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ABSTRACT

The Permian (Leonardian) Scherrer Formation was 
deposited in the shallow marine waters of the Pedregosa 
basin in southeastern Arizona. It is divided into four 
major units, each representing a distinct depositional 
environment: (1) basal beds of carbonates, sandstones, 
and siltstones thought to represent tidal flat 
deposition; (2) the lower sandstone member, interpreted 
as being deposited in a very shallow, flat high-energy 
nearshore environment; (3) the middle carbonate member, 
representing a shallow, restricted marine environment 
characterized by a limited faunal content and fine
grained deposits; and (4) the upper sandstone member, a 
deposit nearly identical in lithology and environmental 
significance to the lower sandstone member.

Environmental change was the result of trans
gressions and regressions of the sea. Regressions 
allowed clastic material to enter what was normally 
(during the Permian) a carbonate-depositing sea.
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INTRODUCTION

The Pennsylvanian-Permian section of south
eastern Arizona consists of six formations, the majority 
of which are carbonate rocks (Fig. 1). The Scherrer 
Formation stands out because it contains two thick 
sandstone units separated by limestone and dolomite 
beds.

The six formations crop out in varying degrees 
in many of the mountain ranges of southeastern Arizona 
(Fig. 2). These outcrops tend to be quite isolated from 
each other because the ranges are separated by wide 
valleys of Cenzoic basin-fill deposits. In some 
instances, parts of, or the entire Pennsylvanian-Permian 
section is missing due to erosion. Faulting and poor 
exposures also contribute to the problem of locating 
suitable study areas.

Gilluly et.al. (1954) named the Scherrer 
Formation and described the type section from the 
Scherrer Ridge in the Gunnison Hills in sec. 28. T.14 
S., R23 E. This section is regarded as a complete 
section and typical of Scherrer lithology. Most of the
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Fig. 1. Generalized Pennsylvarnian-Permian stratigraphic 
section in southeastern Arizona.
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other good Scherrer outcrops are in the region defined 
by the junction of Pima, Cochise, and Santa Cruz 
counties. A few other good exposures exist in outlying 
areas.

Purpose of Study
Information concerning the depositional environ

ment of the Scherrer Formation published during the 
1950's and 1960's is sketchy and incomplete. Even after 
the Scherrer was recognized as a separate unit (Gilluly 
et.al., 1954), accounts dealing with the conditions of 
deposition were too general or lacking altogether. 
Only a few papers, such as Luepke (1967) dealt with this 
problem seriously. Some Scherrer sections went largely 
unnoticed.

The purpose of this study is to investigate the 
Scherrer Formation in detail over a large geographical 
area and to assemble the previous literature concerning 
the Scherrer so as to construct an interpretational 
model of Scherrer depositional environments. By 
studying the Scherrer over a large area it is thought 
that more precise statements can be made about the 
depositional processes involved. This study can then 
give a clearer account of the paleogeography and 
sedimentary processes in southeastern Arizona during a 
part of the Permian period.
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Previous Work

In his Master's thesis, W. R. Jones (1941) could 
not describe the Scherrer section in detail because of 
poor exposures. In this and all work done before 1954, 
the Scherrer was not recognized as a distinct unit. 
Instead, the upper and lower sandstones and middle 
carbonate were considered individual members of the 
Snyder Hill Formation. This formation included much of 
the Upper Paleozoic section. In 1954 Gilluly not only 
named the Scherrer Formation, but included in it some 
basal units consisting of sandstone, carbonate, and 
siltstone beds (Table 1.).

Table 1. Summary of Previous Work

Author Area Studied
W.R. Jones, 1941 Helvetia District,
D.L. Bryant, 1951 
J. Gilluly, J.R. Cooper, and

J.S. Williams, 1954 
D.L. Bryant, 1955 
N.E. McClymonds, 1957 
G. Luepke, 1967 
W.C. Butler, 1969 
C. Kluth, 1981

Santa Rita Mts. 
Mustang Mountains

Gunnison Hills 
Southeastern Arizona 
Waterman Mountains 

Gunnison Hills 
Empire Mountains 

Canelo Hills
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In D.L. Bryant's 1951 and 1955 papers, Gilluly 

et.al. (1954), McClymonds (1957), and Kluth (1981), the 
entire Upper Paleozoic section is studied. Consequently 
descriptions of Scherrer lithologies are limited and no 
attempts are made to discuss the conditions of 
deposition.

The first detailed analysis of Scherrer sedimen- 
tology was made by Gretchen Luepke in 1967. She 
concentrated her efforts on remeasuring the type section 
in the Gunnison Hills, and did some very extensive work 
describing and interpreting the Scherrer Formation in 
that area. W.C. Butler, in his 1969 Master's thesis, 
described the Scherrer in the Empire Mountains. But 
because he was concerned with the entire Upper Paleozoic 
section, he did not concentrate on the interpretation of 
Scherrer depositional history. He did, however, give an 
account of Permian depositional and tectonic events in 
southeastern Arizona.

Methodology and Field Areas
Additional sections were measured in the Canelo 

Hills, the southern whetstone Mountains, and two 
localities in the Waterman Mountains. Measurements were 
made using a Brunton compass and Jacob's Staff.

Reconnaisance work was done at Helmet Peak, in 
the Mustang Mountains, at the type section on Scherrer
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Ridge in the Gunnison Hills, in the Empire Mountains, 
and in the Chiricahua Mountains. In the Helvetia 
District, the section was too poorly exposed for 
measurement, but samples were collected where their 
relative position in the section could be determined. 
The Scherrer Formation in Montosa Canyon was too poorly 
exposed for measurement or sample collection.

Laboratory studies consisted of thin section 
preparation and examination and acetate peels of 
selected carbonate rocks.



THE SCHERRER FORMATION 

The Type Section
The type section of the Scherrer Formation was 

first measured by James Gilluly in 1954 on Scherrer 
Ridge in the Gunnison Hills. It was at this time also 
that the Scherrer Formation was named as a unit apart 
from the Snyder Hill Formation, of which the Scherrer 
was previously considered a part. Unfortunately, part 
of the section was missed due to unrecognized faulting. 
In 1967, Gretchen Luepke reexamined and remeasured the 
type section, including that portion of the section that 
was missed.

At the base of the Scherrer in the type section 
there is a two foot bed of redish-colored, silty, 
laminated, micrite in an apparent conformable contact 
with the Colina Limestone. Above this a reddish-brown 
or dusky red sandy siltstone/silty sandstone that is 
very noticeable in the field due to its strong color. 
The unit has been observed to be laminated, ripple- 
marked, and scoured. Above is approximately thirty feet 
of sandy, laminated dolomicr ites, and calcareous

8



They are classified as the basal red-beds of the type 
sandstone. The total thickness of all these units is 
about ninety-five feet. They are classified as the 
basal red-beds of the type section (Luepke, 1967).

The lower sandstone member is chiefly a fine
grained to very fine grained quartzarenite which is 
calcareous and/or siliceous, laminated, and locally 
cross-bedded (tabular-planar). In the upper one 
hundred-twenty feet, there is a significant amount of 
fine- to medium-grained sand which seems to be 
concentrated at the base of laminae; the rocks are 
cemented by silica in this part of the member. Near the 
middle of this sandstone member are two approximately 
ten-foot-thick beds of dolomicrite containing abundant 
silica nodules. The entire member is about two hundred 
fifty-one feet thick (Luepke, 1967).

The middle carbonate member is composed of 
approximately one hundred fifty-three feet of gray to 
pinkish micrites and dolomicrites (near base). Near the 
contact with the lower sandstone member, the carbonates 
are sandy. Some pinkish-colored beds contain sparry 
calcite in the shape of eyes. The middle of the member 
contains an abundance of echinoid spines, classified as 
three different species of Archaeocidaris. These are 
the only positively identifiable and preserved fossils

9
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in the type section. Fossil "ghosts” of gastropods and 
possible outlines of pelecypod and brachiopod shells 
have been observed in the basal part of the unit, 
however.

The upper sandstone member is lithologically 
very similar to the lower member, except that the cement 
is calcite instead of silica, although a siliceous case- 
hardening may be present. The unit is dominantly 
laminated with local tabular-planar cross-bedding. It 
is approximately one hundred forty-eight feet thick 
(Luepke, 1967).

Although not presently included in the type 
section, there is some question as to whether several 
feet of dark gray, sandy micritic limestone immediately 
above the upper sandstone member should be included in 
the Scherrer, since the lithology of these rocks more 
closely resembles that of Scherrer carbonates than they 
do of the overlying Concha Limestone carbonates. At the 
present time these are generally regarded as transi
tional beds.

Basal Units
Three of the Scherrer sections in southeast 

Arizona have a distinctly significant sequence of rocks 
situated below the lower sandstone member. These rocks
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are different enough lithologically and stratigraphi- 
cally from the sandstone and carbonate members to study 
them separately. Basal units of this type occur in the 
Gunnison Hills (type section, described earlier), and 
the Whetstone and Waterman Mountains. The basal 
sections in the Whetstone Mountains and Gunnison Hills 
are stratigraphically similar.

The Whetstone Mountains section contains the 
reddish-brown and dusky red siltstone unit is 
approximately forty feet thick, and includes a bed of 
silty, dololmitic limestone containing gastropods, 
ostracods, and pelecypods (Figs. 3, 4), a marl, a 
calcareous sandstone bed and a laminated dolomitic 
limestone (see appendix for description). The silty, 
dolomitic limestone is about twenty six feet thick. 
Above this dolomite are the lowermost beds of the lower 
sandstone member.

The basal Waterman Mountains section is unlike 
any other. Although the lower contact with the Colina 
Limestone is usually faulted, a thin stromatolitic 
limestone bed crops out sporadically. Above this is a 
very fine grained sandstone with two thin stromatolite 
beds contained within it. Although silty towards the 
base, this unit is unlike the red siltstone found 
elsewhere in that it has a noticeably coarser grain size
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Fig. 3. Ostracod valves in dolomitic limestone. 155 X.

Fig. 4. Pelecypod(?) in dolomitic limestone. 160 X.
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and is mostly white, with red and dark pink streaks at 
the base. This unit is laminated throughout, with 
common bimodally-oriented, tabular-planar cross-bedding 
near the top. Case-hardening is also common at the top, 
and the rocks become true quartzites in the uppermost 
two feet. The grain size is somewhat coarser in these 
upper beds. The orthoquartzite grades into a stromato
lite bed (Fig. 5-7) which rests on a rippled surface 
(Fig. 8). Above this are various carbonate units, 
laminated and thinly bedded at the bottom becoming 
thicker and more massive towards the top. All the 
carbonates are very sandy. The sequence repeats itself 
once, starting with the sandstone unit, except that no 
stromatolites are seen, wedge-planar cross-bedding is 
present, and gastropod shells and fragments can be seen 
in the upper carbonates. Outline of possible pelecypod 
or gastropod shells can also be seen. Above these 
limestones are the beds of the lower sandstone member.

Upper and Lower Sandstone Members 
The general lithology of the upper and lower 

sandstone members of the Scherrer Formation changes very 
little over the entire study area, which encompasses 
about 7000 square miles. Differences that do occur 
between sections are related to the type of sedimentary 
structures, grain size distribution, and the types of
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Fig. 5. Stromatolite bed, Waterman Mountains; Bed dips 
approximately 70 degrees. Pen is six inches in length.
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Fig. 6. Hummocky stromatolite bed surface of laterally- 
linked hemispheres; scale is one half meter in length.
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Fig. 7. Stromatolite bed, showing gradational contact 
with underlying orthoquartzite.
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cementation. Shades of white, gray, and pink are the 
most common colors for the Scherrer sandstones, 
weathering to the same colors or darker pink, brown, and 
light purple. These colors, along with their juxta
position to dark gray and green-gray carbonates make 
them easily recognizable in the field.

The Scherrer sandstones are pure quartzarenites. 
No feldspars and few heavy mineral grains were found in 
the rocks. Most of the sandstones are composed of very 
fine grained sand, with end members in the coarse silt 
and fine sand sizes. Some rocks from the Whetstone 
Mountains, Mustang Mountains, Gunnison Hills, and the 
Empire Mountains contain medium-size sand grains. Some 
sections contain quartzarenites that are distinctly 
bimodal. The sandstones of the Canelo Hills, Helmet 
Peak, and the Waterman Mountains are quite homogenous; 
they consist chiefly of very fine grained sand and are 
well sorted.

Cementation of grains is either by silica over
growths or calcite; compaction of grains into 
interlocking masses is common (Fig. 9). Silica 
overgrowths produce an orthoquartzite, a very hard, 
resistant rock (Pettijohn, 1957). Rocks that have a 
significant fine or medium sand fraction in them are 
most likely to be cemented in this way. These



18

Fig. 9. Sandstone cementation showing compaction of grains 
and quartz overgrowths. 128 X.
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sandstones, because of their resistance, form prominent 
slopes, ledges, and cliffs. Weathering colors tend to 
be darker, and iron-rich concretions and weathering pits 
are common. Rocks that are chiefly very fine grained 
are cemented by calcite or partially compacted into 
interlocking masses in which grains have concavo-convex 
boundaries. Both these conditions result in a rather 
weak, soft rock. These sandstones weather to light 
colors and form gentle to moderate slopes that are often 
covered. Iron-rich concretions may also be found in 
these rocks.

The variation in the type of cement is not 
regular. Some sections are entirely orthoquartzites, 
others entirely friable sandstones. More commonly 
sections have both types either in distinct beds or in 
an irregularly varying mixture. Some rocks show 
incomplete cementation by either calcite or silica. 
Case-hardening, the silica cementation of the surface of 
a sandstone, is very common among otherwise non-silica 
cemented sandstones of the Scherrer, and causes these 
rocks to resemble orthoquartzites in the field. 
However, calcite cementation dominates Scherrer 
lithology on a regional scale. It is the dominant 
characteristic in the Waterman Mountains, Whetstone 
Mountains, and Canelo Hills. In the Empire Mountains
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and the Gunnison Hills, silica cementation dominates, 
and the rocks are thus orthoquartzites. In the Santa 
Rita Mountains, from what can be seen of the rocks, the 
same is true. But it has been observed in the Waterman 
Mountains that the sandstones are orthoquartzites when 
affected by local faulting, and are otherwise mostly 
calcareous sandstones away from the faulting influences. 
Perhaps due to the extensive faulting of the Scherrer 
Formation and related fluid movement through the rocks 
in the Santa Rita Mountains, orthoquartzites have become 
dominant there.

The Scherrer sandstones contain both flat-bedded 
and cross-bedded units. Most Scherrer sections are 
dominated by flat bedding and parallel, horizontal to 
sub-horizontal laminations, particularly in the upper 
member. In the lower member in the Whetstone Mountains 
and parts of the type section in the Gunnison Hills, 
cross-stratification present is classified as tabular- 
planar (very low to high angle) and wedge-planar. The 
stratification is bi-directional and almost always 
small-scale. The cross-beds show no preferred 
orientation and where found may or may not show sharp 
set boundaries. The orientation and angle of the cross
beds adjacent to one another is quite variable, from 
sub-horizontal to as much as thirty degrees. The cross
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beds are not continuous laterally or vertically, usually 
wedging out or disappearing into horizontally laminated 
or apparently massive units.

In the Whetstone Mountains, a set of truncated 
cross-beds was observed to be about three feet thick. 
This is unique to this location, as other cross-bed sets 
in the Scherrer are less than one-foot-thick.

Parallel lamination is abundant in all sections 
in southeast Arizona. The lamination is defined by 
slightly larger grain sizes, color differences between 
layers, and closer compaction of grains. The laminae 
may comprise the entire section with only low-angle 
discontinuities and minor cross-beds present. This is 
the case in both members in the Canelo Hills, Waterman 
Mountains, Helmet Peak, and the Empire Mountains 
sections, the upper member in the Whetstone Mountains, 
and the lower member of the Mustang Mountains.

There are differences between the upper and 
lower members. In some cases, the upper member has much 
less cross-stratification and has a finer average grain 
size than its lower counterpart in the same section.

Minor carbonate beds occur in nearly all of the 
measured sections of the sandstones. They usually occur 
at the top or the base of the sandstone unit, where 
interbedding makes differentiation of members difficult.
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These carbonate beds may be limestone, dolomite, or 
partially dolomitized limestone. They are all micritic 
and generally very sandy.

There are no fossils, fossil ghosts, trace 
fossils, or any type of feature indicative of a previous 
fossil content apparent in either of the sandstone 
members of the Scherrer Formation.

Middle Carbonate Member
The general physical character of the middle 

carbonate member of the Scherrer Formation is rather 
consistent throughout southern Arizona. Differences in 
fossil content, percentage of dolomite, and clastic 
content distinguish different sections. Features common 
to all localities are light green-gray weathering 
colors, distinct, relatively thin bedding, poor fossil 
content, and a lithology composed mostly of raicrite and 
coarser calcisiltites (Folk, 1980).

This member can be distinguished in the field 
from the adjacent Concha Limestone and Epitaph 
Dolornite/Colina Limestone by its weathering colors, 
which are often lighter than the other formations, and 
by the absence of any fossil material in the majority of 
the unit. Bedding is characteristically thinner than 
that of the massive Concha Limestone, and the Scherrer 
is generally less prominently exposed, tending to form
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moderate slopes with "stairstep” topography and minor 
ledges. The Epitaph Dolomite/Colina Limestone is 
normally a darker color than the Scherrer on both 
weathered and fresh surfaces.

Although fossils are scarce in relation to the 
thickness of the middle carbonate sections, locally 
heavy concentrations occur in many localities. Common 
to nearly all Scherrer middle carbonate sections are 
beds with an abundance of echinoid spines. These spines 
are quite indicative of the middle member of the 
Scherrer throughout southeastern Arizona. Luepke (1976) 
classified the spines into three categories based on 
their morphology. The most common type is Archaeo- 
cidaris aff. A. longispina Newberry. It is a smooth 
surfaced cone, 6-9 cm in length, and slightly inflated 
at the base. Less abundant is Archaeocidaris sp. A, a 
spine which is inflated near the tip and dotted with 
protrusions. Its morphology resembles a knobby club. 
The least common spine is tentatively classified in the 
genus Miocidaris. Luepke describes this spine as a 
"thin, cylindrical spine covered with tiny spinules.” 
Further classification remains obscure.

Crino id stems, bryozoa, gastropods (Fig. 10), 
and several species of brachiopod are also found in the 
Scherrer carbonate, commonly in locally concentrated
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bands associated with echinoid spines. Pelecypods are 
uncommon but have been positively identified (Bryant, 
1951). The Whetstone Mountains, Mustang Mountains, 
Empire Mountains, and the Canelo Hills sections contain 
this fossil assemblage, along with the Archaeocidaris 
spines common to the Scherrer. Fenestrate bryozoans 
(Fig. 11) and crinoids are particularly abundant, and 
bellerophontid and euomphalid gastropods have been 
identified in some quantity in the Empire Mountains 
(Bryant, 1955).

The middle member in some Scherrer sections 
apparently contains no recognizable fossils. This is the 
case in the Helmet Peak section, parts of the Empire 
Mountains, and most of the Waterman Mountains section, 
although beds containing what appears to be fossil 
fragments do occur. Many Scherrer carbonate rocks have 
been intensely dolomitized. Gastropod shells and 
fragments have been identified from apparently 
unfossiliferous dolomites in the Waterman Mountains, 
where dolomitization was extremely intense. In some 
thin sections, slivers and blebs of calcite are 
abundant, but the edges have been replaced by micro
crystalline dolomite. This dolomite can often nearly 
cover many calcite fragments. In some sections, blebs 
and nodules of calcite and silica whose outlines
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resemble those of brachiopods or gastropods are rather 
common, but actual relationships cannot be determined.

All Scherrer carbonate units are at least 
partially dolomitized, and in many locations dolomite 
forms a large part of Scherrer carbonate lithology. In 
the Waterman Mountains and at Helmet Peak, most of the 
middle member is completely dolomitized. The dolomite 
occurs chiefly as dolomicrite as opposed to a coarser 
dolomite, in keeping with the fine-grained nature of the 
carbonates.

Chert does not normally constitute a major part 
of the middle member, but it does occur locally in heavy 
concentrations of nodules and banded zones which weather 
brown or black. In the Whetstone Mountains section, 
however, chertification is extensive throughout the 
upper part of the middle member. This is unique not 
only in the intensity of the chertification, but also in 
the vertical extent. -

Other types of silicification include common to 
abundant blebs of quartz or chalcedony, and a high 
percentage of silicified fossil material.

Despite the fossil content in some isolated 
beds, most of the middle member of the Scherrer 
Formation is micrite (originally a carbonate mud) 
containing numerous blebs and veins of calcite within
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it. This rather featureless characteristic is 
consistent throughout southeastern Arizona.

Clastic content in the middle member varies a 
great deal, even within sections. The greatest average 
percentages of clastic material occur in the westernmost 
sections (Helmet Peak and the Waterman Mountains) and 
reach 30 percent clastic material in some rocks. Other 
sections have a low to moderate clastic content when not 
adjacent to either of the Scherrer sandstone units. At 
these transition zones clastic content increases 
dramatically toward a sharp cutoff point at which the 
rocks become true sandstones. This generally the case 
between the contacts of the Scherrer carbonate and the 
sandstone units. The clastic material found in the 
middle member is very fine to fine sand particles, of 
the same characteristics as those found in the sandstone 
members. Almost all of the grains are seen to have been 
at least partially replaced by dolomite (Fig. 12). In 
some rocks dolomite replacement is so intense it is 
impossible to determine original grain boundaries.
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H
Fig. 12. Dolomite replacing quartz grain. 275 X.



DEPOSITIONAL ENVIRONMENTS

Beginnings of Scherrer Sedimentation
Before sedimentation of the Scherrer Formation 

began, what is now southeastern Arizona was a shallow, 
carbonate-producing sea. Rocks of the Colina Formation 
are dark-colored micrites and dolomites, with a limited 
faunal content. These carbonates have been suggested to 
have formed in a lagoonal environment (Butler, 1971).

This sea was part of the Pedregosa Basin, a 
basin of deposition that existed during the Pennsyl
vanian and Permian. The dimensions of the basin varied 
with time; generally it was elongated in a north
westerly-southeasterly direction, with the open end of 
the basin to the southeast. It is thought to have 
extended throughout southeastern Arizona, southwestern 
New Mexico, and into parts of northern Mexico (Fig. 13) 
(Butler, 1971).

Scherrer sedimentation began with the appearance 
of the red siltstone unit. This unit has been 
interpreted to be of tidal flat origin, due to its fine
grained nature, sedimentary structures, and scour 
channels (Luepke, 1967). The siltstone is present only

29
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in the Gunnison Hills and Whetstone Mountains. Below 
the siltstone in the Gunnison Hills are thin beds of 
silty, laminated micrite containing chert nodules which 
retain original anhydrite (Schreiber, 1985, personal 
communication). Thus these beds represent extremely 
shallow water to tidal flat, evaporitic conditions. 
Source studies show that clastic material most likely 
entered the basin from the north and east (Butler, 
1971). If these studies can be applied to the basal 
siltstone, it must be assume that at this time, these 
areas were near the coastline and were receiving silty 
sediments from some point outside the basin. Either no 
other sections were in a position favorable to receiving 
these sediments, or the si1tstones in those sections 
have been eroded.

In the northwest part of the basin, at the 
Waterman Mountains, another tidal flat environment had 
formed. It is not clear as to whether this environment 
was concurrent with those of the eastern part of the 
basin. This tidal flat environment was much less 
influenced by clastic sedimentation, and is therefore 
dominated by carbonates, including stromatolites, which 
were deposited behind a foreshore sand barrier (see next 
section: Uniqueness of the Waterman Mountains). In 
this case, close proximity to a shoreline cannot be
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determined, since the carbonates in the sequence 
indicate fully marine conditions. The quartzarenite in 
this section is very similar lithologically to 
quartzarenites in the Whetstone Mountains basal section, 
and may indicate the same clastic event. At both the 
Gunnison Hills and Whetstone Mountains sections, mixed 
carbonate-clastic environments are indicated by 
interbeds of sandstones and sandy, occasionally 
laminated, dolomites. The sandstones could possibly be 
sheet sands associated with higher energy area of the 
lower tidal flat, or, in the case of the Whetstones 
section, sand concentrated in channels.

Channel development does not appear to be a 
significant part of the Scherrer tidal flats. Water and 
sediment transport could have been accomplished by sheet 
flow, as it does in parts of some modern tidal flats 
(Ginsburg, 1975).

Carbonate sedimentation was probably still 
taking place in the more interior parts of the basin at 
this time. It does not seem likely that clastic influx 
was sufficient enough to dominate over carbonate 
production in areas away from the shoreline. This point 
is substantiated by the presence of the mixed carbonate- 
clastic coastal environments, indicating that the first
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major clastic depositional event had not yet taken place 
(Fig. 14).

Above the units described, sandstone deposition 
become continuous.

Many Scherrer sections contain no apparent basal 
units. The Colina Limestone either abruply ends and the 
lower sandstone member begins in an apparent comformable 
contact or sandstone interbeds with carbonate until the 
sandstone becomes continuous. The latter is the case in 
the Mustang Mountains. These sections probably started 
receiving clastic sediments later than those with basal 
units, possibly due to being farther from the shoreline 
or in a position unfavorable to clastic sedimentation. 
They only show Scherrer lithology after the influx of 
sand was intense enough to deposit continuous or nearly 
continuous nearshore sands, which in other areas 
occurred after the basal sections were deposited.

Upper and Lower Sandstone Members
In southeastern Arizona, the Permian Period was 

a time of nearly continuous carbonate sedimentation. 
Excepting minor clastic units within individual 
formations, the carbonate stratigraphic sequence from 
the top of the Earp Formation to the top of the 
Rainvalley Formation is broken only by the sandstones of 
the Scherrer Formation. The event represented by these
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sandstones was quite pervasive, as all traces of 
carbonate deposition were wiped out across the study 
area (Fig. 15).

The source of the sand-sized material comprising 
the Scherrer sandstones is probably, at least in part, 
the approximately stratigraphically equivalent Coconino 
Sandstone of northern Arizona. The Coconino has a 
lithology that is similar to the Scherrer in the both 
are quartzarenites, fine-grained, well sorted and 
cemented by both silica and calcite cements. The 
Coconino and other Pennsylvanian-Permian sandstones 
could have easily supplied the enormous amounts of sand 
needed to deposit the upper and lower sandstone members 
of the Scherrer Formation. Previous source direction 
studies indicate that source area probably existed to 
the north and east (Butler, 1971). Butler (1971, p. 79) 
also suggests that tectonic activity in these source 
areas "initiated the rapid influx" of the already well- 
sorted quartz sand to the south. The depths of the 
depositional basin shallowed sufficiently to allow wave 
energy to affect bottom sediment deposition. This is 
well demonstrated by the cross-bedding and parallel 
lamination present in the sandstones of the Scherrer, 
indicating wave activity in relatively shallow water 
(Harms, 1979). These sedimentary structures are present
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at all Scherrer outcrops where the upper or lower 
sandstone members are exposed.

In the lower sandstone member, there do not 
appear to be any of the sequential facies changes 
associated with the offshore, shoreface, foreshore, and 
backshore coastal environments of modern beaches 
(Clifton et. a 1., 1971). Usually, planar lamination is 
far more developed than is cross-bedding. This is the 
case in all sections except for parts of the Whetstone 
Mountains and Mustang Mountains sections. In modern 
coastal environments, parallel, planar laminae have been 
found in the upper foreshore "swash zone" and in the 
"surf zone" landward of the point at which the waves 
begin to break (Clifton et. al., 1971). The lamination 
in this instance is limited to an area within several 
hundred feet of the shoreline. In the case of the 
ancient Scherrer strata, since lamination of this type 
is present basin-wide, it is suggested that repetitive 
or continuous progradation extended this bedding style 
over a great distance.

Scherrer lithologies, in general, do not vary 
appreciably over great distances and thus suggest little 
environmental change over these distances. This is 
additional evidence for repetitive or continuous 
progradation. In the case of the lower member of the
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Scherrer Formation, this platform was consistently 
shallow enough to produce wave-formed sedimentary 
structures at every point in the basin what is now 
exposed in southeastern Arizona. The energy regime in 
this ancient sea was certainly either high enough or 
low enough to produce laterally and vertically extensive 
deposits of parallel laminated sand.

Parallel laminae or planar, horizontal 
laminations are known to form in both upper and lower 
flow regimes. In the high flow regime, water velocity 
is great enough so that grains will be transported by 
sheet flow over a planar surface, as occurs in the surf 
zone of some modern beaches (Clifton et. al., 1971). 
The same structures are produced in the swash zone up 
to the limits of high tide. These zones are restricted 
in their lateral extent to areas adjacent to the 
shoreline. However, in the Scherrer deposits, to 
emphasize this point, repetitive or continuous 
progradation caused the planar, horizontally laminated 
bedding to extend laterally over a great distance.

Parallel lamination is present even at the 
limits of wave influence on the sediments, such as at 
the boundary between the muddy middle member carbonate 
deposits and the lower sandstone member. Most of the 
carbonate rocks show no evidence of current activity.
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indicating a sheltered environment, deposition below 
wave base, or both conditions. At the basal contact 
with the lower sandstone member, many times the sandy 
carbonate beds and the sandstones below them show 
parallel lamination. This is evidence that the 
processes forming the lamination were active down to the 
limits of wave influence.

Cross-bedding in the sandstones tends to be 
absent or restricted to a few beds within a section. On 
a flat platform such as may have occupied the area,' 
extensive parallel-bedded rocks could have been 
deposited in the foreshore and shoreface environments, 
which would have extended far out into the basin. Rocks 
showing parallel lamination have been known to have been 
deposited down to wave base (Reward, 1981).

There are a few sections which show an 
uncharacteristic abundance of cross-bedding. The cross
beds ar quite numerous in the both the upper and lower 
members of the Whetstones and Mustang Mountains 
sections. The mostly tabular-planar, bimodally oriented 
cross-stratification is typical of modern nearshore 
environments. Some medium-scale cross-bed sets in the 
Whetstones suggest foreshore sand bar development (Hoyt, 
1962), possible beach dune formation (Land, 1964), or 
the reworking of older dunes. In any case, the nature
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of the sedimentary structures suggests that there was a 
closer proximity to. a beach in these areas, perhaps 
indicating a topographic high so as to cause wave energy 
to be concentrated along this elevated region. Any 
actual emergence that could be interpreted was not a 
stable condition, since the structures are more 
indicative of marine processes as opposed to wind-formed 
structures.

Most Scherrer sandstone sections are composed 
entirely of very fine to medium-grained sand. There are 
no adjacent muddy or silty deposits that would give 
clues as to the relative intensity of the wave action 
that produced the sandy deposits. If there was finer 
material deposited in this sea during this stage of the 
Permian, it was undoubtably deposited farther out to sea 
than can be seen from outcrops in southeastern Arizona.

The upper and lower sandstone members of the 
Scherrer Formation are mostly very fine grained. This 
is no doubt related to the size of the source material. 
Coarser sand was present in these deposits, and the 
areas of the basin that the coarser grains were 
concentrated in ended up as mostly orthoquartzites, 
since silicifying fluids might have had an easier time 
of moving into the coarser sediments. Differences in 
grain sizes between beds and sections of the Scherrer
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tend to be slight, however they are great enough to 
cause these effects. Grain size differences do not 
appear to be significant to environmental interpretation 
on a regional scale. Many Scherrer sections include 
fine or medium-grained beds and laminae, and this is 
probably due to the. fact that, as in modern nearshore 
environments, coarser and finer grains tend to be found 
in different parts of the environment. Some zones will 
have a greater number of coarser grains than others, 
whether in graded bedding or in random orientation. 
This bimodality is also found in dune sands, and this 
aspect of Scherrer sandstone lithology was probably 
inherited from the source rocks such as the Coconino 
Sandstone.

Middle Carbonate Member
Carbonate sedimentation returned to southeastern 

Arizona with the deposition of the middle carbonate 
member of the Scherrer Formation. This event was almost 
certainly the result of a transgression of the sea, 
which allowed carbonate sedimentation to take place over 
clastic deposition.

The overall form of the carbonate body appears 
to have been extremely flat, without a distally 
steepened slope, and lacking in significant organic 
buildups. A steeper slope could have existed outside
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the study area, however. Local organic communities are 
present, but they lie within bedding planes. Litho
logically the carbonates are similar across the basin, 
which could be true of a flat to gently sloping surface.

Environmentally significant fossil assemblages 
are restricted to the central and east parts of the 
basin. At Helmet Peak and the Waterman Mountains on the 
west side, few fossils can be observed and identified. 
This could be because the sea was too saline and low- 
energy to support extensive faunal communities.

To the east, fossils become more abundant. The 
Canelo Hills, Whetstone Mountains, Mustang Mountains, 
Patagonia Mountains, and parts of the Empire Mountains 
contain an assemblage of echinoid spines, productid 
brachiopods, bryozoans, crinoids, and gastropods. 
Organisms such as these need agitated, open marine 
conditions to survive. Bryozoans in particular require 
clear water of normal salinity. According to inter
pretation of the fossil material, this area of the sea 
was exposed to open marine currents. Proliferation of 
communities during certain times may have helped to 
isolate western portions of the basin, acting as partial 
barriers to circulation and energy (Fig. 16).

Rocks farther east, in the Gunnison Hills and 
Pedregosa Mountains, show only beds of echinoid spines
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in the middle of the member. Conditions in these areas 
were either inimical to other types of organisms or the 
echinoids were the only type of fossil that was 
preserved. There are indications that other organisms 
were present, but preservation is poor. It has also 
been suggested that, due to the bedded nature of the 
deposits, perhaps the spines were transported to their 
place of burial (Luepke, 1967). This bedded nature is 
common to the other fossiliferous carbonate sections as 
well. Fossil assemblages are contained within discreet 
bands or beds, and are found in only certain parts of 
the section; If the fossils were transported, the 
locations of the original living communities are not now 
recognizable and the distance of transport may not have 
been very far.

In the western part of the basin, clastic 
content is much higher than in the other parts. In the 
Waterman Moutains, elastics comprise 15-30 percent of 
the rocks. The sand in the carbonate member is of the 
same texture and composition as the sand in the upper 
and lower sandstone members, and it has been suggested 
that this sand was blown in from dune fields and quartz 
sand beaches adjacent to the carbonate sea (Luepke, 
1967). The high clastic content of the Waterman



45
Mountains suggests that this area was closer to the 
ancient shoreline than other parts of the basin.

The Scherrer dolomicrite is certainly of 
diagenetic origin. Dolomicrite is believed to form in a 
hypersaline environment which is periodically affected 
by fresh water influx. Rapid growth of the dolomite 
creates an extremely fine crystalline texture with an 
abundance of inclusions and impurities (Folk, 1980). 
This type of environment could have existed during the 
marine regression prior to the deposition of the upper 
sandstone m e m b e r , and just after the end of the 
deposition of the lower sandstone member, when the sea 
was extremely shallow.

Diagenesis may mask other original features. It 
has been observed that an abundance of fossils is found 
only in rocks that do not have a significant dolomite 
content. In rocks that have been significantly 
dolomitized, fossils are few to absent. This does not 
explain the absence of fossils in all cases, since many 
Scherrer carbonates composed of calcite are also devoid 
of fossil material. Some rocks contain possible fossil 
hash, but identification is impossible. Other rocks 
appear to be pelletiferous, but the character of the 
pellets is obscured by recrystallization. Thus it is
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difficult to determine whether the pellets are of a 
fecal origin or the result of current activity.

Rocks of the Waterman Mountains and Helmet Peak 
have been intensely dolomitized. Apparent fossil 
fragments do occur, however. Where identifiable, they 
are gastropod shells and fragments. The paucity of any 
other fossil material and the intenseness of the 
do lornitization suggest that a restricted marine 
environment existed here before deposition of the upper 
sandstone member. It appears that the sea was 
originally shallow and restricted enough that the later 
regression created hypersaline conditions in this part 
of the basin. In an arid climatic zone, as is 
postulated for the Permian of the southwestern United 
States, (Blakey, 1980) , it is common for very shallow 
marine environments to have dramatically increased 
salinity levels.

Uniqueness of the Waterman Mountains
The basal Waterman Mountains section is unique 

in the Scherrer Formation because it contains several 
stromatolite beds. Stromatolites are indicative of a 
very shallow water, non-agitated marine environment. 
This type of condition occurs within tidal flats along 
low energy coastlines or behind protective barriers
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along coasts that are influenced to some degree by 
tides. The morphology and internal structure of the 
stromatolites relate to their position in the tidal 
environment. The morphology of the stromatolites of the 
Waterman Mountains is the laterally-linked hemispheroid 
type (LLH) indicative of the intertidal zone (Logan et. 
al., 1964). Where the basal part of the Scherrer 
section is exposed in the Waterman Mountains, this bed 
is present. Thus the stromatolite environment was at 
least somewhat laterally continuous.

The quartzarenite unit below the stromatolite 
bed could represent a barrier to strong wave activity, 
allowing the stromatolite-forming algae to grow in a 
quiet, protected environment. The sandstone shows 
bimodally-oriented cross-stratification, inclined wedges 
of parallel lamination, horizontal lamination, and 
apparently massive beds, all of which are associated 
with the foreshore of modern beaches (Heward, 1981). 
Whether this barrier was permanently emerged or 
submerged at high tide is questionable. The rippled 
surface on top of the sandstone could represent the 
intertidal sedimentary surface prograding over the 
barrier, in lateral movement. In either case, the sand 
bar or strand acted as an effective barrier to wave
energy
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Above the stromatolite bed is another unit 

interpreted to be intertidal. It shows carbonate mud 
laminated with fine sand, flaser bedding, and trace 
fossils consisting of crawling tracks. The unit is 
thinly bedded and dark gray to black in color. The sand 
mixed in the mud was probably transported into the tidal 
flat from the adjacent barrier beach, and deposited on 
the flat during flood tide. The rocks above this unit 
are massive, thicker, and less sandy, possibly 
indicating deeper water such as in the subtidal zone. 
Gastropod shells and fossil hash patches are found in 
these rocks. The absence of stromatolites in the upper 
rocks may indicate that since the water was deeper, 
salinity was lower, allowing algae-consuming gastropods 
to live in the environment represented by these rocks.

The sequence appears to repeat itself once, 
starting with a foreshore (and possibly emergent) 
sandstone directly above the subtidal carbonates in 
conformable contact. The carbonate beds are somewhat 
different, and the stromatolite bed is missing.

It is clear that at the beginning of Scherrer 
sedimentation, this area was covered by a tidal flat and 
lagoon protected from strong wave influence by a sand 
barrier. The position of the actual shoreline is 
uncertain, since there are no rocks in the sequence
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indicative of supratidal conditions. Only intertidal 
and subtidal rocks occur behind the barrier.

The entire lagoon, tidal flat, and barrier 
system hypothesized is represented by a relatively thin 
sequence of rocks (see measured section in appendix). 
This could indicate rapid lateral movement of 
environments following a regressing sea or a system 
which was relatively unstable. It is probable that the 
system did not have time to develop stability before 
being overwhelmed by the intense clastic influx 
deposited as the lower sandstone member of the Scherrer 
Formation.

Paleogeography
The first indications of environmental change 

from the carbonate lagoons of the Col i na Lime
stone/Epitaph Dolomite are seen in the mixed 
carbonate/clastic tidal flats of earliest Scherrer 
deposition. Clear evidence of regressing sea and 
associated clastic influx is shown by the stromatolites 
and quartzarenites of the northernmost sections in the 
basin. Other more southerly sections do not show these 
tidal flats, instead they begin to exhibit clastic 
influences with high-energy nearshore deposits. Tidal 
flats were present in the areas now occupied by the 
Waterman Mountains, Whetstone Mountains, arid Gunnison
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Hills, while probably the rest of the basin remained a 
low-energy carbonate lagoon. The tidal flats to the 
west in the Waterman Mountains differ from those to the 
east in that they have a much lower clastic content. 
This is probably due to the orientation of the basin in 
relation to the source areas supplying the first clastic 
sediments, as well as the nature of the source areas 
themselves. The dusky red-colored siltstones of the 
north and east parts of the basin are undoubtably of 
different origin than the light colored sandstones of 
the northwestern deposits. Clastic sedimentation 
dominated to the north and east, while carbonate 
sedimentation was still prevalent to the west and south. 
Conditions in both tidal flat environments allowed some 
evaporites to be deposited, indicating extremely shallow 
waters in an arid climate.

The sandstone members represent major clastic 
events. At the start of deposition of the lower 
sandstone member, the tidal flats were obliterated from 
their former locations. Carbonate sedimentation in 
other parts of the basin also came to a halt, and the 
sea became a high-energy, nearshore clastic environment 
with little facies change from one area to the next. 
More southerly parts of the basin show interbedded 
sandstones and carbonates before becoming wholly
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clastic, possibly because clastic input was not high 
enough initially in these regions to prevent minor 
marine transgressions allowing carbonate sedimentation 
to encroach from the south. The actual shoreline of the 
sea at this time cannot be determined. The lower member 
of the Whetstone Mountains section exhibits cross
bedding resembling that of aeolian dune or foreshore 
sand bar structures. This may indicate close proximity 
to the shoreline or at the least a topographical high at 
this locality. Upon deposition of the upper sandstone 
member, shallow-water carbonate deposition was replaced 
by shallow-water clastic deposition. This happened 
throughout the entire part of the basin under study. 
Since a few sections contain carbonate beds well within 
the sandstones (indicating minor transgressions), 
carbonate deposition probably remained fairly consistent 
to the south.

Carbonate sedimentation returned to the basin as 
a result of a major marine transgression and/or the 
cessation of clastic input. Probably the most important 
factor was the deepening of the sea, since there are not 
now any indicators in the carbonate rocks of any type of 
current activity. The sea was apparently shallow enough 
to allow open-marine organisms such as brachiopods and 
crinoids to exist yet deep enough to prevent currents
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from reaching the bottom sediments. Fairly consistent 
fossiliferous zones in the Gunnison Hills, Whetstone 
Mountains, Mustang Mountains, and Canelo Hills indicate 
a sea that was at least somewhat able to support faunal 
communities. Farther west, however, traces of organisms 
become minor to absent. This trend, along with the 
extremely fine-grained, dolomitic nature of these 
western deposits, is interpreted as being indicative of 
decreasing marine circulation and food supply, and 
increasing salinity towards the west.



PALEOCLIMATE

During the time of Scherrer deposition, in the 
Leonardian stage of the Permian period, the climate is 
thought to have been semi-arid to arid. This was not 
only true for the Leonardian of southeastern Arizona, 
but for the Permian of most of the southwestern United 
States. The evidence for this comes from many sources. 
Widespread sabkha and eolian dune environments have been 
interpreted from the Toroweap Formation and Coconino 
Sandstone of northern Arizona (Rawson et. al., 1980; 
Peterson, 1980). These formations were deposited during 
or just before deposition of Scherrer sediments 
(Peterson, 1980). Their interpretation as arid-climate 
environments comes from extensive gypsum and gypsum- 
remnants, laminated dolomite, stromatolites, thick sets 
of cross-stratification in sandstones of the Toroweap 
Formation, and sedimentary structures indicating dune 
fields in the Coconino sandstone (Poole, 1964). Both 
sabkha and eolian environments are indicative of dry 
climates.

Rock sequences of the Permian in the Western 
United States show many evaporite, dolomite, and red-bed
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deposits. All are associated with regressive seas in 
arid climates (Blatt et. al., 1980). Rock sequences 
show open marine conditions changing to restricted 
marine which in turn are capped by red-beds, evaporites, 
and sometimes eolian deposits (Peterson, 1980). Marine 
transgressions overlie may of these sequences. Rocks of 
Leonardian age in northern Arizona show a more arid 
climate than that of the Wolfcampian (Rawson et. al., 
1980) .

Evidence of arid depositional conditions has 
been found directly in Scherrer rocks. The presence or 
remnants of anhydrite in a rock indicates evaporative 
conditions at some time during deposition or rock 
formation. Traces of anhydrite occur in silica nodules 
within Scherrer carbonates, and are believed to have 
been anhydrite crystal masses which formed in hyper
saline conditions.



CONCLUSIONS

Some interesting conclusions may be presented 
based upon this research. They are summarized as 
follows.

1) The basal siltstone unit as found in the type 
section is not typical of Scherrer sections. It is only 
found in those parts of the basin which contained the 
ancient tidal flat environment. This environment 
appears to have been restricted to the north-northeast 
part of the basin (within the study area). Most 
Scherrer sections evidence alternating sequences of 
sandstone and carbonate to mark the beginning of 
Scherrer sedimentation.

2) The basin-wide presence of planar, horizon
tally laminated sandstone is probably due to repetitive 
or continuous progradation of the nearshore environment. 
This would account for the fact that Scherrer sections 
across the basin show sandstones of almost identical 
sedimentary structures.

3) The sea during carbonate deposition was 
increasingly restrictive toward the northwest. In this 
direction, rocks show a tendency toward increasing
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dolomitization, fine-grained texture, and decreasing 
biota.

4) The Scherrer depositional sequence of sand- 
stone-carbonate-sandstone was a function of regressions 
and transgressions of the sea. The relative depth of he 
was important as to whether carbonates or elastics were 
being deposited. The current or wave-formed sedimentary 
structures so common in the clastic deposits are absent 
in the carbonates (indicating shallower versus deeper 
water) except at clastic-carbonate interfaces.
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MEASURED STRATIGRAPHIC SECTIONS

Canelo Hills
Section measured down the southwest-facing slope of a 
northwest-southeast trending ridge in the Wl/2 sec. 28, 
T. 21 S., R. 17 E., Mt. Hughes Quadrangle, Santa Cruz 
County, Arizona.
Permian:
Concha Limestone 
Scherrer Formation:
Unit Unit Thickness
No♦ Description Feet Meters
23 Sandstone (quartzarenite); very

pale orange (10YR 8/2) to moderate 
pink (5R 7/4), weathers very pale 
orange (10YR 8/2) to very light 
pink (5R 8/2), and dark 
yellowish-orange (10YR 6/6); very 
fine grained, subrounded to well 
rounded, very well sorted; 
calcareous, some silica cement; 
faintly laminate, with occasional 
low to high angle tabular-planar 
cross bedding; middle part of unit 
contains a ten foot thick bed of
light gray dolomitic limestone.... 162.5 49.3

22 Sandstone (quartzarenite); white 
(N9) to grayish orange-pink (10R 
8/2), weathers very light gray 
(N8) to light gray (N7) and 
moderate pink (5R 7/4); strongly 
laminated with horizontal laminae 
and occasional low-angle 
cross-beds; non-calcareous,
case-hardening with silica common. 3.0 0.9
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Unit Unit Thickness
No. Description Feet Meters

•*

21 Very poorly exposed, either
sandstone or sandy limestone.....  1.0 0.3

20 Limestone (micrite); white (N9) 
and moderate pink (5R 7/4) to 
light red (5R 6/6), weathers white 
(N9), light gray (N7), and light 
red (5R 6/6); strongly laminated;
occasional spherical concretions.. 5.5 1.7

19 Dolomite (dolomicrite); pale
red-purple (5RP 6/2) and dark gray 
(N3), weathers light gray (N7), 
medium gray (N5), and pale 
red-purple (5RP 6/2); finely
laminated......................... 2.0 0.6

18 Dolomite (dolomicrite); light gray 
(N7) to medium gray (N5), weathers 
light gray (N7); extremely sandy, 
laminations of medium brown sand
abundant..........................  2.5 0.8

17 Dolomite (dolomicrite); medium 
gray (N5) to dark gray (N3), 
weathers light gray (N7) to medium 
gray (N5) and pale olive (5Y 6/1) 
with reddish tinge; extremely 
sandy; contains very thin purple
laminae.............. ............  3.0 0.9

16 Limestone (microsparite);
brownish-gray (SYR 4/1) to dark 
gray (N3), weathers pale olive (5Y 
6/1) to medium gray (N5); sandy;
laminated.........................  9.5 2.9

15 Covered...........................  4.5 1.4
14 Limestone (micrite to biomicrite); 

grayish red-purple (5RP 4/2) to 
dark gray (N3), weathers pale 
olive (5Y 6/1) with patches of 
dark yellowish-orange (10YR 6/6);



60
Unit
No. Description

Unit Thickness 
Feet Meters

dolomitic; light to dark brown and 
pink chert nodules common in upper 
beds; silicified and calcite ,
echinoid spines locally abundant, 
with widely scattered bryozoan
patches...........................  78.5 23.9

13 Limestone (biosparite to
biomicrite); dark gray (N3) with 
reddish mottling, weathers 
medium-light gray (N6) banded with 
pale yellowish-brown (10YR 6/2); 
very dolomitic; uppermost beds 
contain dark reddish-brown chert 
nodules; basal quarter of unit 
contains scattered bryozoan 
fragments, brachiopods, echinoid
spines, and crinoid stems........  18.0 5.5

12 Limestone (biosparite); grayish 
red-purple (5RP 4/2), weathers 
pale olive (5Y 6/1) to light gray 
(N7); scattered pink and brown 
chert nodules and bands; bryozoan 
fragments, brachiopods, echinoid 
spines, crinoid stems, gastropods,
throughout, locally abundant.....  20.0 6.1

11 Limestone (fossiliferous
microsparite); dark gray (N3) with 
reddish tinge to dusky red (5R 
3/4), weathers pale olive (5Y 6/1) 
and light gray (N7) to 
medium-light gray (N6); very 
dolomitic; calcite and silica 
veinlets common; very localized 
concentrations of small echinoid
spines and bryozoans.............  21.0 6.4

10 Limestone (fossiliferous
microsparite); dusky red (5R 3/4) 
to very dusky red-purple (5RP 
2/2), weathers pale olive (5Y 6/1) 
to medium gray (N5), moderate pink 
(5R 7/4), and grayish-yellow (5Y
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Unit Unit Thickness
No. Description Feet Meters

8/4); very dolomitic; occasional 
medium brown chert nodules; 
sporadic echinoid spines, 
brachiopods, and crinoid stems (up
to two cm in diameter)...........  10.0 3.0

9 Covered...........................  25.0 7.6
8 Limestone (micrite); medium-dark 

gray (N4), weathers pale olive (5Y 
6/1); sandy; laminated; occasional 
quartz blebs and masses; bedding
undulatory; friable in places....  2.0 0.6

7 Very friable, gouged,
unrecognizable bed................  1.0 0.3

6 Limestone (micrite); pale 
(5RP 6/2, weathers 
light brownish-gray (SYR 6/1);
sandy; laminated.... .............  0.5 0.2

5 Sandstone (quartzarenite); white 
(N9) to light gray (N7), weathers 
light gray (N7); very fine 
grained, very well sorted;
non-calcar ecus.................... 1.5 0.5

4 Sandstone (quartzarenite); dark 
gray (N3), weathers white (N9)
(with purplish tinge) to medium 
well sorted; non-calcareous, 
cemented by quartz overgrowths;
friable in places................. 2.5 0.8

3 Sandstone (quartzarenite); white 
(N9) to light gray (N7), weathers 
medium gray (N5) to dark gray 
(N3); very fine grained, very well
sorted; laminated; non-calcareous. 1.5 0.5

2 Sandstone (quartzarenite); white 
(N9) to light gray (N7), weathers 
same colors; very fine grained, 
faintly laminated; case-hardening
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Unit
No. Description

with silica common; friable at 
base..........................

Unit Thickness 
Feet Meters

1.5 0.5
1 Sandstone (quartzarenite); white 

(N9) to light gray (N7) and 
moderate pink (5R 7/4) to light 
red (5R 6/6), weathers same 
colors; very fine grained, very 
well sorted; faintly laminated to 
massive; non-calcareous, cemented 
by quartz overgrowths; basal
contact brecciated. ......  70.0 21.3
Total thickness of Scherrer
Formation........ ...............  446.5 136.0

Thrust-faulted basal contact with.Colina Limestone.

Waterman Mountains
Upper Scherrer section measured down the northeast
facing slope of a NW-SE trending ridge in the NE1/4 
SW1/4 sec. 33, T. 12 S., R. 9 E., Silver Bell Peak 
Quadrangle, Pima County, Arizona.
Permian:
Concha Limestone 
Faulted contact
Scherrer Formation (Upper portion):

6 Sandstone (quartzarenite); white 
(N9) to grayish-pink (5R 8/2), 
light red (5R 6/6), and pale 
purple (5P.6/2), weathers same 
colors; fine to very fine grained, 
very well sorted; non-calcareous, 
cemented by quartz overgrowths; 
strong horizontal laminations, 
with occasional low-angle 
discontinuities 45.0 13.7
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Unit
No.

5

4

3

2

Description
Unit Thickness 
Feet Meters

Dolomite (micrite); medium gray
(N5); silty; horizontally
laminated at top; abundant calcite
and silica blebs; scattered
occasional gastropod fragments.... 19.0
Dolomite (micrite); medium gray
(N5) to dark gray (N3), weathers
light gray (N7) to light
olive-gray (5Y 5/2); silty; bands
of chert nodules abundant in lower
and upper thirds of unit; abundant
silica blebs and veins...........  45.0
Dolomite (micrite); dark gray 
(N3), weathers light olive-gray 
(5Y 5/2) to medium gray (N5); very 
sandy; chert nodules and bands 
common; silica blebs and veins 
abundant; botton third of unit 
contains a three-foot-thick bed of 
sandstone identical to lower 
sandstone member.......... ....... 58.0
Sandstone (quartzarenite); white
(N9) to light red (5R 6/6) and
pale purple; (5P 6/2), weathers
same colors; fine to very fine
grained; non-calcareous, cemented
by quartz overgrowths; strong
horizontal laminations, with
occasional low-angle
discontinuities; case-hardening
with silica common................ 62.0

5.8

13.7

17.7

18.9
Covered........................ 25.0 7.6
Total thickness of upper section
of Scherrer Formation............  254.0 77.4

Colina Limestone



64
Basal Scherrer section measured down a southwest-facing 
slope in the SW1/4 NE1/4 sec. 31, T. 12 S., R. 9 E., 
Silver Bell Peak Quadrangle, Pima County, Arizona.
Permian:
Scherrer sandstones and carbonates (faulted and 
brecciated)
Scherrer Formation (Basal portion):

Unit Unit Thickness
No. Description Feet Meters

Poorly exposed white friable
sandstone........... .............  Unmeasured

7 Dolomite (micrite); grayish-black 
(N2), weathers pale olive (10Y 
6/2) and dark yellowish-orange 
(10YR 6/6); extremely sandy; very 
oxidized surface, commonly
reddish-brown to black.... . 10.0 3.0

6 Dolomite (micrite); grayish-black 
(N2), weathers dark gray (N3);
calcite veinlets abundant........  1.5 0.5

5 Dolomite (micrite); grayish-black 
(N2), weathers pale olive (10Y 
6/2) to dark gray (N3); extremely 
silty; light and dark banded 
laminae, occasionally 
cross-bedded; straight trace
fossil tracks on some slabs......  2.5 0.8

4 Dolomite (stromatolitic micrite); 
dark gray (N3), weathers pale 
olive (10Y 6/2); sand laminae 
abundant, following stromatolitic 
contours; previous algae content 
obscure; laterally-linked 
hemispheroid type stromatolite; 
gradational basal contact..... 0.5 0.2
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Unit
No. Description

Unit Thickness 
Feet Meters

3 Sandstone (quartzarenite); white 
(N9) to very light gray (N8) with 
purple tinge, weathers white (N9) 
to pale purple (5P 6/2) and 
moderate reddish-brown (10R 4/6); 
very fine to medium grained, well 
to fair sorted; non-calcareous, 
cemented by quartz overgrowths; 
mostly orthoquartzite; top six 
inches heavily oxidized with 
stromatolitic banding;
current-ripple marked top surface. 2.0 0.6

2 Sandstone (Quartzarenite); white 
(N9) through all shades of pink to 
dusky red (5R 3/4), weathers same 
colors; very fine grained, more 
silty toward bottom; sorting very 
good; very faintly laminated, 
cross-bedding at top (low-angle); 
case hardening with silica common 
at upper contact; contains two 
distinct stromatolite beds in
middle part. ...... . 50.0 15.2

1 Dolomite (micrite); light
olive-gray (5Y 5/2), weathers pale
olive (10Y 6/2); stromatolitic.... 1.0 0.3
Covered Unmeasured
Total thickness of lower part of
Scherrer Formation................ 67.5 20.5

Approximate total thickness of Scherrer
Formation in Waterman Mountains.......  321.5 97.9
Colina Limestone

Whetstone Mountains
Section measured down the east-facing slope of a 
north-south trending range in the Sl/2 Sl/2 center sec. 
4, T. 20 S., R. 19 E., Mustang Mountains Quadrangle, 
Cochise County, Arizona.
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Permian:
Concha Limestone
Scherrer Formation:
Unit Unit Thickness
No. Description Feet Meters
15 Sandstone (quartzarenite); white 

(N9), grayish-pink (5R 8/2) to 
light red (5R 6/6) and dusky red 
(5R 3/4), weathers same colors; 
somewhat calcareous; very fine 
grained with fine to medium 
grained laminae in some beds; well 
sorted; mostly horizontally 
laminated but some low-angle 
tabular-planar and wedge-planar
cross-beds........................ 128.0 39.0

14 Covered 6.0 1.8
13 Limestone (micrite); medium gray 

(N5), weathers pale olive (10Y 
6/2); dolomitic; sandy; laminated;
occasional chert lenses...........  15.0 4.6

12 Limestone (micrite) interbedded 
with Sandstone (quartzarenite); 
limestone is dark gray (N3), 
weathers light olive-gray (5Y 
6/1); sandstone is very pale 
orange (10YR 8/2) to grayish-pink 
(5R 8/2)/ weathers same colors; 
sandstone is non-calcareous; very 
fine grained; possibly lenticular;
entire unit is poorly exposed....  6.5 2.0

11 Limestone (biomicrite and
biosparite); medium gray (N5) to 
dark gray (N3), weathers pale 
olive (10Y 6/2), light olive-gray 
(5Y 6/1), yellowish-gray (5Y 7/2), 
and dark gray (N3); contains 
exceptionally abundant masses of 
black and dark brown chert nodules 
and bands along bedding planes;
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Unit Unit Thickness
No, Description Feet Meters

abundant echinoid spines, crinoid 
stems, occasional bryzoan 
fragments, brachiopods, and 
gastropods; fossils found inside
chert nodules also...............  27.0 8.2

10 Limestone (micrite and
biosparite); medium gray (N5), 
weathers pale olive (10Y 6/2) to 
light olive-gray (5Y 6/1); bedded 
and nodular dark brown chert 
common; knots and veinlets of 
quartz common in bedding planes; 
occasional undulatory laminations; 
echinoid spines and crinoid stems 
abundant in top half of unit.....  40.5

9 Limestone (biosparite); light gray 
(N7) to medium gray (N5), weathers 
pale olive (10Y 6/2); occasional 
chert nodules; abundant quartz 
knots and masses; common echinoid 
spines, crinoid stems, gastropods, 
fossil hash, and siliceous forms 
resembling brachiopod shell 
outlines..........................  40.0

8 Limestone (micrite); medium gray 
(N5), weathers medium-light gray 
(N6) to pale olive (10Y 6/2); 
dolomitic; occasional silica blebs
and veinlets...................... 21.0

7 Covered...........................  2.0
6 Sandstone (quartzarenite); white 

(N9) to grayish-pink (5R 8/2) and 
light red (5R 6/6), weathers same 
colors; somewhat calcareous; very 
fine grained, very well sorted; 
abundant tabular-planar and 
wedge-planar cross-bedding, as 
well as horizontal lamination; 
truncated three-foot-thick 
cross-bed set seen in lower part; 
occasional channel forms.........  257.5

12.3

12.2

6.4
0.6

78.4
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Unit Unit Thickness
No, Description Feet Meters

5 Limestone (fossiliferous
microsparite); medium gray (N5) to 
dark gray (N3), weathers pale 
olive (5Y 6/1) with reddish 
tinge; very sandy, laminated with 
thin reddish bands; occasional 
undulatory bedding; fossil 
material obscure, come pelecypods, 
ostracods, and gastropods
identified...... ............. . 26.0 7.9

4 Sandstone (quartzarenite); pale 
yellowish-green (10GY 7/2), pale 
olive (10Y 6/2), and light gray 
(N7), weathers same colors; very 
calcareous; very fine grained, 
some silt-sized grains; very
friable, powdery in some beds....  6.5 1.9

3 Sandstone (quartzarenite); white 
(N9) to grayish-pink (5R 8/2) and 
light red (5R 6/6), weathers same 
colors; somewhat calcareous, very
fine grained; massive............  3.0 0.9

2 Siltstone and Sandy Siltstone;
dusky red (5R 3/4), weathers same; 
very calcareous; bedding 
indistinct; contains a 
one-foot-thick bed of pale olive 
(10Y 6/2) laminated limestone
(micrite) in middle part of unit.. 23.0 7.0

1 Covered.  ................ 10.0 3.0

Total thickness of Scherrer
Formation............... .......... 612.0 186.4

Epitaph Dolomite
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