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ABSTRACT

The area described in this thesis comprises about 
12 square miles on the eastern flank of the Santa Catalina 
Mountains, just west of the town of Redington in Pima 
County, Arizona.

The rock formations of the area range in age from 
Younger PreCambrian to Recent, but this study is concerned 
with the Paleozoic section, which includes rocks of Cambrian, 
Devonian, Mississippian, and Pennsylvanian ages.

Lying with an angular discordance upon the upper 
Precambrian rocks are 2791 feet of Paleozoic strata with 
no angular discordances within the section although pro
nounced disconformities separate most of the stratigraphic 
units.

The lowest Cambrian beds are represented by the 
Bolsa Quartzite of Middle Cambrian age. They are overlain 
by the Upper Cambrian Abrigo Formation. The Upper Devonian 
Martin Formation rests directly on the Abrigo Formation and 
in turn is overlain by the Lower Mississippian Escabrosa 
Limestone. The Escabrosa Limestone is overlain by the 
Black Prince Limestone which now is considered to be of 
Lower Pennsylvanian age. Above the Black Prince Limestone
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vii
is the Pennsylvanian Horquilla Limestone which is the 
basal member of the Permo-Pennsylvanian Naco Group.

The Paleozoic rocks are overlain in angular 
unconformity by rocks of Cretaceous (?) or Cenozoic (?) 
age.

The Paleozoic rocks have been folded, thrust and 
normal faulted, and now comprise a series of tilted fault 
blocks. Several ages are represented by this deformation. 
The earliest major deformation of the sedimentary section 
probably occurred during post-Permian to pre-Cretaceous 
time with repeated deformation in Late Cretaceous and 
Cenozoic time.

All the sedimentary rocks through Cretaceous age 
have been intruded by igneous dikes, sills, and plugs along 
the fault zones, and subjected to minor metamorphism in 
some areas. Igneous intrusion probably occurred in Late 
PreCambrian time, in post-Permian time, and again in post- 
Cretaceous time.



INTRODUCTION

LOCATION AND ACCESS

The Buehman Canyon area comprises about 12 square 
miles and is located approximately 30 miles northeast of 
Tucson and 2 miles west of Redington on the southeastern 
flank of the Santa Catalina Mountains in the northwest 
comer of Pima County, Arizona. Latitude 110° 311 15” N. 
and longitude 32° 25‘ 15" W. intersect at the center of 
the area on the Bellota Ranch Quadrangle, 15-minute series, 
1957, of the United States Geological Survey topographic 
map.

The few roads into this region are rough and the 
thesis area can be reached only in part by passenger car.
A jeep or pickup truck is essential to negotiate the re
mainder of the area.

To reach the area from Tucson travel via the Tanque 
Verde Road east and then northeast via the Redington Road 
to the San Pedro River at Redington, Arizona, then turn 
left on the west side of San Pedro River into the area 
(Figure l).
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TOPOGRAPH? AND CLIMATE

The area is in the mature stage of the present 
erosion cycle and the relief is characterized by moder
ately steep slopes and rugged canyons. The outstanding 
topographic feature is Buehman Canyon. The Canyon and its 
tributaries drain the southern end of the: Santa Catalina 
Mountains northeastward into the San Pedro River. The 
maximum elevation in the area is 3865 feet and -the minimum 
elevation is 3050 feet.

The climate is typical of the arid southwest, with 
hot dry summers and mild pleasant winters. Sudden thunder 
showers and flash floods during the summer are common.

PURPOSE OF THE STUDY

In the Buehman Canyon area there is a sequence of 
Paleozoic rocks. The purpose of this thesis is to make a 
detailed study of these Paleozoic beds to determine the 
age, thickness, lithology, and geological relationships of 
the various units.

METHOD OF TREATMENT

Field work was undertaken during the summers of 
1962, 1963, and 1964, and consisted of making a detailed 
geological map of the Paleozoic foimations with the aid of 
aerial photographs. United States Geological Survey air
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photos of a scale 1:31,680 were enlarged to a scale of 
1:7,920 and were used as a base map for this study. 
Tracings from these enlargements were used to accumulate 
geologic data which were later transferred to the final 
geologic map.

The Brunton compass was used to record dip and 
strike measurements. The Jacobs staff method was used in 
measuring stratigraphic sections. Since the area of study 
is highly faulted, sections were carefully selected to 
eliminate this problem and were measured where the rocks 
were best exposed.

In addition to mapping the stratigraphic and 
structural relationships, fossils were collected and 
identified in the laboratory to determine the age of the 
formations.

PREVIOUS WORK

No previous detailed geologic studies have been 
made in this area. However, the Buehman Canyon area is 
included on the Geologic Map of Pima and Santa Cruz 
Counties (i960) and the manuscript map accompanying 
Geology of the Tucson Quadrangle (Moore et al., 1949), on 
file at the Arizona Bureau of Mines.

The regional extent and scale of these maps make 
them of little use in this study nor in understanding the 
geology of the area.



STRATIGRAPHY

GENERAL

The rocks of the Buehman Canyon area of study range 
in age from Precambrian to Recent and embrace a great vari
ety of lithologic types.

The scope of this study is concerned primarily with 
a study of sedimentary rocks but a brief mention should be 
made of igneous and metamorphic rocks found in the area.

Rocks of pre-Paleozoic age consist of Younger Pre
cambrian sedimentary rocks and extensive Late Precambrian 
diabase sills which have been intruded into the older rocks 
(Shride, 1961). In the freshest exposures, the diabase is 
a medium to fine-grained rock with ophitic texture and is 
a dark gray-green. In weathering exposures, the rock is 
friable and decomposes into a dark red-brown soil.

Exposed Paleozoic rocks range in age from Cambrian 
to Pennsylvanian and are entirely of sedimentary origin. 
They are dominantly limestone and quartzite, with minor 
amounts of conglomerate, shale, dolomite, and sandstone. 
These rocks have been intruded by minor igneous intrusives 
of post-Paleozoic age, consisting primarily of diabase, 
andesite, andesite porphyry, and white quartz. The dikes 
are localized by zones of weakness, chiefly faults; the
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plugs by the Intersection of such zones; and the sills 
follow sedimentary bedding planes.

The post-Paleozoic rocks of the area are primarily 
composed of clastic sedimentary rocks but some minor 
igneous intrusions were observed in rocks of Cretaceous 
(?) age.

Rocks in the area are located a few miles east of 
a gneissic granite, which may be a part of the Santa 
Catalina gneissic complex which has been assigned a post- 
Paleozoic (?) age. Similar rocks to the south have been 
subject to metamorphism and have been called meta-sediments 
(Raabe, 1959). Rocks in the area of study are essentially 
unmetamorphosed, but locally, small exposures of more 
intensely metamorphosed rocks lie within less metamorphosed 
areas. The Escabrosa Limestone which often is very 
susceptible to metamorphism, locally shows white calcite 
centers of recrystallization, although as a whole it is

6
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PRE-PALEOZOIC ROCKS

Pre-Paleozoic rocks are exposed in Buehman Canyon 
in the southern part of the area of study. These rocks 
consist of exposures of the Younger PreCambrian Apache 
Group including, in ascending order: Scanlan Conglomerate,
Pioneer Shale, Barnes Conglomerate, and Dripping Springs 
Quartzite. Diabase sills of post-Dripping Springs Quart
zite age have intruded these formations. No diabase sills 
were found intruding Cambrian and later sediments, therefor, 
the age of the diabase is considered Late Precambrian.

Precambrian rocks are separated from the Paleozoic 
rocks above by a pronounced angular unconformity. Pre
cambrian rocks strike approximately N. 20° W. and dip 
approximately 35° NE. while Cambrian rocks strike 
approximately N. 10° E. and dip approximately 50° SE. The 
component of dip in the Precambrian rocks is about 13° less 
than that of the Cambrian rocks and indicates that the 
Precambrian strata probably dipped toward the southwest at 
the time Cambrian sediments were deposited. These varia
tions along the unconformity are shown on Plate 1.

For mapping purposes and for the measuring of 
sections, the contact of Precambrian and overlying Paleo
zoic rocks was chosen at the top of the uppermost diabase 
sill which separates underlying quartzites that show a 
distinct difference in both attitude and lithology from an 
overlying series of quartzite beds.
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PALEOZOIC ROCKS 

Introduction

The exposed Paleozoic rocks in the area of study 
are of Cambrian, Devonian, Mississippian and Pennsylvanian 
ages.

The rocks of Cambrian age are represented by the 
Bolsa Quartzite and Abrigo Formation which are predomi
nantly quartzite, sandstone, and shale, with minor amounts 
of limestone. The rocks of the Devonian Martin Formation 
consist of about one half sandstone, siltstone, and shale 
and one half dolomite and limestone. The Mississippian 
Escabrosa Limestone and the Pennsylvanian Horquilla Lime
stone are composed predominantly of limestone, with minor 
amounts of dolomite, shale, and conglomerate.

In all, 2791 feet of Paleozoic section were 
measured and described, in general these rocks suffered 
little or no metamorphism except induration, and the lime
stones, in many cases, contain fossil faunas.

Cambrian Bolsa Quartzite

The Bolsa Quartzite consists of medium to coarse
grained, red-brown quartzites and sandstones with a basal 
conglomerate consisting of rounded, gray and white quartz 
pebbles up to 3 inches in diameter in a red-gray quartzite, 
matrix.
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In the Buehman Canyon area a 250 foot section of 

Bolsa Quartzite rests in angular unconformity upon the 
Younger Precambrian rocks (Appendix-Section P). This 
section is thinner than other Bolsa Quartzite sections 
measured to the north and south and is probably a result 
of faulting within the Cambrian rocks. No fossils were 
found but evidence of worm tubes, was present in the lower 
quartzites and worn casts were found in some of the thin 
sandstones.

The name Bolsa Quartzite was proposed by Ransome 
(1904) for the basal quartzite of the Cambrian system at 
Bisbee. The name was extended by Ransome (1916) into the 
Tombstone district and by Gilluly (1956) into the Dragoon 
Mountains. Because of differences in textures of the sand
stones and quartzites, the common occurrence of worm tubes 
in the Cambrian quartzites, and of worm casts in the fine 
grained sandstones, the so-called "Troy Quartzite" of the 
northern Santa Catalina Mountains (Ransome, 1916, and 
Stoyanow, 1936) should be redesignated Bolsa Quartzite and 
the term Troy Quartzite reserved for those sandstones and 
quartzites of Precambrian age which overlie the Apache 
Group in more northern areas (Shride, 1961).

In the Buehman Canyon area, correlation of this 
quartzite section with type Bolsa is based on strong 
similarities in lithology and similar stratigraphic
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relationships to the underlying Apache Group and the over- 
lying Ahrigo Formation.

The Bolsa Quartzite is considered Middle Cambrian 
in age on account of its conformable relation to the over- 
lying Abrigo Formation from which fossils of Middle and 
Late Cambrian have been found. There is no direct fossil 
evidence for the age of the Bolsa Quartzite in the Buehman 
Canyon area.

The upper unit of Bolsa Quartzite represents a 
gradation into the overlying sandy shales and micaceous 
sandstones and quartzites of the basal Abrigo Formation.

For mapping purposes the upper contact of the 
Bolsa Quartzite was taken arbitrarily at the top of the 
highest quartzite 1 foot or more thick.

Cambrian Abrigo Formation

Because of the lithologic nature of the Abrigo 
rocks in the Buehman Canyon area, the term Abrigo For
mation will be used instead of Abrigo Limestone which is 
the present designation for these rocks.

The Abrigo Formation is distinguished by thin 
bedding, by beds containing distinctive edgewise con
glomerates, and by irregularly anastomosing layers of silty 
and sandy material that separate irregularly rounded lenses 
of sandy carbonate. Beds of massive limestone or dolomite
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form a few ledges but the formation consists primarily 
of micaceous quartzites and sandstones and sandy shale.
This is in strong contrast to the Abrigo section to the 
southeast which is composed primarily of carbonate rocks.

In the Buehman Canyon area 447 feet of Abrigo 
Formation, consisting primarily of clastic rocks, were 
measured and described (Appendix-Section E). This section 
is thinner than other Abrigo sections measured to the north 
and south and probably is a result of faulting within the 
Cambrian rocks.

Stoyanow (1936) in the north end of the Santa 
Catalina Mountains, and Cooper and Silver (1964) in the 
Dragoon quadrangle, showed that the Abrigo Formation is 
marked by a northward change in facies, from limestone at 
the type locality near Bisbee, to predominantly shale, 
sandstone and quartzite. The Buehman Canyon area, which 
lies between these two localities supports this conclusion 
of a northward change in facies from carbonates to one of 
primarily clastic rocks.

The name Abrigo Limestone was proposed by Ransome 
(1904) for the Cambrian limestone overlying the Bolsa 
Quartzite in the Bisbee area. The name was extended by 
Ransome (1916) into the Tombstone district and by Gilluly 
(1956) into the Dragoon quadrangle which is located 30 
miles to the southeast.



Stoyanow (1936) suggested that the name Abrigo 
Limestone be changed to Abrigo Formation and that it be 
restricted to rocks of Upper Cambrian age. He proposed 
new formational names for the rest of the type Abrigo 
which fell outside of his restricted Abrigo Formation.
His classification and terminology have not been adopted 
by the United States Geological Survey. Although Abrigo 
Formation is used here in place of Abrigo Limestone 
because the Abrigo in this area is composed predominantly 
of clastic rocks, the name is used in the original sense 
of Ransome, who applied the term Abrigo to all Cambrian 
strata between the Bolsa Quartzite and the overlying 
Martin Formation, and is not used in the restricted sense 
of Stoyanow.

No diagnostic fossils were found in the Buehman 
Canyon area, although fossils of Middle and Late Cambrian 
age have been found in Abrigo sections in other localities. 
Correlation and assignment of age of the Abrigo in this 
area has been made both on the basis of lithology and the 
relation of the section to the underlying Bolsa Quartzite 
and overlying Martin Formation.

The gradational lower boundary of the formation was 
discussed in connection with the Bolsa Quartzite. The upper 
boundary between the quartzite and sandstone of the Abrigo 
Formation and the relatively pure and more massive dolomite

12



at the base of the Martin Formation is marked by a clear 
cut disconformity. The Abrigo in the Buehman Canyon 
section is overlain by a thin quartzite bed. This is a 
characteristic relationship over much of southeastern 
Arizona. The quartzite is considered of Abrigo age but 
may represent the detrital accumulation beween the Upper 
Cambrian Abrigo Formation and the Upper Devonian Martin 
Formation.

Devonian Martin Formation

The Martin Formation consists of about one half 
shale, siltstone, and sandstone and one half limestone and 
dolomite. Field studies indicate that in the area of study, 
the carbonate units of the Martin Formation are primarily 
dolomite. The beds are generally 1 to 3 feet thick and 
thus are intermediate in thickness between the thinner 
beds of the underlying Abrigo Formation and the thicker 
beds of the overlying Escabrosa Limestone. The presence of 
sandy and shaly units also serves to distinguish the Martin 
Formation from the Escabrosa Limestone.

In the Buehman Canyon area 289 feet of Martin 
Formation were measured and described (Appendix-Section 
D). This section is thinner than some sections measured 
in areas to the southeast and northwest and would



indicate a slight regional thinning of the Martin For
mation in the Buehman Canyon area.

The name Martin Limestone was proposed by Ransome 
(1904) for the limestone of Devonian age near Bisbee. He 
later (Ransome, 1916) extended the name into the Tombstone, 
Globe, Ray, and Roosevelt areas. Gilluly (1956) further 
extended the name into central Cochise County. In this 
study, the writer follows Cooper and Silver (1964) and 
LeMone (1959) in using the name Martin Formation rather 
than Martin Limestone for all rocks lying between the 
underlying Abrigo Formation and overlying Escabrosa Lime
stone because in the Buehman Canyon area the formation is 
composed primarily of dolomite and terrigenous clastic 
rocks.

The Martin Formation was found to contain many 
fossils of Upper Devonian age. Atrypa recticularis, 
Pachyphyllum woodmani, Cladopora prolifica, and Favosites 
sp., particularly in the lower half of the formation, are 
diagnostic Upper Devonian fossils. About 140 feet from 
the bottom of the formation there is a silicified reef 
formation composed of numerous forms of colonial and 
solitary corals, bryozoans, and brachiopod fragments, in 
addition to some of the fossils named above. The presence 
of this reef was also noted by Stoyanow (1936) in the 
Peppersauce Canyon area some 12 miles to the northwest.

14



Most of the fossils in the Martin Formation are 
entirely silicified, making the recovery of individual 
specimens in the field difficult.

In the area of study, the Devonian strata are 
capped by the massive, cliff-forming carbonates of the 
Lower Mississippian Escabrosa Limestone. The contact is 
a gradational disconformity with no apparent structural or 
erosional features. The upper limit of the Devonian sec
tion is established at the top of the upper zone of pink 
sandy limestones and siltstones which weather to a pale - 
moderate red color in contrast to the medium gray color of 
the Escabrosa Limestone.

Mississippian Escabrosa Limestone

In the Buehman Canyon area, the Escabrosa Limestone 
is widely exposed and forms prominent ridges and cliffs.
The lower contact of the formation is generally well marked 
topographically because of the inferior resistance of the 
Martin Formation. However, the actual physical contact is 
often obscured by Mississippian float and weathered 
Devonian debris. The upper contact is not so clearly 
expressed because the overlying Black Prince Limestone and 
Horquilla Limestone are also resistant formations although 
not as resistant as the Escabrosa Limestone.

15
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The Escabrosa Limestone is generally a thick- 

bedded gray to pink-gray, medium to coarse grained 
limestone made up largely of crinoid fragments. The 
lower portion of the formation contains considerable 
silty-sandy dolomite weathering to a granular pitted 
surface. Above the base dolomite beds are present but 
generally subordinate to limestone in the rest of the 
formation. Some red and gray shale was present in the 
upper part of the formation and several intrafoimational 
conglomerates were found in different parts of the 
formation.

Abundant chert in the upper half of the formation 
forms loaves, pods, and lenses as much as 6 feet long and 
1 foot thick. In the lower half of the formation, the 
chert occurs usually as small nodules. The chert is white, 
red or gray in color on fresh fractures but appears a rusty 
red color on weathered exposures.

The Escabrosa Limestone shows white calcite centers 
of recrystallization and some silicification in the lower 
part of the formation.

In the Buehman Canyon area 779 feet of Escabrosa 
Limestone were measured and described (Appendix-Section C). 
This section is consistent in thickness with sections of 
Escabrosa Limestone measured to the southeast but is 
thicker than sections measured in areas to the west.
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The name Escabrosa Limestone was given by Ransome 

(1904) to the limestone of Mississippian age near Bisbee, 
and it was later extended by Ransome (1916) into the 
Tombstone district. Stoyanow (1936) used the name for the 
Lower Mississippian strata in all parts of southeastern 
Arizona. Gilluly, Cooper, and Williams (1954) extended 
the name into central Cochise County. In recent mapping 
by the United States Geological Survey (Cooper and Silver, 
1964), the name has been extended into the Dragoon 
quadrangle.

Many silicified Zaphrentoid (?) horn corals were 
found throughout the formation, as were numerous crinoid 
and brachiopod fragments. Weathering and silicification 
of fossils prevented the collection of any identifiable 
Mississippian fossils but correlation of the Escabrosa 
Limestone could easily be made from lithology, the presence 
of numerous crinoid stems, and its stratigraphic position 
in relation to the underlying Martin Formation and over- 
lying Black Prince Limestone. The topographic cliff 
forming nature of the Escabrosa is not only an aid in 
correlation but an excellent guide for rapidly locating 
oneself in the general carbonate section of the Paleozoic 
formations.

Several geologists, including Gilluly (1956), Nations 
(1961), and Cooper and Silver (1964), have worked on the
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Escabrosa Limestone in areas to the southeast and have 
determined its Lower Mississippian age.

The Escabrosa Limestone is separated by a discon- 
formity from the overlying Pennsylvanian Black Prince 
Limestone.

Pennsylvanian Black Prince Limestone

The Black Prince Limestone is a shale and lime
stone unit lying between the Escabrosa Limestone and 
Horquilla Limestone. Chert is present in nodules and 
lenses throughout the limestones. Lithologically it is 
much like the Escabrosa Limestone except that it has a 
more pink color and carries a 23 foot basal zone of cherty 
conglomerate and pebbly red-maroon shale in the Buehman 
Canyon area. This bed is a good marker for separating the 
Escabrosa Limestone from the Black Prince Limestone not 
only in the area of study but also southeastward in the 
Dragoon quadrangle. The Black Prince Limestone section is 
26l feet thick in the Buehman Canyon area (Appendix-Section 
B), which would indicate a thickening of the section from 
those measured further to the southeast.

The age of the Black Prince Limestone has been open 
to question ever since it was recognized and named (Gilluly, 
Cooper, and Williams, 195*0 • They first considered it an 
upper member of the Escabrosa Limestone but it was later
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mapped as a separate formation because fossils collected 
from it proved to be Upper Mississippian or Lower 
Pennsylvanian in age and thus intermediate in age between 
the underlying Escabrosa Limestone and the overlying 
Horquilla Limestone. Their investigations led them to 
conclude that the Black Prince Limestone was a lithologic 
facies that may be of age equivalent to the part of the 
Escabrosa Limestone that is present locally and that was 
thought to be of late Osage or early Meramec age.

However, in a detailed paleontological study of 
the Black Prince Limestone in Cochise County, Nations 
(1961) showed from an assemblage of coelenterates that the 
Black Prince Limestone was of Morrowan age. His conclusions 
indicate that Mississippian fossils found in the Black 
Prince Limestone are reworked Escabrosa Limestone fossils.

Fossils in the Black Prince Limestone of the 
Buehman Canyon area proved to be scarce and not well 
enough preserved to be diagnostic agewise. The Black 
Prince Limestone is herein considered to be of Lower 
Pennsylvanian age.

Recognition and correlation of the formation is 
based largely on lithology and stratigraphic position in 
relation to the underlying Escabrosa Limestone and over- 
lying Horquilla Limestone. Both contacts of the formation 
are marked by zones of weak rocks. The Black Prince



Limestone is in apparent disconformable contact with the 
overlying conglomerate and shale which occurs at the base 
of the Horquilla Limestone of the Naco Group.

Pennsylvanian Horquilla Limestone

The Horquilla Limestone consists primarily of a 
series of blue-gray limestone beds from 1 foot to 5 feet 
thick interbedded with thin beds of pink shale and pink 
shaly limestone.

The topographic expression of the Horquilla Lime
stone is one of slopes lacking in cliffs, but marked by 
a ribbed appearance resulting from the regularly spaced 
ledges of limestone alternating with the softer, easier 
weathering shaly units. In the section of the formation, 
there are many short covered intervals, corresponding to 
sags in the ribbed surface. These mark the position of 
pink shales and shaly limestones. The massive limestone 
cliff characteristics of the Escabrosa Limestone are 
entirely missing.

Nodules and lenses of blue-black, gray, white, and 
pink chert which weather a rusty-brown color on exposed 
surfaces are found throughout the limestones of the 
formation.

The Horquilla Limestone is the basal member and 
most widely exposed formation of the Naco Group. The name

20
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Naco Limestone was proposed by Ransome (1904) for the 
limestone of supposedly Pennsylvanian age above the 
Escabrosa Limestone and below the unconformable Cretaceous 
rocks in the Bisbee area. The United States Geological 
Survey has adopted Naco as a group name for the post- 
Mississippian Paleozoic rocks. Gilluly (1954) in 
redefining the Naco Group subdivided it from the base 
upwards into the Pennsylvanian Horquilla Limestone, the 
Permo-Pennsylvanian Earp Formation, and the Colina Lime
stone, Epitaph Dolomite, Scherrer Formation and Concha 
Limestone all of Permian age. The only division of the 
group present in the Buehman Canyon area is the Horquilla 
Limestone.

In the Buehman Canyon area 769 feet of Horquilla 
Limestone were measured and described (Appendix-Section A). 
This is an incomplete section overlain by Cretaceous (?) 
beds and therefore is considerably thinner than sections of 
Horquilla Limestone measured in areas to the southeast.

The contact between the Black Prince Limestone and 
the Horquilla Limestone has been placed at the base of a 
25 foot zone of poorly exposed rocks, consisting of con
glomerate and shale, which occur above the Black Prince 
Limestone. Gilluly (1954), Nations (1961), and Cooper and 
Silver (1964), have also described and used this lithologic 
break as the contact between the two formations. The
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writer is in agreement with this placement of the contact. 
The presence of Atokan fusulinids (Bryant, personal 
communication, 1965) within 65 feet of the top of this 
poorly exposed zone adds paleontological support to this 
most obvious lithologic break.

Much of the Horquilla Limestone is fossiliferous 
and contains fusilinids, productid and spiriferoid 
brachiopods, corals and fragments of crinoids. Several 
beds veiy rich in fusulinids are helpful in distinguishing 
the Horquilla Limestone from the underlying Escabrosa 
Limestone and Black Prince Limestone both of which lack 
these fossils.

In the Horquilla Limestone such Pennsylvanian 
macrofossils as Dictyoclostus sp., Syringopora sp.,
Chaetetes milleporaceous, Spirifer rockymontanus (?), and 
Caninia sp. were found. Since all fossils in the area were 
silicified, preservation of macrofossils was poor, and 
removal from the rocks was difficult. Very often only 
fragments were present. These often protruded as rusty- 
brown silica on the weathered limestone surfaces.

Fusulinids, identified by Dr. D. L. Bryant (personal 
communication, 1965) as Fusulina sp. E or Fusulina sp. C 
of A. J. Wells from the Middle Desmoines, were found 270 
feet above the base of the formation.



Triticites sp. B of A. J. Wells from the basal
Missouri were found in the upper part of the formation. 
Triticites sp. A of A. J. Wells from the Lower to Middle 
Missouri were found only 50 feet below the Pennsylvanian- 
Cretaceous unconformity at the top of the Horquilla 
Limestone section.

The fusulinids found in this section would give 
the Horquilla Limestone in the Buehman Canyon area a 
range in age from probable Atokan at the base to" Lower 
or Middle Missourian at the top.

The top of the Horquilla Limestone is defined by 
a major angular unconformity and is overlain by rocks of 
Cretaceous (?) age.

No representatives of post-Horquilla Paleozoic 
rocks outcrop in the area although beds of these ages 
probably were deposited in the region (Pye, personal 
communication, 1965).
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POST-PALEOZOIC ROCKS 

Mesozoic Rocks

Overlying the Horquilla Limestone in angular 
unconformity is a sequence of primarily clastic rocks 
consisting of conglomerate, sandstones, and shales, with 
some thin interbedded limestones. These rocks were not 
studied in detail but would appear from lithology and 
general geological relationships to the underlying Paleo
zoic rocks to be similar to the Bisbee (?) Group (Gilluly, 
1956), of Early Cretaceous age, found in other areas of 
southern Arizona.

The massive basal unit, consisting of angular and 
subangular fragments of Paleozoic sedimentary rocks of all 
sizes up to a foot in diameter, derived mostly from lime
stones of the Naco Group, is similar to the Glance 
Conglomerate found farther south. Sorting is poor and 
bedding is inconspicuous. A few thin interbeds of 
calcareous sandstone and red shale occur in the highest 
part exposed. This conglomerate appears to have been 
deposited over an irregular surface.

The beds above the conglomerate are similar in 
lithology to the Morita-Cintura Formation of the Bisbee 
area. In both places these Cretaceous beds consist of



sandstone, conglomerate, red-brown shales and some thin 
bedded limestones.

On the basis of lithology and stratigraphic 
position, these Buehman Canyon rocks are here correlated 
with the Bisbee Group of Lower Cretaceous age.

Cenozoic Rocks

An angular unconformity separates the highest 
Cretaceous (?) rocks in the Buehman Canyon area from a 
younger sequence of rocks. These younger rocks consist 
of gravel, sand, clay, and lake beds and have been 
designated as Pliocene, Pleistocene, and Recent by Smith 
(Smith, personal communication, 1965).



STRUCTURAL GEOLOGY

GENERAL

The area of study is part of the Santa Catalina 
Mountain complex, which is located in the Basin and Range 
Province of southern Arizona.

The core of the Santa Catalina Mountains is a 
granitic-gneissic complex, bounded on the north by a series 
of sedimentary rocks, part of which have been metamorphosed. 
Along the east flank, including the thesis area. Younger 
Precambrian, Paleozoic, Mesozoic, and Cenozoic sedimentary 
rocks are exposed.

The structures of the Santa Catalina Mountains were 
probably formed during orogeny by vertical movements caused 
by the forceful intrusion of granite, resulting in doming 
and partial granitization of the sedimentary cover.

The eroded edges of this thick series of sedimentary 
rocks form conspicuous hogbacks paralleling the eastern 
flank of the Santa Catalina Mountains. The hogbacks are 
separated from the main mountain mass by narrow canyons 
that trend northwest. However, the position and attitude 
of these rocks indicates they are an integral part of the 
mountain system and may have been continuous across the

26



27
axis of the Santa Catalina Mountains as a broad arch 
(Raabe, 1959).

The major structures in the Buehman Canyon area 
have been formed by the intrusion of a nearby post- 
Paleozoic (?) granitic mass. The gneissic granite may 
have been emplaced during the Laramide orogeny and 
therefore be Cretaceous (?) in age, or it may have been 
emplaced at the close of the Jurassic-Nevadan (?) orogeny.

This area is highly affected by structural defor
mation and has been broken by a very complex fault pattern 
into a series of tilted fault blocks. Folding is present 
but on a smaller scale. The general dip of the rocks in 
the area is to the northeast and southeast toward the 
San Pedro Valley and away from the main mountain mass.

Two general ages of deformation are recognized in 
the Buehman Canyon area. The Paleozoic formations are 
generally deformed by folds and faults. The Cretaceous (?) 
formations generally dip uniformly northeast and are 
broken by some high angle faults. Post-Cretaceous beds 
in the area are generally flat lying.

FOLDING

Two major anticlinal folds were mapped (Plate l) 
with axes trending northeast - southwest and plunging 
toward the northeast. They appear to be post-Paleozoic
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and pre-Cretaceous in age because the overlying Cretaceous 
rocks do not exhibit the folding which is easily apparent 
in the underlying Paleozoic rocks. However, complex 
faulting, jostling of fault blocks, and slumping may 
account for some of the changes in strike and dip of the 
formations in the area and these may give an appearance of 
anticlinal structures to the beds which may not actually 
be due to folding.

Minor folding and overturning of beds is present 
along faults and especially in areas where faults inter
sect. These can be considered adjustment and drag 
structures rather than major tectonic features. They may 
be associated with faults of any period of deformation.

FAULTING

Both the Paleozoic and Cretaceous (?) rocks are 
broken by steep faults with hundreds of feet of displace
ment. Principal faults in the area trend northwest - 
southeast, northeast - southwest, and roughly east - west 
(Plate l). The dip of the fault planes is generally more 
than 60 degrees. Many of the larger topographic features 
of the area are the result of faulting and erosion 
controlled by faults.

The area is cut by three major high angle faults 
trending approximately N. 30° W., and associated minor
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faults of the same general trend. The hanging wall block 
Is generally downthrown to the west to give vertical 
separations from a few feet to hundreds of feet. These 
northwest - southeast trending faults parallel the strike 
of beds in part of the area, and possible strike-slip 
movements may be involved.

Most of the major high angle faults are normal in 
character. Minor normal and reverse faults are present. 
There also is some evidence of thrust faulting toward the 
northwest along bedding planes in some parts of the area. 
These faults are associated with some slight metamorphism 
and may account for the loss of part of the Paleozoic 
section in some parts of the area. However, details are 
obscured by subsequent erosion and numerous younger high 
angle faults which have cut across both the Cretaceous (?) 
and Paleozoic rocks.

AGE OF DEFORMATION

Post-Paleozoic - pre-Cretaceous deformation is 
indicated in the area by folding, faulting, and by the 
great thickness and coarse texture of the Glance (?) 
Conglomerate deposited above the Horquilla Limestone. 
Structural relief may have been small because in the area 
no Cretaceous (?) rocks are resting on formations below
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the Pennsylvanian Horquilla Limestone. However, the 
area is of limited extent and elsewhere in southeastern 
Arizona Cretaceous beds and Glance Conglomerate rest on 
beds of a wide geological range of ages.

It is possible that faults and folds established 
by Precambrian deformation produced zones of weakness in 
the basement rocks which in part controlled the trends of 
adjustments to the deforming forces during post-Cretaceous 
orogenies. However, any evidence of such is obscured by 
deformations that were superimposed in Paleozoic, Mesozoic, 
and Cenozoic times.

Even though fault trends are in different direc
tions, all faults may have been active at virtually the 
same time, because faults with each trend locally cut 
faults with each of the other trends. In the area of 
study, it was not possible to distinguish post-Paleozoic - 
pre-Cretaceous faults from those of post-Cretaceous - 
Cenozoic age. Old faults were probably reactivated and 
modified as well as new faulting during these different 
geological periods and the possibility that some faults are 
of earlier origin should be considered.

Post-deformational igneous intrusions are associ
ated with the faulting. Dikes are localized by these 
zones of weakness and plugs were found at the intersection 
of such zones and some sills were found along bedding
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planes. These sills may indicate possible thrust faulting 
in these areas.

UNCONFORMITIES

The various unconformities between strata of 
different ages have been discussed in detail in the previous 
sections dealing with the stratigraphy and lithology of the 
various rocks in the area of study. Major unconformities 
are the pre-Paleozoic and post-Paleozoic angular uncon
formities and the disconformity separating the Cambrian 
from the Devonian. Lesser unconformities separate the 
other periods present in the area. Minor breaks undoubtedly 
exist within each rock system but these have not as yet 
been recognized.



GEOLOGICAL HISTORY

The rocks of the Buehman Canyon area range in age 
from Precambrian to Recent and constitute a wide variety 
of lithologic types.

The older rocks consist of the Younger Precambrian 
Apache Group which are composed of conglomerates, shales, 
and quartzites.

An important angular unconformity separates the 
Apache Group from the overlying Bolsa Quartzite of Middle 
Cambrian age. The unconformity marks a considerable lapse 
of time during which the Apache Group was consolidated, 
intruded by diabase sills, uplifted, and eroded. The 
unconformity truncates the structures and the variously 
displaced formations of the Younger Precambrian.

Paleozoic rocks in this area are composed largely 
of normal marine limestones and reworked detrital sediments 
deposited on a shelf area located along the northern por
tion of the Sonoran geosyncline. The rocks are of moderate 
thickness and represent all but the Ordovician and Silurian 
periods.

Middle Cambrian seas advanced northward from the 
Sonoran geosyncline over land that had little relief and 
was apparently low lying. The seas reworked the weathered
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debris which had accumulated on the Precambrian surface, 
and deposited in a broad sheet across the Precambrian 
rocks the basal conglomerate of the Bolsa Quartzite 
formation. This was followed by finer clastic sediments 
deposited in a broad, shallow, open seaway. The coarse 
material and cross-bedding indicates that the sediments 
were deposited moderately close to shore in water of 
sufficient turbulence to have washed away the finer 
sediments.

The Abrigo Formation of the Middle and Upper 
Cambrian was also deposited in a shallow, stable sea, but 
either farther from the shoreline or during a period of 
less severe erosion in the source area. It was deposited 
conformably on the horizontal surface of the underlying 
Bolsa Quartzite.

The Abrigo Formation, with sandstones, shales, and 
siltstones in the lower portion, limestones in the middle, 
and shales and sandstones in the upper portion, represents 
a transgression followed by a regression of the Cambrian 
seas coupled possibly with a change in geographic 
environments.

As the Cambrian period came to a close, a thin 
layer of quartzite was deposited across underlying sand
stones and limestones. This quartzite may represent a 
regressive sandstone marking the withdrawal of the
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Abrigo Sea but more likely represents the debris 
accumulated while the area remained virtually at sea 
level, undergoing neither erosion nor deposition, during 
all of Ordovician, Silurian, and part of Devonian time 
(Gilluly, 1956).

By Middle Devonian time, seas were again encroach
ing upon the area from the south. Deposition in them was 
mainly of shelf-type carbonates and elastics. Devonian 
sedimentation apparently occurred on a broad shelf area 
undergoing differential subsidence. Limestones, which were 
later dolomitized, were deposited in shallow waters which 
were highly saline (Wright, 1964).

The Devonian sequence is conformably overlain by 
the Lower Mississippian Escabrosa Limestone. There is 
no direct evidence of a disconformity between the systems 
and the contact in the area appears gradational.

The Escabrosa Limestone is composed primarily of 
limestone with minor amounts of clastic material and 
considerable amounts of chert. The Escabrosa Limestone 
accumulated in a shallow sea which occupied the Sonoran 
geosyncline and opened to the south. By Mississippian 
time, the shoreline had receded northward further from the 
area of study. After Middle Mississippian time, the area 
was uplifted and eroded. The erosion must have been slight 
in the Buehman Canyon area for the erosional contact
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between the Escabrosa Limestone and the overlying shale 
and conglomerate at the base of the Black Prince Lime
stone has little relief. However, northward it is of 
some magnitude (Pye, personal communication, 1965).

The sea reentered the area, again from the south 
and east along the old Sonoran geosyncline, during 
Pennsylvanian time and the Black Prince Limestone and 
Horquilla Limestone were deposited. The occurrence of 
shales and interformational conglomerate at the base of 
the Horquilla Limestone suggests that the region was 
temporarily at or above sea level following the deposition 
of the Black Prince Limestone.

The thick sequence of Pennsylvanian limestones 
indicates a deepening of the basin during the time the 
Horquilla Limestone was deposited.

Post-Horquilla sediments which may have been 
deposited in the area are either buried under later sedi
ments or have been removed by erosion between the end of 
the Permian and the beginning of the Cretaceous.

After the close of the Paleozoic era, rocks were 
faulted, folded, uplifted, and deeply eroded. Since in 
southern Arizona no sediments of Triassic or Jurassic ages 
have been found, the area was apparently above sea level.

Early Cretaceous (?) clastic rocks rest in angular 
unconformity upon Pennsylvanian rocks and by their
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coarseness and angularity indicate relatively high relief 
in nearby areas. Later, as the highlands were reduced,
the Cretaceous (?) rocks were finer grained and deposited

-

in shallow marine, near-shore and continental environments 
which reflect a shallow oscillating basin.

The Laramide orogeny in Late Cretaceous and/or 
Early Tertiary resulted in extensive structural deformation 
of the Cretaceous (?) and Paleozoic rocks in the area in 
terms of faulting and tilting of fault blocks. Deformation 
was also accompanied by igneous intrusions and subsequent 
metamorphism of some of the pre-existing sedimentary rocks.

Younger Cenozoic sedimentary units, representing 
generally continental types, were deposited over an eroded 
surface in angular unconformity upon older rocks ranging 
in age from Younger Precambrian to Cretaceous (?).

The present erosion surface, including Buehman 
Canyon and its tributaries, is the result of drainage into 
the San Pedro River Valley.



APPENDIX
LOCATION AND DESCRIPTION OF 

MEASURED SECTIONS
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SECTION A

Cretaceous (?):
Bisbee Group.

Angular unconformity.
Pennsylvanian:

Horquilla Limestone:
Unit Feet
78. Limestone: bluish-gray, weathers light gray,

medium grained; some pink, limy shale; chert; 
brachiopod fragments. Upper 5 feet of unit 
is covered....................................  17

77. Limestone: blue-gray, weathers medium gray,
fine grained, dense; brachiopod fragments;
Composita sp. (?). Resistant...............  5

76. Covered: probably shale or shaly limestone.... 10
75. Limestone: blue-gray, pinkish-gray in parts,

weathers pinkish-gray, fine grained, in beds 
1 to 3 feet thick; alternating zones of pink 
shaly limestone. Triticites sp. A of A. J.
Wells found 12 feet from base of the unit.
Fairly resistant.............................. 30

74. Limestone and shale: alternating zones of
blue-gray limestone, weathers medium gray, 
fine to coarse grained, gray chert nodules; 
and pinkish gray shaly limestones and shales. 
Limestones in beds from 1 to 5 feet, form 
resistant ledges. Shaly limestones and 
shales form non-resistant sags; thin-bedded.
Gives a ribbed appearance. Many brachiopod 
fragments, fossil hash, and crinoid stems. 
Limestone conglomerate at base of unit; some 
pink, white, gray chert fragments...........  175

73. Limestone: dark-gray, weathers light-gray,
fine grained, beds 1 to 3 feet thick; zones 
of less resistant pinkish-gray shaly lime
stone; gray chert; fossil hash and 
brachiopod fragments.............

Location: Buehman Canyon, SW  ̂Sec. 29, T. 11 S., R. 18 E
Composite section. Strike N. 15° W; dip 30°NE.

30
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72. Limestone: bluish-gray, weathers light gray,

medium grained, beds 1 to 5 feet thick; 
gray chert nodules, weather rusty-brown; 
resistant. Interbedded, alternating layers 
of pink, shaly limestone and pink, limy 
shale. Limestone conglomerate near the 
top; partly covered. Fossils: crinoids,
brachiopod fragments, fusulinids (?)........  62

71. Limestone: pinkish-gray, weathers light gray,
medium grained, thin bedded, up to 2 feet 
thick; gray and black chert lenses, weather 
rusty-brown; resistant. Alternate with thin 
beds of pink-gray shaly limestone and pink, 
limy shale; non-resistant, partly covered.
Shale and limestone near top of unit is 
sandy. Fossils: crinoids, brachiopod frag
ments. Dictyoclostus sp., (all silicified)... 38

Location: Buehman Canyon, SB % Sec. 32, T. 11 S., R. 18 E.
Highly faulted. Strike N. 15° W; dip 30° NE.
70. Limestone: bluish-gray, weathers light gray,

medium grained; resistant; pink chert nodules.
Lower 5 foot zone of pink, shaly limestone.
Fossils: numerous Caninia sp., Spirifer
rockymontanus (?), crinoid stems, fossil 
hash......... ...............................

69. Limestone: medium gray, weathers light gray,
medium grained; resistant; beds 1 to 2 feet 
thick. Some pink, shaly limestone, non- 
resistant. Fossils: crinoid stems,
siliceous brachiopod fragments, fusulinids...

68. Limestone: blue-gray, weathers light gray,
medium to fine grained, in beds 3 inches to 
5 feet thick; gray and pink chert; resistant; 
brachiopod fragments........................

67. Limestone: blue-gray, weathers light gray, med
ium grained, massive; gray chert, weathers 
rusty-brown; resistant. Fossils: brachiopod
fragments, fusulinids, crinoid stems........  10

66. Covered: talus slope.........................  10

20

25

40
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65. Limestone: medium gray, weathers light gray,

medium grained, massive, resistant. Fossil
hash, crinoid stems, fusulinids (?).........  5

64. Covered: talus slope (may be the same as
lower unit).................................. 13

63. Limestone and shale interbedded: pink-gray,
shaly limestone; gray shale; medium gray,
1 foot limestone ledges; 1 inch gray chert 
lenses. Fossils: Fusulina sp. E or
Fusulina sp. C of A. J. Wells found in middle 
of unit...................................... 10

62. Limestone: pinkish-gray, weathers light gray,
medium grained; massive; resistant; crinoid 
stems, brachiopod fragments.................  15

6l. Limestone: pink-gray, shaly, thin bedded;
black-gray chert nodules; many crinoid stems, 
fossil hash; fairly resistant................ 5

60. Limestone: black-gray, weathers light gray,
medium grained; gray chert nodules. Fossils: 
Syringopora sp..............................  5

59* Covered: pinkish-gray, shaly limestone, thin-
bedded, non-resistant.......................  15

58. Limestone: pinkish-gray, weathers light gray,
thick-bedded, medium grained; pink, gray, 
white, and black chert nodules and lenses.
Fossil fragments. Lower 15 feet covered...  20

57. Limestone: pink-gray, weathers yellowish-
brown, shaly, medium grained, thin-bedded; 
cherty; fossil fragments, Spirifer rocky- 
montanus (?)................................. 16

56. Limestone: blue-gray, weathers light gray,
coarse grained; massive; resistant. Gray 
and white chert lenses up to 1 foot thick. 
Fossils: fossil hash, Spirifer rocky-
montanus (?) at base, siliceous, weather 
rusty-brown. in relief.......................  9

55. Limestone: pinkish gray, weathers light gray,
medium grained, beds 2 inches to 1 foot 
thick; pink and white chert lenses. Fossils:
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many crinoid stems, horn coral fragments,
many siliceous brachiopod fragments
(Spirifers)........... ......................  25

54. Limestone: blue-gray, weathers light gray,
coarse grained; massive; resistant. Fossils: 
many brachiopod fragments in upper 5 feet; 
Chaetetes milleporaceous, heavy concentra- 
tion in lower 5 feet, siliceous, weather 
rusty-brown in relief.......................  10

53. Limestone and shale interbedded: pink, shaly
limestone and siltstone, thin-bedded. Pink, 
maroon, and green shale, hard, slightly 
metamorphosed (?). Fossil hash. Partly 
covered........   20

52. Limestone: pinkish-gray, weathers light gray,
medium grained. Some thin-bedded, pink-gray, 
shaly limestone. Fossil hash, brachiopod 
fragments. Partly covered..................  23

51. Limestone: blue-gray, pink-gray in parts,
weathers light gray, medium grained; some 
pink-gray shaly limestone; sandy; white, 
gray, and black chert nodules. Nodules of 
pink limestone stained yellow and red 
(limonite). Fairly resistant. Fossils: 
crinoid stems and siliceous brachiopod 
fragments throughout; fusulinids in shaly 
limestone 15 feet from the top, sheared, 
distorted (slight metamorphism), probably 
Profusulinella sp. or Fusullnella sp........  4?

50. Limestone: blue-gray, weathers light gray,
coarse grained, in beds 1 to 10 feet thick.
White and gray chert lenses and nodules. 
Orange-yellow limonite nodules. Sandy near 
the base. Resistant. Fossils: many
crinoid stems and siliceous brachiopod 
fragments........ ...........................  30

49. Shale: purple, maroon, pink, gray, green,
greenish-brown, mottled, hard, fissile 
(slightly metamorphosed). Partly covered.... 13



48. Conglomerate: pinkish-gray, limonite stained;
white, gray, and red chert breccia; pockets 
and lenses of white quartzite; gray lime
stone pebbles; matrix maroon, sandy. Grades 
upward into gray limestone conglomerate with 
pink, shaly matrix; stained red. Partly 
covered...................................... 12

Total thickness Horquilla Limestone 765
Disconformable contact.
Pennsylvanian Black Prince Limestone.



SECTION B

Pennsylvanian:
Horquilla Limestone (Naco Group).

Disconformable contact.
Pennsylvanian:

Black Prince Limestone:
Unit Feet
47. Limestone: medium gray, slightly pinkish,

weathers pinkish gray, medium grained, beds 
3 to 5 feet thick separated by thin-bedded 
pinkish-gray, shaly limestone; white and 
gray chert lenses; sandy. Fossils: coral,
brachiopod, and crinoid fragments. Fairly

Location: Buehman Canyon-, NE Sec. 5# T. 12 S., R. 18 E.
Highly faulted. Strike N. 40°-W., dip 32° NE.

resistant.....................................  65
46. Limestone conglomerate: pinkish-gray;

limonite stained matrix, sandy, silty;
chert pebbles................................ 5

45. Limestone: pink, weathers grayish-pink, fine
to medium grained, thin-bedded; brachiopod 
fragments and crinoid stems; some chert..... 10

44. Limestone: pinkish-gray, coarse grained; grades
into grape-pink, medium grained limestone 
near the top of the unit. Beds 1 to 3 feet 
thick; white and gray chert lenses, weathers 
rusty-brown; fossil fragments. Resistant.... 68

43. Conglomerate and shale interbedded: pink-
maroon shale; chert pebbles in pink, silty, 
matrix....................................... 3

42. Limestone: medium gray, weathers light gray,
coarsely crystalline; resistant.............  2

4l. Limestone: pinkish-gray, weathers pinkish gray;
medium grained; shaly; gray chert lenses; 
siliceous fossil fragments; fairly resistant. 5

40. Limestone: black-gray, weathers medium gray,
dense, fine grained; fractured; beds 1 to 2 
feet thick; brachiopod fragments and crinoid 
stems near the top of the unit........ ..... 25



39. Limestone: pinkish-red, weathers light pink,
fine grained, thin beds 1 to 6 inches thick; 
some thin zones of pink limy shale; pinkish- 
gray limestone conglomerate at top of unit.
Fossil fragments (brachiopods ?). Fairly 
resistant...................................  15

38. Limestone: white-gray, weathers light gray,
coarse grained, beds 1 to 3 feet thick; 
white, gray, and red chert lenses; fractures 
filled with white quartz, weathers a rusty- 
brown; brachiopod fragments and crinoid 
stems. Resistant.........................   40

37. Conglomerate and shale: pinkish-gray, pink-
maroon matrix; red, gray, and white chert 
pebbles; calcareous, silty, pink and maroon 
shale; siliceous fossil fragments. Non- 
resistant. Contact partly covered...........  23

Total thickness Black Prince Limestone 26l
Disconformable contact.
Mississippian Escabrosa Limestone.



SECTION C

Pennsylvanian:
Black Prince Limestone.

Disconformable contact.
Mississippian:

Escabrosa Limestone:
Unit Feet
36. Limestone: medium gray, slightly pinkish,

weathers light gray; medium crystalline; 
red, white, and gray chert lenses up to 
6 inches thick; massive beds 2 to 5 feet 
thick; resistant; fossils: many crinoid
stems, fossil hash, brachiopod fragments, 
siliceous cup corals........................  65

35. Limestone: black-gray, weathers medium gray,
medium to fine grained; thin beds 6 inches 
to 1 foot thick; large red, white and gray 
chert inclusions and lenses up to 6 inches 
thick, weathers rusty-brown;, siliceous cup 
corals, weather rusty-brown; fossil hash at 
top; fairly resistant.......................  10

34. Limestone: medium gray, slightly pinkish,
weathers yellowish green-gray, medium 
grained, silty; gray and white chert, 
weathers rusty-brown; fairly resistant; 
partly covered............................... 15

33. Limestone: pinkish-gray, weathers yellowish-
brown, medium grained, silty, beds 1 to 2 
feet thick; limonite stained; dark gray 
chert lenses; resistant.......  12

32. Limestone: pinkish-gray, weathers yellowish-
brown, medium grained, silty; partly 
covered; top 2 feet pinkish-gray limestone 
conglomerate, contains gray and white chert 
pebbles, weather rusty-brown; matrix pink- 
maroon, silty................................ 5

Location: Buehman Canyon, NE £ Sec. 5, T. 12 S., R. 18 E.
Highly faulted. Strike N. 45° W., dip 32° NE.



47
31. Shale: grayish-pink, limy, thin-bedded; some

limestone conglomerate, gray quartz pebbles 
in silty, pink-maroon matrix; non-resistant; 
unit mostly covered.........................  10

(Strike N. 30° W.; dip 35° NE.)
30. Limestone: blackish-gray, weathers steel gray,

coarse to medium grained, crinoidal, beds 
1 to 5 feet thick; many lenses of white, 
pinkish-red, and gray chert, weathers rusty- 
brown, increase in chert toward top of the 
unit; very resistant, cliff-forming.
Fossils: masses of crinoids in top 10
feet, siliceous brachiopod fragments, 
siliceous horn corals (Zaphrentoid?), 
weather rusty-brown............... .......... 345

29. Limestone: light gray, slightly pinkish,
weathers white-gray, coarsely crystalline; 
white chert lenses, weathers rusty-brown; 
many crinoid stems; resistant. Upper 1 foot 
of unit is a pink-gray limestone 
congomerate.................................. 26

28. Limestone: medium gray, slightly pinkish,
weathers greenish-brown, coarsely crystal
line, in beds 1 to 2 feet thick; vuggy, 
fractured; gray chert lenses and nodules, 
weather rusty-brown; many crinoid stems; 
siliceous horn corals (Zaphrentoid?), 
weather rusty-brown, protrude from weathered 
surface; resistant. Upper 3 feet pink-gray 
shaly limestone conglomerate................  25

27. Limestone: medium gray, weathers dark-gray
(elephant hide appearance), vuggy, coarsely 
crystalline; gray chert fragments; some 
lenses of pinkish-gray, sandy, limestone 
conglomerate; resistant.....................  40

26. Limestone: pinkish-gray, medium grained,
shaly, slabby, thin beds, 1 to 3 inches 
thick; highly fractured, filled with white 
calcite; fairly resistant; many crinoid 
stems, corals (?), brachiopod (?) fragments.. 10

25. Limestone: dark gray, weathers pinkish-gray
to white-gray, medium to coarse grained, 
massive, beds 1 to 20 feet thick, vuggy, 
fractures filled with white calcite; white.



gray, red chert lenses, pods, nodules, and 
loaves, up to 1 foot thick, increase toward 
the top of the unit; cliff-forming; resist
ant. Many crinoid stems, siliceous 
brachiopod and horn coral fragments, white 
on fresh surface, weather rusty-brown.......  145

(Strike N. 25° W.; dip 35° ME.)
24. Dolomite:. medium gray, weathers pinkish gray, 

medium grained;" siliceous; gray, blue-black 
chert nodules: white, siliceous horn corals 
(Zaphrentoid?), weather rusty-brown. Upper 
5 feet of unit consists of pink-gray lime
stone conglomerate, lenses of calcareous 
maroon sandstone, quartzite, and dense 
purple limestone, in maroon matrix; fossil 
fragments.................................... 20

23. Dolomite: dark gray, slightly pinkish,
weathers dark gray, pink tinge (elephant 
hide appearance), vuggy, sandy, silty; 
fractures filled with white calcite; beds 
10 to 20 feet thick, thinner in upper part; 
cliff-forming,' appears darker than overlying 
cliff and underlying Martin Formation.
Several thin-bedded limestone conglomerates, 
sandy, silty, with thin lenses of calcareous 
sandstone and quartzite, in pink-maroon 
matrix. Lower 1 foot very sandy limestone, 
silty, quartz pebbles, well rounded, orange 
stained; quartzite lenses. Massive; 
resistant................... ................  51

Total thickness Escabrosa Limestone 779
Disconformable contact.
Devonian Martin Formation.



SECTION D

Mississippian:
Escabrosa Limestone:

Disconformable contact.
Devonian:

Martin Formation:
Unit Feet
22. Limestone: pinkish-red, weathers tan to

yellowish-red; sandy, silty; medium 
grained; bryozoan and cup coral fragments; 
upper 1 foot sandstone, pinkish-red to 
maroon, weathers tan to yellowish red; 
calcareous, sandy, pebbly, silty; rounded;

Location: Buehman Canyon, SW £ Sec. 8, T. 12 S., R. 18 E.
Highly faulted area. Strike N. 5° E., dip 45° SE.

some lenses of white quartzite, orange
stained...................................... 11

21. Limestone: dark-gray, weathers pinkish-red
to yellowish-orange; crystalline; sandy; 
beds 1 to 2 feet thick......................  15

20. Siltstone and shale interbedded: pinkish-red;
sandy; slightly calcareous; mostly covered... 35

19. Sandstone: pinkish-red, weathers same color;
calcareous; silty; medium grained; sub
rounded to sub-angular; beds 1 to 2 feet 
thick; fairly resistant.....................  40

18. Limestone: pinkish-red, weathers brownish-
orange; crystalline; thin-bedded, few 
inches to 1 g feet; brachiopod (?) 
fragments........................   20

17. Dolomite: medium dark gray, highly weathered,
pinkish red to brown, gray-green some parts; 
fossil fragments............................. 12

16. Siltstone and shale interbedded: pink on
weathered surface; calcareous; mostly 
covered, difficult to get unweathered 
exposure; non-resistant.....................  14



15. Dolomite: dark gray, weathers brownish-green to
greenish-blue, limonite stained; crystalline; 
siliceous; beds 1 to 3 feet thick. Top 10 to 
15 feet of the unit contains a silicified 
reef formation; fossils abundant: Atrypa
recticularis, Cladopora prolifica,
Pachyphyllum wbodmani, Fayosites sp., and 
numerous forms of colonial and solitary 
corals, bryozoans, and brachiopod fragments.
All fossils silicified. Very resistant.....  37

14. Dolomite: dark-gray, weathers brownish-green
to greenish-blue, limonite stained; crystal
line, siliceous; bedding 6 inches to 3 feet 
thick; silty. Fossils: colonial and
solitary corals. Crinoid stems, brachiopod 
fragments. Top 10 feet heavy concentration 
of Atrypa recticularis, spirifers (?); 
silicified; very resistant..........  30

13. Siltstone and shale interbedded: pinkish-red;
slightly calcareous; mostly covered; many 
brachiopod fragments, Atrypa (?)............ 45

12. Dolomite: bluish-gray, weathers greenish-gray
to brownish-green, limonite stained; crystal
line; siliceous; very resistant, beds 1 to 
3 feet thick; fossil fragments: bryozoans, 
corals and brachiopods......................  30

Total thickness Martin Formation 289
Disconformable contact. 
Cambrian Abrigo Formation



SECTION E

Devonian:
Martin Formation.

Disconformable contact.
Cambrian:

Abrigo Formation

Location: Buehman Canyon, SW £ Sec. 8, T. 12 S., R. 18 E.
Highly faulted area. Strike N. 8° E.; dip 48° SE.

Unit Feet
11. Quartzite: pinkish-red; medium grained,

rounded; in a bed 1 to 2 feet thick; 
very resistant............................... 2

10. Sandstone: white to gray, weathers blue-gray
to tan, desert varnish; calcareous; fine to 
medium grained, sub-rounded to sub-angular, 
glauconitic sandstone lenses; cross-bedding 
prominent; differential weathering, fairly 
resistant, thin-bedded......................  30

9. Sandstone: gray-white, weathers reddish-
brown, desert varnish, differential weather
ing, silty, micaceous; siliceous; in beds 
from a few inches to a few feet thick, 
prominent cross-bedding; some gray quart
zite tongues and blue-green dolomite 
tongues up to 6 inches thick; fine to 
medium grained, sub-rounded; fairly 
resistant....... ............................  80

8. Limestone: gray to olive gray, weathers gray
to gray-brown, fine grained, irregular 
stringers of sand and silt enveloping 
pebble size limestone nodules in some beds; 
appears conglomeratic. Differential 
weathering, stringers give etched appear
ance on weathered surface; resistant........  10

7. Limestone: dark gray to brown-gray, weathers
brown-gray; fine grained; irregular stringers 
of sand and silt enveloping pebble size lime
stone grains in some beds; in beds 2 to 3 
feet thick; some thin intraformational con
glomerates; differential weathering; pink, 
sandy shale and thin-bedded pink, sandy, limy 
dolomite near base of the unit..............  35



6. Sandstone and quartzite: gray to brown, parts
reddish-gray; thin-bedded, silty, pebbly, 
micaceous; medium to coarse grained, sub- 
rounded to sub-angular; weathers brown to 
black, desert varnish, limonite stained; 
cross-bedding; thin layers of gray and 
green shale and siltstone throughout the 
unit; weathers brownish-black to brownish- 
gray, red-stained; fairly resistant.........  190

5. Sandstone, quartzite and shale: gray to
brown, weathers reddish-brown, limonite 
stained, black desert varnish; thin-bedded, 
fraction of an inch to several inches; 
medium to coarse grained, sub-rounded to 
sub-angular, hard; cross-bedded; thin layers 
of gray-green shale, sandy, micaceous; some 
siltstone, weathers brownish-green to 
reddish-gray; slightly calcareous; fairly 
resistant. Lower 1 foot limonite stained, 
sandy, pebble conglomerate; worm casts (?) 
on the contact.......................... . 100

Total thickness Abrigo Formation 447
Conformable contact. 
Cambrian Bolsa Quartzite



SECTION F

Cambrian:
Abrigo Formation.

Conformable contact.
Cambrian:

Bolea Quartzite:
Unit Feet
4. Quartzite: white to brown, parts reddish-

gray, parts greenish-gray, thin tabular 
beds a few inches to 1 foot thick; 
medium to coarse grained, sub-rounded to 
sub-angular, pebbly; dominated by rusty 
colored weathering surfaces, limonite 
stained; worm casts.........................  50

3. Quartzite: white to gray, parts rusty-
purple, weathers rusty-brown, red-purple 
stained; medium to coarse grained, sub- 
rounded to sub-angular, pebbly; partly 
covered; massive, in tabular beds 1 to 5 
feet thick, cross-bedding common; resistant.
Lower part weathers rusty-tan, desert 
varnish; contains 1 foot quartz-pebble 
conglomerate, poorly rounded, pebbles up 
to 2 inches in size.........................  135

2. Quartzite: gray to brown, parts reddish-
gray, weathers red-purple, well-bedded in 
beds 6 inches to 3 feet; medium to coarse 
grained, sub-rounded to sub-angular, 
pebbly; cross-bedded; resistant.............  15

1. Quartzite and sandstone: pinkish gray,
purple cast; interbedded thin tabular beds 
and lenses of white to tan sandstone, 
weathers brown, calcareous; medium to 
coarse grained, pebbly, sub-rounded to 
sub-angular; cross-bedded; resistant; worm 
tubes in quartzites. Gray to red-gray, 
pebbly, quartz conglomerate at the base, 
rounded to sub-angular pebbles of white-gray

Location: Buehman Canyon, SW £ Sec. 8, T. 12 S., R. 18 E.
Highly faulted area. Strike N. 10° E.; dip 50° SE.



250
50

quartz in a reddish-gray quartzitic matrix. 
Most pebbles less than 1 inch across, some 
as large as 3 to 4 inches. Resistant......

Total thickness. Bolsa Quartzite
Angular unconformity.
Precambrian sill:

Diabase: medium to fine grained, dark gray-
green, ophitic texture, weathers into dark 
red-brown soil, friable.

Total thickness Paleozoic Section 2791
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