with calcite; 
some shaly stringers, friable, crumbly and fissile, 
top conformable and base gradational - - -  - -  - -  - -  - 1.3

3 Clay - similar to unit #11 ------------- - -  --- -- - - 9.3

2 Limestone - similar to unit #10 —  - - - —   ------   - 0.6
1 Clay - brown(red)($YR3/U)* non-calcareous, crumbly and 

blocky; forms shallow slope; top unconformable, base 
covered at stream w a s h -----------   --------------- 1.5

Thickness--------------- 93.5
Elevation at base ------- 3889.0

136
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Located in NE^NW^SE^r sec.21, T. 17 S., R. 20 E. along moderate slop
ing ridge in badland topography in a large wash approximately 2.0 
miles southwest of Benson and 1.2 miles west of U.S. 80; elevation 
at base is 380U.O feet.
Unit Thickness
No. Description in feet

Erosion Surface

2k Granite Wash - similar to granite wash in G W - 3 --------- 7.0
Erosion Surface 

St. David Formation

23 Clay - medium silty, brown(red) (5YR3/U), crumbly and 
blocky, conchoidal fractured, forms moderate slope; 
top unconformable, base sharp--------------------------  2.5

22 Limestone - marly, yellowish gray(5l8/l) weathered,
light gray(N-8) fresh, fine crystalline, hard, nodular 
and fractured, vein calcite in vugs and cavities; 
knobby and etched, forms small persistent ledge, top 
unconformable, base irregular - - - —  - - -  - -  - -  - -  0.6

21 Clay - coarse silty, calcareous moderate brown(5lRlj/lj.), 
small silt lenses with medium calcareous cement, con
sists of quartz, feldspar and mica, very angular to sub- 
angular; some limy stringers; blocky and crumbly, forms 
irregular slope; top unconformable, base s h a r p --------- 6.2

20 Limestone - similar to unit #22 but also contains some
brown clay stringers----- -----------------------------  3.0

19 Clay - similar to unit # 2 1 ------------------------- -- - 7.6

18 Limestone - similar to unit #22 ------- - -------—  - - 0.6
17 Clay - similar to unit #L9 and unit # 2 1 -----------------  5.9

16 Limestone - similar to unit #22 but white (N-9) fresh,
and contains brown (red) (5YR3A ) clay stringers--------- 2.1

15 Clay - similar to unit #21 but predominantly grayish
orange(10YR7/U), contains thicker silt lenses; limestone
nodules extensive in upper 2.5 feet, top gradational
with unit #16------   17.1

Stratigraphic Section GW - U
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Section GW - U— Continued

111 Limestone - clayey, pale orange(10YE8/2) weathered, fine
crystalline, has caliche appearance in the lower 3»£> feet, 
otherwise similar to unit jw.6j may be Cca horizon of soil - U«7

13 Clay - banded grayish orange (10YR7/W and moderate brown
(5lR5/li), otherwise similar to unit #21 and unit #L£> - - 23.2

12 Limestone - similar to unit #16 but contains abundant 
plant roots(?) and stems, more porous and friablej top 
unconformable, base irregular - - —  - - - - - - - -  —  l.U

11 Clay - similar to unit #lf> ----------- -------- -------- 17.1

10 Limestone - similar to unit #lii, has caliche appearance 
throughout entire unit, penetrated by numerous brown 
(5YRVU) clay stringers--------------------------------- 0.6

9 Silt - clayey, calcareous, grayish orange(10YR7/U), 
medium silt, consists of quartz and feldspar with 
micaceous and clayey matrix, strong calcareous cement, 
poor sorting; numerous silty limestone lenses, blocky 
and friable, forms sloping ledge; top appears grada
tional, base irregular-- -- - —  - - - - 2,0

8 Clay - similar to units #L3 and #1J> - - -  --------------- l.U
7 Clay - brown(red) (]?YR3/U)> blocky and crumbly, forms

small moderate slope; top unconformable, base irregu
lar ------ ----------------------------------------------  l.U

6 Limestone - similar to unit #10 and base gradational
with unit # 5 ------------------------------------------- 1.0

f> Clay - calcareous, pale olive(1016/2), "bentonitic,” 
some lime nodules especially near top; fractured, 
blocky and crumbly, moderate slope former; contains 
numerous vertebrate fossil scraps; top and base 
gradational------— ----------------------------------- U«7

NOTE: Site of 1922 National Museum excavation on west side
of valley.

U Limestone - marly, light greenish gray(5G8/l), fine 
crystalline, hard, nodular and fractured; blocky and 
massive, surface etched and pitted, forms resistant 
ledge, thickens eastward and becomes more porous; con
tains ostracodes and plant fossils; top conformable, 
base sharp; this unit is involved in' structure zone 
eastward 1.0
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3 Clay - moderate brown(5lRliA)> blocky and crumbly,. 
ledge former held up by unit top unconformable, 
base gradational - - - - - - - - - - -  --  --  - - - --  2#U

2 Clay - similar to unit #5 but has more iron and man
ganese in fractures j also contains vertebrate fossil 
scraps which were excavated by National Museum in 
1922 ------------------------------------------------------  1.8

1 Clay - similar to unit #7j top gradational, base
covered at stream w a s h ---- -------   $.8

Thickness -----------------121.1
Elevation at base - --- - 380U.O

Section GW - U— Continued



Stratigraphic Section GW - 5

Located in SW^SE^NE^ sec.21, T. 17 S., R. 20 E. along steep ridge in
badland topography approximately 1.8 miles south of Benson and 0.8?
miles west of U.S. 80j elevation at base is 3757»0 feet.

Unit Thickness
No. Description in feet

Erosion Surface

11 Granite Wash - similar to granite wash in GW-3 - - - - -  12.1

Erosion Surface

St. David Formation -

10 Limestone - tuffaceous, marly, pale orange(10YR8/2)
weathered, yellowish gray(5l8/l) fresh, fine crystal
line, nodular, porous and friable except for small 
dense limestone capping, clear angular glass shards 
and volcanic ash(?), weathers to thick soft ledge; 
abundant Ohara fossils and ostracodes, some vertebrate 
fossil scraps; base gradational ------- - ------- - ----- $.'2

9 Clay - tuffaceous, calcareous, moderate brown(5YR5/U), 
limy stringers and nodules, angular glass shards and 
volcanic ash(?); crumbly and friable, forms small 
ledge; contains fossil plants; top gradational, base
irregular----------------------------------------- ------ 2.9

8 Clay - banded brown (red) ($YR3/L) and moderate brown 
(5YRltA)* numerous compaction fractures, blocky and 
crumbly, forms a moderate slope; top unconformable, 
base s h a r p -- -- - -------- -- - -----— ------ - -----22.8

7 Limestone - marly, tuffaceous, yellowish gray( # 8/1) 
weathered, light gray(N-8) fresh, fine crystalline 
with clayey matrix, clear angular glass shards, some 
silt-size quartz grains; nodular, porous and fractured, 
sharp irregular ledge former; small knobby chert nod
ules and protuberances, 2 to k inches in diameter, 
occur in lower part; contain fossil plants and ostra
codes; top unconformable, base irregular------ ---------- 2.1

6 Clay - silty, calcareous, brown (red) ($YR3 A )» lime
stone nodules near top of unit, small thin silt 
lenses throughout; crumbly and blocky, forms moderate 
slope; top unconformable, base irregular ----------- 3.2
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Section GW - $— Continued

5 Silt - tuffaceoust calcareous, dark yellowish brown 
(lOIRli/li), medium silt, consists mainly of quartz and 
feldspar with clayey and micaceous matrix, angular 
glass shards, moderate calcareous cement with some 
dense silty limestone stringers near top; porous and 
massive, forms ledge; top unconformable - - ----------- - 1.1

U Clay - similar to unit #6 but less calcareous ----------- 10.3

3 Clay - calcareous, grayish orange (10YR8/1*), weak to 
moderate calcareous cement, forms small fissile limy 
mud; laminated, blocky and shaly, forms small resis
tant ledge, small ripple marks; top unconformable, 
base gradational---------------------------------------  0.8

2 Clay - similar to unit #6 but non-calcareous and some 
minute gypsum crystals along cracks especially in 
lower part; base gradational--------------------------- 25.9

1 Clay - similar to unit #2 but contains numerous
secondary gypsum veins up to 1 inch thick and dis
continuous, thinly bedded gypsum up to 2̂  inches 
thick, pattern of fractures similar to dessication 
cracks; weathers to small mounds; base covered at 
stream w a s h --------   6.3

NOTE: Section is approximately 150 yards east of structure zone.
Unit GW-5-7 has been affected by structure.

Thickness--------------- 92.7
Elevation at base - ----- 3757.0



Unit
No. Description 

Erosion Surface 

St. David Formation

111 Limestone - marly, greenish white ($39/1), fine crystalline, 
hard, nodular and fractured, vein calcite in vugs and • 
cavities; knobby and etched, forms irregular dense ledge; 
grades laterally southward into a thicker porous marly 
limestone containing invertebrate and vertebrate fossils; 
top very irregular, base irregular-- -- - - - ---- ------ 2.5

13 Silt - fine sandy, yellowish brown(10YR5/U), coarse silt 
consisting of quartz and feldspar, angular to sub-angular, 
micaceous and clayey matrix, medium calcareous cement es
pecially in sand lenses; crumbly and friable, forms steep 
slope; top unconformable, base gradational - - - - - - - -  18.8

12 Sand - gravelly, light brown(5YR6/1|) to grayish orange 
(10YR7/U), fine pebble to coarse silt, pebbles mainly 
granitic rock fragments, vein quartz and feldspar, angu
lar to sub-rounded, weak calcareous cement; crude cross

Stratigraphic Section MR - 1

Located in SW|SE^NE^ sec.8, T. 1? S., R. 20 E. along steep cliff ap
proximately 120 yards south of U.S. 80 opposite A and W Root Beer
Drive In west of Benson; elevation at base is 3701.0 feet.

stratification, friable, loose and crumbly, forms soft
ledge; top gradational, base irregular ------------- - - - 6.0

11 Silt - similar to unit #L3 but contains more brown(red)
(5YR3/1i) clay stringers; top gradational, base very 
irregular------------------------- ------------------------7.2

10 Conglomerate - coarse sandy, grayish orange(10YR7/U), 
small cobble to fine sand, quartz and feldspar grains 
predominate, sub-angular to rounded, none to weakly 
calcareous, poorly sorted; scour and fill from south.
loose and friable, lenticular channel unit; top un
conf ormable, base irregular-------------------------------1.8

9 Sand - similar to unit #12 and lenticular channel de
posit; top appears gradational, base irregular-----------U.O

8 Silt - similar to unit #13 but more clayey - - -----------6.0

Thickness 
in feet



1U3

Section MR - 1— Continued

7 Sand - similar to unit #9 and.unit #12j lenticular but
may be blanket sand-------------------------------------  2.0

6 Clay - silty, brown(red)(5lR3/U), silt grains mainly
quartz and mica; crumbly and blocky, forms small irreg
ular slope; top unconformable, base irregular----------  2.8

5 Silt - similar to unit #13; color is grayish orange
(10YR7/10----------------------------------------   6.2

NOTE: Unit #5 through unit #llj. were measured on hill $00 yards
due south of base. Unit #$ through unit #13 represent 
alternating units of silt and sand with lenses of gravel 
and clay units.

k Gravel - sandy, yellowish gray($Y7/2), small cobble to fine 
sand with clayey and micaceous matrix; consists of granitic 
and volcanic rock fragments, quartz, feldspar and mica, 
sub-angular to sub-rounded, poorly sorted, weak to medium 
calcareous cement; cross-stratification and imbrication is 
from south-southwest, friable and loose, irregular cliff
former; base cut into unit # 3 ------ -------------------- 3.9

3 Clay - similar to unit #6 ------------- ------------ - - - U.O

2 Sand - similar to unit #12 but reddish brown(lOR$/lt)
and more clayey; cross-bedding not noticeable----- ----- U.2

1 Clay - banded brown(red) ($YR3/U) and moderate brown 
($YRU/U) with stratified silt and fine sand lenses; 
otherwise similar to unit #6; forms vertical cliff, 
base c o v e r e d-- -- - - -------------- -- 1U«0

Thickness---------- —  83.U
Elevation at base - - - - 3701.0



Located in SE-^SW^SE-^ sec.B, T. .17 S,, R. 20 E. along sloping cliff in 
badland topography approximately 0.37 mile south of U,S. 80 west of 
Benson; elevation at base is 3783*0 feet.

Unit Thickness
No. Description in feet

Erosion Surface

26 Granite Wash - conglomeratic, reddish brcwn(lQRlj/6), 
medium pebble to fine sand with clayey matrix; con
sists of quartz, feldspar, mica, granitic and quartz- 
itic rock fragments, very angular to sub-angular, 
poor sorting, none to weak calcareous cement; crumbly 
and friable, iron stained throughout, deep red soil 
profile near surface, irregular sloping cliff; base 
very irregular-- -------------------------- - — ----  16.0

Erosion Surface

St. David Formation

Stratigraphic Section MR - 2

2$ Limestone - marly, white(N-9), fine crystalline, hard 
nodular and fractured, crumbly when penetrated by 
brown(red)(5YR3/U) clay stringers, etched and pitted, 
forms small discontinuous ledge; covered in places 
or eroded off; same as MR—2—H E  — — — — — — — — — — — — 1.8

2U Clay - brown (red) (5YR3/U), some lime nodules near top; 
highly fractured, blocky and crumbly, forms irregular 
slope; top unconformable, base irregular--------------- 8.2

23 Limestone - similar to unit #2$ with numerous brown 
(red) clay stringers and interfingering thin lime
stone (U) units------------------ ---------------------  6.0

22 Clay - similar to unit #2U but strong prismatic frac
tures, blocky and crumbly; top is gradational, base 
irregular, same as MR-2-lid--------------------------- 9*1

21 Limestone - similar to unit # 2 3 ----------------------- 1.8

20 Clay - similar to unit #22 and unit #21; but more
siltier; base unconformable----- -----------—  - - —  6*3

19 Silt - sandy, grayish orange (10YR7/1;), fine sandy to
medium silty with clayey matrix; weak to medium cal- ' 
careens cement, some silty limestone nodules near top, 
etched and knobby; blocky and crumbly, forms hard ledge 
top unconformable, base sharp; same as MR-2-He - - - - 2.9
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18 Clay - similar to unit #22 and unit #21* but silty: r- - - - 6.3

NOTE: Unit #18 through unit #26 measured on hill approximately
100 yards west of base.

17 Limestone - clayey, grayish orange (10YR7/lt) fine crystal
line, has caliche appearancej hard, nodular and fractured.

Section MR - 2— Continued

crumbly due to numerous brown clay stringers, vein cal-
cite in vugs and cavities, etched and pitted, forms
small persistent ledgej top eroded, base irregularj
possibly Cca horizon of soil(?) - - - - —  - - —  - - - 2.0

16 Clay - silty, calcareous, grayish orange (10YR7/U ,
weak calcareous cement, crumbly and blocky, prismatic 
structures, irregular slope former j base gradational —  2.8

15 Silt - similar to unit #19 but light brown (5IR6/U) in
color j base irregular---------------- ------------------ 1.4

14 Clay - similar to unit # 1 6 ----------------   2.8

13 Clay - similar to unit #L6 but less lime material - - - - 1.2

12 Limestone - similar to unit #17 ------  0.6

11 Clay - calcareous, grayish olive(l0Y4/2). fresh, pale 
green(10C6/2) weathered, "bentonitic," isolated quartz 
grains, very angular to angular, numerous calcareous 
concretions and nodules throughout; crumbly and blocky, 
fractured with numerous slickensides, moderate slope 
former; contains numerous vertebrate fossils, site of 
the Blancan Mendivil Ranch fossil locality; top is un- 
conformable, base gradational( ?); same as MR-2-63 or 
MR-2-10 samples ---------------— ------ -----_ _ _ _ _  4»0

10 Clay - calcareous, moderate brown($034/4) mottled, num
erous white(N-9) limy stringers and nodules throughout, 
small marly limestone about halfway from bottom of unit; 
blocky and crumbly, thins out northward; no noticeable 
fossils; covered in most places by overburden from unit 
#11; base irregular-------------------------------------  4.2

9 Limestone - similar to unit #2$; thin section shows
fossil hash material probably algae; top unconformable,
base gradational(?)-------------------------------------  2.1
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8 Clay - brown (red) (5YR3/1*) 5 crumbly and blocky, frac
tured with numerous slickensides, small moderate slope.

Section MR - 2— Continued

grades vertically into thin green clay which grades
into limy clay; top conformable, base irregular--------- lit el

7 Silt - similar to unit jKL9 but more calcareous, vein
calcite in fractures-- -- ----------------- ------ -- - l.$

6 Clay - similar to unit #8 but mottled with numerous 
white(N-9) calcareous concretions and nodules and 
limestone stringers - —  —  - - -  --------------- - S#8

$ Silt - similar to unit #7 and unit # 1 9 -----------------  2.3

It Clay - similar to unit #6 -------------------------------  lit.7

3 Limestone - similar to unit #9 and unit #25; top un-
conformable, base irregular---- ------------------------ 2.5

2 Clay - similar to unit #L6 but moderate brown(5YRlt/l|)
and some small gypsum needles along fractures----------- 6.3

1 Limestone - silty, marly, greenish white (5G9/1), fine 
crystalline, hard, nodular and fractured, vein calcite 
along fractures, has caliche appearance at base, 
etched and pitted, forms irregular dense ledge; top 
unconformable, base covered; southward extension
shows more invertebrate fossils - - - - - - - - - - - - -  0.6

Thickness --------- - - - 127*3
Elevation at base - - - - 3783*0



147

Located in NE5NE5NW5 sec.17, T. 17 S., R. 20 E. along a very steep 
sloping cliff in badland topography approximately 0.65 miles south 
of U.S. 80 and about 500 yards west of MR-2; elevation at base is 
3866.0 feet.
Unit Thickness
No. Description in feet

Erosion Surface

16 Granite Wash - similar to granite wash in MR-2 - - - - 24.1

Erosion Surface 

St. David Formation

15 Limestone - marly, white(N-9) fresh, very pale orange 
(10YR8/2) weathered, fine crystalline, hard, nodular 
and fractured, crumbly when penetrated by brown (red)
(5YR3/4) clay stringers, some vein calcite along 
fractures and in vugs, knobby and etched, discontin
uous small dense ledge; top very irregular, base ir
regular ---------------- ---------------------- -------- 1.5

14 Clay - silty, calcareous, brown(red)(5YR3/4)> numer
ous lime nodules and stringers throughout, blocky and 
crumbly, forms steep rounded slope; top unconformable.

Stratigraphic Section MR - 3

base irregular - - ---------— ------ - ------------- 6.0

13 Limestone - similar to unit #1$ ----------------  - - - 1.1

12 Clay - similar to unit #14 but contains small line-
stone lens at about 2 feet from base of unit   - - - 12.7

11 Limestone - similar to unit - —  —  ------------- 1.7

10 Clay - similar to unit # 1 4 ------- - - --------------- 3.1

9 Limestone - similar to unit #L5> -------------------- - 1.0

8 Clay - similar to unit # 1 4 ----------- ------- —  - - 16.8
7 Limestone - similar to unit #15     - ------------- 2.1

6 Clay - similar to unit # 1 4 --------- ------------------ 10.2

5 Limestone - similar to unit #1$ but many clayey
stringers--------------------------------- ------------ 4.9



Section MR - 3— -Continued

m

k Clay - similar to unit #1U but less silty and less 
calcareous; bedding laminated, forms steep cliff 
due to stream cutting - - - - --  - - - - - --  - - - - -  2.1

3 Limestone - similar to unit but weathers to 
light brown(5YR5/lt)j very discontinuous limestone 
ledge, forms a steep c l i f f --------------------------- -

2 Clay - silty, calcareous, light brown(j>YRf>/U), strong 
calcareous cement, some small silty limestone nodules, 
crumbly and blocky, prismatic structure, steep cliff 
former5 top gradational, base gradational------ -------- 3.U

1 Clay - similar to unit #2 but grayish orange (10YR7A) t 
more nodules and calcareous cement, and more silty; 
silt-size grains mainly quartz and mica, very angular 
to sub-angular, prismatic structures, blocky and crumbly, 
forms steep cliff due to stream undercutting along wash; 
base covered---- -------------------------------------- 2.0

Thickness - ------------- 97«2
Elevation at base - - - - 3866.0



Located in SE^NVf|NE|sW£ sec,19, T. 18 S., R. 21 E. along isolated hill 
approximately 330 yards east of the El Paso Natural Gas Company pipe 
line road; elevation at top is 3830.7 feet.

Unit
No. Description 

Erosion Surface 

St* David Formation

10 Limestone - marly, tuffaceous, light greenish gray 
($G8/lt) to light gray(N-8), fine crystalline, soft 
friable, porous and nodular except near top, forms 
hard lime capping, clear angular glass shards and vol
canic ash(?), forms firm ledge; fossil ostracodes and 
algal hash abundant; top very irregular, base grada
tional ------------------------------------- ------------ 3.0

9 Clay - calcareous, pale olive(10X6/2), “bentonitic," 
some lime nodules especially near top, fractured, 
blocky and crumbly, moderate slope former; top and 
base gradational --------------- — ------------------- 1.5

8 Clay - brown (red) ($IR3/h)s blocky and crumbly, forms
moderate slope; top conformable, base irregular - ------  3*8

7 Sand - silty, pale greenish yellow(10X8/2), fine sand 
consisting almost entirely of quartz and heavy miner
als, very angular to sub-angular, grains equant, clayey 
matrix, poor sorting; loose and friable, forms small 
slope, suggests a small sand bar; top very irregular, 
base also irregular ---------- ------ -- --------------- 0.9

6 Clay - moderate yellowish brown(lOIR$/2), becomes greener 
near top, blocky and crumbly/ top unconformable, base 
gradational ----------------------- - - - ---- ---------- U.O

3 Clay - similar to unit #8 but contains some thin silt
lenses throughout; good conchoidal fractures in clay --- 18.7

U Clay - similar to unit #3 and unit #8 but contains
some minute gypsum crystals especially along fractures - 3*0

3 Sand - silty, moderate brown(5XRlt/U), very fine sand; 
consists of quartz, feldspar and mica, very angular 
to sub-angular, medium to poor sorting, weak calcar
eous cement; loose and friable, forms small ledge; 
thickens south and west and becomes a good blanket 
sand; top unconformable, base unconformable-- -- ■

Stratigraphic Section EP - 1

Thickness 
in feet

1.8



Section EP - 1— Continued

2 Clay - similar to unit # U ------------------- ------------ 2*8

1 Clay - similar to unit #5 and unit #8; undifferentiated
unit containing numerous small silt’lensesj top grada
tional, base c o v ered---------------------- — ------  lt5.2

Thickness - - - --------- 86*7
Elevation at base —  - - 37Wi»0



Located in SE^SE^SE^ sec.5, T. 17 S., R. 21 E, along a steep sloping 
ridge approximately 100 yards due south of State Highway #86; eleva
tion at base is 381(2.0 feet.
Unit Thickness
No. Description in feet

Erosion Surface

19 Granite Wash - conglomeratic, moderate reddish brown
(10R5/6), small cobble to medium sandy with clayey and 
micaceous matrix; consists of quartz, feldspar, schist, 
granite and limestone rock fragments, very angular to 
sub-rounded, poor sorting, weak calcareous cement; 
crumbly and friable, iron stained throughout, red soil 
and small caliche layers near surface, irregular slop
ing cliff; base irregular------------ ------------------ 13.U

Erosion Surface

St. David Formation

18 Sand - gravelly, silty, moderate yellowish brown(lOYRf>/ii), 
medium sand, consists mainly of quartz, feldspar, with 
micaceous and clayey matrix, sub-angular to sub-rounded, 
very poor sorting, weak calcareous cement; cross-bedding 
from east-southeast, crumbly and loose, forms weak steep 
slope; base irregular-- ----- ' - - - - ------ ----------- 6.2

17 Conglomerate - sandy, pale yellowish brown(10YR6/2), fine 
pebble, mainly quartz, feldspar, gneissic, schist and 
limestone rock fragments, very angular to rounded, strong 
calcareous cement with upper few inches forming a lime
stone capping, poor sorting; blocky and friable, forms a 
soft ledge; top unconformable, base irregular; may repre
sent a Cca horizon of soil —  ---------------- - - - - 1.8

16 Silt - gravelly, sandy, moderate brown( 5YR$/1|), coarse 
silt, gravel up to small boulders, angular to sub- 
angular, sand and silt consists mainly of quartz and 
feldspar with mica, very angular to sub-angular, med
ium calcareous cement; thin gravel lenses throughout, 
numerous lime nodules in upper part; cross-bedding 
from southeast, friable and loose; top conformable, base

Stratigraphic Section SH - 1

gradational---------------------------------------------  $.9

Sand - similar to unit #18 ----------------------------- U<>715
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lit Conglomerate - similar to unit #17 but more persistent
marker bed --------------------------------------------- 1.3

13 Sand - similar to unit #18 but not as gravelly with
small sandy limestone capping, has caliche appearance - - 6.3

12 Sand - similar to unit #13 and unit #18 but gravels up 
to large cobbles, mainly schist, gneiss, quartzite and 
granite rock fragments; forms an irregular lens-like 
body, cross-bedding from east - - —  ------- 2.1*

11 Silt - clayey, calcareous, grayish orange(10YB7/U) > 
medium silt, consists of quartz, feldspar with mica
ceous and clayey matrix, very angular to sub-angular, 
weak calcareous cement, poor sorting; crumbly and 

. friable, forms small steep slope; top unconformable, 
base irregular - - ---------------- -- - - —  ------- 5.1*

10 Silt - similar to unit #11 but strong calcareous cement 
with numerous lime nodules; forms small persistent 
ledge; top conformable, base irregular-- -------------- 1.0

9 Clay - gravelly, brown(red) (SYR3/W, gravels mainly 
quartz, feldspar, granite rock fragments, angular to 
sub-angular; blocky and crumbly, forms irregular 
slope; top unconf ormable, base sharp - - - ------- - - - U.O

8 Silt - similar to unit #16 but stronger calcareous
cement; forms small ledge---- -- —  --------- - —  - - 0.8

7 Silt - similar to unit #11 and becomes increasingly
limy upward in unit; top gradational, base irregular--- 7.3

6 Clay - similar to unit # 9 --------------------- ---------- 1.0
5.5 Sand - gravelly, silty, pale orange(10YR8/2) to light 

gray(N-8), medium sand, clayey matrix, very poor sort
ing, strong calcareous cement; blocky and massive, 
strong persistent ledge former, from distance resembles 
limestone ledge; may be Cca horizon; top unconformable.

Section SH - 1— Continued

base gradational - -------------------------------------  0.8
5 Sand - similar to unit #18 but less gravelly and more 

silty; some small silty limestone stringers; base and 
top gradational --------- - - ---------------------------I6.I4

1* Sand - similar to unit #18 but strong calcareous cement;
persistent ledge former; top and base gradational---- -- 2,1*
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3 Sand - similar to unit #18 but not as gravelly; weak 
calcareous cement except for strong cemented capping; 
top conformable, base irregular - - - - - - - - - - - - -  10«0

2 Clay - silty, moderate brown(5YRlt/U), medium sand to 
clay, grains mostly quartz, feldspar, heavy minerals 
and mica, very angular to sub-angular; blocky and 
crumbly, forms small irregular slope; top unconform- 
able, base irregular------ —  - — ---------------- - 6.0

1 Silt - similar to unit #11 but more sandy; top grada
tional, base covered - - - - -  --  - —  _ _ _ _ _  --  - 10.8

Thickness---------------107.3
Elevation at base-------381(2.0

Section SH - 1— Continued



Stratigraphic Section LV - 1

Located in NWisW^SWl- sec.21, T. 17 Se, R. 21 E. along steep cliff in 
badland topography in Lonesome Valley; elevation at base is 3772.0 
feet.

Unit
No. Description 

Erosion Surface

25 Granite Wash - conglomeratic, moderate reddish brown 
(10Rlt/6), small boulder to fine sand with clayey and 
micaceous matrix, consists of quartz, feldspar with 
gneiss, schist, quartzite and granite rock fragments, 
angular to sub-rounded, very poor sorting, none to 
weak calcareous cement; crumbly and friable, crude 
cross-stratification from east, southeast, forms rounded 
hill-top, iron stained throughout, deep red soil profile 
and caliche layer near surface; base irregular - - —  - 3U.7

Erosion Surface

St. David Formation

2It Limestone - marly, very light gray(N-8), fine crystal
line, hard, nodular and fractured, vein calcite strong 
in vugs and cavities and along fractures, knobby and 
etched, forms good marker ledge except where eroded 
off; top unconformable, base irregular ------ - ------- 1.3

23 Clay - calcareous, brown(red)(5YR3/U)t numerous limy 
nodules and concretions especially near top, crumbly 
and blocky, forms moderate slope; top unconformable.

- base irregular ---- ------ ------- - --------- 7.9
22 Limestone - similar to unit #2ii; very persistent

marker b e d ----------------------------------- ---------- 1.5
21 Clay - silty, calcareous, moderate brown(5fRli/li), 

small silt lenses with medium calcareous cement, 
consists of quartz, feldspar and mica, some limestone 
nodules and concretions; blocky and crumbly, forms 
irregular slope; top unconformable, base gradational --  1*.5

20 Silt - sandy, calcareous, light brown(5YR6/lt),• coarse 
silt, consists of quartz, feldspar with clayey and 
micaceous matrix, very angular to sub-angular, poor 
sorting, weak calcareous cement; laminated, blocky 
and friable, some thin resistant silty limestone 
lenses, forms irregular slope; top gradational, base 
irregular----------- - - — ---------------—  - .

Thickness 
in feet

6.6
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19 Clay - similar to unit #23 but more silty especially in 
lower part3 near top, small red(10R3/i|) clay and calcium 
carbonate layer probably representing a soil p r o f i l e ---22.5

18 Limestone - similar to unit #2^; same as LV-17-62----- - 1.5

17 Clay - similar to unit #19 and unit # 2 3 ----------------- l*.l

16 Sand - silty, calcareous, light brown(5fR6/l|), fine 
sand with clayey matrix, consists mostly of quartz 
and feldspar, very angular to sub-angular, poor sort
ing, weak to medium calcareous cementj cross-bedding 
lenticular, friable and crumbly, forms sloping ledge --  6.8

15 Clay - similar to unit # 2 1 ----         - llt.O

111 Sand - similar to unit #16 but contains ripple marks
in strong cemented sandstone lenses ------ -------------- U.2

13 Clay - similar to unit #23 but more silty, same as
sample LV-12-62---- -- --------------------------------- 5.6

12 Sand - similar to unit #16 but gravelly; strong cal
careous cement; steep cliff former —  —  —  - —  - - 3.0

11 Silt - similar to unit #20; base gradational--- -----  - 2.0

10 Silt - gravelly, banded brown(red) (5fR3/li) and light
brown(5YR6/l|), otherwise similar to unit #20 and #23, 
forms steep cliff due to resistant units in unit #12, 
base gradational-- -------------------------- ------- - 7*5

9 Sand - gravelly, dark reddish brown(10R3/ii), fine sand, 
consists of quartz, feldspar, granitic and schistose 
rock fragments with high micaceous and clayey matrix, 
very poor sorting, medium to strong calcareous cement; 
cross-bedding from southeast, massive and friable, 
forms irregular ledge; top conformable, base gradational, 
same as sample LV-9-62 - --------------------- —  - —  3.5

8 Silt - similar to unit #20 -------- -----_ _ _ _ _ _ _  1,0

7 Clay - similar to unit # 2 3 -----------------------------  2.0

6 Sand - similar to unit 9 but is brown(red) (5YR3A),
top sharp, base irregular; same as sample LV-8-62------- 5.0

Section LV - 1— Continued
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Section LV - 1— Continued

5 Clay and Silt - alternating brown(red)(5lR3A) clay and
light brown(5¥R6/lj.) silt; units similar to #20 and #23 - 1U.0

it Sand - similar to unit #l6 but more gravelly; gravels 
form lenses in unit, thicken eastward; cross-bedding 
from east; base irregular, same as sample LV-7-62 - - - 6,3

3 Sand - similar to unit #9 but not as gravelly; weak cal
careous cement; forms small cliff; top unconformable, 
base gradational--------    1,3

2 Silt - similar to unit # 2 0 ------------------  -- ------1.3

1 Clay - similar to unit #19 and #23; good conchoidal
fractures; base covered; same as sample LV-3-62 —  - - - 12.0

Thickness----------------17U»1
Elevation at base -----  -3772.0
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Located in NE5NE3NE4 sec.20, T. 17 S., R. 21 E. along steep sloping 
ridge in Lonesome Valley approximately 1.6$ miles due west of Sybil; 
elevation at base is 3763.0 feet.
Unit Thickness
No. Description

Erosion Surface

18 Granite Wash - similar to granite wash in L V - 1 --------- 13.2

Erosion Surface 

St. David Formation

17 Sand - gravelly, moderate yellowish brown(lOYR$/i|), 
medium sand, coarse pebbly to coarse silty, consists 
of quartz, feldspar with granitic and quartzitic rock 
fragments, with micaceous and clayey matrix; very 
poor sorting, weak calcareous cement; loose and fri
able, forms irregular slope; top unconformable, base 
irregular----------------------------------------------- lt.0

16 Sand - gravelly, silty, moderate yellowish green
(10GY6/2), fine sand, small cobble to coarse silt with
high micaceous and clayey matrix; consist of decomposed
granitic fragments, quartz, feldspar and mica, angular
to sub-rounded, weak calcareous cement, becomes more
clayey and limy near top; loose, crumbly and friable,
irregular slope former, incised into eroded surface of
unit #15; contains horse teeth (Nannippus and larger
horse) and other vertebrate fossil scraps; top uncon-
formable, base very irregular - —  - ------------ -- - - 7«U

1$ Silt - clayey, moderate brown( 5YRU/U), consists of
quartz, feldspar with micaceous and clayey matrix, very 
angular to sub-angular, poor sorting, weak calcareous 
cement; blocky and friable, some thin silty limestone 
lenses, forms irregular slope; top unconformable and 
irregular, base irregular------------------------------- 6.8

lit Clay - calcareous, brown(red)($YR3/lt), abundant limestone 
nodules and limy stringers especially near top, crumbly 
and blocky, forms moderate slope; top unconformable, 
base irregular------------- ------ --------------

Stratigraphic Section LV - 2

5.9
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13 Gravel - sandy, calcareous, brown(red)(5YR3/W and gray
ish orange(lOYR7/U), mottled, medium pebble, small 
cobbles to fine sandy with clayey matrix, gravel types 
similar to unit #16, very poor sorting, weak calcareous 
cement, large limestone nodules especially in upper part5 
crumbly and friable, small weak ledge former, appears to 
grade laterally southward into silty limestone; top un- 
conformable, base gradational - ----------------------- - 3*6

12 Sand - similar to unit #17 but grayish orange (10IR7A)
and more clayey, near top sand becomes well-cemented - - 3»0

11 Clay - similar to unit #11* but more sandy and less cal
careous -------------------------------------------------  7.5

10 Silt - similar to unit #L5 but more sandy; laminated,
fissile, forms irregular l e d g e -- -- - ---------- -- - - 2,1*

9 Clay - similar to unit #Ll* but interspersed are small 
thin silt lenses, small greenish streaks; top grada
tional, base irregular - - - - - - - - - -  --  - - - - - 10,0

8 Sand - gravelly, silty, pale yellowish brown(lOYR6/l*), 
fine sand, very fine pebble to coarse silt, consists of 
quartz, feldspar and mica with clayey matrix, very an
gular to sub-angular, poorly sorted, weak calcareous 
cement; fine laminated, crumbly and friable, iron stained 
throughout, irregular ledge former; top unconformable, 
base irregular---- -- ------------- - - --------- - —  1.8

7 Clay - similar to unit #11* but more gravelly -- ---------- 5.U

6 Sand - similar to unit #8 but not gravelly - -  ----- - 0.7

5 Clay - similar to unit #31* but sandy near top; top is
conformable, base unconf ormable —  - —  ----------- - - 1*.2

1* Sand - similar to unit #8-- ----—  - - - - ---------- - 7.0

3 Clay - similar to unit #11*----------------------------- 19*5

2 Sand - similar to unit #8 - ---------------------------- 6,0

1 Clay - similar to unit #11*, good prismatic structures,
contains small gypsum needles along fractures; top 
gradational, base covered - - —  - - - —  — ------ -- 23.5

Thickness - - - ------- - 131.9
Elevation at base------- 3763.0

Section LV - 2— Continued
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Located in SE^NEInE^ sec«3U» T. 17 S., R, 21 E. along a steep cliff 
in badland topography in McRae Wash approximately 2.3 miles northeast 
of St. David, Arizona; elevation at base is 3913.0 feet.

Unit Thickness
No. Description in feet

Erosion Surface

22 Granite Wash - conglomeratic, pale reddish brown(10R5/6), 
small cobble to fine sand with clayey and micaceous 
matrix; consists of quartz, feldspar, granitic and 
schist rock fragments, very angular to sub-rounded, 
equant and prolate grains, very poor sorting, weak 
calcareous cement; some crude stratification, crumbly 
and friable, numerous thin caliche zones and deep red 
soil zone near top, iron stained throughout; weathers 
to rounded hill top; base irregular-----—  ---------- - 3.2

Erosion Surface

St. David Formation

21 Clay - silty, pale reddish brown(10R5/U), silt parti
cles mainly quartz and feldspar; crumbly and blocky, 
forms steep slope; top unconformable, base sharp - - - - 6,0

20 Clay - calcareous, brown(red) (5YR3/lt), thin limy
stringers and nodules throughout; conchoidal fractures, 
crumbly and blocky, forms steep slope; top unconform
able, base irregular; same as sample MW-1-17 — ------- 8.0

19 Clay - calcareous, silty, grayish olive(10YU/2), silt 
grains mostly quartz and feldspar, numerous limy 
stringers and nodules; crumbly and blocky, forms 
steep slope; top gradational, base conformable --------- 2.6

18 Silt - calcareous, clayey, grayish orange(10YR7/U),
coarse silt, grains mainly quartz, feldspar and mica, 
very angular to sub-angular, weak calcareous cement; 
crumbly and blocky, forms small irregular slope; top 
gradational, base irregular; same as sample MW-1-15 - - - 5»9

17 Clay - calcareous, silty, pale yellowish brown(10YR6/2), 
numerous limy stringers especially along fractures; 
crumbly and blocky, forms small steep slope; top con
formable, base gradational - - ------------------------- 1.8

Stratigraphic Section MW - 1
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Section MW - 1— Continued

16 Limestone - clayey, pale yellowish brown (10YR6/2), 
similar to unit #L1 but fine crystalline limestone 
with clay material; forms small ledge; base irregular--  0.5

15 Clay - similar to unit $L7 -  -------------------------  1.1

lit Clay - similar to unit #17 but grayish orange (10XR7/U) J
some vertebrate fossil fragments especially near base; 
top conformable, base irregular; same as sample MW-1-13 - 6.0

13 Limestone - marly, white(N-9), fine crystalline, hard, 
nodular and fractured, vein calcite in vugs and cavi
ties, green clay stringers throughout; forms firm ledge, 
persistent marker bed; thin section shows fossil (algae?) 
material; top unconformabie, base irregular; same as 
sample M W - 1 - 1 2 ----------------------------------    0.5

12 Clay - similar to unit #19 but "bentonitic"; McRae ver
tebrate fossil locality containing Blancan fossils; top 
unconformabie, base gradational, same as sample MW-1-11 - 2.5

11 Clay - similar to unit #20 but moderate brown(5YRl|/U) 5
some green clay near base - - -— ------ ---------------- 2.8

10 Limestone - similar to unit #13 but has calichified 
appearance; very persistent marker bed that can be 
traced for miles; top unconformabie, base irregular-- -- 0.9

9 Clay - similar to unit #11;; becomes increasingly limy
near t o p ------------   10.1*

8 Limestone - similar to unit #10 but silty; top unit of
very steep c l i f f ---------------------------        2.0

7 Silt - similar to unit # 1 8 -----------------------------  2.8

6 Clay - silty, sandy, moderate brown( 5YRl*/l*); this unit 
and unit #1* makes up the steep face of the cliff and 
consists of alternating units of (A) sand, (B) clay, and 
(C) silt, as follows:

Sub-unit (A) gravelly sand - fine pebble to fine sand, 
consists of quartz, feldspar, and rock fragments, very angu
lar to sub-angular, equant grains, poor sorting, weak calcar
eous cement; loose and crumbly, cross-bedding from east; 
usually overlaid by unit (B); thickness varies but is usually 
1 to 2 foot.
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Sub-unit (B) silty clay - numerous silt lenses; weak 
calcareous cement in silt lenses; blocky and crumbly, al
ternates with unit (C) when unit (A) is not present; pre
dominates in this part of the section; usually 2 feet thick*

Sub-unit (C) sandy silt - very pale orange(10YR8/2), 
coarse silt with clayey and micaceous matrix, consists of 
quartz and feldspar, very angular, poor sorting, weak cal
careous cement; thin bedded, crumbly and massive, predom
inates in unit of section; usually 2.5 to 3.0 feet thick.
top conformable, base irregular —  - — ---- ----------12.5

5 Limestone - similar to unit #8 and unit # 1 0-- ---------- 0.6

h Silt - similar to unit #6 but sub-unit (C) predominates 
in this part of the section, makes up the lower part of 
the steep cliff; top unconformable, base very irregular - 8.7

3 Limestone - similar to unit #10 but gravelly and sandy; 
resembles caliche zone of soil; green clay stringers 
throughout, persistent unit that grades laterally west
ward into lacustrine limestone; top unconformable, base 
gradational---------------------------------------------  1.1

2 Clay - similar to unit #19 but is gravelly and sandy; 
numerous lime nodules; probably is part of unit #1 and 
unit #3-------------------------------------------------  1.0

1 Limestone - similar to unit #3; base is covered at
stream w a s h ------ -------------------------------------- 2 .1

Thickness--------------- 83.0
Elevation at base -------  3913.0

Section MW - 1— Continued
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Stratigraphic Section M  - 2

Located in EgNW^NW^- sec.3b, T. 17 S., R. 21 E. along a moderate slop
ing cliff in McRae Wash approximately 300 yards south of Stronghold 
Canyon Road at top of section; elevation at base is 3820 feet.

Unit Thickness
No. Description in feet

Erosion Surface

23 Granite Wash - similar to granite wash in M W - 1 --------- 22.0

Erosion Surface

22 Silt - sandy, grayish orange(10YR7A)» coarse silt, 
grains mainly quartz, feldspar and mica with clayey 
matrix, angular to sub-angular, weak calcareous cement; 
crumbly and blocky, forms small irregular slope; top 
unconformable, base irregular —  —  - —  - - - - - - -  6.0

21 Limestone - marly, very light gray(N-8), fine crystal
line, hard, nodular and fractured, forms hard limestone 
capping, vein calcite in vugs and cavities, green clay 
stringers especially in middle portion; forms firm 
ledge, persistent marker bed; top unconformable, base 
irregular----------------------------------------------- 2.8

20 Clay - calcareous, brown(red)(5YR3/lj), small limy
stringers and nodules; crumbly and blocky; forms mod
erate slope; grades into small green clay which grades 
into unit #21; base irregular - ------------------------- 3.1

19 Limestone - similar to unit #21; same as sample MW-2-21 - 0.U

18 Clay - similar to unit #20; same as sample MW-2-20  ---  2.6

17 Limestone - similar to unit #21 - - — -------- -- —  - 0.3

16 Sand - silty, grayish orange(10YR7/U), very fine sand, 
consists principally of quartz, feldspar, heavy miner
als and mica with micaceous and clayey matrix, very 
angular to sub-rounded, grains equant and prolate, weak 
to strong calcareous cement; crumbly and loose except 
where well cemented, forms small thin sandstone lenses 
when well cemented, forms steep slope; top unconformable, 
base irregular —  - —  - —  - - — ---- —  —  - - 6.0
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Section MW - 2— Continued

1£? Sandstone - similar to unit #16 but pale yellowish brown
(10YR6/2) and strong calcareous cement; good to fair sort
ing, cross-bedding from the southeast, forms small persist
ent ledge; top unconformable, base irregular - —  - —  0.5

lU Sand - similar to unit #16 ---------- -- —  ------ -- - 8.5

13 Sand - similar to unit #11* and unit #16 except this 
unit has very little cement; very loose and crumbly, 
cross-bedding from east-southeast; top conformable, 
base irregular; same as sample MW-2-15 - - --  - --  - - 5.8

12 Limestone - silty, very pale orange (10YR8/2), fine 
crystalline; laminated, platy and shaly, forms re
sistant ledge; top unconf ormable, base irregular-- -- - 2.5

11 Clay - silty, calcareous, moderate brown(5YRl*/l*) to 
light brown(5Ht6/l|), silt particles mainly quartz, 
mica and feldspar, very angular to sub-angular; silt 
lenses strongly cemented, numerous liny stringers and 
nodules; crumbly and blocky, forms steep slope, small 
calcite roses in limy units; top unconf ormable, base
irregular------------------ -------- - — ------------- 12.9

10 Limestone - similar to unit #21; thin section shows
ostracodes and Chara fragments-- -- ------ - ------- - 0.8

9 Clay - similar to unit # 2 0 ---—  - -  ----- --------- 3»3

8 Sand - gravelly, moderate yellowish green(10GY6/l*)
fresh, yellowish brown(5fRl*/6) weathered, very coarse 
pebble to coarse sand with micaceous and clayey matrix, 
consists of quartz, feldspar, granitic and quartzitic 
rock fragments and limestone nodules, very angular to 
rounded, poor sorting, weak calcareous cement; loose 
and crumbly, forms small slope channeled into unit #7;
top •unconformable, base irregular---------- -- - - - - 0.8

7 Silt - similar to unit #22; base gradational-----------  2.6

6 Sand - similar to unit #16; contains small gravel
lenses showing cross-bedding from east; top conform
able, base gradational-- -- —  ----------------------- 6.9

5 Sand - similar to unit #6 and unit #L6 but contains 
numerous silty limestone units; forms steep slope 
with numerous small ledges and knobs - - - --  - - - - - 5.U
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Section MW - 2— Continued

I4. Clay - similar to unit #20 but silty; may contain small
soil zone near t o p ------------------------------------- 7*3

3 Sand - similar to unit #5j base gradational with unit 
#1 except where unit #2 (channel conglomerate) has 
channelled into unit #1 - ------------------------------- 5.6

2 Conglomerate - sandy, calcareous, pale yellowish brown 
(10YR6/2) weathered, light gray(N-7) fresh, medium peb
ble, small cobble to medium sand, consists of quartz, 
granitic, gneissic, schist and limestone particles, very 
angular to rounded, equant and prolate, medium to strong 
calcareous cement; good strong cross-bedding from east; 
forms very irregular ledge, limonite and manganese oxide 
staining throughout, channelled into unit #1, thins
northward; top unconformable, base very irregular - - - - 2,0

1 Silt - similar to unit #5; numerous thin laminated Unre
st one units showing soft sediment compaction and slump- 
age; base is covered - - —  - - —  ----------- —  - - 15.9

Thickness - -  ---- - - - - 12lj.,0
Elevation at base —  —  - - 3820,0
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Located in MW^SE-^NW^ sec.33, T. 17 S., R. 21 E. along a steep slope 
in badland topography in McRae Wash approximately 1600 yards northeast 
of St. David, Arizona; elevation at base is 3756.0 feet*

Stratigraphic Section MW - 3

Unit Thickness
No* Description in feet

Erosion Surface

23 Granite Wash - similar to granite wash in M W - 1 --------- 27.0

Erosion Surface 

St. David Formation

22 Limestone - silty, pale yellowish brown(lOYR6/2) weath
ered, very light gray(N-8) fresh, hard, dense, nodular 
and fractured, vein calcite in vugs and cavities; 
crumbles when penetrated by brown clay stringers, forms 
small ledge, is eroded out in places; top unconformable, 
base irregular; same as sample MW—3 - 2 1    O.U

21 Silt - tuffaceous, moderate reddish orange(10R5/6), 
consists of quartz, feldspar and glass shards with 
micaceous and clayey(ash?) matrix, very angular to 
sub-angular, poor sorting; porous, lightweight and 
crumbly, forms steep slope; top unconformable, base 
gradational; same as sample MW-3-20------- - ---- ------ 5*6

20 Clay - similar to unit #2l but less silty; moderate 
reddish pink(lOR7/6), clay has "bentonitic" appear
ance; thin section shows volcanic ash(?) and glass 
shards altering to clay; top and base gradational; 
same as sample MW-3-18 —  - — ---- --------—  - - - 3.1

19 Tuff - similar to unit #2l0 and unit #21 but more tuf
faceous, contains numerous glass shards, very angular, 
crescentric and elongated, clayey and micaceous matrix;
forms small thin ledge; top conformable, base sharp - - - 0.5

18 Silt - similar to unit #21 but yellowish gray(517/2), 
no glass shards recognizable; silty limestone lenses 
and nodules throughout - --  --  _ _ _ _ _  —  _ _ _ _ _  0.5

17 Limestone - similar to unit #22 but sandier, light 
greenish gray(5GY8/l), forms persistent marker bed; 
top unconf ormable, base gradational-- -- --------- ----- 0.5
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16 Clay - calcareous, pale olive(10Y6/2), "bentonitic,"
contains abundant limestone nodules; conchoidal fractures, 
blocky and crumbly, moderate slope former; base and top

Section MW - 3— Continued

gradational; same as sample MW-3-1U - - ------------- - - 0.8
15 Clay - moderate brown (red) ($IR3/b) > conchoidal frac

tures, crumbly and blocky, forms shallow slope; top 
gradational, base unconformable---------- -------------- 7.5

111. Sand - silty, calcareous, moderate yellowish brown 
(lOIR^/U), medium to fine sand, consists of quartz, 
feldspar, granitic and volcanic rock fragments with 
clayey and micaceous matrix, very angular to sub- 
rounded, equant and prolate grains, weak to strong 
calcareous cement; cross-bedding from southeast, crude 
stratification, iron staining throughout, crumbly and 
friable except for strongly cemented sand lenses, forms 
steep slope; top unconformable, base irregular; same as
sample MW-3-12 — -------------- ---------------------- 1.8

13 Clay - similar to unit #15 but contains small limestone
stringers and nodules---- ----------- ----------------- U.5

12 Sand - similar to unit but moderate brown (5YRU/U) 
and gravelly; forms small resistant ledge; same as 
sample MW-3 - 1 0 ----------------------------------------- 0.5

11 Clay - similar to unit #1.% but silty --------- ------- - 12.1
10 Silt - calcareous, clayey, moderate brown( $HlLi/h),

medium silt, grains mostly quartz and feldspar, very
angular to sub-angular, weak calcareous cement;
crumbly and blocky, forms small steep slope; top
unconf ormable, base irregular - —  - - - ------ -- - - - 2.0

9 Clay and Silt - brown(red)($IR3/b) clay and moderate 
brown(5>YRlt/li) silt banded; similar to unit and 
unit #8, respectively, laminated shaly layers through
out; top conformable, base irregular; same as sample
M W - 3 - 7 -------------------------------------------------  6.8

8 Sand - similar to unit #11; but dusty yellow( 5Y6/U);
same as sample MW-3-6----------------------------- - - - 1.8

7 Clay - similar to unit #1$ but s i l t y -------- ----------- 6.6
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Section Mif - 3— Continued

6 Sand - similar to unit #8 and unit #11; but more 
gravelly, numerous gravel lenses, up to small 
boulder in size, consists of quartz, feldspar, vol
canic rock fragments (dacitic and andesitic), gran
itic and quartzitic rock fragments, angular to sub
rounded, very poor sorting; forms a resistant ledge.
thins eastward; top unconformable, base very irregular - 1;#2

S Silt - similar to unit #6 and unit #8 but is finer 
facies; contains few gravel lenses; top and base 
gradational---------------- ----- ---------------------- 1.7

U Sand - similar to unit #6 and unit #8 but moderate 
brown(5XRl;/i;) and more clayey; massive and crumbly, 
cross-bedding from southeast, ripple marks strike 
northeast-southwest, forms persistent ledge, thins 
eastward; numerous vertebrate fossil fragments 
heavily encrusted with calcite, three Nannippus 
teeth were taken from this unit; top conformable.
base s h a r p ---------- ----------------------------------  3.8

3 Clay - similar to unit #11 and #15 - —  - —  -  -----  9.8

2 Silt - similar to unit #10 but grayish orange (10YR7/1|) - l.f>

1 Clay - similar to unit #LL and unit #1$; makes up 
good red bed unit, sane small silt lenses; persist
ent unit that can be traced for three to five miles 
north and south; top unconformable, base covered at 
stream w a s h ---------------------------------------------  37.6

NOTE: Unit #1 through unit # U  were measured on first ridge;
units #11 through #23 were measured on ridge approxi- 

j mately 200 yards east of first ridge. „

Thickness  -- ----- ----ll;0.6
Elevation at base ------- 3756.0
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Stratigraphic Section SP - 1

Located in SW^NW^SW^ sec#9, T. 17 S., R* 21 E, along a steep railroad 
cut of the Southern Pacific railroadj elevation at track (base) level 
is 3863.0 feet.

Unit Thickness
No. Description in feet

Erosion Surface

8 Granite Wash - conglomeratic, moderate reddish brown 
(10Rij/6), small cobble to fine sand with clay and mi
caceous matrix, contains quartz, feldspar, schist, 
granite, gneiss and some limestone rock fragments, very 
angular to rounded, poor sorting, weak calcareous cement; 
crumbly and friable, iron stained throughout, weathers
to rounded slope near top, gravels appear to be reworked; 
base very irregular---- — -------------------------- - 18.U

Erosion Surface

St. David Formation

7 Sand - silty, light brown(£YR6/it), medium sand, consists 
of quartz, feldspar, heavy minerals and mica, very angu
lar to sub-angular, grains equant, fair to poor sorting, 
clayey matrix, weak to medium calcareous cement; crumbly 
and friable, steep slope former; top very irregular, 
base irregular---- ------------------------------ ----- U.U

6 Clay - silty, moderate brown( 5YRl*/U), blocky and crumbly,
_ prismatic fractures, soil zone in upper 2.3 feet that is 

brown(red)(3YR3/U)* forms a steep slope; top unconform- 
able, base irregular------- - — ---- —  —  - ------ 9*6

9 Sand - gravelly, silty, grayish orange(10YR7/U)> large 
boulder to coarse silt with clayey matrix, consists of 
quartz, feldspar, granite, schist and quartzite rock 
fragments, angular to sub-rounded, very poorly sorted 
weak to medium calcareous cement; scour and fill and 
cross-bedding dominant from south; crumbly and friable, 
forms a steep slope except where cemented sand forms
ledge; top unconformable, base sharp ------------------- 11.3

U Silt - clayey, calcareous, light brown(5YR6/U), con
sists of quartz, feldspar and mica with clayey matrix, 
weak calcareous cement, many thin silty limestone 
stringers; blocky and friable, forms steep slope; 
top unconf ormable, base irregular - - -  - -  - -  - -  - -  - U.9
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Section SP - 1— Continued .

3 Clay - silty, moderate brown(5lRltA) except near top which 
is brown(red) (5YR3/U) J some limy stringers j crumbly and 
blocky, forms moderate slope, upper part is soil horizon; 
top tineonformable, base irregular-----------------------

2 Sand - gravelly, grayish orange(10YR6/U), large cobble
to fine sand, consists mainly of quartz, feldspar, gneiss, 
granite, schist and limestone rock fragments, angular to 
sub-rounded, poor sorting, clayey matrix, weak to strong 
(upper part) calcareous cement; cross-bedding from east, 
loose, friable and crumbly except in upper part, forms 
steep slope, thins southward; top unconformable - -------

1 Sand - similar to unit #7 but more gravelly and calcar
eous, numerous silty limestone nodules; cross-bedding 
from east-southeast forms steep slope, may represent 
a Cca horizon superimposed on channel sand; top very 
irregular and unconformable, base covered - --  - - ■

5.3

10.5

Thickness -----------
Elevation at base - -

5.0

65.6
3863.0
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Located in SE^SE^NW^ sec.27, T. 18 S., R. 21 E. along a steep slope 
on the east side of U.S. 80 approximately 1.2 miles north of Road 
Side Rest Stop; elevation at base is 3763*0 feet.

Unit Thickness
No. Description in feet

Erosion Surface

Stratigraphic Section CR - 1

St. David Formation

13

12

11

Clay - silty, brown(red) (5YR3/lt), thin sandy lenses 
near top; blocky and crumbly, forms moderate slope, 
covered with lag gravels; base irregular —  - - ------- 8.3

Sand - light brown( ̂IR6/1|.), fine sand, consists mainly 
of quartz, feldspar, heavy minerals and mica, very 
angular to sub-angular, grains equant and prolate, 
medium to poor sorting, none to slight calcareous cement 
except near top; divided into 5 sub-units - lower (A) is 
silty sand, (B) is good cross-bedded sand to northeast,
(C) sandy silt, (D) sand and (E) clayey calcareous 
cemented sand; laminated, loose and friable, forms 
rounded slope; top unconformable, base irregular - - - - lii.6

Limestone - marly, light greenish gray(5G8/l) to white
(N-9), fine crystalline, soft, friable, porous and
nodular except hard lime capping near top, appears
tuffaceous (volcanic ash?), forms firm ledge; fossil
ostracodes and Chara algae; top unconf ormable, base
irregular-----------------------------------------------  2.9

10 Sand - similar to unit #12 with a small brown(red)
(5YR3A) clay zone in the middle portion; cross-bedding
from south; top unconf ormable, base gradational —  - - - 5*5

9 Clay - similar to unit #13 but contains some small
sand lenses near b a s e-- -- - —  - - - ---------------- 10.6

8 Gravel - sandy, calcareous, pale yellowish brown 
(10YR6/2), very fine pebble, consists mainly of 
quartz, feldspar, granitic, schist, volcanic and 
limestone rock fragments, very angular to sub-rounded, 
medium to poor sorted, medium to strong calcareous 
cement; cross-bedding strong from south-southeast, 
forms persistent ledge; top unconformable, base ir
regular — 3.5
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7 Sand - similar to .unit #10 and unit #12 but more silty - 3*7

6 Silt and Clay - alternating moderate brown($YRli/li) 
silt and brown(red)(5YR3/U) clay, small sand lenses 
and numerous limy nodules and stringers especially 
in siltj blocky, crumbly and friable, forms moderate 
slopej top unconformable, base irregular - - - - --  - - 18.6

5 Limestone - similar to unit #11 but contains more sand
and silt grains; thin section shows fossil hash - - --  - 2o0

U Sand - similar to unit #10 and unit #12 but slightly 
more calcareous; forms a moderate slope; top unconform
able, base irregular---- -- ----------------------- - - 8.2

3 Limestone - gravelly, sandy, yellowish gray(5Y8/l), fine 
crystalline, has caliche appearance, hard, nodular and 
fractured, clastic grains mainly quartz, very angular 
to sub-angular; etched and pitted, forms a persistent 
ledge, may represent Cca horizon of soil; top unconform
able, base gradational --- ---------- -- ------------- - 2.7

2 Sand - silty, calcareous, moderate brown(5YR5/10, fine
sand, consists of quartz and feldspar with clayey matrix,
weak calcareous cement, numerous sandy limestone nodules
and concretions throughout; crumbly and friable, forms
steep slope, has caliche appearance, especially near
top; top gradational, base gradational  -- ---------- - 6.2

1 Silt - similar to unit #2 but silt predominates, num
erous brown clay stringers; blocky, crumbly and friable, 
forms steep slope, continues caliche appearance as in

Section OR - 1— Continued

unit #2; base covered at r o a d------ -- ----------------- 16.0

Thickness - - - - -  —  - 102.9 
Elevation at base ------- 3763*0
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Located in SWiNWiNWl- sec.26/ T* 18 S., R. 21 E. along a steep isolated 
hill in Curtis Flat approximately 0.6 miles northeast of U.S. 80j ele
vation at base is 3866.0 feet.
Unit Thickness
No. Description in feet

Erosion Surface

18 Gravel - conglomeratic, light brown (5lRl;/U), small cob
bles to fine sandy with clayey matrix; gravels appear 
to be reworked from granite wash and probably represent 
a younger sequence of deposition, poor sorting; loose, 
crumbly and friable, weathers to small rounded slope; 
base very irregular ---------------------- -- ----------- 1.8

Erosion Surface

St. David Formation

17 Limestone - marly, light gray(N-7) weathered, white
(N-9) fresh, fine crystalline, hard, nodular and frac
tured, crumbly when penetrated by green clay stringers, 
vein calcite in vugs and fractures; knobby and etched, 
forms small ledge; lower portion green limy clay; top 
unconformable, base gradational--------------- --------- 1.6

Stratigraphic Section CR - 2

16 Clay - calcareous, brown(red)(5YR3/U), thin limy 
stringers especially near top; blocky and crumbly, 
forms moderate slope, grades vertically into green 
clay of unit #17; base irregular - - - -----—  -------- 2.5

15 Limestone - similar to unit #17 but contains Ohara
and ostracodes - - -  - -  —  - - —  - - -  - -  - -  - -  - 1.5

lU Clay - calcareous, pale olive(10YU/2), "bentonitic"
contains abundant lime nodules; conchoidal fractures,
blocky and crumbly, moderate slope former; base and
top gradational-------— - - - - —  -  ----- ---------- 1.6

13 Silt - sandy, calcareous, moderate brown(5rR5/U)> med
ium silt, mainly quartz and mica, very angular to sub- 
angular, clayey matrix especially near top, limestone 
nodules throughout; crumbly and friable, forms moderate 
slope; base gradational, same as sample CR-2-12 --------- 3.9
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12 Sand - silty, moderate brown(5YR5/U) > very fine sand, 
consists of quartz, feldspar, mica and opaques, angu
lar to sub-angular, weak to medium calcareous cement; 
loose and friable, forms sloping ridge, this unit 
thickens southward and becomes a persistent marker bed;

Section OR - 2— Continued

top and base gradational ---------- ------- - — ----  0*5
11 Silt - similar to unit #13 but contains more clayey

matrix; base irregular - - -------- —  —  —  - - - - 1.8
10 Limestone - clayey, very pale green(10G8/2) fresh,

light gray(N-7) weathered, soft, porous, friable and 
blocky; thick ledge former consisting of algal frame
work and interstitial green clay, fossil material may 
be Chara stems or rootlets, similar to tufa formation;
reef-like deposit, thins rapidly in all directions,
near surface, green clay has been oxidized to brown
clay; top unconformable, base gradational; same as
sample CR-2-9------------------------------------------- 7.5

9 Limestone - similar to unit # 1 7 ------------------------- 1.0
8 Clay - alternating pale olive(lOYii/2) clay and brown 

(red)(9XR3/U)> similar to units and j$Q.6; top 
sharp, base conformable — -------- -------------------- 1.2

7 Clay - similar to unit # 1 U -----------------------------  1.1

6 Limestone - gravelly, marly, white(N-9) fresh, light 
gray(N-7) weathered, fine crystalline, hard, nodular 
and fractured, gravel size elastics mainly quartz and 
feldspar in lower part, becomes more clayey vertically; 
forms prominent ledge, lower part may represent Cca 
horizon; top unconformable, base irregular ------------- b.6

5 Sand - similar to unit #12 and unit CR-1-12, but con
tains numerous well cemented sandstone lenses; contains 
vertebrate fossil scraps including teeth of Nannippus, 
may have been washed in; forms a sloping ledge; top
unconf ormable, base irregular----- --------- — -------12.1

U Clay - similar to unit #16 but contains sand lenses
and is more silty-------- ------------------------------18.1

3 Silt - similar to unit #13 but more gravelly; some
gravels are reworked limestones from unit #2 — ------ 1.0
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2 Limestone - similar to unit #17j thin section shows fossil

Section CR - 2— Continued

h a s h ---- ----- ------------ - ------------------------- 3.0
1 Clay - similar to unit #16 but contains more sand lenses 

and less limestone nodules j top unconformable, base cov
ered ----------—  -     1.7

Thickness--------------- 66.5
Elevation at base ------- 3866.0
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Located in SE^NW|SW|NE^ sec.26, T. 18 S., R. 21 E. along a steep slop
ing cliff in badland topography in Curtis Flat approximately 1.32 miles 
east of U.S. 80j elevation at base is 3920.0 feet.

Unit Thickness
No. Description in feet

Erosion Surface

33 Granite Wash - conglomeratic, moderate reddish brown 
(lORlt/6), small cobble to fine sandy with clayey ma
trix; consists of quartz, feldspar, homfels and schist 
rock fragments, very angular to sub-rounded, very poor 
sorting, weak to medium calcareous cement; crumbly and 
friable, iron stained throughout, caliche layers near 
surface, weathers to steep rounded hill top; base ir
regular -------------------------------------------------  9.0

Erosion Surface

Stratigraphic Section OR - 3

St. David Formation

32 Clay - banded brown(red) (5IR3A) and light olive
(10Y5/2), olive color predominates, thin limy string
ers and nodules throughout; blocky and crumbly, forms 
steep slope; top very irregular, base irregular - --  -

31 Limestone - marly, light olive gray(5Y6/l) weathered, 
light gray(N-8) fresh, fine crystalline, hard, nodu
lar and fractured, crumbly when penetrated by brown 
clay stringers, forms small ledge; top unconformable, 
base gradational - - - - - - -  --  - - - --  - - - - -

30 Clay - similar to unit #32, but beds about 1.5 feet
thick; top gradational - - - -— ---- ------- -------

29 limestone - silty, yellowish gray(5l8/l), fine crystal
line, has caliche appearance; hard, nodular and frac
tured but crumbles when clayey, vein calcite in vugs 
and fractures, etched and pitted, silt-size grains 
mainly quartz and mica, very angular to sub-angular; 
forms small resistant ledge; top unconformable, base 
gradational----------------------- - ------ --------

28 Silt - clayey, calcareous, moderate brown(5%R5/U, 
medium silt, consists of quartz, feldspar and mica 
with clayey matrix, angular to sub-angular, very poor 
sorting, weak to medium calcareous cement, some hard.

5.0

1.7

7.0

0.5
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dense silty limestone ledgesj crumbly, and friable, forms 
steep irregular slope; top conformable, base gradational - 5*7

27 Limestone - similar to unit #29 but more clayey, hard
and nodular but fissile in parts, fissile units are from 
one-quarter to one-half inch thick; top conformable, base 
gradational--------------------------------------------- 2*5

26 Silt - similar to unit #28 - - ---- -- - ------------- - lo5>

25 Limestone - similar to unit #31 but is white(N-p),
contains vein calcite in vugs, cavities and fractures; 
appears to thin eastward------------------------------- 3.0

2i| Clay - similar to unit # 3 2 ----------   2.1

23 Limestone - similar to unit #31 and unit #25 - - ------  2*0
22 Clay - similar to unit # 3 2 -------------— ------------  1.2

21 Limestone - similar to unit #25 and unit #31, also ap
pears to thin eastward; thin section shows plant (algae) 
fossils; green clay stringers throughout - - - - —  - - U.O

20 Clay - silty, moderate yellow green(5GY7/U)> "Bentonitic,” 
contains abundant limestone nodules, silt grains mainly 
quartz and limestone, angular to rounded; conchoidal 
fractures, blocky and crumbly, forms moderate slope, ap
pears to thicken eastward; contains few fossil vertebrate 
scraps, mainly horse teeth; top gradational, base irregu
lar --------------------------    2.5

19 Limestone - similar to unit #23 - - - -------—  —  - - 0.8
18 Clay - similar to unit # 2 0 -----------------------------  1.6
17 Clay - calcareous, brown(red) (5YR3/U, thin limestone 

nodules near top, blocky and crumbly, forms steep 
slope, grades vertically into green clay of unit #18; 
base irregular-----------------------------------------  3.0

16 Clay - similar to unit #20 but is grayish olive (lOYlt/2) 
and less silty; this unit or unit #18 appears to be the 
fossiliferous green clay in the California Institute of 
Technology locality (SW$5E%SE^ sec.23, T. 18 S., R. 21 
E,) slightly northeast of this locality----------------  2.8

15 Clay - similar to unit #17; base unconformable - - - - -  lt.0

Section CR - 3— Continued
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1U Limestone - similar to unit #23} some brown clay

Section CR - 3— Continued

stringers near base; thins south and southeast - — ■ —  2*5
13 Clay - similar to unit #32; base unconformable------ -- 6.3

12 Limestone - gravelly, sandy, grayish orange (10YR7/1+), 
fine crystalline, has caliche appearance, hard, nodu
lar and fractured, clastic particles mainly quartz 
and feldspar, very angular to sub-angular, etched and 
pitted, forms small steep ledge; top unconformable.
base irregular - - - - - - - -------------------------- 1.1

11 Clay - similar to unit #17 but silty; silt grains
mainly quartz; base irregular ----------------------- —  5.1

10 Limestone - similar to unit #25 and unit #31; top
unconformable, base gradational-- -- - - ------------- - 1.0

9 Clay - similar to unit #17 but sandy; sand grains
predominantly quartz, some feldspar and mica, thin 
green clay stringers near top; fossil material near 
top, portion of small horse tooth, probably Nannip-
pus; top conformable, base irregular ------------------- 5*9

8 Limestone - similar to unit #25 - - ------------------- 0.5

7 Clay - similar to unit #20 but grayish green(l0GY5/2); 
fossil material mainly horse teeth fragments and limb 
bone scraps; top unconformable, base irregular --------- 1.5

6 Sand - gravelly, silty, light brown (5YR6/1|), very fine 
sand, consists of quarts, feldspar and irdca with mica
ceous and clayey matrix, grains angular to sub-angular, 
medium to poor sorting, small gravel lenses thicken 
southward, weak to medium calcareous cement; loose and 
friable, forms steep slope with some thin limy ledges, 
upper part (1.2 feet) extremely clayey, unit thickens 
southward; top conformable, base gradational; same as
sample CR-3-8 — ---- -- —  —  — ---- -- - --------- U.5

5 Clay - similar to unit #9 and unit #17; top conform
able, base irregular-----------------------------------  1.9

U Limestone - clayey, white(N-9) fresh, light gray(N-6) 
weathered, soft, porous and friable; ledge former con 
sisting of algal framework and interstitial brown 
clay, fossil material may be Chara fragments (stems 
and rootlets); tufa-like deposit; top unconformable, 
base irregular ------------------------------------- 1.5
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Section OR - 3— Continued

3 Sand - similar to unit #6 but sand is coarser, gravel 
lenses are thicker and are strongly cementedj forms 
moderate hard ledge; top unconformable, base gradation
al --------------- -------------------------------------  3.0

2 Clay - similar to units #f> and #17 - ------- —  - - - - 3.7

1 Sand - similar to unit #6 but numerous strongly cemented 
gravel lenses; gravels predominantly quartz, feldspar 
and granitic rock fragments, very angular to sub-angu
lar; cross-bedding in gravel lenses show direction from 
east and southeast, unit thickens considerably southward; 
top conformable, base covered at stream wash; may grade
laterally into C R - 2 - 1 2-----— ----   U.3

Thickness ------ 102.7
Elevation at base---- -- 3920.0
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Located in SW^SE^SW-^ sec. 2U, T. 18 S., R. 21 E. along a low sloping 
ridge in badland topography in Curtis Flat approximately 2.1^miles due 
east of U.S. 80 and approximately 1.7 miles northwest (N. 55 W.) of 
VABM 1|27U (WYATT) 5 elevation at base is 3992.0 feet.
Unit Thickness
No. Description in feet

Erosion Surface

30 Granite Wash - conglomeratic, pale yellowish brown (10YR6/2) , 
large cobble to fine sand with clayey and micaceous ma
trix j consists of quartz, feldspar, granite, schist and 
gneiss rock fragments with some volcanic rock fragments, 
very angular to sub-angular, very poor sorting, weak 
calcareous cementj crumbly and friable, weathers to a 
steep rounded hill-top j base very irregular------------- 12.f)

Erosion Surface

St. David Formation

29 Clay - silty, moderate brown(5YRlt/U), crumbly and blocky,
forms steep slope j top unconformable, base irregular---l.$

28 Sand - gravelly, calcareous, dark reddish brown(lOR3/6) 
to pale reddish b r o w n ( l C R 5 > / o ) , medium sand, consists of 
quartz, feldspar, and granitic rock fragments, grains 
angular to sub-angular, medium to poor sorting; clayey 
matrix, weak to strong calcareous cement; loose and 
friable except where strongly cemented, forms steep 
slope with thin limestone ledges; limestone may repre
sent Cca horizon of soil; top unconformable, base 
irregular ----------------------------------------------- 18.0

27 Silt - gravelly, calcareous, moderate brown(5YRlt/li), 
coarse silt, grains mainly quartz and feldspar; very 
angular to sub-angular, very poor sorting; micaceous and 
clayey matrix, medium calcareous cement; crumbly and 
friable, forms small steep slope; limestone nodules in 
lower part, good marker unit; base sharp --------------- 2.1

26 Sand - similar to "granite wash" but is moderate reddish 
brown(IORI4/U); crude stratification, iron stained 
throughout; top sharp, base unconf ormable--------------- U*5

Stratigraphic Section CR - U
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25 Sand - gravelly, silty, dark reddish brown(lOR3/U), 
fine sand, grains similar as in unit #28, clayey 
matrix, none to weak calcareous cement; medium sort
ing; forms steep slope; top unconformable, base 
regular-------------------------------------— -------- 3*6

2U Sand - similar to unit #28 but contains more gravel
lenses; gravels are chiefly quartz, feldspar, granitic, 
quartzitic and volcanic rock fragments, angular to sub
rounded; forms hard cliff-------------- ----------------  3*5

23 Sand - gravelly, calcareous, light greenish gray(5G8/l) 
weathered, light olive(10Y5/2) fresh; coarse sand, 
quartz and feldspar grains predominate, angular to sub- 
angular, very poor sorting; numerous gravel lenses and 
green clay stringers throughout unit, cross-bedding in 
gravel lenses toward southwest; loose and friable, 
forms rounded cliff, iron stained throughout; very per
sistent marker bed; top unconformable, base regular 
and sharp-----------------------------------------------  1.8

22 Sand - similar to unit §2.\\ and unit #28 - - -------—  - 5.8

21 Sand - gravelly, moderate brown(5lRliA); coarse sand, 
minerals and rock fragments similar to unit #28; 
gravels up to U inches diameter but medium pebble 
size predominates; micaceous and clayey matrix, weak 
calcareous cement; crumbly and friable, forms rounded 
cliff; top unconf ormable, base irregular - - -  - -  - -  - 9.0

20 Silt - similar to unit #27 but is more sandy; numerous 
thin strongly cemented sandstone lenses; limestone 
nodules in upper part may represent a Cca horizon of 
soil; forms steep cliff; top unc onformable, base ir
regular--------------------------------- ---------------- U»7

NOTE: The above units form a coarser sequence than the typical fine
grained sequence of St. David Formation; however, the strat
ification, the high amount of clay, and the numerous calcium 
carbonate nodules and stringers more closely resemble the 
St. David Formation sediments than the overlying "granite 
wash." Fossil scraps have been found in a few of these 
units.

19 Clay - silty, grayish olive (IOYI4/2) to moderate olive 
brown(5Y3/U)» "bentonitic," some channel gravel units, 
especially in lower part; gravels are chiefly quartz, 
granitic and volcanic rock fragments; contains numerous 
calcium carbonate nodules, especially near top; blacky 
and crumbly, forms steep slope; a very persistent marker 
bed; contains numerous vertebrate fossil scraps (post- 
Blancan); top unconf ormable, base irregular---------- 8.8
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18 Limestone - marly, white(N-9), fine crystalline, hard, 
nodular and fractured, crumbly when penetrated by red 
clay stringersj forms thin resistent ledgej top un- 
conformable, base gradational ------ —  — -------- —  0*5

17 Clay - silty, brown( red) ($YR3/li) , numerous line stone
nodules especially near top; blocky and crumbly, forms
steep slope; base irregular, top conformable-- -------- lo£

16 Sand - gravelly, clayey, moderate olive yellow(10Y7/2) 
fresh, pale reddish brown(10R5/l|) weathered (iron 
stained); medium pebble to fine sand; this unit lenses 
out toward the northwest into a green clay; represents 
channel sand cut into a green clay unit (unit #15);
forms steep slope; top unconformable, base gradational - 2.8

15 Clay - similar to unit #19 but less gravelly-----------  2.7,

lit Clay - similar to unit #17 but contains more greenish
clay stringers---------------- ------------------------  8.8

13 Silt - sandy, clayey, moderate reddish brown(lOR£>/6), 
silt grains quartz, feldspar and mica, angular to sub- 
angular; very poorly sorted; blocky and crumbly, forms
steep slope; top unconformable, base gradational - - - - U.6

12 Clay - similar to unit #17 but less silty; base grada
tional, top conformable - - ----------------------- ----- 6.7

11 Clay - banded brown(red) (SYR3/U) and grayish olive 
(10YU/2), brown(red) color predominates; blocky and 
crumbly, forms moderate slope; top conformable, base 
gradational------ ------------------ ----------------- - 9,9

10 Clay - similar to unit #19 but not gravelly; contains
numerous limestone nodules and stringers; some vertebrate
fossil scraps; this unit is probably the same as unit #11
in Stratigraphic Section CR-f> that contains the post-
Blancan vertebrate fossil localities discovered by
Bryan and Gidley; top conformable, base irregular - ----- 2.0

9 Clay - similar to unit #12 and unit #17; pinches out 
eastward and southeastward; top conformable, base ir
regular —  — --------- —  - - - — ---- -- - —  - - 1.8

8 Silt - gravelly, sandy, light brown(5YR6/lt), coarse silt, 
consists of quartz, feldspar, and mica with clayey ma
trix, grains angular to sub-angular, medium to poor 
sorting; contains numerous thin sandstone lenses, some 
that show ripple marks and cross-bedding toward north
west; sand grains include granitic, quartzitic, volcanic



Section CR - l*— Continued

and limestone rock fragments; loose and friable except 
where unit is strongly cemented by calcium carbonate j 
steep slope and ledge formerj very persistent unit that 
becomes more sandy southward; limestone nodules increase 
toward top of unit; probably the same unit as unit #10 
in Stratigraphic Section CR-5; base unconformable, top 
unconformable--------------- - ---- -------------------- 10.6

7 Clay - silty, olive gray(5^3/2), blocky and crumbly;
forms small slope; top unconformable----- - - --------- 1.5

6 Silt - similar to unit #13 but moderate brown(5YRU/U)
in color; top unconformable, base irregular-- ---------- 3.7

5 Limestone - similar to unit #18 —   ------------------  1.3

U Clay - similar to unit #11  ------------    2.3

3 Clay - similar to unit #17 but less silty----------------  5.8

2 Limestone - similar to unit #5 and unit #18; thin
section shows plant(algae) fossils - - - --  - - - - - -  0.5

1 Clay - similar to unit #17 and unit #3; similar to 
unit #28 in Stratigraphic Section CR-3; base cov
ered at w a s h ------------------------------------------- 5.0

Thickness---------------Ilt7.lt
Elevation at base-- -- - 3992.0

182
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Located in NE^IE^W^- sec.2$, T. 18 S., R. 21 E. along a steep slope in 
badland topography in Curtis Flat approximately 1.5 miles northwest 
(N. 55° W.) of VABM 1|27U (WYATT) and approximately 2.35 miles due east 
of U.S.SOj elevation at base is 3992.0 feet.

Unit Thickness
No. Description ■ in feet

Erosion Surface 

St. David Formation

11 Clay - silty, pale olive(10Y6/2), silt-size grains 
mostly quartz, small brown clay stringers in clay 
especially near base j blocky and crumbly, forms small 
rounded mounds; this clay was deposited in an irregu
lar eroded surface of a brown conglomerate unit and 
is not present everywhere; this clay has yielded most 
of the post-Blancan fossils especially the rodents 
and proboscidea; see Gidley’s 1922 and 1926 papers; 
top eroded, base very irregular--- ------- ------- - - 1.8

10 Sand - gravelly, silty, grayish orange (10YR7/W,
medium sand, consists of quartz, feldspar and mica
with micaceous and clayey matrix, grains angular
to sub-angular, medium to poor sorting; small, gravel
and conglomerate lenses throughout, most conspicuous
conglomerate near base, contains gravels up to 6"
diameter, gravels mostly quartz, granitic, quartzitic,
volcanic and limestone rock fragments; weak to strong
calcareous cement; loose and friable, forms steep
sloping cliff with numerous ledges of sandstone and
conglomerate; calcium carbonate nodules increase
toward top of unit; top conglomerate may represent
Cca horizon of soil; cross-bedding in gravel units
is from the south-southeast; a number of post-Blancan
fossils have been recovered from the top conglomerate;
base irregular - -------—  — ------------ - --------- 9.6

9 Silt - sandy, grayish orange(10YR7A), grains mostly • 
quartz and feldspar; numerous small sandstone lenses 
and clay stringers; very poorly sorted, weak to med
ium calcareous cement; blocky and friable, forms 
steep slope with numerous thin sandstone ledges; sand
stone units similar to unit #10; top unconformable, 
base irregular----------------------------------------- It.7

Stratigraphic Section CR - 5
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Section OR - 5— Continued
8 Clay - calcareous, moderate olive brown(^Yl*/6),

caliche limestone nodules and stringers throughout 
unit; probably represents a Cca horizon of unit #7, 
blocky and crumbly; top unconformable, base grada
tional - - - ------- - - — ------ -- - - - ----------- 0.7

7 Clay - calcareous, brown (red) ($YR3/1*), numerous lime
stone nodules and stringers especially near top; 
crumbly and blocky, forms steep slope; top conform
able, base irregular - - — -------- ------------------ U.l

6 Silt - similar to unit #9 but is light brown(5YR5/6) 
and more clayey; unit thickens southward; top uncon
formable, base irregular —  ----------- - - —  - —  - 1.3

$ Clay - similar to unit # 7 ------------------------------- £«0

1* Clay - silty, calcareous, dark olive brown(513/1*) to 
light olive(10X5/1*), "bentonitic,” contains abundant 
limestone nodules; silt-size grains mostly quartz; 
conchoidal fractures, blocky and crumbly, forms steep 
slope; contains some fossil vertebrate scraps mainly
turtle, horse and camel; top sharp, base irregular ----- 1.6

3 Clay - similar to unit # 7 -------------------------------  1.2

2 Clay - calcareous, pale yellowish brown(10YR6/2 ), 
limestone nodules throughout; blocky and crumbly; 
appears to be Cca horizon of soil; top unconform
able, base gradational-------           0.9

1 Clay - similar to unit #7; base covered at stream
w a s h ----------    l*.l*

Thickness----------------  35.3
Elevation at base --  - - 3992.0
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LOGS OF REPRESENTATIVE NELLS IN THE BENSON - ST. DAVID AREA

APPENDIX B

Description Thick* Depth 
feet feet Description Thick. Depth 

feet feet

Z

Pomerene Well
NW^NEiSEi sec.3U,T.l6 S 
Approx, elev. of well -

,,R.20
• 3U90*

E.J

Soil, dark----------- 3 3
S and,gravel,yellow - 92 95
Clay,red ----------- 2 97
Sand,gravel --------- h . 101
Clay,red ----------- 169 55o
Sand, gray--------- - 10 56o
Clay,sandy,red ----- 16 576
Sand, gray----------- 5 581
Clay, sandy, red ----- 26 607
Sand, rock and clay, red 13 620
Rock,gray ----------- US 665
Clay,red ------------- 3 668
Rock,gray ----------- 22 690
Ro ck,sandy,gray 29 719
Clay rock,light - - - 21 7l|0
Rock,light - - ------- 60 800
Rock, light ------—  - 178 978
Rock and clay,light - 15 993
Rock,light -----------
TOTAL DEPTH

7 10001000
Missile Well #1
NE^SWlNW* sec.lii,T.17 S.,R.19 E.j 
Approx, elev. of well - U178.5*
Clay, sandy----------- 22 22
Clay,sand and gravel - 78 100
Clay,sandy with caliche 95 195
Clay,sandy — — — — — —
Clay, sandy with fine

90 285

gravelv ------------- 205 U90
Sand,clay and gravel - 60 550
Sand,clay and gravel — 85 635
Clay----------------- 35 670
TOTAL DEPTH 670

City of Benson
SW55E5NE4 sec.9,T*17 S.,R.20 E.j
Approx, elev. of well - 3580*

Red sand soil -----------3 3
Red c l a y --------------21* 27
S a n d ------------------- 3 30
Red c l a y -- -- - -----20 50
Sand,water - - --------18 68
Red sticky clay-----  592 660
Red clay,thin layers 
of cemented sand - - 23 683

Sand,water raised to
390 feet--------- 3 686

Red clay, little sand lit 700
Red c l a y ----------- 12 712
Red clay,layers of 
hard cemented sand 
at 720 feet,water 
raised to 310 feet - 28 7U0
Red clay,thin layers 
of sand - - —  - - 10 750

Red clay, sticky----- 53 803
Packed sand and
gravel-- -------  17 820

Cemented sand,thin 
layers of packed sand ItO 860

Cemented sand ------  UtO 1000
TOTAL DEPTH 1000

Gitzwiller Well
SW4NW45W4 sec.9,T.17 S.,R.20 E.; 
Approx, elev. of well - 3650*
Red s o i l -- -- -----10 10
Red c l a y ---- -----3U5 355
Red sandy clay — — — 2 357
Red clay ----- -----U90 817
Coarse gravel and 
water sand ---- 6 853
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APPENDIX B— Continued

Description Thick. Depth 
feet feet Description Thick. Depth 

feet feet

Gitzwiller Well (Cont.)
Sand and gravel - - - 3 8 $6
Sand---- -- --------- 7 863
Red clay------------- 7 870
Sand g r a v e l ------- - 16 886
Red clay broken with 
s a n d ------ — ---- 11 897

Sand and red clay - - 18 915
Sand--  - - - - - - - - 5 920
Sand,hard and sharp - 50 970
Sand,soft ----------- 16 986
Sand - - - -  - -  - -  - 102 1088
TOTAL DEPTH 1088

City of Benson Well
SW^SW^SWi sec.lO,T.17 S.,R.20 E.j
Approx, elev. of well - 3580*

Soil, sandy--------- 20
Clay, red s t i c k y-- - 62$ 61*5
Sand —  — ---- -- - 7 652
Cemented sand with 
sticky clay - ----- - 128 780

Cemented clay - - - - 170 950
Clay, s t i c k y ------- - 20 970
Boulders,cemented - 
Rock,solid? - - - -

- 10 980
- 1*5 102$

TOTAL DEPTH 102$

Whetstone Well #2
NE5SE5 sec.l8,T.17 S.,R.20 E.j
Approx, elev. of well - ItOSO1

Sand and gravel — — — 6l 61
Clay and gravel - — — 105 166
Clay,sand,gravel - - - 5U 220
Clay and gravel — — — 118 338
Clay---------- ---- 62 1*00
Clay and gravel - — — lOJ? $0$
Sand and gravel - - - $5o
Gravel - - - - - —  32 $82
Sand and gravel — — — I46 628
TOTAL DEPTH 628

Perm Well
SEiSW^NW^ sec.2l|,T.17 S.,R.20 E.j 
Approx, elev. of well - 3560*
Surface gravel - - - 30 30
Red c l a y -- -- ----- 2$0 280
Red clay with gypsum 120 1*00
Sand with water - - - 30 1*30
TOTAL DEPTH 1*30

Phillips Well
SEiSEfSWt sec.3$,T.17 S.,R.20 E.j
Approx, elev. of well - 3700*

Earth,sand,gravel ---
Clay (red?) - -------

200 200
660 860

Gravel - - - ------- ho 900
TOTAL DEPTH 900

Missile Site #2
SW^SEt sec.3,T.17 S.,R.21 E.j 
Elevation of well - 1*101* .l*1
Sand and silt - - - - 30 30
Silt, sand, gravel, 
cemented from 125'
to 11*0* -------------110 11*0

Sandy clay,and clayey 
sand with caliche - 21$ 355

Sandy clay,gray to red 
gravel and boulders
cemented----------- 1*0 395

Sandy clay,silt,gravel
and boulders---.---  220 61$

Sand and gravel 35 6$0
Sandy clay and gravel 1$0 800
Clay, sandy clay and
gravel------ - —  2$ 82$

TOTAL DEPTH 82$
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APPENDIX B— Continued

Description Tfeet* ^eet Description Thick. Depth 
feet feet

Sybil Well
SW|- sec.l5iT.17 S.,R.21 E.j 
Approx, elev. of well - UOUO*

Sand - - - - - - - - - - Ll 1*1
Clay------ -- - - - - 21 62
Sand ------- ------- - 9 71
Clay---- ------ - _ - 11 82
Cemented gravel and 
boulders---- -- - - 98 180
Sandstone - —  — - 5 185
Cemented gravel and 
boulders----- - - - 165 35b
Water gravel - - - - - 22 372
Cemented gravel and 
boulders-- -- - - - 608 980

Yellow clay ------- - 20 1000
TOTAL DEPTH 1000

St* David School Well 
SEiSX^SEi sec.32,T.17 S.,R.21 E.j
Approx, elev. of well - 3680*

Red soil--- -- ------  10 10
Red and gray sand - - 1$ 2$
Blue c l a y -------------79 10U
Water sand and clay - 76 180
Red clay---------------31 211
Sand, gravel, water —  19 230
Red sandy clay,broken- 11 2U1
Red clay------------- 79 320
Sandy red clay ---------15 335
Clay---- -- 15 350
Red broken sand and
shale--------------- 30 380

Yellow shale and
broken rock 100 U80
Lime shells and broken
yellow shale -------  Ut5 625

Gray sandstone - - —  35 660
Broken sandstone - - - 15 675
Red clay------- - - - 7 682
Red sand----------  33 715

St. David School Well (Contd.)

Red clay - - -- --- 125 81*0
Red sand shale - - - 20 860
Light red clay - - - 55 915
Red c l a y ----------- 97 1012
TOTAL DEPTH 1012

Apache Powder Well
NE^NEi sec.7,T.l8 S.,R.21 E.j
Approx, elev. of well - 3650*

Surface soil(adobe and
rocks) ------------- 32 32

Adobe with gypsum-- 168 200
Hard,red clay ------ 1*7 21*7
Soft,red clay ------- 20 267
Sandstone ------- - - 3 270
Hard,red clay - - - - 55 325
Water gravel(first) - 3 328
Hard, red clay ----- % - 22 35b
Red clay,si. sandy - 50 1*00
Sandy red clay, some 
gravel------ -- - - 5o l*5o

Rocks,gravel and sand 
with red clay cement 100 550
Gravel.sand (second 
water) ------------- 30 580
Rocks,gravel sand 
cemented together 
with red clay - - - 70 65o
Gravel in sandy red 6 656
Sand,small gravel
cemented with sandy
clay--------------- 28 681*

Sand,gravel cemented 
with clay --------- 7 691
Sandstone and cemented 
quicksand,with layers
of clay 69 760
TOTAL DEPTH 760



APPENDIX B— Continued

Thick. Depth 
feet feetDescription

South Curtis Ranch (BoquiUas) 
NWiSWi sec.33,T.l8 S.,R.21 E.j 
Approx, elev. of veil - 3690*(?)

Soil,some sandy streaks 100 100
Clay - -----------------LOO 500
Water strata,some
streaks of hard p a n ---  125 625

TOTAL DEPTH 625
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STATISTICAL MEASURES OF CLASTIC SEDIMENTS, ST. DAVID FORMATION

APPENDIX C

Sample No, M= °I SkI k g

SAND
MW-3-12 2.28 1.27 0.01 0.95
EP-1-7 2.70 0.6k 0.25 2.17
LV-8-62 3.78 — — — — — —

CR-1-12B 2.29 0.81 0.20 1.3k
PR-3-19 3.16 0.7k 0.3k 1.69
LV-7-62 3.00 0.82 0.08 1.30
SH-1-3 1.92 1.85 -0.02 1.62
CR-1-10 2.97 0.80 0.33 1.52

SILT 
GW—5—5 6.03 1.7k O.27 1.18
SH-1-11 6.60 2.26 O.kk 0.78
MR-2-11a 7.17 2.15 —0.03 1.10
MW-l-ljB 7.02 1.9k 0.21 1.10
SD-U-7 7.87 2.35 -0.07 0.80
PR-3-8 6.63 1.51 0.2k 0.81
MW-1-8 7.52 1.98 -0.06 0.93
CR-U-13 7.U7 2.52 0.27 0.63

CLAY
MR-1-62 8.36 2.69 -o.k5 1.01
CR-2-U 8.27 2.11 —0*02 0.99
GW—5—6 9.58 2.19 -0.53 1.07
LV-2-1S 8.31 2.36 -0.32 0.78
SP-1-7 8.55 2.36 -0.25 0.7k
MW-1-11 9.7k 1.98 -0.50 1.10
EP-1-9 10.30 1.86 —0*k8 1.76
GW-l|-5 9.10 2.67 -0.61 0.70
PR-1-3 9.32 2.k6 -0.58 1.10
CR—1—9 8.77 2.22 -0.32 0.91
LV-2-1 8.15 2.k8 -0.29 0.72
SD-2-2 8.39 1.93 -0.19 0.97
MR-I4.-62 8.58 2.08 -0.21 1.35
MW-3-1 9.90 1.69 -0.35 0.96
EP-1-1 10.32 1.88 -0.52 2.k2
LV-15-62 8.87 2.10 -o.3k 1.08
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