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ITINERARY FOR NORTHEAST SONORA LEG 

Leader: Francisco Longoria 

GEOLOGY OF THE AGUA PRIETA REGION, NE SONORA. MEXICO. 

Objectives: 

1) To examine the lithostratigraphy of Paleozoic and Mesozoic rocks 
of the Agua Prieta Region. 

2) To study the structural relationship between Paleozoic rocks and 
Mesozoic rocks (lower Cretaceous Bisbee and upper Cretaceous 
Cabullona groups). 

3) To visit two localities in the Agua Prieta Region whereby southwest 
directed thrusting in the Cabullona Basin~been proposed. 

h:L 
ITINERARY 

Saturday, March 28,1981. 

07:30 

08:00 

14:00 

14:30 

Meet at main entrance of Motel Valle Grande. 

Leave Hermosillo from Motel Valle Grande. 

Arrive in the Agua Prieta Region. 

Sierra de Anibacachi. 

On the SSW flank at the Sierra de Anibacachi we will examine 
the Bisbee Group. At this locality fossiliferous Morita 
and Mural are well exposed. 

16:30 Cerro la Morita (Mina la Negrita). 

Good outcrops of Paleozoic rocks a~signed to the Mississippian 
Escabrosa through Pennsylvanian permian Naco limestone 
sequence are exposed on Cerra la Morita. 

Here we will focus on the structural relationship between 
Paleozoic and Lower Cretaceous rocks. 

17:30 - Drive to the Hotel el Greco in Agua Prieta. Have dinner. 
18:00 Spend the night and be ready for next morning ~t 07:00 hrs. 



Sunday, March 29, 1981. 

07:00 Leave from Hotel el Greco in Agua Prieta and drive to 
Sierra de Cabullona. 

Be certain you are carrying all of your luggage because 
we will not be returning to Hotel el Greco. 

8:00 Sierra de Cabullona. 

Here, we will have a look at the stratigraphic sequence 
exposed on the SSW flank of Sierra de Cabullona. Paleozoic 
rocks are exposed in the lower and middle parts of the range. 
The Paleozoic/Upper Cretaceous contact at this locality is 
thought to be a thrust fault. 

11 :00 Leaver Sierra de Cabullona. 

12:00 Cross the USA/Mexican Border at Douglas, Arizona. 

2 



INTRODUCTION 

GEOLOGY OF THE AGUA PRIETA REGION 

by 

Francisco Longoria 

The region under consideration (Figure 1) lies within the Cabullona Basin 
of northeast Sonora. It is located south of the towns of Agua Prieta and 
Naco. The region covers an area of approximately 1850 square kilometers. 
Physiographically, the Agua Prieta region lies within the Basin and Range 
Province of northeast Sonora. The rocks exposed in the area are predominantly 
sedimentary rocks, although volcanic and plutonic igneous rocks and meta­
morphic rocks, are locally abundant (Figure 2). 

The Agua Prieta Area plays an important role in the paleotectonic interpreta­
tion of SE Arizona and NE Sonora. In general, the structural evolution of 
the region is poorly known and controversial. Pioneer field studies in the 
Agua Prieta region by Taliaferro (1933), Imlay (1939), and King (1934); as 
well as in adjacent areas by Ransome (1904) and Willson (1934) demonstrated 
that this region displays several structural and stratigraphic features that 
deserve more investigation. Recent studies by Rangin (1977) into late 
Cretaceous - early Tertiary tectonics of the Northern part of Sonora (Figure 2) 
suggested superimposed deformations and southwest directed thrusting in the 
Cabullona Basin. Paleontologic studies by Gamper and Longoria (1980) have 
shown that the Lower Cretaceous rocks of NE Sonora are predominantly open 
marine deposits, locally rich in planktonic foraminifera. Nevertheless, much 
remains to be learned about the tectonic evolution of the whole area. 

The main mountain ranges in the area are: 9) Sierra de San Jose, 2) Sierra de 
Anibacachi, 3) Cerro de la Morita, 4) Sierra del Coloso, 5) Sierra Lorna Blanca, 
6) Cerro de Cabullona, and 7) Sierra de Magallanes (See Figure 2). 

Paleozoic, ~lesozoic and Tertiary rocks are well exposed in several of these 
mountain ranges and allow us an excellent view of the stratigraphic and 
structural relationships. During our field excursion we will concentrate 
our attention on the rock and structural sequences exposed at Sierra de 
Anibacachi, Cerro de la Morita and Cerro de Cabullona. 

STRATIGRAPHY (Figure 3) 

Precambrian Rocks 

Two main lithostratigraphic units are recognized in the Precambrian of the 
Agua Prieta Region: 1) The Pinal Schist, and 2) Las Mesteoas Granite. Only 
small patches of these two units are found within the area covered by the 
field trip. 
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The Pinal Schist crops out in the lower part of the Sierra de Las Mestenas, 
as well as in the SW flank of the Sierra de los Ajos. Both localities are 
a few kilometers south of Sierra de Cabullona. The Pinal Schist is also 
exposed on the SW flank of the Cerro de la Morita. 

The Pinal Schist contains a wide variety of lithologies: phyllites, quartz 
gneiss, muscovite-biotite-gneiss, sericite-chlorite-quartz-schist. The base 
of the Pinal Schist is not exposed in the Agua Prieta Region. The upper 
boundary is a nonconformity. 

The term Las Mestenas Granite refers to a lithostratigraphic unit of felsic 
composition containing xenoliths of the Pinal Schist. The Las Mestenas 
Granite i§ well exposed in the Sierra de Las Mestenas. A few outcrops of the 
Las Mestenas Granite can be found along the tributary creeks of the Rio 
Cabullona. The Las Mestenas Granite generally is strongly weathered and forms 
the lower parts of the hills near Sierra de Las Meste~as. 

At several localities a polymictic conglomerate can be found. In the Cerro 
de la Morita area along the creek beds a conglomerate mainly composed of 
angular to subangular cobbles and boulders of metamorphic rocks is common. 
Most of the clasts found in this conglomerate are derived from the Pinal 
Schist. The stratigraphic age of this conglomerate is unknown. 

Paleozoic Rocks 

In the Agua Prieta Region the Paleozoic rocks can be assigned to the following 
lithologic units: Bolsa Quartzite, Abrigo Limestone, Martin Limestone, 
Escabrosa-Naco limestone. Paleozoic rocks are present in isolated localities 
and their stratigraphic relationship is still poorly understood. However, 
Paleozoic rocks are known from several localities: Cerro de la Morita, and 
Cerro de Cabullona. South of the Agua Prieta Region Paleozoic rocks are 
present at Cerro de Las Mestenas and Sierra de los Ajos. 

Bolsa Quartzite 

The oldest Paleozoic unit known in the region of Agua Prieta is the Bolsa 
Quartzite. This unit is mainly composed of pure quartz sandstone and some 
conglomeratic sandstone. Locally the sandstones of this unit are metamorphosed 
and become metaquartzite. 

The lower part of the Bolsa Quartzite is characterized by the presence of 
several thin layers of conglomeratic sandstone. These layers vary from 20 cm 
up to 1.0 m in thickness. The sandstone often displays cross-stratification. 
In general, the rocks of the Bolsa Formationweatnerpink to white and give 
the outcrops their typical pinkish appearence. The sand grains are well­
rounded to subrounded and cemented by quartz, chlorite or sericite. The 
quartz grains vary in diameter from 0.5 to almost 2.0 cm. 

Several conglomeratic sandstone layers can be observed in the middle and 
upper parts of the Bolsa Quartzite. These conglomeratic layers are formed of 
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subrounded quartz grains which vary from 2.0 to 4.0 cm in diameter. The 
conglomeratic layers display a somewhat darker pink~reddish color. 

The total thickness of the Bolsa formation in the area is unknown. The 
Bolsa Quartzite is found in the SW flank of the Sierra de Cabullona where it 
reaches a maximum thickness of about 18 meters. Small outcrops of this unit 
can also be observed near the Cerro de la Morita. 

The Bolsa Quartzite overlies the Las Mestenas Granite. This contact is only 
observed at isolated outcrops in the Sierra de Las Mestenas. At this locality 
a basal conglomerate can be observed. The upper limit of this unit is placed 
at the base of the first appearance of limestone beds assigned to the Abrigo 
Formation. 

Abrigo Formation 

The Abrigo Formation is composed of an intercalation of limestone and marls. 
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In the Agua Prieta region the Abrigo Formation is frequently covered by alluvium 
deposits. It always forms low relief. The limestones of the Abrigo are thin­
bedded and gray in color. They are consistently interbedded with marls and 
calcareous shales. The lower contact, i.e., the Bolsa-Abrigo formational 
boundary, is difficult to see in the field because it is always covered by 
soil. However, this contact was observed in the Sierra de las Mestenas and 
corresponds to a sharp change in lithologies, from orthoquartzite of the 
Bolsa Quartzite to limestones and marls of the Abrigo Formation. The upper 
contact, i.e., the Abrigo-Martin formational boundary, is quite obvious in 
the field. It corresponds to a lithologic change from thin-bedded limestones 
and marls to thick-bedded, massive limestones. In the Sierra de Cabullona the 
Abrigo Formation is about 120 m thick. 

Martin Formation 

The sequence herein refered to the Martin Formation is composed of dark-gray 
limestone beds about 1.0 to 1.5 m thick. Shale layers are commonly inter­
bedded with the limestones. The Martin Formation is exposed on the SW flank 
of the Sierra de Cabullona. The contact with the Abrigo Formation is placed 
at the change in thickness of the limestone beds, from thin-bedded limestones 
of the Abrigo to thick layers of the Martin. On the other hand, the upper 
limit, i.e., the Martin-Escabrosa boundary, is sometimes difficult to place in 
the field. However, for practical uses, this boundary is placed at the base 
of the first stratigraphic appearance of fossiliferous beds (encrinites) of 
the Escabrosa Limestone. 

The Martin Formation is well exposed on the SW flank of the Sierra de 
Cabullona where it reaches a maximum thickness of about 280 ~ A few inverte­
brate fossils where collected from this unit. Among them, small brachiopods 
and corals are frequently found. the Martin Formation is regarded as Devonian 
in age on basis of the presence of specimens of Atrypa reticularis. 



Escabrosa-Naco Limestone 

In the Agua Prieta region above the Martin Formation is a thick sequence of 
massive thick-bedded, gray to dark, compact limestone with some chert and 
occasionally thin beds of shales. This sequence could be assignated to 
either the Escabrosa or the Naco formations. In the field it is extremely 
difficult to place the boundary between these two units. Consequently, 
during the field work the term Escabrosa-Naco Limestone was used to include 
both units. According to Ramsome (1904, p. 45) both units have several 
features in common. Ransome (op. cit.) based the distinction between the 
Escabrosa and the Naco on paleontological criteria. 

The unit herein referred to the Escabrosa-Naco Linestone is well exposed on 
the SW flank of the Sierra de Cabullona. Also the Escabrosa-Naco can be 
observed in the Sierra de la Morita area. 

The Escabrosa-Naco Limestone is approximately 185 m thick. It is assigned 
to the Carboniferous based on the presecence of brachiopods. Apparently, 
both Mississippian and Pennsylvanian faunas are present and, more or less, 
correspond to the Escabrosa and Naco formations respectively. 

Cretaceous Rocks 

Cretaceous rocks are widely exposed in the Agua Prieta region. They are by 
far the most abundant rock in the northern part of the area. Both Lower and 
Upper Cretaceous series are found. The Lower Cretaceous rocks are referred 
to the Bisbee Group whereas Upper Cretaceous rocks are placed in the Cabullona 
Group. Both groups represent abrupt changes in sedimentation and are related 
to the Cretaceous structural and tectonic evolution of the region. 

Bisbee Group 

Lower Cretaceous rocks of Upper Barremian to Middle Albian age are abundant 
in NE Sonora and SE Arizona. South of Cabullona several formation names have 
been proposed to include rocks from this time span. However, it is clear that 
the main subdivision of the Bisbee Group into four formations is still valid 
-- at least for the Agua Prieta Region. It is also worth noting that several 
obvious differences can be drawn between the Bisbee section in the Mule 
Mountain and the Bisbee Group of Agua Prieta. Continued stratigraphic studies 
will be required to unravel these discrepancies. 

According to Ransome (1904, p. 56) the Bisbee Group is subdivided into four 
main units, from bottom to top: the Glance Conglomerate, the Morita Forma­
tion, the Mural Limestone, and the Cintura Formation. 

In the Agua Prieta Region only the·first three units have been recognized. 
The Cintura Formation may only represent a structural repetition of the 
Morita Formation. Excellent exposures of the Bisbee Group can be found at 
several localities. Southwest of Agua Prieta,the Bisbee Group is well ex­
posed on the Sierra de Anibacachi. 
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Glance Conglomerate. The Glance Conglomerate is classically regarded as the 
basal part of the Bisbee Group. In the Agua Prieta region the Glance Con­
glomerate unconformably overlies Paleozoic rocks of the Escabrosa-Naco Lime­
stone. Its stratigraphic relations are still doubtful. However, it is 
likely that the Glance unconformably underlies the Morita Formation. The 
Glance Conglomerate is present along the SSW edge of the Sierra de Anibacachi. 
where it forms low hills. Consequently, the greater part of the Glance Con­
glomerate is covered by soil. However, isolated patches of outcrops can be 
studied along small creeks between Cerro de la Morita and Sierra Anibacachi. 

The Glance Conglomerate is made of pebbles and fragments of schist and lime­
stone. In general the schist and limestone pebbles are subangular and vary 
in size but it is clear that they have been transported only a short distance 
from their source areas. In general, the Glance Conglomerate displays reddish 
outcrop colors. 

Neither the lower nor the upper boundaries of the Glance were seen in the 
Agua Prieta Region. It is likely that the Glance Conglomerate represents a 
littoral deposit lain down along a marine shore line. However, it is also 
possible that the Glance-la Morita contact represents a surface of unconforffi­
ity which would imply that the Glance Conglomerate may be a much younger unit 
and not related to the Bisbee Group. 

Morita Formation. The Morita Formation is composed of thin bedded sandstones 
and shales with some limestone intercalations. The Morita is easy to recognize 
in the area because its tan to reddish color gives the outcrops their typical 
reddish appearance. The Morita Formation is well exposed on the SSW flank of 
the Sierra Anibacachi. In the Agua Prieta region Morita Formation reaches a 
maximum thickness of about 320 m. Its lower contact with the Glance Conglom­
erate is difficult to see in the field because of thick soil cover. However, 
the contact is interpreted to represent a surface of unconformity. The upper 
boundary, i.e., Morita-Mural, contact is sharp but conformable and is placed 
at the base of the first appearance of massive limestone beds of the Mural 
Limestone. 

Mural Limestone. In the Agua Prieta region the Mural Limestone is character­
ized by massively bedded, fossiliferous, pure limestone. The Mural Lime­
stone is here restricted to include only limestone beds. Ransome (1904, 
p. 65) included in the Mural Limestone the uppermost part of the Morita 
Formation composed of alternating sandstones, shales and limestone. 

Excellent exposures of Mural Limestone are found in the Sierra de San Jose 
and in the Sierra de Anibacachi. At the later locality, the Mural Limestone 
is composed of gray-colored, massive limestone containing abundant fossil 
remains. The fossils include caprinids and brachiopods as well as benthonic 
foraminifera (orbitolinids). 

The Morita-Mural contact is transitional. It was placed at the first appear­
ance of massive beds of the Mural. The Mural Limestone reaches a maximum 
thickness of about 235 m. 
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Cabullona Group 

The Cabullona Group consists of a thick sequence of mainly terrigenous 
sediments with minor amounts of volcanic tuff and rhyolite flows. The 
whole group is widely exposed in the area between La Morita and Magallanes 
Peak. 

The Cabullona Group is strongly folded and faulted which locally makes its 
stratigraphic interpretation difficult. In spite of local structural complex­
ities, four major subdivisions of the Cabullona Group (Snake Ridge formation, 
Camas sandstone, Packard Shale and Rhyolite tuffs and flows) can be easily 
recognized in the field. However, the actual boundaries of these units are 
difficult to place. The Cabullona Group is estimated to have a thickness of 
more than 6800 m. Strong lithologic changes occur within short distances in 
any given unit. The contacts between the different formations is often placed 
within transitional zones making it difficult to recognize the lower or upper 
part of each formation. 

Structural Settinq .. 
The geology of the Agua Prieta Region plays an important role in the tectonic 
framework of NE Sonora and SE Arizona. Several attempts have been made to 
unravel the structural geology of this region (King, 1939, Imlay, 1939, 
Taliafero, 1933). Recently Rangin (1977) presented a structural scheme for 
the Agua Prieta Region whereby he (op. cit.) described at least three different 
phases of deformation superimposed on each other. According to Rangin (1977) 
the Agua Prieta Region was subjected to different deformations which can be 
observed at several localities. 

In the Agua Prieta region the following deformational sequence can be easily 
recognized: 1) an Albian-Cenomanian tectonic phase, corresponding to the 
unconformity observed at the base of the upper Cretaceous and 2) an Upper 
Cretaceous-Lower Tertiary tectonic phase expressed by overthrusting of the 
northern ranges over the Cabullona Basin to the south. 

One of the main features of the polyphase deformation is the SW thrusting in 
the Cabullona Basin as shown in Figure 2. As earlier noted by Taliaferro 
(1939, p. 36), the southwest directed thrusting in the area of Agua Prieta 
is exactly in the opposite direction from the thrusts in the Bisbee Quad­
rangle about 25 miles to the NNW of the Agua Prieta Region, where all the 
thrusting has a direction of movement from southwest to northeast. Evidence 
of both thrust movements may be observed at two localities: 1) Cerro de la 
Morita, in the west-central part of the Agua Prieta Region where Paleozoic 
rocks are well exposed; and 2) the SW flank of the Sierra de Cabullona in the 
ESE portion of the region. The Loma Blanca Klippen consisting of Paleozoic 
rocks resting on upper Cretaceous rocks of the Cabullona Group is a strong 
evidence for the lower Tertiary deformation. 

In the Cerro de la Morita (Figure 2) Paleozoic rocks (Escabrosa-Naco Lime­
stone) are exposed along the SW flank of the Cerro de la Morita (Figure 4). 
This Pal_~ozoi~_seq~~_n_~e_i~ __ !nv~lve9 in ~r_e-Bisbee Qroup_i~for~a~]~n._2he 
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Cerro de la Morita is an anticlinal fold overturned towards the SSW. A thin 
slice of Glance Conglomerate can be observed. Also, a thin sheet of Pinal 
Schist may be found. As previously noted by Taliaferro (1933), this evidence 
allows the suggestion that Cerro de la Morita is the core of the Sierra de 
Anibacachi anticline which has been subdivided into imbricated thrust slices 
and overturned towards the SSW. 

The Sierra de Cabullona (Figure 2) is another opportunity to demonstrate the 
tectonic model of the Agua Prieta Region. At this locality, the Paleozoic 
sequence is apparently affected by a different episode of deformation that 
obviously took place before the deposition of the Bisbee Group. This deforma-
tion is characterized by northeast-directed thrusting. . 

LOCALITIES TO BE VISTED DURING THE GSA FIELD EXCURSION 

Two main areas within the Agua Prieta Region will be visited during our Field 
Excursion: 1) the Cerro de la Morita and Sierra de Anibacachi southwest of 
Agua Prieta; and 2) the Sierra de Cabullona south-southeast of Agua Prieta . 

. Sierra de Anibacachi 

The Sierra de Anibacachi is the northernmost range in the Agua Prieta Region 
(see geologic map). It is by far the largest range in this region and is 
alligned northwest-southeast. It is about 30 km long and approximately 6 km 
wide. 

The Sierra de Anibacachi is predominantly comprised of Lower Cretaceous rocks 
(Bisbee Group). Excellent outcrops of the Bisbee Group can be studied. The 
Glance Conglomerate is mainly found in the lower part (valley), the Morita 
Formation is well exposed in the middle part of this range (Figure 2). 

Field relationships show that the Anibacachi mountain range exhibits a 
different structural pattern from that observed in the Cerro de la Morita. 
The Bisbee Group exposed on the SW flank of the Sierra de Anibacachi pre­
dcminantly dips homoclinally north-northeast whereas Paleozoic rocks exposed 
at la Morita seem to be synclinally folded towards the northeast. Two 
different working hypotheses may explain this difference in structural pattern: 
1) Paleozoic rocks of the Agua Prieta Region were subjected to a pre-Albian­
Cenomanian deformation; or 2) both the Paleozoic and the Bisbee Group rocks 
were subject to the same deformation and the area between the Cerro de la 
Morita and the Sierra de Anibacachi represents. the flank of a regional thrust 
with a south-southwest to north-northeast transport direction. Detailed field 
work is required before any definitive conclusions about the tectonic develop­
ment of the Agua Prieta Region can be drawn. 
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Cerro de la Morita 

The Cerro de la Morita is a rather small physiographic mass located south­
west of the Sierra de Anibacachi (see Figure 2). It consists mainly of 
Paleozoic Escabrosa-Naco Limestone. On its SSW flank it apparently overlies 
the Cabullona Group, via an overthrust fault (?). Paleozoic rocks exposed in 
the Cerro de la Morita seem to be folded in an overturned syncline that 
exhibits a southwest-northwest direction of transport. 

Sierra de Cabullona 

The Sierra de Cabullona mountain range displays a somewhat complex geology 
(Figure 2). Both Paleozoic and Lower Cretaceous rocks are present in the 
Sierra de Cabullona. The Sierra de Cabullona covers an approximate area of 
about 90 square kilometers. The Paleozoic rocks are exposed on the south­
southwest flank of the Sierra de Cabullona, whereas the Lower Cretaceous 
(Bisbee Group) comprises the north-northeast flank of this range. Rocks 
assigned to the Cabullona Group are poorly exposed on the lower hills of the 
southwest portion of this range. The Cabullona Group is covered by basaltic 
lavas of Tertiary and Quaternary age. 

The pre-Bisbee rocks (mainly Upper Paleozoic) of the Sierra de Cabullona show 
evidence of a deformation that could be related to a late Paleozoic-early 
Mesozoic phase of deformation. At the same time, Paleozoic and Lower 
Cretaceous rocks seem to be in fault contact with the Cabullona Group. It 
does not appear that this fault is a low angle thrust fault. This deformation 
would correspond to a younger phase of tectonism, perhaps related to the 
Laramide deformation of the southwest North American Cordillera. 
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BIOESTRATIGRAFIA Y FACIES SEDIMENTARIAS 
DEL CRETACICO INFERIOR DE SONORA 

AI. A. Camper 
J. F. Longoria 

EI presente trabajo mllestra los rc~ult:tdos llel cstudio de varia, sccciones Ie· 
vantadas en el area comprendida entre los poblados de Sahuaripa y Naco. Las 
observaciones de campo pcrmiten seiialar que las rocas del Cretacico Inferior 
de Sonora son asignables al Grupo Bisbee. Estas rocas fueron sometidas a 
esfucrzos compn:nsivos mlly intcnsos que ocasio nan su cabalgamiento sobre 
el Grupo Cabullona del Cretcicico Superior. Los conjuntos de foraminiferos 
planctonicos presentes en muestras colcctadas permiten dcterminar que el 
Cretacico Inferior del noreste de Sonora representa ellapso cumprendido del 
Aptense al Albense. Asi mismo. IJS cspecies identificadas serialan la existencia 
de las biozonas CI-I2. CI-13. CI-14 Y CI-15 del esquema bioestratigrafico 
propllcsto por Longoria en 1977. Durante ese lapso el Cret~cico Inferior del 
norestc de Sonora experimento cambios muy marcados ':11 ambientes sedi· 
mentarios. LJ presencia de biomicritas ue foramin iferos planctonicos (hed· 
bergcloides y favuselidos) en la par~e basal permite a$cgurar que durante ese 
intervalo prevalccieron ambientes de facies francamente marinas (facies pre­
arrecifal). Al mismo ticmpo, la exist(!!1cia de boundsto!1(!s de rudistas deter· 
mi~a la facies arrccifal. L:IS rocas de tcxtura pack(!stol1c -grainstone de Crag· 
mentos de moluscos, ate,tiguan 1.'1 desarrollo de bancos c:llcarcos. Por otra 
parte, la presencia de biomicritas de milioIidos detennina ]a facies post­
arrecifal. La sucesion de facies del Cr;:t~cico Inferior del noreste de Sonora 
muestra una marcada migr:Jci6n en tiempo con direcci6n P':E-WSW. En 
base :l la presencia de ia\'usclidos sc pllsLUla I:! extension d~ ius mares epicon· 
tinentalcs de Texas y NE de 1-.lcxico :11 norcstc de Sonora. 
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MESOZOIC DEPOSITIONAL HISTORY OF SOUTHEASTERN ARIZONA 
PHILIP T. HAYES and HARALD DREWES 

U.S. Geological Survey 
Denver, Colorado 

INTRODUCTION 
The area considered herein is roughly between Tucson and 

the southeastern corner of Arizona (fig. 1 ). It lies between the 
Mexican Border and latitude 32°15' N., and between New 
Mexico and longitude 111°15' W. 

Interpretations of stratigraphic relations and regional cor­
relation of Mesozoic rocks in th is region are complicated by 
the lack of datable fossil material in most of the units and by 
structural complexities; since late Early Permian time, various 
parts of the region apparently have been subjected to about six 
episodes of faulting and nearly as many episodes of plutonism. 
Recently, however, much has been learned about these Meso­
zoic rocks by professors and students from universities, geol­
ogists associated with the minerals industry, and U.S. Geolog­
ical Survey geologists. This paper is basically an updated 
version of an earlier paper (Hayes and Drewes, 1968). 
Although most of the conclusions reached in that paper are 
unchanged, some of the unnamed units referred to in that 
paper have been named, units probably correlative to units 

~.< ... ' .. :.:' 
.," .... 

<. '.':" 

: 14 

1-320 
I 

~.': I oTucson 
'::"'\' 

: . 

o 
I 

50 
I 

described in that paper have been found in additional local­
ities, some tentative conclusions of that paper have been made 
more certain while others have been abandoned, and the 
worldwide geologic time scale has been revised. The data pre· 
sented herein are largely presented in much more detail in 
Cooper (1971), Drewes (1971), Hayes (1970a, 1970b), and 
Simons (1972). We have also drawn from many older or less 
detailed recent reports. We obviously are heavily indebted to 
all of these previous workers, but are ourselves responsible for 
the interpretations presented here. 

Our correlations (fig. 2) are based on analysis of local geo­
logic relations, on paleontologic data of variable usefulness, on 
radiometric age determinations of variable reliability, on some 
petrologic studies, and on the assumption that major geologic 
events must have some degree of regional continuity. In our 
earlier paper we followed Holmes' (1965) time scale for most 
of the Mesozoic but used the more refined scale of Gill and 
Cobban (1966) for the Late Cretaceous. That time scale is 
shown on the left edge of the correlation diagram, and the 
time scale of Van Eysinga (1975) is shown on the right edge. 

o 
Willcox 
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Jurassic and Tnasslc volcanic Lower Cretaceous 
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Figure 7. Mop showing distribution of Mesozoic volcanic and sedimentary rocks in southeastern Arizona. (7) Tucson ,Htns. " (2) 
Sierrita Mtns.; (3) Santo Rita Mtns.; (4) Patagonia Mtns.,· (5) Canelo Hills,' (6) Huachuca Mtns.; (7) Empire Mtns. " (8) Whetstone and 
",1ustang Mtns.; (9) Tombstone Hills,' (70) Mule Mtns.; (77) Dragoon Mtns. area,' (72) Chiricahua Nltns.,· (73) Pedregosa Mtns.,· (J.+) 
Roskruge Mtns. 
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Figure 2. Correlation chart of Mesozoic rocks in southeastern Arizona. Localities, except for Silver Bell Mountains, are shDl'>'n on 
Figure 7. *, time scale used by Hayes and Drewes (7968),' H, time scale used by Van Eysinga (7975),' (P) plutonic and associated 
rocks; (F) fossil-bearing rocks; ., rat/ometrically dated rocks. Numbers within chart: (7) Turney Ranch Formation; (2) Schellen­
berger Canyon Formation; (3) Apache Canyon Formation; (4) Glance Conglomerate,' (5) Cintura Formation,' (6) ,'vlural Limestone; 
(7) sedimentary rocks of Rose Tree Ranch; (8) rhyolite in Cane!o Hills Volcanics,' (9) red beds at base of Cane!o Hills Volcanics. 
Note changes in time scale indicated by pitch of diagonal lines. 

REGIONAL SETTING 
Pre-Mesozoic rocks of southeastern Arizona include Precam­

brian metamorphic, plutonic and sedimentary rocks that are 
unconformably overlain by about 1,500 m of Paleozoic marine 
sedimentary rocks ranging in age from Middle Cambrian to late 
Early Permian. The Mesozoic sequence is unconfor-lTlably over­
lain by volcanic and sedimentary rocks of Cenozoic age. 

The Mesozoic rocks have a composite maximum thickness 
of about 12,000 m. They include rhyolitic to andesitic vol­
canic rocks, sedimentary rocks largely of subaerial origin and 
some marine beds. Plutonic rocks were intruded in Triassic(?), 
Jurassic and Late Cretaceous time but are here considered only 
in connection with their age relation to sedimentary and vol­
canic rocks. The Mesozoic rocks are treated here in three 
major divisions separated from each other and from older and 
younger rocks by major unconformities: (1) Triassic and Juras­
sic rocks, (2) Lower Cretaceous rocks, and (3) Upper Cre­
taceous rocks. 

Permian-Triassic Unconformity 
Marine Paleozoic rocks are separated from subaerial Meso­

zoic rocks by a widespread unconformity. The youngest Paleo-

zoic formation preserved anywhere beneath the unconformity 
is the Rainvalley Formation of Permian age in and near the 
Mustang Mountains, but in places much older rocks lie imme­
diately beneath the unconformity. The oldest Mesozoic rocks 
inferred to overlie the Permian-Triassic unconformity are 
included in a volcanic sequence, at least the middle part of 
which is of Triassic age. The basal contact of these volcanics 
has not been seen, but the local relief in the Santa Rita Moun­
tains may have been great, for a lens of cobble conglomerate in 
the sequence contains some clasts of Precambrian granitic 
rock. The oldest Mesozoic rocks actually in depositional con­
tact with Permian rocks in known exposures are red beds of 
presumed Late Triassic or Early Jurassic age in the Canelo 
Hills. The local relief on the erosion surface there may not 
have been great, inasmuch as the contact irregularities are 
minor, no basal conglomerate is present, and the lowest chert 
pebbles of Paleozoic origin in conglomerates intercalated in 
the red beds are well rounded. On the other hand, the red beds 
at several places in the' Canelo Hills contain exotic blocks of 
Permian rock interpreted by Simons and others (1966) to be 
landslide debris from nearby hills. In the Huachuca Mountains 
Triassic or Jurassic volcanics overlie normally faulted Paleozoic 
rocks. 



MESOZOIC DEPOSITIONAL HISTORY 

Triassic and Jurassic Rocks 
Three major units, two of them largely consisting of vol­

canic rocks and the third a medial red-bed unit, make up the 
oldest major division of Mesozoic rocks. These rocks are most 
abundant in the western part of the region, mainly in relatively 
small, faulted areas. 

The older volcanic rocks, about 3,000 m thick, are typically 
represented by the Mount Wrightson Formation in the Santa 
Rita Mountains. Most of these volcanic rocks are rhyodacite, 
but andesitic rocks are common in the lower and upper 
fourths of the formation. Minor conglomerate is intercalated 
in the middle of the formation, and sandstone and quartzite 
lenses are scattered throughout and are abundant toward the 
top. The rhyodacite is intensely indurated and about half of it 
is finely flow-laminated. The rhyodacite contains, in addition 
to thick lava flows, welded tuff and agglomeratic tuff facies. 
The andesitic rock includes some vesicular flows and local pil­
low lavas. The larger lenses of sandstone and quartzite have 
sweeping crossbedding of the eolian type; grains are well 
sorted, largely well rounded and mostly of foreign origin but 
are admixed with locally derived volcanic detritus. 

Similar rocks in a slightly thinner sequence form the Ox 
Frame Volcanics of the Sierrita Mountains and occur at several 
localities in the Patagonia Mountains. 

The medial red-bed unit is typified by red beds of the lower 
member of the Canelo Hills Volcanics (Hayes and others, 1965) 
in the Canedo Hills, the similar G.ardner Canyon Formation in 
the east·central part of the Santa Rita Mountains, and the 
Rodolfo Formation in the Sierrita Mountains. The Gardner 
Canyon Formation is estimated to be 600 m thick. The red 
beds consist of thick-bedded to massive mudstone and silt­
stone in which some sandstone, conglomerate and volcanics 
are intercalated. The pebbles of the conglomerate are chiefly 
chert (derived from Paleozoic formations) and volcanic 
material (presumably derived from the above-described Mount 
Wrightson Formation and similar rocks). The volcanic rocks in 
the red-bed unit are generally pale reddish-purple, finely por­
phyritic latite, dacite or andesite tuffs, flows and breccias. 

Somewhat similar and possibly equivalent units occur in the 
Empire Mou ntains, in the Mustang Mountains, in the northern 
end of the Santa Rita Mountains and on the west and south­
west flan ks of the Sierrita Mountains. The Recreation Red 
Beds of Brown (1939) in the Tucson Mountains probably also 
represent the unit. The Walnut Gap Volcanics of the Little 
Dragoon Mountains area (Cooper and Silver, 1964) contain 
red beds which are provisionally correlated with these rocks. 

These possibly correlative units vary in proportions of com­
ponents. Red beds are a very minor constituent of the Walnut 
Gap Volcanics, whereas no true volcanic rocks-only volcanic 
sediments-are present in the unit on the west side of the 
Sierritas. The rocks in the Empire and Tucson mountains are 
less massive than those in the Canelo Hills and in the Gardner 
Canyon Formation. The rocks of the northern end of the 
Santa Rita Mountains contain more sandstone, grit and con­
glomerate than siltstone. 

The youngest of the major units of Triassic and Jurassic age, 
with a composite thickness in excess of 2,000 m, is the upper 
part of the Canelo Hills Volcanics. These rocks have been 
recognized only in the Canelo Hills and the west flank of the 
Huachuca Mountains. Probable equivalents occur in the Mus­
tang Mountains, may be represented by the formation of 
Pacheco Ranch (Drewes and Cooper, 1973) on the west side of 

the Sierrita Mountains, and possibly are represented in the 
Patagonia, Santa Rita and Empire mountains. The upper mem­
ber consists of silicic flows, tuffs and some clastic rocks. The 
rhyolitic lava resembles the flow-laminated volcanic rocks of 
the Mount Wrightson Formation, but field relations in the 
Canelo Hills indicate that it is younger than red beds whose 
clasts include flow-laminated rhyolitic rock. Radiometric dates 
also indicate that the upper part of the Canelo Hills Volcanics 
is younger than the volcanic rocks of the Mount Wrightson 
Formation. 

Age 
The Mount Wrightson Formation is considered to be older 

than the Gardner Canyon Formation on the basis of a lead­
alpha age determination of 220 m.y. made for volcanic rock in 
the Mount Wrightson Formation (fig. 2) and on the fact that 
the Gardner Canyon Formation, which has yielded a consider­
ably younger lead-alpha age (fig. 2), in places contains cobbles 
of flow-banded volcanic rock identical in appearance to that in 
the Mount Wrightson Formation. Furthermore, the Ox Frame 
Volcanics on the west side of the Sierrita. Mountains, which we 
believe to be equivalent to the Mount Wrightson Formation 
are in depositional contact with Paleozoic rocks and are ove~­
lain by beds of the Rodolfo Formation which are tentativelv 
correlated with the Gardner Canyon Formation. The age o'f 
the Mount Wrightson Formation is further supported by the 
fact that monzonite that is intrusive into the formation has 
yielded a lead-alpha age of 184(±) m.y. The monzonite, in 
turn, was intruded by a granite that has been dated by the 
potassium-argon and lead-alpha methods as of Middle Jurassic 
age (fig. 2). 

Red beds of the lower member of the Canelo Hills Volcanics 
are considered to be older than rocks of the upper member of 
the Canelo Hills Volcanics on the basis of field relations (Hayes 
and others, 1965) and of a still-younger radiometric age in the 
overlying volcanics that was determined by a potassium-argon 
date for biotite fFem welded tuff (fig. 2). A minimum age for 
the Recreation Red Beds, which we correlated with the red 
beds of the Canelo Hills Volcanics and the Gardner Canyon 
Formation, is indicated by a potassium-argon date of 150 m.y. 
for an andesite porphyry that has intruded the formation 
(Damon and others, 1967). In several areas, superposition of 
beds alone dates many of these rocks as post· Early Permian 
and pre-late Early Cretaceous; in the Santa Rita Mountains, 
inclusion of clasts of the Triassic Mount Wrightson Formation 
in the Gardner Canyon Formation show the Gardner Canyon 
to be Late Triassic or younger. 

Jurassic-Cretaceous Unconformity 
Jurassic plutonic activity was followed by pronounced up­

lift and deep erosion to produce the Jurassic-Cretaceous 
unconformity. This unconformity places Cretaceous rocks on 
Jurassic granite in the Santa Rita, Patagonia, Huachuca, Dra­
goon and Mule mountains, and on other Triassic and (or) 
Jurassic rocks in the Sierrita, Huachuca and Empire moun­
tains, in the Dragoon Mountains area, and possibly in the Tuc­
son Mountains. Relief on the unconformity is considerable in 
many areas; it amounts to hundreds of meters in the Mule 
Mountains, and is at least 300 m locally in the Santa Rita and 
Huachuca mountains. Arkosic conglomerate filling old can­
yons in those ranges is at least as coarse as the most recent 
piedmont gravel in the same areas. 
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Lower Cretaceous Rocks 
During Early Cretaceous time two groups of rocks were 

deposited in the region: (1) an older relatively local group of 
volcanic and associated sedimentary rocks, and (2) a younger, 
widespread, thick group of sedimentary rocks, the Bisbee 
Group and its correlatives. 

Volcanic and Associated Sedimentary Rocks 
Volcanic and sedimentary rocks of the older group are the 

combined Temporal and Bathtub formations, each about 600 
m thick, of the southeastern flank of the Santa Rita Moun­
tains. Rocks similar in lithology and comparable in age to at 
least the youngest part of the sequence in the Santa Ritas occur 
in the Glance Conglomerate of the Bisbee Group (Hayes, 
1971 b) in the Huachuca Mountains. In the Santa Rita Moun­
tains, these rocks consist of roughly equal amounts of epi­
clastic rock, rhyolitic tuffs and flows, and andesitic or dacitic 
volcanics. A minor unconformity separates the two formations 
there, and the basal part of each formation contains lenticular 
and locally very thick bodies of coarse conglomerate. Some of 
these conglomerates are arkoses derived wholly of detritus of 
Jurassic granite; others contain abundant Precambrian granitic 
rocks. Such deposits indicate the large amounts of local uplift­
ing and presumably faulting that occurred between Middle 
Jurassic and earliest Cretaceous time. 

The volcanic rocks are also highly lenticular. Some groups 
of andesitic flows or volcanic breccia as much as 300 m thick 
extend only 3 to 5 km. Most rhyolitic rock is tuff and tuff 
breccia, but some welded tuff and lava are present. The vol­
canic rocks are everywhere so intensely altered that radio­
metrically datable minerals are destroyed, and zircon suffi­
ciently abundant to provide material for dating was found 
only in a tuff immediately overlying Jurassic granite. A 
Jurassic date determined thereon, while not impossible con­
sidering the large range of possible error assigned the results, is 
suspect because of the likelihood that the tuff flow could have 
picked up its zircon from granite grus over which it flowed. 

In the Huachucas, this sequence of volcanic rocks and con­
glomerates rests unconformably on the Canelo Hills Volcanics, 
is apparently conformable with overlying rocks in the Bisbee 
Group, and thus is dated geologically as of probable Early 
Cretaceous age. 

Bisbee Group and Correlative Rocks 
Sedimentary rocks of Early Cretaceous age are widely dis­

tributed in southeastern Arizona (fig. 1) and are 3,000 m thick 
or more in some areas. Throughout the region they are made 
up largely of clastic sedimen ts deposited in a subaerial environ­
ment, but rocks of marine origin make up a significant part of 
the sequence in the southeastern part of the region. Locally, 
thick conglomerates at the base of the sequence are dom­
inantly fanglomerates. Most of the Lower Cretaceous strata, 
however, are believed to represent part of a large delta com­
plex on the margin of a sea that existed to the southeast, 
mostly in Mexico. In the northwest, marine rocks are sup­
planted by brackish-water facies and the continental rocks are 
more arkosic. For the purposes of this paper is is convenient to 
divide the region into southeastern, northeastern, southwest­
ern, central and northwestern areas. 

n> 
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Southeastern area 
In the Mule Mountains and Huachuca Mountains (Hayes, 

1970b), all of the Lower Cretaceous strata are assigned to the 
Bisbee Group, which is made up of four formations: the 
Glance Conglomerate at the base, the Morita Formation, the 
Mural Limestone, and the Cintura Formation. The Morita and 
Cintura Formations are made up mostly of repeated sequences 
of pin kish-gray, arkosic, cross-laminated sandstones that grade 
upward into massive grayish-red siltstones and mudstones. The 
Mural Limestone is a fossiliferous marine unit. The Bisbee 
Group is as much as 1,700 m thick in the Mule Mountains and 
ranges from nearly 1,800 m to about 3,000 m thick in the 
Huachucas. 

In the Pedregosa and southern Chiricahua mountains, the 
Bisbee Formation is about 2,400 m thick and is divisible into 
four units that, except for the greater prevalence of marine 
rocks, are roughly comparable to the formations in the \lule 
Mountains (Epis, 1952). 

Northwestern area 
In the Dragoon (Gilluly, 1956), Little Dragoon (Cooper and 

Silver, 1965), and Dos Cabezas (Sabins, 1957) moun tai ns, no 
significant marine units are present and the Bisbee can be 
treated as a formation similar in lithology to the Morita and 
Cintura Formations of the Mule Mountains; a distinct basal 
conglomerate member is generally present. The formation may 
be more than 4,500 m thick at one locality in the Dragoon 
Mountains. 

Southwestern area 
About 1,000 m of rocks assigned to the Bisbee Formation 

are present in the Patagonia Mountains (Simons, 1912). 
Bisbee-like rocks are also present in ranges to the west of the 
Patagonias. 

Cen tral area 
Rocks that are correlative in large part with the Bisbee 

Group of the Mule Mountains are present in the Whetstone 
Mountains and were called the Bisbee(?) Formation by 
Creasey (1967). The sequence there is at least 2,000 m thick 
and may be hundreds of meters thicker; it was divided into 
four stratigraphically distinct subunits by Tyrrell (1957) and 
Schafroth (1968). The four units in ascending order are the 
Willow Canyon, Apache Canyon, Shellenberger Canyon and 
Turney Ranch formations. Schafroth (1968) and Hayes 
(1970a) correlated the Willow Canyon Formation with the 
Morita Formation, the Apache Canyon Formation with the 
Mural Limestone, and the Shellenberger Canyon Formation 
with the Cintura Formation; the Turney Ranch Formation was 
consi dered to be younger than the Cintura. The rocks of the 
Whetstone Mountains are generally similar to those in the Mule 
Mountains but apparently represent a more landward facies. 
Marine limestone is rare, but thin-bedded limestone of fresh­
to brackish-water origin is relatively abundant in the Apache 
Canyon Formation. Much of the sandstone in the Whetstones 
is more arkosic than to the southeast. 

The Lower Cretaceous sequence in the Empire Mountlins 
(Finnell, 1971) and in the northern part of the Santa Rita 
Mountains (Drewes, 1971) is similar to that in the Whetstones, 
and the same subunits are recognizable. In the northern part of 
the Empires, the basal hundreds of meters of the sequence is in 
apparent onlap relations with what T. L. Finnell (oral com-
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mun., 1967) believes was a rising highland of Precambrian rock 
(see Bilodeau, this guidebook). 

Northwestern area 
Hundreds of meters of strata in the Tucson Mountains in 

the Amole Arkose of Brown (1939) are very similar to Lower 
Cretaceous strata of the Whetstone, Empire and northern 
Santa Rita mountains and are undoubtedly general correla­
tives. Rocks similar to the Amole Arkose are present in the 
Angelica Arkose of the Sierrita Mountains (Cooper, 1971) and 
in the Cocoraque Formation of the Roskruge Mountains 
(Heindl,1965). 

Age 
Collections of marine invertebrates from the Mural Lime­

stone in and near the Mule Mountains and reported on by T. 
W. Stanton (in Ransome, 1904), Stoyanow (1949), J. B. Ree­
side, Jr. (in Gilluly, 1956) and Douglass (1960) strongly indi­
cate a correlation of the Mural with the Trinity Group of 
Texas. Fossils collected by Stoyanow (1949) and during our 
studies from the Mural in the Huachuca Mountains also indi­
cate a Trinity age, as do fossils from limestones in the Bisbee 
Group in the Pedregosa Mountains. The entire Bisbee Group in 
those areas may represent much of Aptian and Albian time. 
Fossils reported by Tyrrell (1957) in the Whetstone Mountains 
and by Stoyanow (1949) in the Patagonia Mountains also sug­
gest an Albian age. Fossils collected by Brown (1939) and 
Kinnison (1958) from the Amole Arkose in the Tucson Moun­
tains are not as definitive; correlation in part, if not all, of that 
formation with the similar strata of the Whetstones is done on 
the basis of lithology. 

Mid- to Late Cretaceous Unconformity 
Uplift and erosion again followed deposition of the Bisbee 

Group and equivalent rocks. A mid- to Late Cretaceous uncon­
formity has been described in southeastern Arizona by Darton 
(1925), Epis (1952) and Gilluly (1956). Such an unconform ity 
is demonstrable in the Santa Rita, Huachuca and Pedregosa 
mountains and in the Canelo Hills, where sedimentary rocks of 
Late Cretaceous age overlie the Bisbee and contain fragments 
of Bisbee, gently truncate some beds at the top of the Bisbee, 
or truncate faults in the Bisbee. In other areas, Upper Creta­
ceous volcanic rocks overlie gently to isoclinally folded Lower 
Cretaceous rocks. 

In many areas the relief of the mid- to Late Cretaceous 
unconformity is not large, for little of the upper part of the 
Bisbee, as it is known in the type section, is missing. In other 
areas, however, as in the Serrita Mountains, rocks of Jurassic 
and probably Triassic age underlie Upper Cretaceous volcanic 
rocks (Cooper, 1971). Similarly, at the north end of the 
Empire Mountains, Upper Cretaceous volcanic rocks overlie 
rocks assigned to the Precambrian (Finnell, 1971). Inasmuch 
as Upper Cretaceous basal conglomerates in many places con­
tain clasts iden tifiable as having been derived from Triassic, 
Jurassic and even Paleozoic rocks, other areas probably exist, 
that are either not exposed or not yet discovered, in which 
Lower Cretaceous rocks had been removed before Upper 
Cretaceous rocks were deposited. 

Upper Cretaceous Rocks 
Lower Sedimentary Sequence 

Sedimentary rocks of Late Cretaceous age lie with slight 
(and local?) angular unconformity upon the Bisbee Group and 
lie with probable conformity beneath latest Cretaceous vol­
canic rocks in a few ranges in the region. This sequence of 
rocks, though locally of great thickness, is not as widely dis­
tributed as are the Lower Cretaceous rocks or the Upper Creta­
ceous vol can ic rocks. 

The best known of these Upper Cretaceous sedimentary 
rocks are included in the Fort Crittenden Formation of the 
east side of the Santa Rita Mountains (Drewes, 1971). At the 
base of the sequence there, unconformable with the underly­
ing Bisbee Group, is a lenticular conglomerate made up dom­
inantly of well-rounded cobbles of lower Mesozoic volcanic 
and sedimentary rocks. Above this is a 160-m-thick sequence 
of gray shale and subordinate siltstone in which are found a 
varied fauna including fresh-water mollusks, fish, turtles and 
dinosaurs of Santonian to Maestrichtian Age (Miller, 1964). 
Above this fossiliferous shale unit in the Adobe Canyon area is 
more than 1,800 m of variable grayish-red and brown con­
glomerate, arkosic sandstone and subordinate shale. High in 
the unit are several thin rhyolitic tuff beds. 

The Fort Crittenden Formation also overlies the Bisbee 
Group on the west side of the Huachuca Mountains. Locally 
conglomerates are dominant in the basal 180 m of the unit. 
These are overlain by a sequence, at least 210 m thick, of shale 
and graywacke that contains fresh-water mollusks similar to 
those in the shale and sandstone of the Santa Rita Mountains. 

Discontinuous exposures of the Fort Crittenden Formation 
extend for several kilometers along the northeast side of the 
Canelo Hills. There conglomerates similar to those in the upper 
part of the Fort Crittenden Formation of the Santa Ritas over­
lie the shale and siltstone member. On the southwest side of 
the Canelo Hills, beds of sandstone, conglomerate, shale and 
minor tuff are overlain by Upper Cretaceous andesite breccia. 
These may represent the top of the Fort Crittenden Forma­
tion. 

In the Rucker Canyon area of the Pedregosa and Chiricahua 
mountains, Epis (1952) described a sequence at least 1,200 m 
thick that consists dominantly of well-rounded conglomerates 
that rest unconformably on the Bisbee Group and appear to 
grade up into andesites. Those conglomerates, which are de­
rived from the Bisbee and from Paleozoic formations, are 
.undoubtedly roughly equivalent to the Fort Crittenden For­
mation. 

Part of the Bisbee Formation as mapped by Gilluly (1956) 
between Courtland and South Pass in the Dragoon Mountains 
contains beds of volcanic-clast conglomerate and may also be 
correlative with the Fort Crittenden Formation. 

Local thin conglomerate units at the base of the Tucson 
Mountain Chaos of Kinnison (1959) occur in a similar strati­
graphic position in the Tucson Mountains and are here con­
sidered as possible equivalents to beds high in the Fort Crit­
tenden Formation. Richard and Courtright (1960) have 
previously correlated the Tucson Mountain Chaos with thin 
conglomerate and breccia units that locally appear conform­
ably beneath Upper Cretaceous andesites in the Empire Moun­
tains and elsewhere in the region. 

The Fort Crittenden Formation of the Huachuca and Santa 
Rita mountains is similar to, and was probably once coexten­
sive with, dated Upper Cretaceous strata described by Talia-
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ferro (1933) in the Cabullona area in Mexico, several kilo­
meters southwest of Douglas, Arizona. 

The presence of terrestrial vertebrates and fresh-water inver­
tebrates, together with the character and distribution of the 
conglomerates and other sediments, suggests that the Fort 
Crittenden Formation and correlative strata were deposited 
locally in subaerial valleys cut on the Bisbee Formation or 
Group and older rocks after an orogenic episode. The principal 
drainage direction was probably southeastward toward the 
Late Cretaceous Mexican geosyncline. 

Upper volcanic sequence 
The youngest of the major un its of Mesozoic rock consists 

of distincti,{e andesite to dacite breccia, rhyodacite tuff and 
welded tuff, and a little sedimentary rock, having a combined 
thickness of as much as 1,400 m. These rocks, the Salero 
Formation, conformably overlie the Fort Crittenden Forma­
tion in the Santa Rita Mountains (Drewes, 1971); volcanic 
strata in the Pedregosa Mountains (Epis, 1952) also conform­
ably overlie rocks correlative with the Fort Crittenden Forma­
tion. In other areas, presumably old high areas between the 
major valleys in which the Fort Crittenden Formation and 
correlatives were deposited, the volcanic rocks unconformably 
overlie Lower Cretaceous or older rocks. Our regional correla­
tions of these Upper Cretaceous volcanic units are basically 
similar to earlier correlations by Richard and Courtright 
(1960), although they considered the rocks to be of Tertiary 
age. Our chief contribution here is to briefly describe these 
rocks in areas not described by them (Richard and Courtright, 
1960). 

The Salero Formation of the Santa Rita Mountains contains 
a basal member of dacitic breccia and rhyodacitic welded tuff 
and a capping unit of sedimentary and tuffaceous rock. In 
ascending order, there is as much as 120 m of flows, 300 m of 
dacitic breccia, 360 m of rhyodacitic welded tuff and at least 
650 m of sedimentary and tuffaceous rock. The dacitic breccia 
grades laterally into an arkose and arkosic conglomerate facies, 
where it overlies a rugged old erosion surface cut on granite. 
The fragments in the breccia are set in a matrix of pulverized 
dacitic material, and scattered throughout the dacitic debris 
are blocks of exotic material as much as 450 m across. Similar 
exotic blocks appear in a correlative andesitic or dacitic brec­
cia in the Tucson Mountains, the Tucson Mountains Chaos. 
Similar breccias are characteristic of the Demetrie Volcanics in 
the Sierrita Mountains, volcanic rocks of Dove Canyon in the 
Canelo Hills (Simons, 1972), the lower parts of the Sugarloaf 
Quartz Latite and Bronco Volcanics of the Dragoon Mountains 
region (Gilluly, 1956), and andesites mapped by Epis (1952) 
in the Pedregosa Mountains. Such breccias are also present in 
the Empire Mountains (Finnell, 1971). 

The overlying rhyodacite welded tuff of the Salero Forma­
tion is a brownish-gray to greenish-gray massive unit in which 
separate cooling units have not been recognized. It is a crystal 
tuff with abundant, commonly chloritized book biotite. 
Similar welded tuff forms the Cat Mountain Rhyolite of 
Brown (1939) in the Tucson Mountains. Nonwelded rhyolite 
tuff of the Red Boy Rhyolite in the Sierrita Mountains and the 
upper parts of the Sugarloaf Quartz Latite and Bronco Vol­
canics of the Dragoon Mountains region are probably equiv­
alent. Tuff in a similar stratigraphic position also occurs in the 
Empire Mountains. 

The lowest member of the Salero Formation seems to have 
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few counterparts in the region. The uppermost member, how­
ever, underlies an area in the extreme southwestern part of the 
Santa Rita Mountains and is found in the Ruby quadrangle 
west of Nogales. The uppermost member consists of alternat­
ing tuffaceous sandstone, volcanic conglomerate, tuff breccia, 
agglomerate and some red beds, largely metamorphosed to 
hornfels by intrusives of late Late Cretaceous age. 

Samples of these Upper Cretaceous volcanic rocks from the 
Tucson and Santa Rita mountains, Canelo Hills, and elsewhere 
have been dated using the potassium-argon method by Biker­
man and Damon (1966) and by U.S. Geological Survey labora­
tory personnel (fig. 2). The dates obtained verify the inferred 
Late Cretaceous age of at least the volcanic rocks of the Salero 
Formation, which conformably rest on the Fort Crittenden 
Formation of known Late Cretaceous age. 

The youngest Mesozoic rocks of the region are plutonic 
rocks, commonly diorite or granodiorite but including some 
coarse-grained quartz monzonite. Their emplacement was 
followed in 'the Paleocene and Eocene by intrusion of more 
quartz monzonite, granodiorite and, commonly, quartz latite 
porphyry, including many of the ore-associated bodies of the 
region. 

SUMMARY 
The Mesozoic history of southeastern Arizona was complex 

and varied. In Triassic and Early jurassic time, the region 
experienced at least two periods of volcanic activity, appar­
ently separated by a period of plutonism. A more widespread 
period of plutonism and uplift ensued in Middle jurassic time. 
During Late jurassic and earliest Cretaceous time, the region 
was subjected to erosion. After a brief period of local volcanic 
activity, the late Early Cretaceous sea advanced from the south 
and southeast and the region received deposition of a thick 
deltaic sequence. In early Late Cretaceous time, regional uplift 
and another phase of orogeny occurred. The resulting moun­
tainous area was eroded and fluviatile sediments were de­
posited in valley areas tributary to the sea to the southeast. 
Widespread volcanic activity followed and was finally suc­
ceeded by another episode of plutonism at the end of the 
Cretaceous. 
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INTRODUCTION 
The middle Mesozoic tectonic environment of southeastern 

Arizona is poorly understood. Although recent regional 
syntheses by Drewes (1978) and Titley (1976) have added to 
our knowledge of the Mesozoic tectonic evolution of this 
region, much is still unclear. Titley (1976) recognized the pres­
ence of a major pre-Laramide, northwest-trending tectonic 
grain in southeastern Arizona and compiled evidence, primar­
ily of an indirect nature, for vertical tectonic movements dur­
ing the middle Mesozoic. The geologic structures that define 
this tectonic pattern are extremely discontinuous and obscure 
and require further investigation and documentation. Study of 
clastic sedimentary rocks deposited during this episode of crus­
tal instability greatly clarifies the nature of these structural 
features and of the accompanying deformation. The most in­
structive clastic sedimentary deposit of middle Mesozoic age in 
the region is the Glance Conglomerate. 

The Glance Conglomerate is a Lower Cretaceous alluvial fan 
deposit which provides a direct sedimentary record of exten­
sive erosion associated with pronounced vertical displacements 
along various exposed and inferred normal faults. These rela­
tionships are especially well displayed in the southern Mule 
Mountains and in the Empire Mountains. In the Santa Rita 
Mountains, Drewes (1971, 1972) has also related the deposi­
tion of coarse conglomerate to Early Cretaceous normal fault­
ing. The syntectonic nature of the Glance Conglomerate makes 
it a valuable key to understanding the mid-Mesozoic tectonic 
environment of southeastern Arizona. 

GEOLOGIC SETTING 
Sedi mentary rocks of late Early Cretaceous age are wide­

spread in southeastern Arizona, southwestern New Mexico and 
northern Mexico. These rocks comprise a thick sequence, over 
3500 m, of shale, sandstone, conglomerate and limestone 
mapped as the Bisbee Group. or various local units that are 
correlative with the Bisbee Group. The type section for the 
Lower Cretaceous is located in the Mule Mountains near the 
town of Bisbee. Ransome (1904) divided the strata into four 
units, the Glance Conglomerate at the base, the Morita Forma­
tion, the Mural Limestone, and the Cintura Formation at the 
top. Due to marked lateral facies changes within the Bisbee 
Group, Lower Cretaceous rocks exposed in mountain ranges to 
the north and west of Bisbee do not fit well into this classifica­
tion scheme. 

A major portion of the Bisbee Group in the southeastern 
part of the region is of marine origin and of Aptian to Albian 
age. The Mural Limestone is a relatively thick-bedded, fossilif­
erous, shallow marine limestone, and both the upper Morita 
and lower Cintura Formations contain marine sandstone and 
shale. Strata both above and below the marine interval are 
mainly fluvial. To the west and north the proportion of lime-

stone decreases and to the northwest the only carbonates pres­
ent are thin-bedded, silty, brackish water limestones. The 
sandstones of the Bisbee Group become more feldspathic or 
arkosic to the west (Hayes, 1970b). To the southeast in Mex­
ico, Lower Cretaceous marine rocks increase in th ickness and 
dominate the section (Cordoba and others, 1971; Greenwood 
and others, 1977). 

The marine facies of the Bisbee Group represents the trans­
gression and regression of an Early Cretaceous shallow marine 
sea which deepened to the southeast. This marine basin had a 
definite northwesterly linear trend; it received clastic and car­
bonate sediment in northern Mexico during the Late Jurassic 
before transgressing northwestward into southeastern Arizona 
in the late Early Cretaceous (Cordoba and others, 1971; 
deCserna, 1971; Hayes, 1970b; Beauvais and Stu mp, 1976). 

The basal unit of the Bisbee Group, the Glance Conglomer­
ate, is not directly related to the transgressive facies of this 
marine sea. The Glance Conglomerate is predominantly a 
coarse fanglomerate and was deposited on alluvial fans in local 
basins bounded on at least one side by normal faults. This 
synorogenic, unfossiliferous, nonmarine deposit is related to 
substantial vertical tectonic movements which preceded mod­
erately stable crustal conditions and the transgression of the 
late Early Cretaceous shallow marine sea from the southeast. 

Deposition of the Glance Conglomerate took place in a 
dramatically different tectonic as well as depositional environ­
ment from that of most of the overlying strata in the Bisbee 
Group. Analysis of the Glance Conglomerate both regionally 
and in detail at two well exposed localities allows for substan­
tial insight into the mid-Mesozoic structural evolution of 
southeastern Arizona. 

GENERAL STRATIGRAPHY 
The Glance Conglomerate was first described by Dumble 

(1902) in the southern Mule Mountains. Recent work on the 
Glance Conglomerate (Hayes, 1970, 1970b; Drewes, 1971; 
Bilodeau, 1977, 1978) and extensive local and quadrangle 
mapping by university students, professors and most recently 
by U.S. Geological Survey geologists, has greatly expanded the 
knowledge of its distributior, and character. Regionally the 
Glance Conglomerate varies widely in thickness, composition, 
texture, contact relationships and possibly even in age. The 
widely scattered outcrop distri bution of this formation is 
shown in Figure 1. 

The Glance Conglomerate was deposited with major uncon­
formity on rocks ranging in age from Jurassic to Precambrian. 
Typically the Glance Conglomerate unconformably overlies 
late Paleozoic limestone at one locality, yet only a short dis­
tance away rests directly on Precambrian schist or granite. 
Locally it may overlie limited exposures of Triassic or Jurassic 
volcanic rocks and redbeds or Jurassic granite. The Glance also 
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Figure 7. Distribution of Glance Conglomerate and equivalent rocks in southeastern Arizona. Also shown are the knol'.;n and 
inferred faults associated syntectonically with these fanglomerate deposits. (SR) Santa Rita Mtns., (E) Empire Mtns., (W) Whet­
stone Mtns .. (CH) Canelo Hills, (H) Huachuca /vltns .. (T) Tombstone Hills, (M) /' .. lule Mtns., (D) Dragoon Mtns., (RB) Red Bird Hills. 
(DC) Dos Cabezas Mtns .. (C) Chiricahua Mtns. 

ranges in thickness from less than one to over 1000 m, with 
large variations over short distances. 

Compositionally, the Glance Conglomerate consists of 
poorly sorted and poorly rounded cobble to boulder conglom­
erate and breccia containing clasts of Paleozoic limestone and 
quartzite, Mesozoic volcanic rocks, Jurassic granite and Pre­
cambrian schist and granite. This assortment of clast types 
varies both regionally and within local outcrop areas. Where 
the Glance is thin (1-10 m), it is usually a monomictic con­
glomerate with a clast composition which reflects that of the 
underlying formation. Where relatively thick, it is a polymictic 
conglomerate with vertical variations in clast composition that 
define specific clast assemblages and frequently give the forma­
tion a locally consistent internal stratigraphy. 

These various mappable lithofacies units are named for the 
composition of the most abundant clast type within the spe­
cific assemblage. 'Consequently, limestone, quartzite, volcanic, 
schist and granite-clilst lithofacies are developed as well as 
some distinct lithofacies that contain two or more clast types. 
Locally the boundary between two lithofacies is sharp, 
although a gradational contact is much more common. The 
internal stratigraphy of lithofacies units consistently reflects 
the exposure and erosion of progressively older pre-Cretaceous 
formations within its source areas. The vertical sequence of 
clast assemblages thus presents an inverted stratigraphy of the 
eroded source terrane, typically involving the entire Paleozoic 
section and part of the Precambrian. 

Texturally the Glance Conglomerate is highly variable. Tex­
tures ranging from very poorly sorted, matrix-supported, disor­
ganized conglomerate to relatively well-sorted, though 
bimodal, clast-supported, well-bedded conglomerate are found. 
Typically the matrix-supported conglomerate contains angular 
to subangular clasts with a muddy matrix, is poorly sorted, 
poorly bedded and makes up a major part of the formation 
where it is relatively thick. Large boulders 1 to 2 m across are 
often found scattered throughout the section. Cut-and-fill 
channel structures are also found. Where the Glance Conglom­
erate is thin, the clasts are subrounded and have a clast­
supported, commonly well-ordered fabric. Similar beds are 
frequently interbedded with the matrix-supported conglomer­
ate layers as well as with beds and stringers of sandstone. 

ENVIRONMENT OF DEPOSITION 
The poorly sorted, rather disorganized nature of the matrix· 

supported conglomerate, plus the large boulders, the fine­
grained matrix, and the cut-and-fill channels suggest that these 
are debris-flow deposits. The better sorted, better rounded, 
clast-supported conglomerates with oriented fabric J"e ex­
amples of fl uvial traction-flow deposits (Bull, 1972; ,\ Jlker, 
1975). The intimate association of these two types of deposits, 
along with the thickness variations and lithofacies changes sug­
gest that the Glance Conglomerate was deposited subaerially 
on alluvial fans along actively rising mountain fronts. Paleo-
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flow directions from clast imbrications, channel orientations 
and oriented clast fabrics support this interpretation. 

Glance Conglomerate of the Mule Mountains 
The Glance Conglomerate in the Mule Mountains is prin­

cipally exposed in two broad outcrop bands southeast of Bis­
bee and in one long, thin band to the north (fig. 2). The three 
outcrop areas are restricted to discrete structural blocks separ­
ated by faults and have characteristics unique to the Glance 
Conglomerate of each particular block. The thickness of the 
formation is significantly different on each of the structural 
blocks, and differences in clast composition, subjacent rock 
type and degree of rounding of the clasts are also notable. The 
two essentially west-trending faults that separate these blocks 
are the Dividend fault on the north and the Abrigo-Bisbee­
West fault complex to the south. 

. -... -'. 

The Glance Conglomerate in the Mule Mountains can be 
divided into three gradational lithofacies units, a schist-clast 
facies, a limestone-clast facies and a mixed-clast facies. This 
internal stratigraphy is fully developed only in the southern­
most structural block, while the schist-clast facies is the only 
lithofacies present in the central and northern blocks. 

North of the Dividend fault the Glance Conglomerate un­
conformably overlies either Jurassic Juniper Flat Granite or 
Precambrian Pinal Schist. Nowhere within this northern struc­
tural block is the Glance more than 30 m thick, and locally it 
is absent. Compositionally, all of the Glance Conglomerate in 
this block is classified as sch ist-clast facies even though the 
number of pink granitic clasts is greater than Pinal Schist clasts 
where the formation directly overlies Juniper Flat Granite. 
The clasts are mostly subrounded cobbles and pebbles compos­
ing a clast-supported framework set in a reddish-brown sandy 
matrix. 
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Figure 2. Geologic sketch map of the Mule Mountains (modified from Hayes and Landis, 1964). 
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South of the Dividend fault but north of the Abrigo-Bisbee­
West faults, the Glance Conglomerate increases in thickness to 
100-200 m and unconformably overlies late Paleozoic lime­
stone. All of the Glance Conglomerate in this block also be­
longs to the schist-clast facies even though quartzite clasts 
become abundant in the lower half of the section. At the base 
of the section a thin limestone breccia grades up into schist­
quartzite conglomerate. The Glance Conglomerate here has 
both matrix-supported and clast-supported zones with fre­
quent large schist boulders. 

In the southern structural block, south of the Abrigo-Bisbee­
West faults, the Glance is at least 1000 m thick. This abrupt 
increase in thickness correlates with an increase in the diversity 
of clast types. Here three distinct lithofacies can be delineated. 
At the base of the section where the Glance rests unconform­
ably on late Paleozoic limestone, a limestone-clast facies is 
developed. Minor, though locally abundant, clasts of red silicic 
volcanic rock, dolomite, chert and sandstone are found with the 
subangular to angular limestone clasts in this lithofacies. 
Gradationally above this unit is the mixed-clast facies where 
limestone clasts are of equal significance to quartzite and chert 
clasts. Quartzite clasts are subrounded and are derived primar­
ily from Cambrian Bolsa Quartzite. Limestone and dolomite 
clasts come from a wide variety of Paleozoic formations, with 
cobbles from the Horquilla, Escabrosa and Martin Formations 
especially recognizable. 

The mixed-clast facies grades vertically into schist-clast 
facies which is found in both structural blocks to the north. 
The transition zone is very thick and as is the case in the 
central structural block, there are abundant subrounded quart­
zite clasts present in the lower part of the schist-clast facies. 
Conglomerate beds of the schist-clast facies grade up into and 
interfinger laterally with sandstone and siltstone of the lower 
Morita Formation. 

As shown in Figure 3, the lithofacies changes and the south­
ward increase in thickness of the Glance Conglomerate clearly 
demonstrate that the Dividend fault and the Abrigo-Bisbee­
West fault system were active during the time of Glance depo­
sition. This interpretive cross-section has been greatly simpli­
fied, for reactivation of these faults and initiation of others 
during later Cretaceous and Tertiary deformation has compli­
cated the present structural picture. Bryant and Metz (1966) 
were the first to note that the Dividend fault controlled much 

'---"'",.-, -~ .... 
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Figure 3. Schematic cross-section across the Dividend and 
A brigo-Bisbee- West faults in the southern Mule Mountains 
showing the various lithofacies units within the Glance Con­
glomerate during Early Cretaceous time. (Kgs) Glance schist­
clast lithofacies, (Kgm) Glance mixed-clast lithofacies, (KgI) 
Glance limestone-clast lithofacies, (pz) Paleozoic undifferen­
tiated, (p£p) Precambrian Pinal Schist, (Jg) jurassic juniper 
Flat Granite. 
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of the diversity found in the Glance Conglomerate and re­
ported it to have normal displacement down to the south of 
1500 m. 

Deposition of the Glance Conglomerate was by subaerial 
processes on alluvial fans that were built along the southern 
margin of a fault-block mountain range rising to the north. 
The complete Paleozoic section was eroded from this rising 
fault block and deposited in a subsiding graben-style basin to 

the south. The nature of the Glance Conglomerate and the low 
relief of the pre-Cretaceous unconformity north of the Divi­
dend Fault suggest th at a pedi ment was developed there before 
being covered by finer-grained, fluvial, lower Morita beds. 
Paleoflow data is in accord with this interpretation, showing 
consistent south to southwest flow directions. 

Glance Conglomerate of the Empire Mountains 
In the Empire Mountains the Glance Conglomerate is mainly 

exposed in the northeastern part of the mountain range. 
One outcrop belt runs along the east side of the range and 
another, somewhat less continuous band, across the northern 
side (fig. 4). 'The thickness varies from about 1000 m in north­
ern exposures to less than 1 m or locally absent to the south. 
This gradual thinning southward is accompanied by lateral 
intertonguing of the Glance Conglomerate with overlying Wil­
low Canyon Formation (Morita Formation equivalent). 

Compositionally, the Glance Conglomerate can be separated 
into three lithofacies, a lower limestone-clast facies, a middle, 
transitional mixed-clast facies and an upper granitic-clast 
facies. The limestone-clast conglomerate facies consists of 
clast-supported subangular to subrounded cobbles and 
boulders of limestone, dolomite and minor chert bound in a 
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Figure 4. Geologic sketch map of the Empire Mountains 
(modified from Finnell, 7971). 
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matrix of reddish-brown to gray calcareous sandstone and silt­
stone. Boulders up to 3 m in diameter are common and large 
exotic blocks as much as 300 m long and 60 m wide of late 
Paleozoic limestone are found near the base of the unit. The 
limestone-clast facies ranges in thickness from less than 1 m to 
120 m and rests unconformably upon late Paleozoic limestone 
or local exposures of redbeds of Triassic Gardner Canyon For­
mation or possible Triassic-Jurassic Canelo Hills Volcanics 
mapped by Finnell (1971). 

The mixed~last facies has a rather abrupt lower contact, 
formed by the sudden appearance of appreciable amounts of 
pink to light reddish-brown, angular to subangular Bolsa 
Quartzite fragments set in a matrix of reddish-brown sand­
stone and sandy mudstone. In the middle and upper sections 
of this facies granitic clasts become increasingly abundant. In 
general this mixed-clast facies is a quartzite-granite-limestone 
clast conglomerate and grades up into granitic~last facies. 

The granitic-clast lithofacies is restricted to the most north­
eastern section of the main outcrop area and scattered expo­
sures of Glance Conglomerate further north. This facies rests 
either on the mixed-clast facies or unconformably on Precam­
brian granitic rocks. The lower part of this unit, where it 
overlies the mixed-clast facies, is gradational from a quartzite­
granite clast conglomerate to a pure granitic-clast conglom­
erate composed primarily of Precambrian gneissic quartz 
diorite clasts set in a greenish-gray arkosic matrix. Where the 
granitic~lastic facies rests on Precambrian basement rocks, the 
composition is entirely Precambrian granitic fragments. The 
thickness of this facies ranges from 1 m to over 500 m. 

These relationships are shown on the interpretive cross­
section in Figure 5. Much local structural complexity has been 
simplified on this cross-section. Note that the geometry, in­
ferred tectonic movements and syntectonic nature of the 
Glance Conglomerate are strikingly similar to that found in the 
Mule Mountains (fig. 3), The entire Paleozoic section, 2000 m 
of sedimentary rock, has been eroded off an uplifted northern 
block and the detritus deposited on alluvial fans and in a 
clastic basin to the south. Paleoflow determinations support 
this model, with consistent south to southwest flow directions. 
The intertonguing nature of the Glance Conglomerate and the 
basinal sandstones and siltstones of the Willow Canyon Forma­
tion suggest that normal faulting was active during most of 
the time of Willow Canyon (Morita equivalent) deposition. In 
the Mule Mountains, exposures suggest that normal faulting 
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Figure 5. Schematic cross-section of the Empire Mountains in 
Early Cretaceous time showing Glance Conglomerate stratig­
raphy and syntectonic relationships. Note similiaritfes with 
Mule Mountains (fig. 3). (Kb) Bisbee Group, (Kgg) Glance 
granite-clast lithofacies, (Kgm) Glance mixed-clast lithofacies, 
(Kg/) Glance limestone-clast lithofacies, (j T) Jurassic- Triassic 
redbeds, (pz) Paleozoic undifferentiated, (p£p) Precambrian 
granite and schists, (e) exotic landslide blocks of late Paleozoic 
limestone. 
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had ceased by that time, but the relationship between the 
Morita Formation and the Glance Conglomerate farther south 
is not known. 

REGIONAL TECTONIC IMPLICATIONS 
Regional studies of the Glance Conglomerate imply that 

similar depositional environments and syntectonic relation­
ships as those found in the Mule and Empire mountains 
existed throughout southeastern Arizona during the Lower 
Cretaceous. The nature and contact relationships of the expo­
sures of Lower Cretaceous fanglomerate in the Huachuca, 
Santa Rita, Dragoon, Dos Cabezas and Chiricahua mountains 
and in the Red Bird and Gunnison Hills suggest that the faults 
shown in Figure 1 were active during early Early Cretaceous 
time. Many of these faults are not exposed at present but are 
inferred to exist beneath Cenozoic cover in the approximate 
locations and orientations shown. Note that some of the in­
ferred fault scarps faced to the northeast, whereas those re­
lated to the Glance Conglomerate exposures in the Mule and 
Empire mountains faced to the south-southwest. Source ter­
ranes to the southwest included exposures of Mesozoic vol­
canic'rocks that gave rise to volcanic-bearing clast suites in 
some Glance and correlative conglomerates of the Huachuca, 
Santa Rita and Dos Cabezas mountains. 

The regional pattern of Early Cretaceous faults suggests that 
southeastern Arizona was undergoing extensive vertical tec­
tonic movements along northwest- and west-trending normal 
faults. Rotation of the fault blocks (shown in Figure 3) and 
comparison with other block-faulted regions indicate that this 
was also a zone of regional northeast-southwest extension. 
This zone of middle Mesozoic extensional deformation and 
syntectonic deposition extended south and southeast into 
Mexico to merge with the northwest-trending Chihuah ua 
Trough, a major Mesozoic marine basin (Taliaferro, 1933; 
Imlay, 1939, 1944; Hayes, 1970b; Cordoba and others, 1971 ; 
Greenwood and others, 1977). The position, timing and extent 
of this episode of continental rifting indicates that it was a 
major event in the Mesozoic evolutionary development of the 
southern Cordillera. 
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ROAD LOGS 

and 

DISCUSSIONS 



ITINERARY FOR SOUTHEAST ARIZONA LEG 

Sunday, March 29, 1981. 

Leaders: Stanley B. Keith and 
William L. Bilodeau 

12:00-12:30 Cross the USA/Mexican border at Douglas, Arizona. 

12:40-13:05 Stop 1: Biohermal buildup in the Mural Limestone. 

13:10-13:50 Stop 2: Structure and Tectonics of the southern Mule 
Mountains. 

14:00-14:30 Stop 3: Limestone facies of Glance Conglomerate. 

14:45-15:00 Stop 4: Pinal Schist facies of Glance Conglomerate and 
intertonguing relationships of Glance Conglomerate 
and Morita. 

15:10-15:30 Stop 5: Basal contact of the Glance Conglomerate. 

15:35-16:10 Stop 6: Morita-Mural section. 

16:15-16:30 Stop 7: Lavendar Pit overlook: overview of Jurassic-age 
porphyry copper mineralization and Dividend fault. 

16:40-17:00 Stop 8: Extension of Dividend fault structure to the north­
western Mule Mountains. 

17:15-17:40 Stop 9: Stratigraphy and structure of Government ~'Jtte. 

18:00 Arrive in Tombstone. Accommodations for the evening will 
be at the LOOKOUT LODGE. 

19:00 Dinner at Wagonwheel restaurant in Tombstone. 

Monday, March 30, 1981. 

08:00 Depart from Tombstone. 

08:10-08:40 Stop 1: Laramide silver mineralization and polyphase 
fault movements at the Prompter Mine. 

09:20-10:20 Stop 2: Laramide deformation and tectonics of the 
Huachua Mountains. 

11 :10-12:10 Stop 3: Eolian sandstones of the Mt. Wrightson Formation. 
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12:10-12:40 Lunch. 

12:40-13:20 Stop 4: Conglomerates of the Temporal Formation 
(Glance equivalent). 

13:25-14:10 Stop 5: Conglomerates of the late Cretaceous Fort 
Crittenden Formation. 

14:45-15:15 Stop 6: Salero (late Cretaceous volcaniclastic unit) -
Bisbee Group contact and tectonics of the northern 
Empire Mountains. 

15:20-16:10 Stop 7: Glance conglomerate and Mesozoic redbeds in the 
northern Empire Mountains. 

17:00 Arrive in Tucson. 
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DAY 2 (AFTERNOON) 

ROADLOGS FROM DOUGLAS TO 

TOMBSTONE,ARIZONA 



Milepost 

365 

364.6 

364.3 

362 

359 

Milepost 365. Phelps Dodge Corporation's Douglas was founded in 1901 and 
named for the mining engineer, Dr. James Douglas, who established a 
smelter here for the Bisbee ores. This smelter was actually blown in by 
the Calumet and Arizona Company in November, 1902. The Copper Queen 
smelter of Phelps Dodge was located at 9:00 where the old power house 
and general offices are visible. Although construction was begun before 
the C & A, the Copper Queen smelter was blown iri during March, 1904. By 
1906, its new 250-ft. smokestack was the tallest in the world. The 
C & A rebuilt and enlarged their smelter in 1913. It is the one now 
operating. The two companies merged in 1931. The red and white tower 
to the right and others scattered around Douglas are air quality 
monitoring stations. 

In 19l5~ Agua Prieta~ just across the Mexican border from Douglas 
was the scene of a major battle of the Mexican Revolution. l2~OOO 
troops under the command of Pancho Villa attacked a 6~OOO strong force 
of Federales. Villa was repulsed after two days of heavy fighting and 
aerial bombardment (Barnes~ 1960). 

0.4 
U.S. 666 to Willcox on right. Continue straight ahead on U.S. 80. 
Sierra de los Ajos at 11 :00; Mule Mountains at 12:00; Dragoon Mountains 
at 1 :30; Swisshelm Mountains at 3:00; and Pedregosa Mountains at 4:00. 

0.3 
Bridge over Whitewater Draw, which drains south to Rio San Bernardino 
and the Gulf of California via the Rio Yaqui. Because of its ample 
supply of water in 1900, it was selected as the site for the Douglas 
smelter. 

About 8 mi. up Whitewater Draw are important Cochise culture sites 
dated at about 5,000 years B.P. (before present). The Cochise culture 
(nothing to do with the Apache chief) has been dated by Carbon14 methods 
from 2,000 to 6,000 years B.P. The people were pre-ceramic and sub­
sisted by hunting and gathering. They are intermediate between the 
Early Mah big-game hunters of the Pleistocene and the much more recent 
pueblo pottery makers of the southwest. Sites are characterized by 
dart points and stone grinding implements (Maylor, pers. comm.). 

2.3 
Prominent inclined hogback cliffs (9:00) in Sierra de los Ajos are of 
Mural Limestone which thickens southward in Mexico. 

3.0 
San Jose Peak at 10:30, Mule Mountains at 1 :00, southern Dragoons at 
2:00, Dos Cabezas in distance at 3!00, and Swisshelms at 3:30. The 
southern boundary of the Swisshelm Mountains is at Leslie Canyon,which 
separates the Swisshelms from a prominent east-west trending ridge in the 
Pedregosa Mountains. The Castle Dome thrust of Epis (1956) was extended 
by Cooper (1959) northwestward along the western base of the Swisshelms. 
Much of the Swisshelm Mountains is mapped as a large recumbent syncline 
overturned towards the west-southwest. This syncline has been trun­
cated by a number of east-to northeast-dipping, high-angle, reverse­
separation faults, which place Precambrian granite and Bolsa Quartzite 
over the Bisbee Group in the northern part of the range. In the 
southwest limb of the overturned fold, east-dipping Upper Paleozoic 
rocks and Bisbee Group are intruded by the Oligocene (20.9 to 34 m.y.) 

33 



358.1 

355 

354.8 
Begin cumulative 
mileage. 

0.6 

Elfrida stock. (Marvin et al, 1978; Shafiqullah et al., 1978). The 
overall geometry of Laramide structures in the Swisshelm Mountains 
suggest southwest-directed tectonic transport. Drewes (1976a) placed 
most of the Swisshelms in the upper plate of the Cochise plate above 
the north-east-dipping thrust faults just described. The Swisshelms 
are then a klippe of the main Cochise plate farther west. 

0.9 \ 
Cochise College on right. t1 \~J . . :\ 

1 .7 
Paul Spur road on left. Paul Spur cement 
The quarry for metallurgical grade 11 of 
the Bisbee Group. 

A oement plant and small oommunity are looated at this plaoe on the 
railroad where there is also a seotion house. It was so named for 
Alfred Paul~ Sr. (b. Germany~ l878)~ who oame to Arizona in l885. Paul 
helped layout the site of Douglas. The faot that the Calumet and 
Arizona Mining Company was using the flotation prooess to extraot 
oopper led to Paul's putting in a lime kiln at this plaoe after 19l4 
beoause lime was needed to neutralize aoid in the ore. Currently this 
plaoe is produoing oement~ 

P.O. est. July 24~ 1930. Bert Whitehead~ p.m. Disoont. May 2~ 1958 
(Barnes~ 1960). 

About 13 mi due north of here an oil test (Allen #1 Davis well) 
was drilled in Sulphur Springs Valley. The hole penetrated 2,710 ft. 
of fine-grained, gypsiferous, lacustrine sediments and interbedded . 
coarser alluvium of Plio-Pleistocene age. The hole continued through 
Miocene(?) volcanics consisting mostly of rhyolite and bottomed in 
andesite porphyry at 5,400 ft (Peirce and Scurlock, 1972). 

1.4 
Slow down for left turn onto Gold Hill road at the truck crossing sign 
ahead. 

0.2 

34 

Turn left on Gold Hill road and cross cattleguard. This road becomes a Gold 
tine road for the Phelps Dodge power line. Mural Limestone caps spurs 
to the right and left. 

0.6 
Curve to r~ght under power iine. 



Pullover and park along road for STOP 1. 

STOP 1: CORAL-ALGAL-RUDIST BIOHERM IN THE MURAL LIMESTONE 

Exposed in the bluff north of Gold Hill road is a spectacular patch 
reef composed mainly of corals and stromatolites. These phenomena 
are commonly well developed in the Lower Cretaceous Mural Limestone 
of southeastern Arizona. The Mural carbonate section has been ex­
tensively studied by Scott (1979) who has subdivided the Mural into 
several mappable facies and microfacies. According to Scott, the 
mappable facies are sequences of beds, each characterized by a pre­
dominant lithology and set of carbonate microfacies. The sequences 
are named on the basis of the textural classes of Dunham (1962) modi­
fied by the two or three most abundant allochems. Regional strati­
graphic relations of the facies are shown in Figure 4. Five deposi­
tional environments have been interpreted by analysis of facies and 
stratigraphic relations. The material below is taken from Scott (1979). 

The patch reef we are looking at is an outstanding example of the 
coral-rudist fragment facies. The coral-rudist fragment facies 
represents the reef-fl an k envi ronment (Fi g. 9 ). Th i s fac i es, whi ch 
is present around the margins of the reef-core facies, consists of 
abundant rounded, micritized grains of corals and rudists. Texturally, 
these rocks are grainstones and- packstones. The outcrop expression 
is thin-bedded to massive, light to medium-gray limestone 7 to 10 m 
thick with a few intercalated thin shaly breaks. Generally, fossil 
grains are sand to granule size, subangular to subrounded, subparallel 
with bedding but not distributed into laminae. Some beds, however, 
are graded in a fine to coarse to fine sequence or in a coarsening­
upward succession. 

The matrix of most thin sections is micrite with patches of 
secondary spar. Major allochems are rudistid fragments' and other 
mollusks, Opoito Zina , and coral fragments. Most grain margins are 
either micritized or encrusted by a structureless micrite layer about 
0.04 mm thick. Some sand~size grains are totally micritized. Sand 
to gravel-sized grains of recrystallized spar are common in most 
samples; these probably are altered coral and caprinid fragments. 
Other fossils are the skeletal red alga, PemocaZcuZus .. calcispheres, 
benthic forams, bryozoans, brachiopods, ostracods, echinoids, ser­
pulids, and tintinnids. 

This facies indicates energy conditions capable of moving and 
abrading shell fragments. Breakage probably was accomplished mainly 
by biologic activity. The micrite matrix suggests a high rate of 
production of fine material by algae, borers, grazers, and predators. 
No megafossils are preserved in place, and many of the forams have 
been current oriented. Perhaps orbitolinids lived on or near the 
substrate where encrusting blue-green algae coated grains and some 
branching green algae lived. Generally, the substrate was mobile. 
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The area where this facies grades directly into the inner reef core 
(Fig. q ) is probably the side of highest energy. However, the area 
where the outer core rudist community is well developed is probably 
a lee side of the reef. Because no complete reefs are known, the 
value of these relations as current indicators cannot be assessed. 

The coral-rudist fragment facies also grades into the mollusk­
miliolid-orbitolinid facies by a decrease in the abundance of large 
bioclasts and an increase in abundance of peloids and benthic forams 
(Fig.9 ). These gradational relations indicate that these three 
facies were deposited in proximity to each other. Locally in this 
facies the Petalodontia shells may not be far from where they lived 
and may represent a petalodontid bioherm. 

Return to cars and continue westward along Gold Hill road. 

2.8 
3.4 Road on right to sand and gravel operation in wash. 

0.2 
3.6 Ridge on right is capped by an allochthonous block of Horquilla Lime­

stone and Glance Conglomerate resting on Mural Limestone. The fault 
surface separating upper and lower plate rocks dips gently east and 
is marked by a vegetation line which runs diagonally down the hill 
from the left to the right. Observe the highly fractured nature of 
Horquilla Limestone and V-shaped graben structures in the upper plate. 

0.3 
3.9 Clastic section below Mural Limestone in hills to right and left is 

Morita Formation of Bisbee Group. Road bears left around the hill 
ahead and services a flux quarry in a quartzite unit of the Morita 
Formation. 
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0.3 
4.2 A rather obscure turnoff on the right leads through a gully and is the 

continuation of the Gold Hill service road for the Phelps Dodge power 
line. This road (for field vehicles) continues west for about 5 mi to 
a junction with the paved Warren road, which connects northward to 
U.S. 80. 

0.3 
4.5 STOP 2. After parking climb low hill to southeast. 

GEOLOGY OF SOUTHEASTERN MULE MOUNTAINS 
William L. Bilodeau and Stanley B. Keith 

Introduction. Objectives of this stop include: (1) observation of 
rocks in the Lower Cretaceous (Aptian) Morita Formation of the Bisbee 
Group, (2) discussion of tectonic significance of Glance Conglomerate 
in its type locality, and (3) development of structural evolution of 
Gold Hill reverse fault and the allochthon to the northeast. 

Orientation. From top of the ridge south of the parking area the 
Mule Mountains extend 15 to 20 mi northwest. To the south, the 
Mexican border is 3.5mi away just beyond the Southern Pacific 
Railroad tracks. San Jose Peak- is 15 mi southwest in northern Sonora, 
Mexico. Ten miles west-northwest are the Naco Hills, and 5 mi west 
are the leveed tailing ponds from the Phelps Dodge Lavender Pit copper 
mine. The pit is located 3 mi north of the tailings pond. Bisbee 
is one mile northwest of the pit or 7 mi northwest of Stop 3. 

Geology. This hill is composed chiefly of quartzite, sandstone, shale 
and siltstone in the Morita Formation. The quartzite here was of suffi­
cient metallurgical grade to be used as flux at the Douglas smelter. 
Surface talus was screened and the plus 8-inch size contained mostly 
pure quartzite with most of the alumina removed by weathering. This 
surface silica lI enrichment ll dissipated quickly with depth, as did the 
flux operation. 

To the south and west the 10 mi 2, broad, pedimented expanse is 
the type locality of the Lower Cretaceous Glance Conglomerate 
(Ransome 1904). The name was derived from Glance, a station on the 
now long-abandoned El Paso and Southwest Railroad. The railroad 
paralleled the present Gold Hill road. Glance Station was on 
Glance Creek at the northern foot of this hill. The Glance 
Conglomerate is a poorly sorted, limestone, schist and quartzite 
conglomerate deposited on alluvial fans bordering an Early Cretceous, 
fault-block mountain range. 

In the type area Bilodeau (Bilodeau, 1978) has mapped two facies 
of Glance Conglomerate, a Precambrian Pinal Schist-clast facies 
and a Paleozoic limestone-clast facies. The Pinal Schist-clast 
facies forms the reddish-brown ledge that caps the low hills which 
include the Glance mine to the southwest. It also crops out in 
low ridges farther to the southwest in the middle distance. Light­
gray, lime stone-clast conglomerate facies generally underlies Pinal 
Schist-clast facies in the lower slopes of the hills, south of Gold 
Hill and between the Pinal Schist-facies hills in the middle distance. 
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Mapping of these facies in the Glance Conglomerate by Bilodeau led 
to the discovery of a large, previously unmapped, northwest-striking, 
southwest-dipping, reverse fault with at least 1,500 ft. of strati­
graphic throw. The higher, Pinal Schist-clast facies of Glance 
Conglomerate crops out on the downthrown block. In the upthrown 
block closer to our view the limestone conglomerate facies probably 
veneers Horquilla Limestone. 

South of Gold Hill, Glance Conglomerate and Morita Formation are 
in fault contact with a steeply dipping, west-northwest-striking 
fault which may connect with the Abrigo and Escabrosa faults farther 
west in the northern Naco Hills. The Naco Hills are the locality 
for Ransome's Naco formation which was later elevated to group status 
by Gilluly and co-workers (1954). The intervening area is concealed 
by Plio-Pleistocene alluvium. According to Bilodeau vertical movement 
on the west-northwest trending Abrigo and Dividend faults brought 
the north blocks up in Early Cretaceous time and induced basinward 
transport of clastic debris on so"uthward-sloping alluvial fans. The 
Pinal Schist-clast facies overlying the limestone-clast facies rep­
resents erosional unroofing of the Paleozoic section and the exposure 
of underlying Precambrian Pinal Schist in the block north of the 
Dividend fault. An Early Cretaceous sea then transgressed and marine 
conditions prevailed during deposition of the Mural Limestone. 

Laramide structural development. Following retreat of the "Bisbee 
sea," the fold-thrust tectonics of the Laramide orogeny began in 
Late Cretaceous to Tertiary time. The Laramide orogeny is actually 
several tectonic episodes, some of which are not classic Laramide 
but which in southeast Arizona are of late Sevier age. Drewes (1978) 
has recently grouped all of these orogenies as phases under the term 
Cordilleran orogeny. 

Laramide deformation at Stop 3 is manifested by the Gold Hill 
reverse fault first recognized by Ransome (1904). Upper plate 
rocks consist of Paleozoic strata in the unnamed hill one mile to 
the northwest. The southern base of this hill as mapped by Hayes 
and Landis (1964) contains light-brown, slope-forming, aphanitic 
dolomites of the Martin Formation. These are overlain by ledges 
of light-to medium-bluish-gray, predominantly massive, crinodal 
lime stones in the Escabrosa Limestone. The top of the hill is 
capped by alternating ribs of fusulinid-bearing carbonates and 
slope-forming, pinkish beds of shale and siltstone of the Horquilla 
Limestone. This sequence of Paleozoic rocks is truncated by the 
moderately to gently inclined, Gold Hill reverse fault, which 
appears as a conspicous vegetated line at the base of the gray­
toned, allochthonous Paleozoics. Below the fault line are 
steeply upturned, northeast-dipping beds of Morita Formation on 
trend with those on which we stand. The reverse fault crosses 
Glance Creek, steepens in dip and continues southeast between us 
and the Glance Conglomerate to the south. To the northwest the 
Gold Hill reverse fault follows the topography behind the unnamed 
hill, suggesting a lower angle. To the right of Black Knob, 
northeast-dipping beds of Mural Limestone overlie Morita Formation. 
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Resting on the Mural is a curious and controversial allochthonous 
block of Horquilla Limeston~ overlain depositionally by Glance, which 
was originally mapped by Ransome (1904) and later by Hayes and Landis 
(1964). The low-angle fault which separates the allochthonous Paleozoic 
and Glance block from the underlying Mural Limestone is marked by a 
conspicuous vegetation line. Note the ·V· shaped graben structures 
initially emphasized by Jones (1966), although they are clearly shown 
in a photograph in Ransome (1904). 

These geometric relations have intrigued geologists for years and 
every published opinion differs. Ransome (1904) originally suggested 
the Gold Hill reverse fault was an overthrust to the east and that 
the allochthonous 5locK was part of an overthrust toth.e wes.t, with 
the Gold Hill fault flattenlng with depth. Ransome viewed the . 
allochthonous block as an overthrust klippe, Hayes and Landis (19.641 
agreed with Ransome that overthrusting was important but disagreed 
on transport direction. Hayes and Landis suggested that the 
allochthonous outlier is a thrust klippe emplaced from the west and 
inferred that it was once continuous with the Gold 'Hill reverse fault. 
As such, the Gold Hill reverse fault has been broadly. arched. Whether 
the arching was during or after the overthrust is not clear. Hayes 
and Landis flattened the Gold Hill reverse fault to the west. 

Jones (1963, 1966) presented a different interpretation. For Jones 
the Gold Hill fault was formed by differential vertical uplift, not 
horizontal compression. Consequently the Gold Hill reverse fault is 
postulated to be fanlike and to steepen with depth; the Paleozoic 
rocks in the upper plate thus represent a vertically uplifted anti­
clinal arch. During uplift of the arch a piece of the Paleozoic 
rocks and overlying Glance Conglomerate broke loose and slid down an 
eastward-inclined paleoslope. Jones believed the enigmatic allochthon 
was a slide block emplaced from the west off a vertically uplifted 
Paleozoic arch. He concluded that neither Gold Hill nor the Glance 
overthrusts reported by previous workers demonstrate significant 
Laramide compression in the Mule Mountains. 

A fourth interpretation is possible, in light of the following 
observations: 

(1) The ·V·-shaped graben structures within the allochthonous 
block suggest the block was in extension during its emplacement 
(assuming the grabens were formed during emplacement of the block), 
as predicted by the slide block interpretation of Jones. Assuming 
that II slides·· do not move upslope, it is reasonable to II slide·· the 
block eastward down a paleoslope. 

(2) The presence of Glance Conglomerate in the overlying plate 
of the outlier suggests the Glance tract to the west was a likely 
source for the klippe and restricts horizontal movement to no more 
than 2 mi. 
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(3) Dips on the Gold Hill reverse fault suggest shortening, which 
is consistent with compression. Shortening (as evidenced by the distri­
bution of Glance Conglomerate) was no more than 2 mi and perhaps only 
1 mi. 
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(4) Low dips along the Gold Hill overthrust occur at the northeast 
corner of the Glance Conglomerate block to the southwest. Extending west­
northwest from Gold Hill is the probable continuation of the Abrigo­
Escabrosa fault system. Extending southeast from Stop 3 is the probable 
higher angle segment of the Gold Hill reverse fault. So geometric and 
kinematic connection between. these faults is strongly immp1ied. 

(5) The Abrigo-Escabrosa fault system has demonstrable Early 
Cretaceous movement (Bilodeau, 1978) and thus was a pre-existing 
basement flaw available for reactivation by subsequent structural 
development. 

Thi s i nterpretati on suggests that II Larami dell east-northeast 
compression formed the Gold Hill reverse fault at the northeast 
corner of the Glance block to the west. This compression initiated 
recurrent left-slip on the pre-existing Abrigo-Escabrosa fault system. 
The straight, northwest-striking, high-angle part of the Gold Hill 
reverse fault broke normal to the direction of compression, as would 
be expected in an isotropic rock undergoing triaxial stress. Pro­
gressive deformation forced the northeast corner of the Glance block 
to overthrust adjacent Lower Cretaceous strata producing a topographic 
welt. Subsequently parts of the leading edge became unstable and the 
enigmatic allochthon broke loose and slid eastward down an east­
facing pa1eos1ope of the topographic welt. Continued deformation 
caused the deep-seated Abrigo fault to break eastward, resulting in 
the fault-slice aspect of the Gold Hill area. Movement on the high­
angle part of the Gold Hill reverse fault was by reverse slip 
throughout this deformation. 

Thus the Gold Hill reverse fault maintains its high angle to 
depth and does not steepen or flatten. The low-angle part of the 
Gold Hill reverse fault. near Gold Hill was rooted in the high-angle 
Abrigo fault prior to its truncation by continued left-slip movement 
on the Abrigo fault during the waning stages of deformation. 

Return to cars and proceed to obscure turnoff (see mileage entry 4.2) 



0.3 
4.8 Make sharp left onto dirt road. Outcrops along road after it ascends 

onto terrace north of the gully are of Morita Formation. 
0.5 " 

5.2 Somewhere near here the road crosses the trace of the Gold Hill thrust 
fault. Prospect pit on hillslope north of the road is in Devonian 
Martin Formation. Outcrops ahead will be of Martin Formation. 

0.1 
5.3 Gate. Glance Hill and Mine are at 9:00. Gold Hill is at 1 :00. Road 

ahead traveses pediment capped be veneer aravels that rest on the 
limestone clast facies of Glance Conglomerate. In Glance Hill the mixed 

"facjes jJ~gge-forl1lers ~on to~ of hi 11 r Qve-r-l fes-sl ope-formi ng "1 i gnter­
colored 1 ime-sto-neilis"Cfacies-Glance Conglomerate-~at-fhe-boTtorri ortne 
hi 11 • 

0.8 
6.1 Firt Road on right. Turn right. 

0.2 
6.3 Park vehicles for STOP 3. 

STOP 3: LIMESTONE CLAST FACIES OF GLANCE CONGLOMERATE 
Hike about 60 m to the west where the lower limestone-clast member of 
the Glance Conglomerate is well exposed. Here the Glance is a poorly­
sorted cobble to boulder conglomerate composed predominantly of 
late Paleozoic limestone clasts, 65%, lesser amounts of purplish-red 
volcanic clasts, 25%, with the remaining 10% made up of chert, quartz 
and sandstone clasts. The presence of volcanic clasts of cobble to 
boulder size in the Galnce suggests that earlier Mesozoic volcanic 
rocks were present in the Mule Mountains area but have subsequently 
been removed by erosion. The Glance Conglonmerate in the Mule Mountains 
rests unconformably on either Precambrian P;I,ma." Schist, late Paleozoic 
limestones or Jurassic granite. No known M~;sbzoic volcanic rocks are 
exposed in the Mule Mountains. 

Also well exposed at this locality are the two primary types of 
internal conglomerate fabric -- matrix-supported and clast-supported 
fabric. The matrix-supported conglomerate was deposited by debris flow 
processes and the clast-supported conglomerate by fluvial processes. 
Cobble imbrications at this locality show south-directed paleoflow. 

Return to vehicles and proceed back to the main dirt road and turn 
right (west). 

0.2 
6.5 Turn right (west) onto Gold Hill road. 

0.5 
7.0 Road on left provides access to well exposed Pinal Schist clast facies 

of Glance conglomerate. At 8:00 one can observe a northwest-trending 
color break between light bluish white outcrops of limestone clast 
facies Glance Conglomerate and reddish-brown Pinal Schist facies of 
Glance Conglomerate. ' This color break marks the trace of a northwest­
striking, southwest dipping high angle reverse fault named the Glance 
fault by Bilodeau (1979). The Glance fault juxtaposes the upper 
mixed-clast Glance Conglomerate member containing schist, quartzite 
and limestone clasts and a drak red matrix with the lower limestone-dark 
clast member containing over 90% light gray limestone clasts and light 
pink matrix. 
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To the northwest Gold Hill is now in good view at 1 :00. Accord­
ing to the mapping of Hayes and Landis. (1964) the cliff-former that 
caps Gold Hill is comprised of Permian-age Colina Limestone Under­
lain by stope-forming Pennsylvanian Permian age Earp Formation. 
The lower ledge-Paleozoic section is separated from the Glance Con­
glomerate at the base of Gold Hill by a high-angle fault. This 
fault marks the eastern extension of the WNW-striking Abrigo fault 
system that may be traced for several miles west along the southern 
edge of the Mule Mountains. The Gold Hill thrust fault is exposed 
on the north side of Gold Hill out of view and places the Paleozoic 
section in view on Gold Hill over Glance Conglomerate. Refer to 
STOP 2 discussion for tectonic interpretation. 

0.3 
7.3 ROad crosses the northwest-striking reverse fault mentioned above. 

1.1 
8.4 Road enters small wash. Park vehicles for STOP 4. 

8.5 

8.8 

STOP 4: PINAL SCHIST CLAST FACIES OF GLANCE CONGLOMERATE AND 
INTERTONGUING RELATIONSHIPS OF GLANCE CONGLOMERATE AND MORITA 
FORMATION 
Pinal Schist clast facies of Glance Conglomerate is reasonably well­
exposed in small gullies north of the road. Also, the intertonguing 
contact of Glance Conglomerate lithologies with Morita-like lithologies 
is well demonstrated. 

The Pinal Schist-clast conglomerate is poorly sorted, poorly to 
fairly well bedded, mostly clast-supported with a matrix of dark 
brownish red to maroon silt and sand and frequent small lenses of maroon 
siltstone and sandstone. Occasional matrix-supported zones help delin­
eate bedding attitudes (Fig. 8). The clasts are subrounded to rounded 
pebbles, cobbles, and occasional boulders, with few clasts over 25 cm 
in diameter. The clast size decreases upward until the average size 
is in the range of 3-5 cm near the upper contact with the Morita 
Formation. Dark maroon sandstones, siltstones, and shales are inter­
bedded with pebble beds as this gradational contact is reached. 

Compositionally, the Pinal Schist-clast conglomerate member con­
tains 80-90% schist clasts, with 5-10% quartzite, and the rest being 
granite, limestone, chert, and vein quartz. Granitic clasts are 
mostly found in the highest level and thus westernmost outcrops of 
the schist-clast conglomerate in the western half of the southern 
structural block (refer to Bilodeau paper). The eastern block, 
between the Glance fault and the Gold Hill fault, contains only a 
limited capping of transition zone mixed-clast to schist-clast con­
glomerate. The schist-clast conglomerate member of the Glance has 
been removed from this block by uplift and erosion. 

Return to cars and 
0.1 

Road intersection. 
0.3 

Road intersection. 
road. Once on the 

continue west on Gold Hill road. 

Bear left onto well-graded dirt road. 

Turn right (west) onto excellently graded dirt 
road, the town of Don Luis and the southwest end 
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of Escabrosa ridge will be in a good view at 11 :00. Mill tailings 
ponds from the Bisbee porphyry copper deposit are at 10:00 to 11 :00 
with the town of Naco backed by San Jose Peak at 9:00. The Huachuca 
Mountains are on the far skyline at 11 :00. 

1.1 
9.9 Intersection with paved road. Turn right (north) and proceed through 

Black Gap into Warren. Black Gap is a topographic notch in a west­
northwest-trending ridge of noith-northeast dipping Paleozoic rocks 
in the central block north of the Abrigo fault system (see Bilodeau 
paper for structural terminology). Cambrian age Abrigo Formation is 
present in the lower southern slopes of the ridge. Devonian age­
Martin Formation occupies ridgecrest east of Black Gap whereas Missis­
sippian age Escabrasa Limestone underlies the northern flank of the 
ridge east of Black Gap and the ridgecrest of the ridge west of Black 
Gap. 

Once Warren is entered a good view of the entire Bisbee Group 
section may be seen above the tailings dump north of Warren. 

1.6 
11.5 Reservoir on right. Pullover to the side of the road and park for 

STOP 5. 

STOP 5: BASAL CONTACT OF THE GLANCE CONGLOMERATE 
At Stop 5 we will observe the Glance Conglomerate of the central 
structural block unconformably resting on the Permian Colina Limestone. 
Topographic relief on this unconformity is on the order of 100 m and 
has resulted in the onlapping of Glance Conglomerate up the sides of 
paleohills of Permian age Colina Linestone so that the thickness of 
the Glance ranges from over 200 m to just 20 m over the tops of these 
buried hills. Notice that the Glance here is a dark purplish-red, 
cobble to boulder conglomerate with angular to subrounded clasts of 
Precambrian schist, Cambrian quartzite and minor amounts of Paleozoic 
limestone (mixed clast facies of Bilodeau, 1979). 

This stop also presents an excellent view of the rest of the Bisbee 
Group strata, the Morita, Mural and Cintura Formations, north of the 
Dividend Fault, a major west-northwest-trending fault one km north of 
Stop 5. The Glance Conglomerate that underlies these strata on the 
northern structural block is a schist-clast conglomerate, is nowhere 
more than 30 m thick and is locally absent. The Glance also uncon­
formably. overlies only Precambrian Pinal Schist or Jurassic Juniper 
Flat Granite with the entire Paleozoic section removed by erosion. 
The missing Paleozoic rocks make up the clasts in the Glance on the 
central and southern structural blocks, showing an inverted strati­
graphy that record uplift and erosion, during Glance time lprobably 
early Cretaceous). 

Return to cars and continue north on Arizona Street. 
0.3 

11.8 Intersection with U.S. 80. 
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:nd of cumulative Turn Right onto U.S. 80 and continue east. The Bisbee Group section) 
ni1eage. Return well exposed in roadcuts ahead for 2 mi,is the most accessible complete 
to milepost format Bisbee Group section in southeastern Arizona. 

The Bisbee Group, named for the city of Bisbee in the Mule Mountains, 
is divided, in ascending orde~ into the Glance Conglomerate, Morita 
Formation (mainly pinkish-gray sandstone, siltstone and mudstone), 
Mural Limestone and Cintura Formation (similar to r·10rita) all of which 
have type sections in the Mule Mountains (Hayes and Drewes, 1978). 

The paleontological date of the Bisbee Group is based on fossils 
collected from the upper part of the Morita Formation and the Mural 
Limestone. The Aptian-Albian boundary is contained in the lower Mural 
Limestone based on these fossils. Extrapolating from sedimentation 
rates using this fossil datum and the latest radiometric calibration 
with the Cretaceous ammonite time scale for North America of Obradovich 
and Cobban (1975), the age of the Bisbee Group from Morita through 
Cintura Formation is at least 94 m.y. old. This provides an important 
maximum age for the timing of subsequent Late Cretaceous and Laramide 
tectonic events. 

1.1 
346.5 Turnout on right. Pullover and park for STOP 6. 

STOP 6: MORITA-MURAL SECTION OF BISBEE GROUP AND DIVIDEND MONOCLINE 
The Stop 6 roadcut section of the central Bisbee Group rocks provides 
excellent exposures of the upper Morita Formation through the lower 
member of the Mural Limestone. The strata here dip nearly vertical 
and comprise the steep limb of a west-northwest trending monocline on 
trend with the Dividend Fault to the west. The monocline signifies 
reactivation of the Dividend Fault in post-Bisbee (probably Laramide) 
time. Bedding plane surfaces in the middle limb of the monocline dis­
play two sets of bedding plane slickensides. One set plunges steeply 
down dip and may record motion associated directly with formation of 
the monoline. In this view the monocline is a drape fold over the 
eastward projection of the Dividend fault. In early Laramide time 
reverse motion on the Dividen fault (south block up) in response to 
north-northeast-trending compression produced the folding. The steep­
plunging slickensides record the line or azimuth of the compression. 
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A second set of slickensides plunges shallowly southeast and indicates 
a strong component of lateral motion. Possibly this motion is associated 
with a second episode of motion on the Dividend fault in Laramide time 
that featured a significant amount of left separation. This movement 
would correspond to similar left slip movements pastulated for the 
Abrigo fault system that ultimately produced the Gold Hill thrust 
structure (see Stop 2 discussion). Regional Laramide timing relation­
ships suggest that the lateral motion recorded by the low~plun9ing 
set of slickensides post-dates the vertical movement associated with 
the formation of the monocline. We will examine a similar movement 
history on the Prompter fault in the Tombstone Hills (Day 2, Stop 1). 
While walking along the roadcuts, notice also several sets of flat-
lying quartz-filled gash fractures, These gash phenomena are kine­
matically consistent with first period of presumed reverse movement 
on the Dividend fault. The westernmost end of the roadcut exposures 



345.9 

345.4 

343. 

342.8 

342.7 

342.6 

comprise a sequence of reddish, nonmarine alluvial plain sediments 
with channel (point-bar) sandstones interbedded with interchannel 
flood~lain sil~stones and shales. Close to where the last purplish­
red s11tstone 1S exposed, one can closely delineate the surface of 
marine transgression. Not far above this surface marine trace 
fos~ils and mollus~an biv~lves can be found. Thin beds of sandy, 
arg111aceous and bloclastlc limestone becomes increasingly more 
common as the contact with the lower member of the Murai Limestone 
is approached. This contact is gradational and hard to pick in this 
roadcut but is generally considered to be at the top of the last 
resistant sandstone bed. 

The upper member of the Mural Limestone, which contains the coral­
algal-rudist reefs, is exposed up the hill to the north but not in 
the roadcu~ section .. Based on fossils ~ollected from the upper part 
of the Mor1ta Format1on and the Mural L1mestone, the Aptian-Albian 
boundary lies in the lower member of the Mural Limestone. 

Return to cars and proceed west on U.S. 80 for Bisbee. 
0.6 

Old Bisbee town dump on right. Remains of the original road between 
Douglas and Bisbee are visible at 3:00. This concrete road, poured 
in 1916, was the first paved highway in Arizona. At the time Douglas 
and Bisbee had more votes than Phoenix and Tucson. 

0.5 
Warren road intersects from the left. Mural Hill at 1 :30 is type 
section for the Mural Limestone, which is prominent ledge former in 
hills to right. Roadcuts just west of intersection continue in 
Morita Formation. 

1.4 
As we approach traffic circle ahead, roadcuts on left are in north­
dipping fanglomerates in the Pinal Schist-clast facies of the Glance 
Conglomerate. Imbrications measured from Pinal Schist clasts indicate 
stream transport directions in Glance time were from northeast to 
southwest (Bilodeau, 1978, 1979). 

High hills at 9:00 are Morita Formation, Mural Limestone and 
Cintura Formation. Nearby low hill is Cambrian Bolsa Quartzite, which 
rests unconformably on Precambrian Pinal Schist in the block north of 
the Dividend fault. The Glance Conglomerate in view constitutes a 
fanglomerate wedge derived from this upthrown block which was active 
in Glance time. 

0.2 
Bear right and avoid traffic circle. Follow Route 80 signs, bearing 
right towards underpass. 

O. 1 
Continue under the underpass around the north edge of Lavender Pit 
which will come into view on the left. Road above underpass was for 
trucks traveling between Lavender Pit and waste dumps. Mill at 12:00. 

0.1 
Gouge exposed in roadcut on right just beyond underpass indicates the 
Dividend fault. 
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0.3 
The conveyor belt ahead carried ore from the primary crusher in the 
pit to the mill. The oxidized cap over the quartz-sericite-pyrite 
halo is spectacularly exposed in roadcuts on right. 

0.3 
Stop I: 
traffi c. 

Turn left into overview parking area. Be careful of oncoming 

The Lavender Pit is one of the smallest open pit porphyry copper 
mines in the United States. To the right are the remains of 
Sacramento Hill. Across the pit one can see where the pit intersected 
old underground workings. The power house at 10:00 is at the head 
of major slumpage. 

The Lavender Pit~ which began stripping in 1954~ included the 
Sacramento Pit~ initiated in 19l3 at what is now the northwest end 
of the pit. The Lavender Pit was named for Harrison Lavender~ who 
became mine superintendent of the Copper Queen Mine in 1931~ having 
started as a miner~ and became general manager in 1937 for Phelps 
Dodge (Barnes~ 1960). 

EXPLANATION 

foOKgQ'b; GLANCE CONGLOMERATE 

'!~ INTRUSIVE BRECCIA 

f.8'i": INTRUSION (?) BRECCIA 

r:-gpy;] YOUNGER PORPHYRY 

",;gPOil OLDER PORPHYRY 

,:;,fIi:2j NACO LIMESTONE 

!"(~f:'d PINAL SCHIST 

... • ,t>OJ4tI4«JJOO -- FAULT 
.! , 

_0_0- CONTACT 

,--~, LAVENDER PIT OUTLINE 

PLI'IN 

From Bryantand Metz (1968) 
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The head frames across the pit at 10:00 are the Campbell shafts. 
This mine was the main underground producer in the Warren district, 
extending 3,600 ft. deep and supplying three-fourths of the total 
district production. The ore bodies consisted of rich lead-zinc­
copper replacement bodies in Escabrosa, Martin and Abrigo formations. 

Production data for the Warren mining district is as follows: 
8,051,276,000 pounds of copper; 309,756,000 pounds of lead; 
376,450,000 pounds of zinc; 2,726,000 ounces of gold; and 102,861,000 
ounces of silver. Although the Warren district is popularly known 
as a copper camp) not so w.ell known is the fact that the Warren di s­
trict is by far the leading precious metal district in Arizona. It 
leads in both silver and gold production by a large margin. 

The Warren mining district was named after George Warren a 
prospector grubstaked by the army scout John Dunn, who had noticed 
rich ore in 1877 while camping in Mule Pass in pursuit of Apaches. 
Warren and Dunn owned the Copper Queen mine which merged with Phelps 
Dodge after 1880. 

The upper benches of the southeast pit wall (9:30 to 11 :30) are 
in maroon outcrops of Glance Conglomerate containing over 90% Pinal 
Schist clasts. The Glance rests depositionally on the Jurassic 
Sacramento stock in the greenish-brown outcrops of the lower benches 
(11 :00 to 1:00). Glance Conglomerate here contains mineralized 
clasts of Pinal Schist. The southwest pit wall (12:00 to 2:30) is 
contact-altered Horquilla Limestone, Earp Formation and Colina 
Limestone (upper benches), which are overlain at 12:00 by Glance 
Conglomerate. The entire south wall of Lavender Pit has been 
downfaulted along the west-northwest-striking Dividend fault which 
traces through the center of the pit. The north wall of the pit 
is in upthrown Pinal Schist and is intruded by the Sacramento stock, 
named for Sacramento Hill at 3:00., Behind the ridge north of the 
road, Pinal Schist is overlain by Glance Conglomerate (50-200 ft. 
thick). Thus 5,000 to 6,000 ft. of Paleozoic section has been 
removed from the north block in Triassic-Jurassic time by activity 
along the Dividend fault. Bisbee is anomalous in that it is the 
only known Jurassic porphyry copper deposit in southeastern Arizona. 

The Bolsa Quarzite, Abrigo, Martin, Escabrosa, Horquilla and 
Colina limestones were intruded by the Jurassic Sacramento stock 
along the Dividend fault. The initial stage of mineralization 
was intense silicification and pyritization of limestone, schist 
and porphyry. An estimated 500 mi 11 i on tons of pyrite were 
deposited during this stage. Additional intrusive activity 
formed dikes, sills and irregular bodies and at least two stages 
of intrusive breccia. Copper, followed by lead-zinc mineralization, 
is associated with this stage. Following renewed activity on the 
Dividend fault, the resulting pattern is that of a rimless spoked 
wheel cut in half at the Dividend fault. A hub of pervasive minerali­
zation, centered on the one-mile diameter Sacramento stock, has 
replacement bodies in brecciated Abrigo and Martin formations 
along faults radiating out from this hub. The mineralized zones 
may range up to 2,000 ft. vertically, 500 ft. horizontally and 
extend to over 12,000 ft. from the Sacramento stock. Final depths 
are in excess of 3,600 ft. Individual ore bodies ranged up to 
1 million tons in size but about two-thirds of them were less 
than 25,000 tons. 
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Exhaustion of minable open pit reserves and the extremely high cost 
of underground mining, exploration and maintaining openings in the 
highly shattered and altered rocks forced the final closing of the 
operation in 1975. Leaching of the tailings and workings, as visible 
to the right, remains in progress. 

0.1 
Turn left from Lavender Pit overview on U.S. 80. 
--0.-1-
Sacramento Hill, what is left of it, is on the left. Along this 
stretch of road are spectacular roadcuts of alteration related to 
porphyry copper mineralization in alkali granite of the Jurassic 
Sacramento stock. The surfaces of hills in this vicinity are 
covered by a bright red oxidized zone which follows the contours of 
the hills. This constitutes the classic "red thumbprinV' oxidized 
zone present over many porphyry copper sulfide systems. Below the 
oxidized zone is hypogene (primary quartz-sericite-pyrite) altera­
tion in the Sacramento stock. Note how the upper oxidized zone 
extends down into primary altered rock along fractures. The 
classic "red thumbprint" iron oxide cap was the flag that initially 
drew many of the old prospectors into what are now major porphyry 
copper districts. 

0.3 
Road to right to business section of Bisbee and the picturesque 
Brewery Gulch section. Bisbee, one of the more colorful mining 
towns in the American Southwest, was named for Judge DeWitt Bisbee 
of San Francisco, a shareholder and father-in-law of one of the 
promotors in the Copper Queen Consolidated Mining Company. Judge 
Bisbee never visited the town which bore his name. Don't make the 
same mistake! It's a fascinating town full of old buildings and 
narrow, twisting streets (see back end sheet). 

Bisbee is the largest city in thelU.S. without house-to-house 
mail delivery. All mail is delivered to P.O. boxes as no mailman 
will walk up and down the hills. Most houses are listed by street 
and levels above the street. The Copper Queen Hotel in downtown 
Bisbee serves excellent food in an old time atmosphere. A visit 
to the mining museum and a stroll up Brewery Gulch are well worth 
while. 

In lB?? while in pursuit of Apache Indians th~ee army scouts 
camped in Mule Pass. One was John Dunn3 who at that time found 
samples of ~ich o~e. Since his duties would not pe~it him to 
wo~k on his claims3 Dunn g~bstaked a man named Geo~ge W~~en3 
sending him into MUle Gulch. W~~en seems to have been a fi~st­
class alcoholic as well as a.pick-and-shovel man. To these two 
men belonged the Coppe~ Queen Mine3 so named because of the fame 
of the Silve~ King Mine in Pinal CountY3 which it was hoped the 
Coppe~ Queen would ~ival. 

In lBBO a small eastern mining fi~ known as Phelps Dodge and 
Company sent D~. James Douglas (cf. Douglas) to purchase coppe~ 
p~ospects in A~zona. He bought p~ope~ty close to the Coppe~ 
Queen. The ~ichest o~e lay whe~e the Coppe~ Queen and Phelps 
Dodge p~ope~ties joined. Rathe~ than pursue litigation ove~ 
the 0~eS3 the two companies me~ged as the Coppe~ Queen Consoli­
dated Mining Company. 
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Among the men who promoted the Copper Queen were Ben and Lewis 
Williams. A shareholder in the company was Judge DeWitt Bisbee~ 
who was also the father-in-law of one of the brothers. The Williams 
brothers and Judge Bisbee became interested in the property when 
Edward Reilly~ who had an option on the Copper Queen~ went to San 
Francisco where he enlisted the aid of John Ballard and William 
Martin to supply funds to purchase the mine. Bisbee~ Williams 
and Company undertook to develop the Copper Queen. 

In 1929 Bisbee became the county seat for Cochise County~ P.O. 
est. September 7~ 1880. Horace C. Stillman~ p.m. Incorporated 
January 9~ 1902 (Barnes~ 1960). 

To the left is the Copper Queen mine; worthwhile mine tours are 
offered daily. Within the underground workin~ of the Copper Queen 
mine, some of the world's finest examples of secondary copper minerals 
have been found. The Warren district is particularly famous for its 
stalactitic and crystalized specimens of azurite and malachite. It 
is said that high school proms and Bisbee town council meetings were 
held in underground caverns adorned with spectacular malachite 
stalactities locally covered with crystallized rosettes of azurite. 
To the left just beyond the Copper Queen is a small amount of Martin 
Formation of Devonian age. 

0.2 
Escabrosa Limestone on left. EscabrosaLimestone was named by 
Ransome (1904) for exposures on Escabrosa Ridge, south of the high­
way. It consists of about 700 ft. of high cliff-forming, thick­
bedded, nearly white to dark-gray, crinoidal, granular limestones 
(Armstrong) . 

Castle Rock, the conspicuous turreted crag which overlooks downtown 
Bisbee is down and to the right of the highway. Castle Rock is mainly 
composed of Escabrosa Limestone and Martin Limestone which are in 
fault contact with the Dividend fault to the north. 

Excellent views overlooking Tombstone Canyon and Bisbee (to the 
right) for the next mile. 

0.3 
Milepost 341. Covered area to left conceals Martin Limestone and 
much of the Abrigo Formation. Martin Limestone was named by 
Ransome (1904) from exposures on Mount Martin on Escabrosa Ridge 
south of the highway. The 350-ft thick Martin contains dark-gray, 
medium-bedded, ledge-forming, fossiliferous limestones, as well as 
some pinkish shales and 01 i've.gray dolomite (Schumacher, 1978). 

0.1 . --
Abrigo Formation in roadcuts on both sides of highway. Note numerous 
kink folds in the comparatively incompetent strata of Abrigo Formation. 
Also note distinctive "graham cracker" texture and ribbed "tire track" 
aspect of carbonate beds within this part of the Abrigo. 

The Cambrian Abrigo Formation was named by Ransome (1904) from 
exposures in Abrigo Canyon, 3 mi southwest of Bisbee. The Abrigo 
on Mount Martin is a 770 ft-thick sequence of dark greenish-yellow, 
thin-bedded, cherty-laminated limestones, which alternate with 
calcareous shale, and with some sandy limestone and sandstone in 
the upper part (Hayes, 1978). 
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Bolsa Quarzite in roadcuts on both sides of road. Note numerous faults 
within the relatively competent Bolsa. The contrasting deformation 
styles in Bolsa Quarzite and Abrigo Formation illustrate the response 
to stress of rocks of differing ductilities. 

The Bolsa Quartzite was named by Ransome (1904) from exposures in 
Bolsa Canyon on the southwest side of Escabrosa Ridge, although the 
best exposures are on Mount Martin. The Bolsa unconformably overlies 
Precambrian Pinal Schist and grades upward from a basal conglomerate 
to coarse-grained, cross-bedded quarzites. The upper layers of the 
430 ft-thick Bolsa are thinner-bedded, more vitreous, fine-grained 
orthoquartzites (Hayes, 1978). It is conformably overlain by the 
Late Cambrian Abrigo Formation. 

0.1 
Pinal Schist with thermal alteration. Pinal Schist is here separated 
from Abrigo Formation by a northeast-striking fault strand of the 
Quarry fault. Roadcuts ahead win be in Pinal Schist for 0.8 mi. 
Note extremely deformed character of Pinal Schist, which is probably 
related to motions along Dividend fault. The Dividend fault is 
difficult to trace northwest of these roadcuts. Its projected trace 
has been a matter of considerable speculation. Perhaps the deformed 
southwest border of the Jurassic Juniper Flat Granite represents an 
intruded segment of the Dividend fault (Hayes and Landis, 1964). 

0.9 
Bridge. Roadcuts ahead in Juniper Flat Granite. 

0.2 
U.S. 80 Bisbee business loop intersects from the right. 

0.2 
Mule Pass tunnel cuts through drainage divide. Tombstone Canyon drains 
eastward to Sulphur Springs Valley and Banning Creek drains northwest 
to San Pedro Valley. 

The name Mule Pass first appears on an l8?9 map as Puerta de las 
MUlas. It has been suggested that Indians who stole stock in Mexico 
drove the animals through the pass (Barnes~ 1960). 

0.4 
As we top the ridge after exiting from the tunnel, Juniper Flat Granite 
crops out in immediate vicinity. Visible terrain to the southwest is 
mostly Pinal Schist intruded by dikes presumably related to the Juniper 
Flat Granite. Some of the ridge tops are capped by Bolsa Quartzite 
resting unconformably on Pinal Schist. To the northwest (out of view) 
Juniper Flat Granite and Pinal Schist are unconformably overlain by 
northeast-dipping Bisbee Group. For the next 4 mi roadcuts are in 
locally mineralized and altered Juniper Flat Granite and sheared 
Pinal Schist. High ridge to left is Escabrosa Ridge. 
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About 0.5 miles northwest of the Mule Pass Tunnel a conspicuous 
fault zone appears in the roadcuts on th~ right side of the highway. 
Pullover for STOP 8. 

STOP 8: POSSIBLE EXTENSION OF THE DIVIDEND FAULT STRUCTURE TO THE 
NORTHWESTERN MULE MOUNTAINS 

The roadcuts here contain a large fault structure that strikes about 
N 6cPW and dips about 65PS and juxtaposes Jurassic age Juniper Flat 
Granite in the footwall with 1.7 b.y. Pinal Schist in the hanging wall. 
Slickensides on the fault surface have oblique orientations and plunge 
45 to 55 degrees southeast (the rake angle is about 60-700). If it is 
assumed that the footwall block moved upwards relative to the hanging 
wall, a significant amount of left-slip as well as dip-slip motion 
occurred. 

The strike, dip, separation, character and geographic position of 
this fault closely match those of the Dividend fault structure exposed 
in the Lavender Pit at STOP 7. However, existing published maps have 
yet to define the northwest extension of the Dividend fault structure. 
Indeed, the northwest extension of this structure has been a matter 
of considerable interest and speculation. For example, according to 
Bryant and Metz (1966, page 190): 

liOn the west, the Dividend fault is lost where it passes into the 
Pinal Schist near Bisbee. There has been speculation that the south­
westerly contact of the Juniper Flat Granite is the Dividend fault be­
cause it is fairly straight and regular and the alignment is about right 
for the projected strike. Also, there has been speculation that the 
Quarry fault, the major limiting fault on the west side of the Bisbee 
district, is the continuation of the Dividend curving to the southwest. 
Evidence for verifying either of these concepts is lacking. Eastward 
the Dividend fault is lost in the alluvium of Mule Gulch. 4 

All published geologic maps show the western end of the Dividend 
fault disappearing into Pinal Schist. Drewes (1980) projects the fault 
into the long axis of the Juniper Flat pluton. We believe relationships 
at this roadcut and another roadcut a short distance to the northwest 
forcefully demonstrate that the southwestern contact between the Juniper 
Flat Granite and the Pinal Schist is a fault. Previous mapping (Ransome, 
1904; Hayes and Landis, 1964; and Drewes, 1980) show the contact as an 
intrusive one. For reasons stated above we believe that this fault is 
likely the extension of the Dividend fault. As such, the Dividend fault 
would pass through the Pinal Schist to its contact with the Juniper Flat 
pluton, pass along the contact of Juniper Flat Granite and Pinal Schist 
for several miles to the northwest, and disappear under alluvial cover 
in the northwestern Mule Mountains. Similarly, the Dividend fault may 
be projected eastward underneath the Monocline along U.S. 80 three miles 
east of Bisbee (STOP 6; Bilodeau, 1979). 

Return to cars and proceed northwestward on U.S. 80. 
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Numerous roadcuts on the right expose cobble-boulder colluvium which 
unconformably overlies Juniper Flat Granite and sheared Pinal Schist. 
The sheared schist may represent gouge related to the Dividend fault 
or deformation related to intrusion of the Juniper Flat Granite. 
For about 3 mi the highway nearly parallels the contact between Juniper 
Flat Granite and Pinal Schist. 

3.2 
Bridge crossing Banning Creek. 

0.3 
Roadcuts are in southwest-dipping Bolsa Quartzite overlain conformably 
by Abrigo Formation. These are intruded at the southeast end of cut 
by a dike of Juniper Flat Granite. 

0.1 
Roadcut on left is southwest-dipping lower Abrigo Formation with 
numerous faults. 

0.3 
Horquilla Limestone in hills to left. Mississippian and Pennsylvanian 
strata are well exposed in the long ridge from 8:30 to 11 :45. The 
base of the northwest end of the ridge at 11 :30 is massive crinodial 
limestone in upper Escabrosa Limestone. A break in slope separates 
the more massive, light to dark gray (band at top) carbonates of 
Escabrosa from overlying medium-to-thick-bedded limestone ledges of 
Black Prince Formation, which is the lower memoer of the Naco Group 
(Ross, 1973). The slope interval below the Black Prine limestone' 
ledges is probably occupied by a maroon to dark-gray shale which 
unconformably rests on Escabrosa Limestone. 

Above the ledges of Black Prince Formation is a slope former 
about 200 ft. thick which extends southward along the ridge to 9:00. 
This is the basal siltstone-shale-micrite unit of the Horquilla 
Limestone. The lower slope-forming unit of Horquilla Limestone 
rests unconformably on limestones of Black Prince Formation. Above 
the slope former, prominent fusulinid-bearing limestone ledges occupy 
the upper slopes of the ridge from 9:30 to 10:45. The top of the 
ridge is a sill-like intrusion of Juniper flat Granite. 

The stratigraphic sequence just described is remarkably consistent 
from the Bisbee area to the, Superior region about 175 mi to the 
northwest. Barrie (1975) has analyzed corodonts in the Black Prince 
from Bisbee to Superior and has found that the Black Prince at 
Superior is younger (lower Atokan) than that at Bisbee (middle 
Morrowan), which suggest an onlap relationship of basal Naco Group 
from southeast to northwest. 

In the low ridge on right, west-dipping Bolsa Quarzite, overlain 
by Abrigo Formation, is intruded by a prominent Juniper Flat Granite 
dike (Gilluly, 1956). The Jurassic dates (171 to 184 m.y.) come 
from one of these dikes about 0.5 mi southeast of here (Marvin et al., 
1978). These dikes are part of a prominent northwest-trending dike­
swarm which cuts Paleozoic rocks in Escabrosa Ridge to the southeast 
and in the unnamed low hill to the north. As mapped by Gi 11 ul y and 
by Hayes and Landis (1964), these dikes constitute a separate 
intrusive mass that is largely separated from the larger intrusion. 
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The prominent massive cliffs of granite are also designated as 
Juniper Flat Granite byGilluly and Hayes and Landis. This large 
body, yet to be dated, only intrudes Pinal Schist, although every­
thing above Pinal Schist is missing. The granite is unconformably 
overlain by Glance Conglomerate and Morita Formation of the Bisbee 
Group. 

0.3 
Bridge crossing Banning Creek. 

0.2 
Roadcuts on right are in middle carbonate member of Abrigo Formation. 

0.2 
Junction of U.S. 80 and Arizona 92. Continue straight ahead on U.S.80. 
Hill at 10:00 to 11 :00 is capped by crinodial Escabrosa Limestone. 
Slope-former at base of hill is Martin Limestone, which contains 
aphanitic dolomite and sandstone and siltstone lenses. At the base 
of the Escabrosa cliff is a well-vegetated slope-forming unit that 
is probably olive-green mud-shales of Percha Formation-newly 
recognized in southeastern Arizona by Schumacher and others (1976) 
and Schu~acher (1978). The yellowish-gray ledge below the presumed 
Percha Shale is probably a sandy dolomite in the upper Martin Limestone. 

Both Martin and Escabrosa are cut by granophyre dike apophyses of 
Juniper Flat Granite. Note west-striking fault which off-sets these 
Paleozoic strata. 

0.3 
Roadcut in east-and northeast-striking fault slices of aphanitic 
dolomites of Martin Limestone, Juniper Flat Granite, and Percha 
Shale (?). Strike-slip. oblique-slip and dip-slip slcikensides 
indicate a complicated movement history. Note brittle aspect of 
this deformation. 

On skyline at 6:00 sharply uptruned Horquilla Limestone (5:30) 
is intruded on the west by Juniper Flat Granite and a Tertiary 
rhyolite (5:30 to 6:30). 

0.6 
Escabrosa and Horquilla limestones are in low hills to left. 
Western slopes of low ridge to right are Abrigo and Bolsa intruded 
by north-trending dikes of Juniper Flat Granite. 

0.5 
Mid-Pleistocene surface to left and right in this area is capped 
by a red soil horizon, which has commonly been removed in other 
areas. 

0.1 
Juniper Flat Granite intrudes Martin Limestone in low ridge to 
left. Low hill ahead on left is Escabrosa Limestone. Low ridge 
to right is Abrigo and Bolsa cut by granophyre dikes presumably 
of Juniper Flat Granite. 

0.4 
Hill at 1:00 is Escabrosa Limestone. 

0.4 
Bridge. Outcrops in arroyo are Escabrosa Limestone. 

0.6 
330 Government Butte (12:00 to 2:00) is composed of Pennyslvanian 

and Permian Naco Group strata. 
1.0 

329 Stop~. Park..Q.!!. right side of road. 

55 



STOP 9 

GEOLOGY OF GOVERNMENT BUTTE ~ 
by Stanley B. Keith and Jan Car(Wilt 

Introduotion: 

Government Butte consists of upper Paleozoic strata, the type 
sections of which were measured in the Tombstone Hills just north 
of Government Butte. From this stop a controversial east-west 
structural zone is visible at the southern end of Government Butte. 
This structure is related to complex IILaramide ll structural develop­
ment here and in the southern Tombstone Hills just ahead. 

Orientation: 

The northeast quadrant is dominated by Government Butte (11 :50-2:45). 
Government Butte is separated from the northern Mule Mountains (2:45-
5:00) by a conspicuous notch at 2:45. The Banning Creek area, through 
which we just passed, is to the right of the high bench-like feature 
(Juniper Flats) at 5:30. Escabrosa Ridge, type area for the lower 
Paleozoic section, is at 6:00. High points visible on Escabrosa 
Ridge are Mt. Ballard (left) and Mt. Martin (right) to the rear. 

To the southwest across San Pedro Valley loom the Huachuca 
Mountains (8:00-9:15). The Santa Rita Mountains (topped by Mt. 
Wrightson) are in the far distance at 9:30, partially blocked by the 
jagged peaks of the Mustang Mountains. Bronco Hills, just east of 
the San Pedro River, are in front of the Mustang Mountains. Farther 
northwest the Whetstone Mountains (10:00-10:30) and Rincon Mountains 
(capped by Rincon Peak) appear behind the Charleston Hills (11 :00). 
Uncle Sam Hill and the Three Brothers Hills of the western Tombstone 
Hills form the skyline at 11:15-11:30. Colina Ridge (11:30-11:45), 
an unnamed peak (11:45), and Horquilla Peak (11 :30) in the southern 
Tombstone Hills are partially concealed behind the western tip of 
Government Butte. 

Stratigraphy: 

The lower southern slopes of Government Butte from this view 
contain typical outcrops of Horquil1a Limestone. At the west end 
of Government Butte(12:30) Horquilla LImestone forms alternating thin 
ledges and slopes; above this is a slope-forming unit with a few 
orange limestone ledges. This is the typical outcrop expression of 
the Earp Formation which contains the Pennsylvanian-Permian boundary. 
Above this slope interval are bluish-gray, thick ledges and slopes 
typical of the Colina Limestone. Colina Limestone comprises most 
of Government Butte, particularly on the north side. 

The strata just described continue east through several east­
striking faults mapped as high-angle reverse faults and thrust 
faults by Gillu1y (1956), each with the north side slightly up. 
Consequently, the slope-forming Earp section;s structurally higher 
in a topographic reentrant at 1 :00. Farther east Earp Formation 
is again structurally lower and crops out at the southern base of 
Government Butte from 1 :00 to 2:00. 
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structural Geology and Tectonics: 

The southern slopes of Government Butte are on the complexly 
folded and faulted southern limb of a large, west-plunging, anti­
clinal fold which makes up the bulk of Government Butte. Numerous 
bedding plane IIthrusts ll may indicate flexural slip. Gil1u1y (1956) 
showed the southern edge of the butte to be marked by numerous east­
striking, steeply north-dipping reverse faults. 

The structures in Government Butte are part of a 25-mi-10ng (and 
possibly as much as 50-mi-1ong) east-west deformational belt. The 
Government Butte .block is separated from the flat-lying Bisbee Group 
strata of the northern Mule Mountains by a complex, east-west structural 
zone of folding and reverse faulting, which passes through the notch 
at 2:45. This zone extends westward from Government Butte to the 
southern Charleston Hills (10:00), where east-west folds in the Bisbee 
Group are truncated by andesites of the Bronco Volcanics. From there 
the zone may continue west, concealed under alluvial cover, to the 
north end of the Huachuca ~ountains at 9:00, where it may be repre­
sented by the Kino Spring fault zone and related structures. The 
age of this deformation is post-Bisbee Group (about 94 m.y.) and 
pre-Bronco Volcanics (75 (?) m.y.), which is earlier than the classic 
Laramide. 

To the east this zone extends through the Bisbee Group as a south­
facing monocline. Interestlingly, the Bisbee Group has flexed, but 
not faulted, over the trace of the east-west tectonic zone as it also 
has over the eastward projection of the Dividend fault (Hayes and 
Landis, 1964). The interbedded siltstones and shales of the Bisbee 
Group seem to be capable of absorbing strain by flexure rather than 
by the brittle rupture which is more common in the underlying 
Paleozoic section. This theme is persistently repeated throughout 
deformed Phanerozoic strata of southeastern Arizona. 

Gil1uly (1956) considered the east-west structural belt to be a 
product of north-south compressive deformation in post-Bisbee, pre­
Bronco Volcanics time (about 75-94 m.y. ago). East of this stop the 
Government Butte block has been shoved southward over Bisbee Group 
strata during north-south compression of his first Late Cretaceous 
orogeny (see mi1epoint 42.1). Jones (1963), on the other hand, 
interpreted the monoclinar-f1exure along the eastward continuation 
of the east-west zone as a Laramide-reactivation of an earlier-formed 
anticlinal structure of Triassic-Jurassic age. Jones (1966) analyzed 
Government Butte as an intrusive, vertically driven tectonic feature. 
Drewes (1976a) suggested that the fault zone is a vertical strike­
slip fault rather than a normal fault . 

. Keith suggests a two~phase movement history for the Government Butte 
structure. Initially north-northeast to south-southwest compression 
from 94 to 75 m.y. ago formed the east-west, high-angle reverse fault 
in much the manner as Gillu1y (1956) suggested. East-northeast to 
west-southwest compression from 65 to 55 m.y. ago induced 1eft~slip 
movement along the Government Butte structure. The east-west tec­
tonic zone may have an element of ancient basement flaws of Texas 
lineament vintage which have localized recurrent Phanerozoic movement, 
such as those during Laramide orogeny. 
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The structural-tectonic discussion would be incomplete without a 
look back to the south at the north end of the Mule Mountains, which 
display an obvious anticline. In the core of the anticline Precambrian 
Pinal Schist is intruded by Juniper Flat Granite. To the east the 
Juniper Flat surface is unconformably overlain by gently northeast­
dipping Bisbee Group strata. The Paleozoic section i$ missing under 
Bisbee Group in the northeastern Mule Mountains. To the southwest 
(6:00 to 7:00) the Paleozoic section dips moderately west and south­
west forming the south-west limb of the anticline. Jones (1963) 
inferred an initially Triassic-Jurassic broad anticline which was 
eroded, and overlain by Bisbee Group strata. The entire assemblage 
was then refolded around a nearly coincident anticlinal axis during 
the Laramide orogeny. 

3.3 
325.7 Bridge over Government Draw. 

0.7 
325 From 9:30 to 12:00 is part of the southern Tombstone Hills in which 

much of the classic Naco Group stratigra~ywas worked out by Gilluly 
and others (1954) and Gi11u1y (1956). Colina Ridge (9:00-10~OO) 
contains the type section of Permian Colina Limestone on the western 
slopes near the north end. Epitaph Gulch (near 10:30) and the eastern 
slopes of the north end of Colina Ridge contain the type section of 
the Permian Epitaph Dolomite. Horquilla Peak (high peak at 10:00) 
contains the type section of the Pennsylvanian Horquilla Limestone. 
Earp Hill contains the type section of the Earp Formation in the 
lower part of the eastermost hill seen in profile at 3:00. 

Regionally the Horquilla disconformably overlies Black Prince 
Limestone and is gradational into overlying Earp Formation. On 
Horquilla Peak the eroded Horquilla is 1,000 ft. thick and consists 
of a series of thin-bedded, blue-gray limestones (pinkish gray 
on fresh fracture) with a few thicker beds which form ledges and a 
few reddish-weathering shaly limestones near the top. Small fusu­
linids are common in the Horqui11a, and brachiopods and bryozoans 
also occur (Gilluly, 1956). Fusulinids indicate that its age ex­
tends from Morrowan through Virgil ian, although deposition probably 
was not continuous and began earlier in southeasternmost Arizona 
(Ross, 1978). 
--rhe Earp Formation is 595 ft. thick here (Gilluly and others, 1954). 
It genera 11y forms gentle slopes and low areas because of the greater 
percentage of shales (particularly in the lower part) and .clastics 
than in either the gradationally underlying Horquilla Limestone or 
the gradationally overlying Colina Limestone. The lower contact 
of the Earp is assigned where thin shaly limestones and reddish 
shales become dominant over the more massive limestones of the 
Horquilla. Much shale, a little sandstone and a few beds of lime-
stone and shale conglomerate (chert pebble or "jelly-bean" conglomerate) 
occur higher. In the upper part of the Earp are more massive ledges 
of limestone with a few conspicuous beds of orange-weathering, 
commonly cross-bedded, cherty dolomite, the uppermost bed of which 
is taken as the top of the Earp (Gilluly and others, 1954; Gil-
lu1y, 1956). The Pennsylvanian-Permian boundary occurs within the 
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lower part of the formati.on with Virgilian fusulinids occurring in 
the lower 100 to 200 ft. and Wolfcampian fusulinids occurring in the 
lower or upper Earp, with the exact interval varying from section to 
section (Ross, 1978}. 

The Colina is 633 ft. thick on Colina Ridge, but is 947 ft. thick 
on the unnamed ridge extending southeast from Horquilla Peak from 
10:00 to 12:00 only a mi1e from Colina Ridge (Wilt, 1969). The 
variation in thickness is probably attributable to the varying down­
ward extent of diagenetic dolomitization in the Epitaph (Patch, 1969), 
as the same bed can be traced from undolomitized Colina into dolo­
mitized Epitaph. T1ie Colina Limestone is dominantly a dark-gray, 
thick-bedded 1 imestone that forms cl iffs characteri'zed by massive 
ledges and steep slopes only sl i'ghtly less precipitous than the 
Esca5rosa. On fresh fracture the limestones are very dark gray to 
black and have a fetid odor. The Colina contains more gastropods, 
particularly the very large, obtuse-angled OmphaZotrochus~ than other 
nearby limestones. The age of the lower part of the Colina is Wolf­
campian as shown by gastropods and fusulinids, while the upper part 
is Leonardian, as evi'denced by brachiopods and fusulinids in south­
easternmost Adzona (Dirks, 1966}. 

The lower contact of the Epitaph Dolomite is taken as the first 
massive dolomite above the transitional zone of partially dolomitized 
limestone at the top of the Colina. The lowest member is 200 ft. of 
medium-to-light-gray to yellow and buff, medium-bedded dolomite 
containing sili~a nodules weathering as knots on the surface. It is 
exposed as the dip slope on the east side of Colina Ridge. The 
middle part of the Epitaph is exposed in the saddle at 10:30 between 
Colina Ridge and the low foreground hill. The mi~dle part of the 
Epitaph consists of about 250 ft. of poorly exposed, reddish, sandy 
limestone or limy sandstone containing shallow water indicators such 
as crossbedding, ripple marks and intraformational breccias, and 
a higher proportion of maroon shale and less dolomite. The upper 
part of the Epitaph, also exposed in the same hi'll, consists of 
over 100 ft. of bluish-gray, thin-bedded limestone. 

The Epitaph is unconformably overlain by Glance Conglomerate 
containing boulders and pebbles of dolomite, limestone, granite, 
rhyolite and quartzite with an angular discordance of about 15 
degrees and with an erosion surface with reli'ef exceeding 20 ft 
i'n 300 ft (Gi'lluly and others, 1954). 

1.0 
324 Hill to right at 2:00 contains well-exposed, slope.,.forming Earp 

Formation in loweyslopes. The Earp is in fault contact with Col ina 
Limestone which is anticlinally folded. 

1.0 
323 Intricate bedding attitudes in Paleozoi~ strata west of road under­

score compl i'cated structural history of TomBstone Hi 11 s. They were 
mapped and descriEied by Gi 11 uly (1956 t who argued for the presence 
of two orogenies. The first orogeny formed east-trending folds and 
reverse faults related to a north-south to north.,.northeast/south­
southwest compression after deposition of the Bi'sbee Group and 
before depositi'on of the Bronco Volcanics. 
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The first orogeny was foll owed by wi de-spread deformati on, 
intrusion (72 m.y.) and mineral ization from a second orogeny. 
This orogeny caused north-trending folds, north-striking reverse 
faults, and strike-slip movement on east-west faults near and 
after 72 m.y. His second orogeny has been correlated by many 
workers with the classic Laramide orogeny. 

Davis (Stop l, tni s road .l2.9.1 views the, Tombstone Hi 11 s as 
a comparatively undeformed block in a large, northwest-trending, 
basement-cored uplift. Its structural margins are in the Dragoon 
Mountains to the northeast and the Huachuca Mountains to the south­
west. Jones (1966) offered another interpretation: "that in 
Laramide time rising magmas: Cal broadly domed the area of the 
Tombstone Hills causing local compressional features of diverse 
trends but primari'ly causing normal faul ting, Cb) pushed up the 
Precambrian granite, (c) permitted access to the stlrface of 
various extrusive rocks, and Cdl concluded their active rise by 
intruding some of the faults and then solidifying in the near 
surface rocks. II 

Prominent unnamed hill at 10:30 consists of Colina Limestone 
intruded by a conspicuous 62 m.y. old rhyolite (Creasey and Kistler, 
1962). Note small, sharp kink fold in cliff-forming ledges of 
Colina Limestone above rhyolite intrusion. 

0.6 
Rhyolite exposed in roadcuts and hill slopes on right. 

0.2 
Roadcuts on ri'ght and left for next 0.2 mi. are in Colina Limestone. 
Note fault and drag fold in roadcut on left toward the top of the 
hill. Numerous small faults are exposed in the roadcuts that are 
not obvious in the outcropping section. At top of hill road 
ascends onto Pleistocene Tombstone surface (Bryan, 1926). 

1.2 
Hi 11 s to 1 eft are Horqui'lla and Earp formations with compl icated 
bedding attitudes. 

0.5 
Low roadcuts are i,n Horqutlla Limestone. 

0.4 ' 
Broken and gouged zone on left in Horquilla Limestone(Jl is trace 
of east-striking Prompter fault zone. S.O. Hills at 3:00 in mfddle­
ground are underlain By S,O, Volcanics from which a single K-Ar age 
date of 48 m.y. on biotite has Been oBtained (Marvin et al., 19]3). 
At the time of tois writi'ng the Anschutz~Buckhorn lformerly Texomal­
Phill ips well site was not yet occupied. By the time of our field 
trip the drill mast should"Be in place but it will proBably be 
obscured by the lii11 of S,O. volcanics at 3:00 .. The rA-TOMBSTONE~ 
STATE well located in the SW 1/4, SVl 1/4, Sec. 14, T. 205, R. 23 E. 
is permitted for 20,000 and is located on the virtual outcrop pro ... 

, jection at the Prompter fault. ' 
0.1 ' 

Little Joe shaft at 11 :00; Rincon Mountains coming intovie,w at 12;00 
on far skyline; TomBstone 1's strai'ght ahead at l2:0(1~ Dragoon Mountains 
at 1;30; southern Dragoons at 3:00 on skyli'ne; S~ O. Hills at 3:00 in 
middleground are underlain By S.O.Volcanics with a single age date of 
47 m.y. (Marvin and others, 19]3), 
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The conspicuous granitic stock in the central Dragoon Mountains 
is the Stronghold Granite (Gilluly, 19561, named for Cochise Strong­
hold. Age dates are 25.9 m.y. (Marvin and others, 1973) and 22 m.y. 
(Damon and Bikerman, 1964). 

Stronghold Canyon~ on the east side of the Dragoon Mountains~ is 
the site of Cochise Memorial Park. It is reported that when Cochise 
died on June 8~ l8?4~ he was buried in this area. On the night of 
his death his followers ran their horses up and down Stronghold 
Canyon to erase all traces of his grave (Barnes~ 1960). (Note: 
For more information on Cochise,see Supplemental Road l2iLli2... ,!.l 

0.3 ~ .. -
Mine dumps at 11 :00 are from old mines of the Tombstone district. 
me Tombstone di stri'ct, di,scovered i'n 18]] by Ed Scflieffel in, was 
the second largest silver camp in Artzona from 18]9 to 19-10; only 
Bisbee had higher production. From 18]9_ to 19]5 production from 
the Tombstone distri,'ct was over 30,000,000 ounces of silver, 
242,600 ounces of gold, 3,018,000 pounds of copper, 45,000,000 
pounds of lead and 1,1]9.,000 pounds of zi'nc. Many, of the ore 
bodies occurred as replacements associqted with nortn-east-striking 
fractures in a basal IInovacul He" of tne Bi'sbee Formation (see 
Devere, thisguidebOokL. -

0.1. 
Roadcuts on left are in Bisbee Group within downthrown block north 
of east-striking Prompter fault. Ridge to south (7:00 to 8:00) is 
north-dipping Horquilla Limestone in block south of Prompter fault 
which is intruded by 62 m.y. old rhyolite porphyry. 

0.6 
Roadcuts ahead are in Plio-Pleistocene alluvium overlying bedrock 
pediment cut on upturned Bisbee Group. To the northeast the 
Tombstone Hills are separated from the Dragoon Mountains by a 
broad valley about 8 mi wide which marks the position of a north­
west-trending, Basin and Range graben of unknown depth. Note cut 
and fill aspect of coarse terrace alluvium which overlies finer­
grained valley fill in roadcuts. Also note locally thick caliche 
layers in roadcuts. 

0.9 
Turn left on Allen Street just before Gleeson turnoff sign on right. 
Veer rTght and travel west on historic Allen Street into Tombstone, 
past the fabled Oriental Saloon, Crystal Palace and OK Corral. This 
area was immortalized by dime novelists of the 1880 1 s. 

By the end of l879 Tombstone had about lOO permanent residents~ 
plus at least l~OOO others camped on nearby hills. A year and a 
half later Tombstone was emerging as one of the largest cities in 
the West. It is often overlooked that Tombstone was probably the 
most cultivated city in the West and Southwest. Tombstone was at 
that time larger than San Francisco and whatever cultural opportu­
nities there were in the West could be found at Tombstone. With a 
population of l5~OOO the community erected an opera house where the 
best of the world's musicians and actors could be heard. 

As the mines flooded~ the town began to shrivel. By l890 Tombstone 
was nearly dead. Tombstone~ however~ did not die. Subsequently 
Tombstone led an anemic existence for many years~ but as the past 
has receded~ the town has become a flourishing tourist attraction 
known as the "Town Too Tough to Die" (Barnes, 1960). 
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0.5 
Stop sign and intersection of Allen and 6th streets! Conti~ue 
straight ahead. 

0.5 
Juncti'on; road to U.S. 80. veers t(!) ri'ght. Yeer right, for one 
block, and turn left onto U.S. 80 northbound. Continue past 
Boot Hill Cemetary on right downh.i.ll. Lookout lodge,otJr head­
quarters for the nt9nt, wi.l1 5e about 0!5 mi.les down tne hill 
on the left, 
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GEOLOGY OF DRAGOON MOUNTAINS 

After you settle in at Lookout Lodge you will see a splendid 
vista of the pragoon Mountain chain about 15 miles to the northeast 
of Tombstone. 

The Stronghold Granite in the central part of the range in­
trudes a highly deformed terrain of Paleozoic and Cretaceous rocks. 
The craggy, rough topography characteristic of Stronghold Granite 
terminates against smoother-textured topography to the south, which 
contains thermally altered Paleozoic rocks and Bisbee Group. These 
rocks extend northward into the Stronghold area on the skyline as 
a roof pendant. 

The ridges south of Cochise Stronghold to South Pass consist of 
a northwest-trending, southwest-dipping set of imbricate thrusts 
which are transitional to the southwest (south of Middle Pass) 
into a large, northeast-vergent, overturned fold pair described by 
Keith and Barrett (1976). Tectonic transport in the central 
Dragoon Mountains is consistently towards the northeast. Age 
of this deformation is,bracketed between 73 m.y. (tilting of 73 m.y. 
old Sugarload qu~rtz latite at Gleeson in the southern Dragoons) 
and 52 m.y. (age of Texas Canyon Quartz Monzonite which intrudes 
the northwest-trending thrust fault in the Little Dragoon Mountains 
to the northwest). Pre-Cretaceous, post-Paleozoic vertical uplift 
occurred along the northwest-striking Black Diamond fault (Keith 
and Barrett, 1976). 

The boundary between the central Dragoon block and the southern 
Dragoon block is at South Pass (2:00), where a major, east-striking 
fault zone has apparently shifted the southern Dragoon block 3 mi 
eastward relative to the central Dragoon Mountain block. Much of 
this transport has occurred along the Courtland overthrust. 

Granitic rock in skyline ridges are underlain by Jurassic (178 
m.y.-181 m.y.) Gleeson Quartz Monzonite (Marvin and others, 1973; 
Drewes, 1976a). The rough-textured, craggy and poorly vegetated 
rock in the ridge at 2:30 in the southern Dragoon Mountain or 
Gleeson block are outcrops of what Gilluly (1956) mapped as an 
alaskite facies of Gleeson Quartz Monzonite, although he had ob­
served numerous abrupt contacts with the biotite quartz monzonite 
main facies of Gleeson Quartz Monzonite. Note the smoother slopes 
of the main facies adjacent to 'the craggy outcrops of the alaskite 
facies. 

In the central Dragoon Mountains from Middle Pass to South Pass, 
Cederstrom (1946) and Gilluly U956) mapped a major northwest. 
striking tectonic feature which Cederstrom (1946) named the Dragoon 
fault. They positioned this fault about half way down the slope on 
the northeast side of the crestline ridge now in view. Gi11uly 
(1956) suggested several miles of shortening occurred during northeast­
directed thrusting along this fault. 

Drewes C1976a, 19J81 has renamed the Dragoon fault the Cochise 
thrust. According to Drewes the Cochise thrust in the central 
Dragoon Mountains is the suture between the overlying Cochise plate 
and the underlying Hidalgo plate. The Cochise thrust continues 
through the southern Dragoon Mountains where Gleeson Quartz Monzonite 
of presumed Jurassi'c age rests in the upper plate. Drewes U976b) 
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suggested that Gleeson Quartz Monzonite could be the beheaded 
portion of the Squaw Gulch Granite in the Santa Rita Mountains 
37 mi. west. If so, transport of the Cochise allochthon is 37 mi 
to the northeast during the Piman pnase of the Laramide pnase 
of the Cordi 11 eran orogeny (Drewes, 19J8 L 

Keith and Barrett 0976) presented evidence that tne Dragoon 
fau1 t between Mi'ddl e Pass and South pass is instead an unconformity 
between Glance Conglomerate and the Naco Group. Also Dunn (pers. 
corom., 1978) suggests that some of the Gl eeson Quartz Monzon;. te 
may be Precambrian. 

To reconcile these diverse vtews Keith would speculate that 
the alaskite facies at 2;00 in tne Gleeson Quartz Monzonite is 
indeed a Jurassic pl uton (one of the Jurassic dates is on 
muscovite, presumably from the alaskite phase} and has 
intruded and reset parts of a larger Precambrian pluton which 
petrographically resembles otfrer 1,400 m.y'. old granites. 

Tne Dragoon Mountains were so named because it was here that 
the 3rd ll. S. Cavalry" known as' Dragoons" was stationed.. Theil' 
name came from the fact tliat they used heavy carbines rather 
than the usual sabre and revolver associated with cavalp-y tpoops 
(Barnes" 19601. 
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DAY 3 
ROADLOGS FROM TOMBSTONE TO TUCSON, ARIZONA 



STOP 1: LARAMIDE SIt VER MINERALIZATION AND POLYPHASE FAULT 
MOVEMENTS AT THE PROMPTER MINE 

Another example of Laramide structural complexity is excellently 
exposed at the Prompter Mi ne, one of the former rich manganese s i1 ver 
producers in the Tombstone district, The Prompter shaft is driven 
down a major east-west-striking south-dipping structure named the 
Prompter faul t By Butl er and others (1938) (see Fi gure 1). The Prompter 
fault separates a synclinally folded Bis5ee Group-Paleozoic section 
from.a north-striking, east-dipping monoclinally folded Paleozoic 
sectlon south of the fault. 
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The Prompter fault zone is locally heavily mineralized along strike 
for about 8500 feet. Butler and others (1938) describe the Prompter-Oregon 
Mine segment as follows: 

Uregon-Prompter Mine.-The Oregon-Prompter w 0 r kin g s 
(Plates VII and XIV) extend to water level, with a maximum 
vertical depth of 800 feet. The ore bodies exposed in these work­
ings are irregular, pipelike to tabular replacement masses, of 
which at least twelve have been mined. They occur within cer­
tain favorable beds of the Naco limestone where the Prompter 
fault and bedding slips have localized ore solutions from the 
northeast fissures. 

Associated with the Prompter fault were five separate ore 
bodies of which three occurred near the Prompter shaft between 
the surface and the fifth level, and one was 300 to 325 feet east of 
the Oregon shaft between the surface and the first level (Plates . 
VII and XIV). The limestone beds that contained these bodies in 
general conformed with the footwall of the fault. This ore in 
general was of medium to low grade. Some 400 feet south of the 
Oregon shaft was the Massey-Williams ore body in vertical to 
steeply northward-dipping beds of Naco limestone beneath the 
Prompter fault. The stopes here are inaccessible, but according 
to maps and local information, the ore body extended, with med­
ium to steep eastward plunge, from the fau]!, at a point approxi­
mately 125 feet above the third level, to water level. Throughout 
most of its vertical extent of 450 feet this ore was of high grade. 

The ore bodies related to bedding slips in the Naco limestone 
are indicated on Plate XlV. In general they were very persistent, 
and one of them was followed for a length of 850 feet, from the 
surface near the Oregon shaft to water level. The most western 
one, the Giacoma ore body, occurs along the in tersection of a 
northeast fissure with steeply northward-dipping limestone beds 
in the footwall of a bedding slip (Plate XIV). According to John 
Giacoma, this body yielded $175,000 worth of silver ore. 

The Oregon-Prompter structures have not been thoroughly 
prospected. The favorable limestone beds and associated bed­
ding slips, such as those of the Massey-Williams and Giacoma ore 
bodies, appear to be intersected by several other northeast ore 
fissures in unexplored areas. Other favorable beds and favorable 
structures may exist in the untested area north of the Oregon 
workings and south of the hornfels contact shown on Plate IV. 



76 m.y. 

As has the Dividend monocline (DAY 2 STOP 6) and the Government Butte 
structural zone (DAY 2 STOP 9), the Prompter fault exhibits a complex 
polyphase movement history. At the Prompter shaft the Prompter fault 
places Abrigo Formation and Bolsa Quartzite over carbonate rocks of the 
Naco Group. Because Bisbee Group rocks have been deformed by this move­
ment, the Prompter fault has had an episode of post mid-Cretaceous re­
verse motion. Presumably the east-northeast - stri king broad syncl i ne 
in the Bisbee Group on Reservoir Hill north of the Prompter fault ~s re­
lated to this movement. 

Apparently mineralization took place after the reverse movement, but 
before an episode of strike-slip motion onthe Prompter fault (the man~ 
ganese .... sil yer mi'nera lizati'on contai'ns numerous sl i'cRensi'des that pl unge 
shallowly 30 to 45 degrees S50~80 degrees El. Offset of CamBrian for­
mational cont~cts in the Prompter fault zone are left lateral and com­
bined with the sl ickenside data suggest that the movement was 1 argely 
left slip. The above-mentioned structural relationships are consistent 
with the double orogeny concept of Gilluly (1956). That is, early 
Laramide tectonism (post-Bisbee and pre-silver mineralization and mag­
matism in the Tombstone district) is formed during a north-south regional 
compression and later Laramide orogeny (post-72 m.y. magmatism, but pre 
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62 m.y. rhydite dikes) is characterized by northeast-southwest to east­
west compression. These changing stress patterns are consistent with those 
implied for structures observed at the Dividend Monocline and Government 
Butte. 
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SCALE 

Figure 47.5b. Geologic map of Tombstone Hills and Government Butte, Cochise County, 
Arizona (from Arizona Geol. Soc. Guidebook II, 7959). 
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Table 7. Geochronological data for the Tombstone district, Cochise County, Arizona (Roger A. Newell) 

Sample # 

GS·2 

19 r\ 

H7·1 

Constants us~d: 

Sample description and location 

Hydrothermal sericite from open cut of the Charleston Lead 
mine, Charleston Hills, Cochise County. E·W vein structure 
cuts Bronco Volcanics at Charleston mine and Uncle Sam 
Porphyry along strike. 

Hydrothermal sericite from NE·trcnding vein structure which 
to the N E carries silver mineralization at the State of Maine 
mine, Tombstone District, Cochise County. 31 ° 41'38"N., 
1100 06'46''W. 

Hornblende from melanocratic rhyodacite porphyry dike 
which cuts breccia (mineralized) pipe at Robber Roost along 
Charleston Rd. 31°40'09"N., 1100 07'26''W. 

K·feldspar from NNW striking dike which cuts horn blende· 
biotite rhyodacite porphyry dike south of Prompter fault, 
Tombstone distri ct, Cochise County. 31 ° 41 '02" N., 110"04' 
22"W. Resembles the rhyolite dated at 62.1 m.y. by Creasey 
and Kistler (1962). 

Analyst: 

Percent 
K 

7.73 

6.80 

.71, 

6.78, 

'E. H. McKee, Menlo Park, Calif. Sept. 18, 1973. 
'Analyzed by Geochron Laboratories, Cambridge, MA 

Radiogenic 
argon40 

m x' 0 -" mig 

1046.0 

890.0 

98.1 

750.0 

'\ = 4.72 x 10" 0 jyear 

Ae = 0.585 x 10" 0 /year 

K'OjK= l.n x 10"'g/& 
3 Recalculated according to revised decay constants (Steiger and Jager, 1977) 

Percent 
atmospheric 

argon-40 

25.3 

28.5 

77.65 

28.4 

From Keith and ~ii1 t (1 ~ 7 R) 

TOMBSTONE AREA AND TO THE WEST 

71 

A 
Age in m.y. 

74.5 ! 3.0' 

76.40 3 

72.9 ! 2.7' 

73.95 3 

75.2:: 3.8' 

77.13' 

61.9! 2.3' 

62.69 3 

31°39'12"N Rhyolite, biotite, No. 95 66±3 Marvin and others, 1973, p. 22; Creasey and 
110 0 02'42''W (K·Ar) Kistler, 1962, p. Dl, No.2. 

31°39'N Rhyolite porphyry; sanidine, biotite; 65.1 ±1.6(s} Marvin and Cole, 1978. 
1100 03'W 74D143 66.6±1.6(B) 

(K·Ar) 

31°43'48"N Schieffelin Graniodiorite; biotite, No. 97 76±3 Marvin and others, 1973, p. 22; Creasey and 
1100 06'09''W (K·Ar) Kistler, 1962, p. 01, No.3. 

31°41'N Granodiorite; biotite, 74D84 149±3 Marvin and Cole, 1978 
1100 09'W (K·Ar) 

31°37'N Granodiorite; biotite, 74D91 76.3±1.8 Ditto 
110010'W (K·Ar) 

31°41 'lS"N Rhyodacite, Uncle Sam Porphyry; 73.S±2.8 Marvin and others, 1973, p. 22. 
110014'45"W biotite, No. 96 (680582) (K·Ar) 

31°37'N Rhyolite tuff, Pantano(?) Fm.; biotite, 39.8±1.5 Marvin and others, 1973, p. 19. 
11002S'W No.71 (K·Ar) 

from Marvin and others (1978) 



Cumulative 
mileage 

2.8 

2.9 

3.4 

3.6 

3.8 

4.0 

5. 1 

Right turn sign. Wash on right just ahead contains outcrops of light­
gray Schieffelin Granodiorite. A dark-colored, northeast-striking, 
rhyodacite dike cuts the Schieffelin and Bisbee Group in the hills to 
the west. This dike is a part of an extensive northeast-trending 
dike swarm which cuts Uncle Sam Porphyry, Bisbee Group and Schieffelin 
Granodiorite. One of these dikes has been dated at 71 m.y. lNewell, 
1974, courtesy of Anacondal. 

O. 1 
Low hill ahead is a contact zone between Schieffelin Granodi~rite and 
Bisbee Group which is exposed in low roadcuts on right. Schieffelin 
Granodiorite here contains numerous xenoliths of altered metasilt~ 
stone from the BisBee Group. Outcrops of melanocratic rhyodacite 
dikes are also present. Roadcuts ahead will traverse generally east­
dipping Bisbee strata. 

0.5 
Speed limit sign (45 m.p.h.1 on right. The State of Maine mine and 
associated workings at 12:30 exploit silver-rich quartz veins in 
Uncle Sam Porphyry at contact with Bisbee Group. It is the only 
significant operation that is currently active in the district. 
The contact Between Uncle Sam porphyry and BisBee strikes northwest 
through the area of mine workings VisiBle on the hill slope. Accord­
ing to Newell loral comm.l the contact dips moderately southwest. 

0.2 
Road on right to State of Maine mine and to Ernest B. Escapule mill. 

0.3 
Road on left. Roadcuts ahead on right are in contact-altered Bisbee 
Group. 

0.2 
Contact between Bisbee Group and Uncle Sam Porphyry is on right of 
road just past top of a low rise in road. 

Mine workings at 8:30 are the. Dry Hill prospect, which explores 
manganese-silver mineralization in horsetail fault strands of 
Prompter fault zone which juxtaposes upper and lower Paleozoic 
stratigraphy. Farther east, out of view, the Prompter and Oregon 
mines exploited rich silver-manganese mineralization along the 
Prompter fault, which marks the southern limit of major mineraliza­
tion in the Tombstone mining district, 

Hills ahead at 1:00 are Uncle Sam Porphyry. Road for next 
several miles crosses an extensive pediment cut on Uncle Sam Porphyry 
between here and the Charleston Hills at 12:00 in the middle distance. 
Huachuca Mountains from the far skyline ahead. 

1.1 
TomBstone Resources mi.ll on left was one of several recent attempts 
to awaken interest in the TomBstone district. . 

Uncle Sam Hill at 3:00 is: the type locality for tfle]2 m.y. old 
Uncle Sam Porphyry, fi.rst named By ffutler and others 09381, who 
descri,bed the rock as: an intrusi, ve quartz 1 atite porphyry, Ransome 
(l920) described the rock as an intrusive, but he cl assifie.d it as 
a rhyolite flow. Drewes (l9Jlc). called some of the Uncle Sam a 
welded tuff. 
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Uncle Sam Porphyry has invaded Colina Limestone, Epitaph 
Do1omite,- Bisbee Group, Bronco Volcanics and Schieffelin Gran­
odiorite east of Bronco Hill. In turn the Uncle Sam is intruded 
by a rhyodacite west of Ajax Hill and by numerous hornblende 
andesite (?) dikes between Charleston and the State of Maine 
mine (Newell, oral comm. ).Gi11u1y (1945, 1956) believed that 
the Uncle Sam intruded along a major low-angle thrust fault 
within the Bisbee Group. Newell (1974) considered the Uncle 
Sam to represent an eruptive pyroclastic rock that cuts the 
Bisbee. 

0.3 
5.4 Cattle sign. Uncle Sam Porphyry in low ridges on right. San 

Jose Peak in Mexico at 10:00. 
Bronco Hill at 12:00 in middle distance is type locality 

for Bronco Volcanics which underlie the pedimented area to the 
north. Bronco Hill itself, however, is of Schieffe1in Gran­
odiorite. Bronco Volcanics are best exposed over 3.5 mi 2 
near the Charleston Hills, 9 mi southwest of Tombstone. 
Lithologically they consist of a lower, dominantly andesitic 
member and an upper member that is largely quartz 1atite. 
These volcanics rest on Bisbee Group, are intruded by Schieffe1in 
Granodiorite and are overlain by Uncle Sam Porphyry. Alteration 
within the volcanics dates at about 72 m.y. (R. Newell, written 
comm.) . 

0.9 
6.3 Catt1eguard. Brown-and white-colored knob named Robber's Roost 

at 1:00 is one of numerous breccia columns in Uncle Sam Porphyry. 
The mineralized breccia column is intruded on its north side by 
an unminera1ized, northeast-striking, me1anocratic, rhyodacite 
porphyry dike (71 m.y.) (Newell,1974). 

0.3 
6.6 Low hills in middle distance west of San Pedro River (1:30) are 

composed of Uncle Sam Porphyry and andesite member of Bronco 
Volcanics. The Mustang Mountains from the jagged skyline at 1:00, 
and are separated from the southern Whetstone Mountains by Rain 
Valley at 1:30 and from the main Whetstone Mountains at 2:00 by 
the Mescal Spring fault zone. The Whetstone Mountains contain 
the most complete section of Paleozoic rocks in southeastern 
Arizona. 

The Charleston road is now descending into the drainages of 
the San Pedro River. 

The San Pedro Valley provided the corridor for Spain's entry 
into what is now the Southwestern United States-the Coronado 
Expedition of 1540-1542. In search of the faoled "Seven Cities 
of Gold" at Hawikuh lnear Zuni', N.M.), the army that treked 
along these banks consisted of 340 Europeans and 1,300 Indian 
allies; along with 1,500 horses, mUles, sheep and goats. Al­
though deemed a failure at the time, for no riches were found, 
they brought back knowledge of lands and people to the north 
and opened the way for later Spanish exploration, colonization, 
and the development of a distinctive Southwestern culture 
CCoronado National Monument, N.P.S., written comm.). 
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0.5 
7.1 Charleston Lead mine at 1 :30., at the nQrthern base of the 

northernmost hill i.n the Charleston Hi,lls compl;.x, Seri:-cHe 
from the open cut at ti1e mi'ne ts dqted at J4. 5 "7' 3 m~,}". LNewell, 
1974). Deep drilling (3,000.+ ftl fai,led to penetrate Bronco 
Volcani.cs and underlyi'ng Btsbee Group i,n this area~ • 

0.3 ' 
7.4 Bronco Hi 11 s from 9: 30 to 1 Q; 30; Bronco Hi'll at 10; 30. 

0.6 . 
8.0 Good view at 2;3Q of northernmost htll in the Charleston Htlls 

compl ex. Reddi,sh"",brown rOCK compri,stng upper two~thi.rds of 
hill is Uncle Sam Porph,yry~ Light .... cQlored rocks at Base 
of hill are quartz latHe member of Bronco Volcani.cS t Ob­
serve apparent flat contact across Bronco Volcqntcs, 

If Uncle Sam Porphyry i.s an ash,,,,,flow sheet~ as suggested 
by Drewes U9Jlcl and Newell 09J4t, then the contact ts 
an angular unconformity, Thi's i,mpli,es a major rotati,'onal 
tectoni.c event whi,ch post~dates tfle probabl e 73 m.y, 01 d 
quartz latHe member of Bronco Volcqni:cs~ but predates 
e.xtrusi,on of the 72 m.y. 01 d Uncl e Sam porphyry; an extrem­
ely tight timing schedule~ If the Uncle Sam porphyry ts a 
shallow laccolitll1c tntru~;i,on lGi,llul,y~ 1956~ Butler' and 
others, 19.381 the rotati,onql tectoni,~ mqy post":,datei:ntru",, 
ston of ]2 m.,y. old Uncle Sam Porphyry. ' , 

The majority of the hills at 12:3Q are capped bjt Uncle 
Sam Porphyry, in fl at"" lyi,ng contqct over the qaartz 1 atite 
memoer of Bronco Volcanfcs. 

0.4 
8.4 Cattleguard. 

0.4 
8.8 The crumbling adobe caotn at 11;00. low flas Been called tEte 

Hbloodiest Gabi,n in Artzona/' The cabtn was ori'gi'nally butlt 
by Frederick Brunckow of the- Sonora Explor1'ng and Mtntng 
Company of New York tn 185J, Hi,'s murder by .Me.xtcan emp 1 oyees 
tn 1861 was the ftrst of 13 known murders tn the caBtn, The 
fi,rst U.S, federal marshall for Ari,'zona WqS Also ktlled there 
CJ. D. Forrester, wrHten comm.L 

The cabi,n and associated clai,m$ are on nortfteqst-trending, 
h,ydrotherma lly""a ltered ftssures in Bronco Vol cani,'cs? ScftteffeJtn 
Granodi.orite crops out on hi.ll to ri.ght, 
0,2' . 

9.0 Cattleguard. 
0.2 

9.2 In wash and roadcut ahead is quartz latHe memo'er of Bronco 
Volcanics, It haS Been liydrothermall,y a,1tered along fractures, 
appqrently by fl uids rel ated to the Scf\.ieffeHn GrqnQdtorite 
v1sible just to the west~ 

0!5 
9.7 This part of San pedro Valley nortflward to a potnt south of 

St. Davtd was the site of the San Juan Boqui,l hs 1 and grant, 
A mi 1 e aBove Fa i. rbank on tne west bank of the ri:ver i.~ the 
extensive ruin of Quiburi 7 a $05ai.purt Indtan town and a 
Spanish colonial prestdi,o tn the lJOQs_(Polzer~ pers, comm:L. 

74 



0.1 
9.8 Flood plain of San Pedro River. The edges of this flood plain were 

frequented by mammoth, horse, bison and other Pleistocene animals 
about 11,000 years ago. They were hunted by Early Man and 3 important 
sites have documented Clovis-type spear points and other lithicl~ebris 
in direct association with faunal remains. The sites date by C at 
about 11,200 B.P. (before present) and are the Murray Springs, Lehner 
and Naco sites (see Lindsay, this guidebook). 

0.3 
10.1 Railroad crossing and cattleguards. Monument on left (before the 

first cattleguard) commenorates the Mormom Battalion's "Battle of 
the Bulls." 

The battle actually occurred 20 mi upstream (near Hereford, 
Ari zona), on December 7, 1846 (Young, 1955). The "Battl e of the 
Bull s II was 1 itera lly a contest Between man and animal, as General 
Cooke and his Mormom Battalion were attacked by a crazed herd of 
wild bulls. The "battle" lasted for several hours as the rampaging 
beasts made repeated charges against the mules and wagons. Al­
though, reportedly humorous at times, several soldiers were injured 
in the chaotic foray. Over 80 bulls were shot and killed before 
the herd was repulsed; no count on mu1ecasualties. General Cooke 
unwittingly anticipated history by 15 years, by referring to the 
fracas as "Bull Run" (H. L. James, written comm.). 

The Hereford area was also the setting for the western classic, 
Red River (1948), with John Wayne. Production crews had to dam 
the San Pedro in places to create enough water to "ford a cattle 
drive" that the plot demanded (Bourne, 1970). 

The February 1945 issue of APizona Highways featured a picture 
of the San Pedro by Stan Adler of Bisbee's Brewery Gulch Gazette~ 
under which he wrote: 

Men have drowned in it~ men have bathed in it~ and men have 
blistered their cowboy boots trekking across it during a 
drought. There are stretches of veteran willows and cotton­
woods~ of sage and sand~ of eroded walls dotted with owls' 
nests~ of gravel flats . . . At points the river is a 
frail ribbon ofwater~ at others it is a wide but shallow 
expanse. Except for short periods after heavy rains~ it 
can be crossed on horseback at almost any point without 
wetting the pony's belly. . . In the country of "big 
water" the San Pedro may not cut much of a swath as an 
aquatic phenomenon. But the natives of the San Pedro 
Valley consider it's their river - and they' U stick to it. 
If you hooraw them about it and ask what the San Pedro has 
got that other rivers haven't got~ they will tell you with 
justiable pride: "It rw1S north.''' 
The Quaternary stratigraphic sequence exposed in a post-1880 

gully at Murray Springs arroyo south of here is the Best exposed 
sequence of flood-plain sediments in lower San Pedro Valley 
(Haynes, 1968). Following a major entrenchment into the 
Pliocene St. David Formation about 30,000 years B.P., the area 
began to backfill. The area continued to backfill from 
29,000 to 21,200 years B.P. Following backfilling, the area 
again was entrenched, after which it again backfilled. The 
lowermost of these backfill layers yielded a radiocarbon age 
of 11,230 years B.P. and contained Clovis spear points in a 
mammoth skeleton. Another undated entrenchment and backfilling 
sequence, which contained Cochise artifacts, ensued and was 

75 



10.4 

10.6 

11. 8 

12.9 

13.8 

15.6 

followed by yet another downcutting and backfilling cycle. Num­
erous radiocarbon dates from layers within these sediments range 
from 5,500 to 1,550 years B.P.; these layers contain San Pedro 
artifacts. The uppermost unit of flood-plain sediments contains 
artifacts of a U.S. Army encampment at Murray Springs between 
1913 and 1918. 

The arroyo cutting of the main San Pe~rQ River began in this 
area in 1883 (Bryan, 1925), and progressed up the tributary at 
Murray Springs soon after 1900. If the Quaternary stratigraphy 
of Murray Springs is representative of flood-plain deposition 
below the Aravaipa surface within San Pedro Valley, then the 
present flood plain evolved after a series of downcutting and 
backfilling events which postdated a major downcutting event 
that had ended about 30,000 years ago. 

0.3 . 
Narrow bridge crossing San Pedro River. Be Careful~ 

Site of ghost town of Charleston is in-grove of trees (to 
the right) along the west banks of the river. A satelite town,. 
called Milltown, occupied the east bank (a short distance 
downstream). These towns were established to process ores from 
the Tombstone mines, using water from the San Pedro River. 

0.2 
Cattle9uard. Road ahead ascends onto Whetstone surface of 
Bryan U 926). 

1.2 
Highway curves right. Southern Bronco Hills are east of San 
Pedro River from 9:00 to 10:00. They contain west-dipping Bisbee 
Group intruded by Schieffelin Granodiorite. The southernmost hill 
is just east of an angular unconformity between the andesite mem­
ber of Bronco Vocanics and deformed Bisbee Group in a railroad cut 
north of Lewis Spring. Road continues on Whetstone surface. 

1.1 
Cattleguard and intersection with Moson road. To the right are 
the Whetstone and Mustang mountains with the Huachuca Mountains 
straight ahead. Ahead road ascends onto Tombstone surface, the 
highest aggradational surface in the San Pedro Valley (Bryan, 1926). 

0.9 
Cattle sign. Santa Rita Mountains now on far skyline at 1:00. 

1.8 
Dirt road intersection and cattleguard. Huachuca Mountains now 
dominate skyline. Mount Thompson is at the south end of the range 
at 10:00; Miller Peak (9,466 ftl at 10:30 is the tallest peak in 
the Huachucas; Carr Peak at 10:45; Ramsey Peak at 11:00; Garden 
Canyon at 11:30; Huachuca Peak (8,410 ft) at 12:00. 

Low foothills along the entire northeast-facing slope of the 
Huachuca Mountains are i.n Precambrian granite, unconformably oVer­
lain by Balsa Quartzite. Note the conspicuous Balsa cliffs below 
Carr Peak and the unnamed,Bolsa-capped peak just north of 
Huachuca Peak at 12:05. 

Near the crest of the range Paleozoic strata through Escabrosa 
Limestone have moved southwesterly over overturned Bisbee Group 
strata on a northeast-dipping, moderately-inclined, reverse fault. 
Hayes and Raup (1968) interpret this fault to flatten at depth, 
which implies the northeastern Huachuca Mountains are a southwest­
directed, "thin-skinned" tnrust slice. 
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Accord~ng to Davis. ldis~ussi'on.~ Sthp £1 these reverse faults 
steepen w,.th depth. In thlS verSlon, te northeastern Huachuca 
Mountains are part of a deep~seated, basement~cored uplift in a 
style similar to those i.n tlie classi.c Colorado and Wyoming Rockies. 
Drewes 119.78) believes that Ute folds tn the Huachuca Mountai.ns 
are probably the upper ends of mi.nor rmbri cate thrust faults 
which flatten downward to the southwest and perhaps merge with a 
major thrust fault, . 

0.] 
16.3 Cross railroad tl"acks, Highway, for the next few mi.les continues 

on relatively undissected, red soi.'hcapped, Tombstone surface. 
1. 6 . , 

17.9 Juncti on of Charl eston road and Ari,zona92 CSi. erra Vista bypass ),. 
Turn rigflt. 

0.5 
18.4 Cross abandoned railroad grade, 

0.7 
19.1 North end of Huachuca Mountai'ns ts now clearl.y i'n view at 11 ;45, 

The east .... west striking Ki'no Sprtng faul t zone sktrts tlie north 
edge of the Huachuca Mountain blocK and separates i~ from the 
low topography to the north Between th.e Huachuca Mounta i'ns and 
Mustang Mountains. A si,mi:lar fault north of tn-e BaBocomari, 
River separates the southern e.nd of tfie Mustang MOl1ntai'ns from 
the low topography to the south of them. At 11 \ 00 numerous fi.re 
break roads in footfii1ls are in Fort Huachuca on Precambrian 
granite. Town of Sierra Vtsta ts to the left. Hi,'gliway conttnues 
on Tombstone surface for next several miles, 

3.0 
22.1 Junction with Arizona 90 at stop light, Conti~~e straight ahead 

across intersection towards East Gate. 
0.3 

22.4 East Gate of fort H'uachuca.' 'COnti'nue stratsht'ahead on three"",lane 
main road past barracks area, The old post i,s at 12;00, Fort 
Huachuca i. s the only mi:l ;,tart tnsta 11 a ti'on sttll acUve of thos e 
established to control Apaches along the border with. Mexi.co. The 
fort was corrnnonly garri'soned 5y filack caval ry troopers (Suffa10 
Soldiersl, a point overlooked tn mo~t westerri movies and novels. 

The name Huachuca was a;ppaT'ently first used for a Pima Indian 
village on what came to be the BabocomaT'i Land Grant. 

Camp Huachuca succeeded Camp Wallen Cq.v.)as a military post 
of principal importance in Arizona. Camp Huachuca was established 
on MaT'ch 3~ 18??~ at the mouth of what was known then descriptively 
as Cental Canyon~ in the Huachuca Mountains. Increasing difficulties 
with Apaches added to the importance of the camp and in 1882 it was 
made a permanent post. Following the surrender of Geronimo in 1886~ 
the post was relatively inactive until the Madero revolt in Mexico 
in 19l1. Camp Huachuca then became headquarters for troops along 
the border. It reached its maximum importance during World WaT' 11 
when 22~ 000 soldiers and 8~ 000 civilans swarmed on the military 
reservation. In 1949 Fort Huachuca was transferred to the state of 
Arizona for use by the National Guard. For a brief period it was 
abandoned as a military establishment. The growing importance of 
military electronic devices caused the reactivation of the post 
as a federal project in the eaT'ly 1950's. 
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P.O. est. as Camp Huachuca~ November 24~ 1879. Fred L. 
Austin~ p.m. Name changed to Fort Huachuca~ February 5~ 1892. 
Wells Fargo Station~ 1885 (Barnes~ 1960). 

Huachuca Canyon and Precambrian granite foothills at 12:00. 
Conspicuous Bolsa-capped ridges are on either side of canyon. 

1.2 
23.6 Intersection with Irwin Street at stop sign. Turn right. 

0.9 
24.5 Intersection with Arizona Avenue to Libby Army Airfield. 

Continue straight ahead. 
0.9 

25.4 Stop sign. Intersection with Whitside road to North Gate of 
Fort Huachuca and Arizona 90 to right. Continue straight ahead. 
Irwin Street curves left and becomes Gatewood Road. 

0.6 
26.0 Road crosses wash from Huachuca Canyon, which is parallel to the 

contact between Pleistocene' alluvium and deformed Pantano eQuiva­
lentC?) rocks west of the wash on Laundry Ridge. After crossing 
wash, road ascends hill in these older gravels. 

0.4 
26.4 Road is now on a veneer of Pleistocene gravels which are part of 

a dissected, low-relief, oblate fan, headed in Split Rock Canyon 
to the southwest. These gravels rest on a pediment surface which 
bevels Pantano equivalent(?) gravels and Bisbee(?) Group to the. 
left. Triassic-Jurassic(?) volcanics and sediments to the right, 
and Precambrian granite ahead. The Mesozoic rocks are fault slices 
within the Kino Spring fault zone, which here trends west-northwest. 

0.5 
26.9 Intersection with Canelo road to West Gate of Fort Huachuca. 

Turn right. Roadcuts ahead are in shattered Precambrian granite 
just south of the Kino Spring fault. Note cataclastic foliation 
in some of the granite. 

Road ascends onto terrace alluvium. To the north notice the 
extensive, early Pleistocene surface between the Huachuca Moun­
tains and the Whetstone-Mustang mountains. This surface is the 
Tombstone pediment of Bryan (l926}, which has been dated as 
younger than 700,000 years in San Pedro Valley on the basis of 
magnetostratigraphy CJohnson and others, 1975}. 

0.7 
27.6 Road on right leads to riding stables. Just ahead road descends 

onto pediment which here bevels Triassic-Jurassict?) volcanics and 
sediments. These are in a fault slice in the Kino Spring fault 
zone (Hayes and Raup, 1968). Demonstration Hill is ahead on right. 

0.4 
28.0 Road on right to Demonstration Hill. Road is again on pediment­

veneer gravels. 
0.3 

28.3 Road descends into wash. Roadcuts ahead are in deeply weathered 
and deformed shales and arkoses of Bisbee Group in another. fault 
slice of Kino Spring fault. As road ascends west side of wash, 
observe shattered Precambrian granite just south of the road 
across the wash. Also ODserve fault contact between Bisbee Groupe?) 
and Precambrian granite. 
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0.6 
28.9 (45 m.p.h. sign). Road is again on residual gravels veneering 

Pleistocene pediment; these gravels are part of a fan headed in 
Blacktail Canyon at 11:30. Outcrops in hills to south continue 
in Precambrian granite. Kino Spring fault is concealed just 
north of road. 

0.8 
29.7 Picnic area on right. 

0.5 
30.2 Intersection. Bear left following road to West Gate of Fort 

Huachuca. The Bl ackta il fan is now in good vi ew on 1 eft. The 
road will traverse the head of this thin, gently sloping, broad 
alluvial fan which rests on an extensive pediment which bevels 
Precambrian granite, Triassic-Jurassic volcanics and sediments 
and older, tilted, red conglomerates that are possibly equivalent 
to the Pantano north of the Kino Spring fault zone. These fan 
gravels are probably younger than the terrace gravels of the 
Tombstone surface, which rest unconformably on 700,000 year old 
beds of upper St. David Formation at Curtis ranch in San Pedro 
Valley (Johnson and others, 19751. 

The Blacktail Canyon fan is similar to many other fans, such 
as the Madera Canyon fan in the western Santa Rita Mountains (see 
Supplemental Road.!:.2.9.. No. l}. Many of these thin, gently sloping 
fans rest on extensive pediments in southwestern Arizona, are no 
longer depositionallY'active and have been subjected to degradational 
processes of entrenchment By modern day streams sometime after the 
fans and pediments were formed in early Pleistocene time. These 
fans represent the highest level of aggradational back-filling of 
valleys such as San Pedro Valley to the east and Sonoita basin to 
the northwest. 

The surface of the Blacktail fan is sloped to the Babocomari 
River, which skirts the southern Mustang Mountains at 3:00. On 
the western slopes of the Mustang Mountains a well-defined surface 
slopes southwesterly toward the Babocomari River, These sarfaces 
are part of a large, generally gently northeast-sloping, aggradational 
surface in the Sonoita area to the northwest. 

The topographic low between the northern Huachuca Mountains and 
the southern Mustang Mountains is not a Basin and Range oas)n. Thin 
fanglomerates rest on an extensive pediment beveled on pre-Basin and 
Range rocks (tilted Pantano-like gravels) from our viewpoint all 
the way to the Mustang Mountains. 

0.2 
30.4 Di.rt road on left. Precambrian granite is thrust over southwest­

dipping Bol sa Quartzite in the east wall of B1 acktail Canyon at 
about 9;QO (Hayes and Raup, 19.681. Bolsa Quartzite caps the 
prominent skyline ridge on the east side of the canyon from 8:30 
to 9:00. Ridge in Background is capped by Morita Formation, 
which in lower, tree.,.cove-rErl slopes is in thrust fault contact with 
complexly faulted Paleozoic rocks, 
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The main northeast-dipping thrust fault is at change in slope 
marked by a vegetation line on the foregound ridge in west wall 
of Blacktail Canyon. Fault here juxtaposes Precambrian granite 
over Mississippian Escabrosa Li.mestone, which foms ledges at the 
top of ridge. The thrust continues atross our view and traverses 
the lower reaches of an unnamed, V-shaped canyon at 11 :OO! Exten­
sively faulted Paleozoic slices occur in this canyon. The main 
thrust is approximately located in the middle part of the hill 
near 12:00, which is capped by Bolsa Quartzite. 

The thrust continues to the northwest and joins the Kino Spring 
fault zone at the extreme north end of the hill just east of Kino 
Spring. The thrust is considered by Drewes (1976a, 1978) to be 
an element of the Cochise thrust and would mark the boundary 
between the overriding Cochise plqte (here in PrecamBrian granite) 
and the lower Hidalgo plate (here in Paleozoics and Bisbee Group) 
to the southwest. 

0.2 
30.6 Road descends into wash on west side of B1acktatl fan! precambrian 

granite crops out on Doth si'des of the road, in the wasli, and along 
the road ahead. 

0.1 
30.7 Road on left. 

0.6 
31.3 Approximate location of intersection where main thrust is truncated 

by Kino Spring fault (Hayes and Raup? 1968). 
0.2 

31.5 Road on left. Small holes and fiolding tanks marl< Kino Spring. Kino 
Spring is a modern name oecatJse the area was known to Padre Eusebio 
Franci sco Ki'no as "Boconcos." This was an area of intense mi ssi on 
activity in the late 1600's. (Polzer, pers. comm). 

Jurassic Huachuca Quartz Monzonite(?) is to left of road and poorly 
exposed Jurassic-Triassic volcanics and sedimentary rocks are to 
right of road. 

0.2 
31.7 Outcrops in this vicini'ty are in extremely deformed Jurassic-Triassic(?} 

volcanic and sedimentary rocks~ a fault slide in Kino Spring fault zone. 
0.2 

31.9 West Gate. Begin dirt road, Road continues in sheared Jurassic~ 
Triassic(?l volcantc and sedimentary rocks, 

0,2 
32,1 Road turns west at telepnone pole. Hills south and east of Manila 

Canyon (about 11 :00) are in extensively faulted, Paleozoi.c through 
Glance Conglomerate strata. The crest of ridge at 11:30 is Concha 
Limestone, which is overthrust Dy Glance Conglomerate on the west 
side of the ridge (Hayes and Raup, 1968). At the turn, the road 
will bear west down the southern boundary fault of tfie Kino Spring 
fault zone. Low'roadcuts ahead are in deformed Glance Conglomerate. 

0.3 
32.4 Ranch house on ri ght. Slow down for STOP 2. 

0.2 
32,7 STOP 2. Turn left onto dirt track and park. 

The northern Huachuca Mountains are to the southeast and south 
and the Canelo Hills are to the west, with the Santa Rita t10un .... 
tains in the northwest over the high, mid-Plelstocene surface at 
Sonoita, In the far north-northwest, Rincon Peak tops the south­
ern Rincon .Mounta ins. The Mustang Mounta ins are to the north, 
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backed by the Whetstone Mountains, the least structurally dis­
turbed mountain range in southeastern Arizona. The low valley 
between the Mustang Mountains and Stop 2 is drained by the 
Babocomari River, which joins the San Pedro River about 15 mi 
to the east. 

Traverse through Laramide tectonite fabrics: 

We will examine the contact of a north~to north-northeast­
striking thrust fault mapped 5y Hayes and Raup ll~68), Dockweiler 
(fig. 79.92}, and Drewes lwritten comm, L The upper plate rocks 
are Glance Conglomerate, which are in low~angle fault contact 
with Morita Formation. At the end of the dirt track are outcrops 
of Glance Conglomerate between the mesquite trees. Walk south­
west for 150 to 200 ft and cross the thrust contact between 
Glance and Morita. Steeply east~dipping, inverted cross-bedding 
in the siltstones of the Morita conffrms the overturned nature 
of rocks in this area. Tfie thrust is poorly exposed. 

Careful search of Glance Conglomerate in the upper plate 
reveals zones of tectonically flattened and elongated limestone 
and chert clasts. The chert clasts are erosionally resistant 
and stick out of the rock like cigars. Long axes are N.30oE. 
to N.60oE., which is the inferred transport direction and axis 
of shortening for Laramioe orogenesis. Because the Glance is 
located at a ductility contrast between more brittle underlying 
Paleozoics and more ductile or flexible higher Bisbee Group strata, 
the Glance commonly is a zone of intense shear strain. Observe 
numerous extensional fractures normal to the long axes. 

Rocks and tectonic fabrics in Morita rocks of the lower plate 
are excellently exposed about 600 ft, farther south on the ridge, 
where overhanging cliffs of upper plate Glance rest in low-angle 
fault contact on Mori~Formation. The thrust is also well 2xposed 
under numerous overhangs as you follow the ridge south. 

About 1,200 ft. south along the ridge severely splintered 
Morita siltstones reflect a pronounced lineation parallel to the. 
axes of rootless reclined folds. Axial surfaces of these reclined 
folds are generally subparallel to the plane of the overlying thrust. 
Axes of the folds and li.neations plunge east-northeast to east. 
Within the Morita Formation below the thrust are intact 
kink-fold pairs with varying axial orientations. The overall 
geometric aspects of the kink-fold pairs and the reclined folds 
suggests that kind-fold pairs initially formed with fold axes 
perpendicular (northwest) to the direction of tectonic transport. 
As strain continued these folds became progressively attenuated 
and detached. Fold axes rotated towards the direction of tectonic 
transport and .the rock became progressively rotated and acquired 
a splintered character. The highly 1ineated outcrops have a 
fabric aligned subparallel to the tectonic transport direction. 
Another 15 ft. to the south end of the cl iff 1 ine i.s an excell ent 
view of the overthrust. 
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Figure 79.9a. Geologic map of the northern Huachuca Mountains (by R. A. Dock weiler). 
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TECTONICS OF THE HUACHUCA MOUNTAINS 
G. H. Davis 

A major feature of the Huachuca Mountains is a northeast-dipping, 
N. 400W.-striking, thrust/reverse fault zone (fig. 79.9b). Every­
where along it, relatively old rocks on the northeast are juxtaposed 
against relatively young rocks on the southwest. Slickensides are 
dip-slip and, together with the sense of stratigraphic separation 
and drag folding, disclose thrust-slip and reverse-slip movements 
directed southwestward. Cretaceous footwall rocks near the crest 
of the mountain locally are deformed oy large overturned folds. 

The expression of this zone of folding and faulting in the northern 
Huachucas is anomalously intense. A blocKof Precambrian basement 
and Paleozoic-Mesozoic sedimentary rocks representing the frame-
work of the northernmost Huachuca Mountains (figs. 79.9a,b} has 
been displaced southwestward approximately 0.6 mi. Translation was 
accommodated by: (1) left-slip on tile northeast-striking Manilla 
fault, (2) thrust-slip movements on low-angle nortneast-dipping 
faults, and (3) reverse-slip movement on the Kino Spring fault. 
Thrust-slip faulting has resulted in overturning of the Glance 
Cong10merate-Permi'an di's·conformi.t,y and the deye.lopment of one of the 
few penetrative tectonic fabrics seen in the regibn, as discussed 
previously. These record attenuation and thinning during northeast 
to southwest transport. The influence of this southwest-directed 
displacement on the major northwest-trending syncline on the west 
flank of the Huachuca Mountains is striRing, for it becomes 
progressively overturned to the north (figs. ]9.92, b). 

Concentration of deformation along the Glance/Morita contact 
reflects the influence of the mechanical properties of southeastern 
Arizona strata, Flexural-slip along layering was not a favored 
mode of strain when Sevier-Laramide stresses were transmitted 
through the Paleozoi.c section, with its massive strata broken by 
faults, variously tilted, and lacking continuity. Likewise, folding 
was not favored in Triassi~ (?)-Jurassi~ strata because of the 
abundance of wedge-like rhyolitic volcanic and coarse-clastic 
depositional units, tne local "inclusions" of enormous landslide 
blocks of upper Paleozoic strata within the sequence, and the 
abundant faults and joints imposed during the late Triassic (?) 
to mid-Jurassic interval. ' 

In contrast to pre-Cretaceous strata, Cretaceous strata readily 
deformed by macroscopic folding because of great thicknesses of thin­
to medi,um-bedded strata, especially sandstone, siltstone, mudstone 
and shale, and because of the pre-Laramide, post-Early Cretaceous 
continuity of undeformed horizontal strata over large areas. As 
the northern Huachuca locality shows, the base of the Cretaceous 
commonly marks the transformation from dominantly faulting to 
domi'nant1y folding. Seen in this way, the penetrative deformation 
concentrated in Glance Conglomerate in the nort~ern Huachuca 
Mountains may be understood in the context of decollement tectonics. 

83 



SANTA 
RITA 
MT,,\S 

N 

J 

J 

'-, , '\25 

-=----. 

25 KM 

.~ Tertiary Valcanic rocks ----'-lI-J 

c~_/.J Cretaceous Sedimentary 
and Volcanic rocks 

c=J Triassic (?) -Jurassic Volcanic 
and Sedimentary rocks 

§m Paleazoic Sedimentary rocks 

2i::il Precambrian 'granite' and 
Pinal Schist 

) 44' 

CANELO 
HILLS 

84 

c=J MesozoIC and Cenazolc 
Plutons, undifferentiated 

25 --- Strike a dip of bedding 
6 Modal fold orientation, with y trend and plunge of aXIs Cl1d 

dip of axial surface 

-- Modal trend of bedding 
stnatlons 

Figure 79.9b. Generalized structural-geologic map of part of southeastern Arizona showing locations of major faults and folded 
belts (from Davis; in press, American journal of Science). 

HUACHUCA 
MOUNTAINS 

MUSTANG 
MOUNTAINS 

MULE 
MOUNTAINS 

TOMBSTONE 
HILLS 

DRAGOON 
MOUNTAINS 

Figure 79.9c. Interpretative southwest-northeast cross-section of basement-core uplift (from Davis, in press, American journal of 
SCience). 



Kino Spring Fault 
A major reason for the intensity of deformation in the northern 

Huachuca Mountains is the Kino Spring fault zone (fig. ]9.92). 
Drewes has studied this zone in detail and major aspects of the 
following descriptive and interpretive narrative grew out of 
conversations with him. 

The Kino Spring fault is part of a northwest~trending system 
of faults having a complex and long-lived history of movement. 
North of this fault i.'s a suite of Jurassi'cCanelo Hi.'lls Volcanics 
and some older redbeds and the mid-Tertiary Pantano formation; 
south of the fault is a suite of precambrian granitic rock, 
Paleozoic sediments and Cretaceous volcanic and sedimentary 
rocks. The fault zone lies along the road at the long grade 
west of pyeatt ranch and forms a broad belt; nearby the fault 
dips 45 to 80 degrees north. This fault contains signs of 
multiple movements, including left-slip, features typical of the 
major system of faults in southeastern Arizona. Many faults are 
probably rejuvenated segments of flaws in the Basement (fig.]~L9b). 

Multiple movements along the Kino Spring fault are suggested by 
the diverse suites of rock adjacent to the fault and 5y the inter­
calation along the fault of a few tectonic silvers of Cretaceous(?) 
granitic rock unlike any known from adjacent terrains. A strike-slip 
component of movement along the Kino Spring fault is demonstrated 
by drag of Cretaceous beds immediately south of the fault between 
Pyeatt ranch and Ferosa Canyon. These beds, vartotlsly of the 
Cintura and Mori.ta formations and of Glance Conglomerate or a 
pre-Glance, andesite lava-bearing Cretaceous or Jurassic formation, 
~trike north to northwest toward the Kino Spring fault, and dip 45 
to 70 degrees northeast to east (fig. 79.9a). Numerous quartzite 
beds provide detailed control of attitude, and show the strike 
of beds to bend systematically westward near the fault. Some 
folds and faults in the Creataceous rocks also seem to be deflected, 
thereby implying that left~lateral slip occurred after thrusting 
and folding of these rocks. 

The li.istory of deformati.on that may be inferred from the 
relations alo~g the Kino Spring fault is similar to segments of 
the history of other faults of the northwest-trending system. 
The Kino Spri,ng fault is actually one of a pair of east-trending 
compl ex structures i.n this area. The othersudl fault is found 
along the Babocomari Riyer on the soutti side of the"Mustang 
Mounta ins efi g. ]9.. 9b 1, an area shown by Hayes and Raup (1968). 
pantano Formati on occurs south of that fault, tile terra i.n Between 
the pai.r of faults thus Bei'ng a mid-or late-Tertiary graben. To 
the east the pair of faults probably merge at the complex fault 
zone north of the Mul e Mounta i.ns; to the northwest they prooably 
a 1 so merge at the Sawmi'll Canyon fault zone in the Santa Rita 
Mountains. Several faults splay southeastward off the Sawmill 
Canyon .... Kino Spring fault zone, and they also show evi dence of 
left-lateral-~ovement and a polyphase history. The distribution 
of these faults is shown by Drewes (1978), but the significance 
of segments of some strands of this fault system has long been 
appreciated (Ransome, 1904). . 
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RegionaZ context of deformation in the northelnHuachuca Mountains 
The themes of compression-induced folding and faulting, and 

reactived high-angle faults, emphasized at this stop, relate importantly 
to the tectonic setting of southern Arizona and the nature of Laramide 
deformation. Drewes (1978) has underscored this in his tectonic narrative 
for southern Arizona. Laramide compressional stresses, directed north­
east-southwest, induced major reverse-slip and thrust-slip faulting 
along zones of weakness in the region. Two major zones of faulting 
are recognized, one passing along the Huachuca Mountains northwestward 
through the Kino Spring zone to the Sawmill Canyon zone; a second 
trending northwest-southeast along the Dragoon Mountains (figs. 79.9b, 
c). 80th of these zones were tectonically active in Triassic(?)-
Jurassic time and constituted "lines ll of weakness in the crust. The 
major zones are marked by anomalously intense deformation and serve to 
demarcate the margins of a northwest-trending block, approximately 
35 mi. wide. Phanerozoic strata in the central basement core (e.g. 
in the Whetstone, Mustang and Mule mountains) are marked by gentle 
structures in the form of monoclines, homoclines and open upright 
folds. Phanerozoic strata along the margins of the uplift are cut 
by reverse and thrust-slip faults, tight upright to overturned folds, 
and axial plane cleavage. Tectonic movements and fold vergence are 
di rected away, i. e., outward from the core of the upl ift. 



0.2 
32.8 Cattleguard and Santa Cruz County line. We are traveling along 

the Kino Spring fault on this downhill section. Observe west­
northwest-striking beds of upturned Morita Formation which suggest 
a period of left-slip movements on the Kino Spring fault. Road 
ahead passes poor exposures of ~lorita Formation, Glance Conglomerate 
and Tertiary granodiorite. 

0.1 
32.9 Roadcuts on right are in Morita Formation. 

0.3 
33.2 Road now in the Kino Spring fault zone, expressed as gouge in 

roadcuts on right. After curving right 0.4 mi ahead, Pantano Forma­
tion continues to crop out south of the fault. 

0.9 
34.1 Cross Lyle Canyon. Observe Pantano Formation exposed in gullies to 

either side. Volcanic rocks intercalated within these conglomerates 
yield dates of 38.9 m.y. (Marvin and others, 1973} from south of 
the Babocomari River and 27.2, 26.1, and 24.3 m.y. (Vice, 1974) 
from the Babocomari River area. 

The Babocomari River valley to the north received its name 
from the Babacomari (sic) Land Grant made in 7832 by the Mexican 
government to Ignacio Elias~ who erected a hacienda at the center 
of an important cattle ranch. Depredations by Apaches forced its 
abandonment ~ and although already falling into ruins~ it was 
used as a fort by people in San Pedro Valley in 1855 (Barnes~1960). 

0.4 
34.5 Cattleguard. Entrance to Research Ranch area of the Coronado 

National Forest. 
0.5 

35.0 Cretaceous Fort Crittenden Formation is poorly exposed in roadcuts 
on left (see Hayes and Drewes, 1978). 

0.2 
35.2 Road now on block south of the Kino Sprtng fault, which is here 

concea 1 ed by younger all uvi·um. Road crosses into Pl i 0- Pl eistocene 
gravel s for the next 0.5 mi.. To the 1 eft ;'s a good view of over­
turned Bisbee Group strata in a major overturned fold structure 
on the west side of the northern Huachuca Mountains. The upper 
continuation of this structure ts truncated by the northwest­
trending, northeast-dipping thrust fault zone (Hayes and R~up, 
1968}. An extensive, dissected pediment bevels upturned Blsbee 
Group and Fort Crittenden Formation in the northwestern foothil: s 
of the Huachuca Mountains. Plio-Pleistocene gravels rest on thlS 
pediment. 
. 0.2 

35.4 Explanatory sign for the Research Ranch of the Coronado National 
Service. 

0.1 
35.5 Roadcuts in poorly exposed conglomerate member of the Fort Crittenden 

Formation. 
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0.2 
35.7 Roadcuts on right are in poorly exposed Cintura Formation. These 

rocks mark the core of a northwest-trendinq anticlinal structure 
at the northwest tip of the Huachuca Mountains. 

0.5 
36.2 Cattleguard. Leaving Research area. Canelo Hills are on the 

skyline at 12:00. Outcrops continue in Cintura Formation. 
0.1 

36.3 Road crosses contact of Cintura Formation and lower conglomerate 
member of Fort Crittenden Formation. Note lag gravels composed 
of rounded pebbles and cobbles washed out of the Fort Crittenden 
Formation. Roadcuts ahead on the left are in Fort Crittenden 
Formation. We are in the southwest limb of the anticline. 

0.3 
36.6 Junction; turn right for Sonoita, Arizona 83 leads south to 

Parker Lake. Canelo Hills are on skyline to the west. The 
name Canelo in Spanish means "cinnamon" and the name of the 
hills probably refers to their light brown color. The Canelo 
Hills are the type locality of the Canelo Hills Volcanics and 
redbeds. Radiometric dates on the Canelo Hills Volcanics are 
173 and 165 m.y. (Marvin and others, 1973). The core of the 
Canelo Hills comprises a large, anticlinal fold structure in 
upper Paleozoic strata (Feth, 1947) flanked by Canelo Hills 
Volcanics. These rocks are cut by northwest-striking reverse 
faults, which may be southeastward continuations of similar 
structures in the Sawmill Canyon zone of the Santa Rita 
Mountains to the northwest. 

0.2 
36.8 Abandoned schoolhouse on left. 

0.2 
37.0 "Metropolis" of Canelo ahead. 

0.1 
37.1 Road on right to Elgin. Road for next few miles crosses low 

hills in flat-lying, Plio-Pleistocene, alluvial valley-fill. 
1.1 

38.2 Junction with Forest Service road on left. Turn right, cross 
cattleguard, and follow Arizona 83 to Sonoita. Mount Bruce 
in the northern Mustang Mountains is a conspicuous landmark 
at 12:30 after the road turns north. Road continues on valley­
fill alluvium and younger flood plain sediments. 

3.0 
41.2 Outcrops of Fort Crittenden Formation are on both sides of road 

in low ridges and gullies for next 2.5 mi. 
0.7 

46.9 Coronado National Forest boundary sign. 
1.6 

43.5 Younger gravels unconformably overlie extensive pediment cut on 
Fort Crittenden Formation. 

0.2 
43.7 Road for next 25 miles is on alluvium of an aggradational surface 

entrenched by local low-relief washes and gullies. 
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44.0 

44.0 

44.1 

46.8 

47.1 

-:!gin milepost 
Jrmat. 

25 

25.7 

0.3 
Mount Wrightson (9,453 ft.) is prominent peak in central Santa 
Rita Mountains at 9:00. The northern Santa Ritas form low peaks 
on skyline from 9:30 to 10:30. Empire Mountains are in the middle 
distance at 11 :00; The Santa Catalina Mountains are in the far 
distance, north of Tucson area, at 10:45 with the Rincon Mountains 
at 11 :30 east of Tucson. Rincon Peak (11 :30) is backed by Mica 
Mountain which is the low rounded-mountain to the left of Rincon 
Peak. 

The Mustang Mountains with the Whetstone Mountains beyond 
are from 12:00 to 1:00. Mustang Peak is the prominent, east­
northeast-trending ridge in the Mustang Mountains at 1 :00. The 
cliff-former capping Mustang Peak is Permian Concha Limestone 
underlain in the middle slopes by Scherrer Formation, which 
consists mostly of ortho-quartzite and redbeds. Observe the 
broad, northwest-plunging, anticlinal arch in Mustang Peak. 

The Whetstone Mountains were labeled ''Mustang 'Mountains'" 
on the 1879 map but by 1883 only the southern extremity was 
called the Mustang Mountains. The Mexicans called the range 
the Mestinez (Sp.=mustang) because in 1870 the hills sheltered 
a herd of about 60 wild ponies. These ponies may have been 
descendents of the stock brought into the region by Father Kino. 
In 1697 Kino and Manje made a trip up San Pedro Valley, on which 
they noted the Sobaipuri Indians rode horses. Manje said that 
in 1687 several stock ranches near the Pima County border had 
been abandoned because of Indian raids. The unclaimed stock 
went wild and soon became 'mestena" or mustangs, and the 
Sobaipuri Indians captured and used the horses (Barnes, 1960). 

0.4 
Road on right to Elgin. Bear left on Arizona 83. 

0.1 
Roadcuts are in dark-gray, loamy soils of the entrenched flood 
plain. Compare these soils with the older Pleistocene soils 
which contain bright-red argillic (B) horizons and white 
petrocalcic (Cca) or "caliche" horizons, which cap the early 
Pleistocene surface throughout the Sonoita area. The flood­
plain soils are possibly no older than 10,000 years (Holocene). 
Some have assigned a Sangamon interglacial age to the red 
paleosol (Melton, 1965a, b). 

2.7 
Pavement begins-yea! 

0.3 
Low roadcuts contain a thick petrocalcic (Cca) horizon; here 
the red argillic horizon has been stripped. 

0.6 
Low roadcuts ahead contain excellent examples of the red argillic 
(8) horizon. 

0.7 
Mount Fagin in the northern Santa Rita Mountains is at 12:00. 
Empire Mountains are at 12:30 in middle distance, backed by 
Rincon and Santa Catalina massif in far distance. 
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1.5 
27.2 Dirt road to Elgin on right. Whetstone Mountains from 1 :00 

to 2:00; Mustang Mountains from 2:00 to 3:00, with Mount Bruce 
at 2:30 and Mustang Peak at 3:00. The Mustang ~~ountains are 
separated from the central Whetstone Mountains on the north 
by the Mescal Spring fault and from the low va·lley south of 
the Mustangs by an east-west striking fault along the Baboco­
mari River. Rocks within the Mustang Mountain block are 
mostly upper Paleozoic rocks (Horquilla through Rain Valley 
formations) and Triassic-Jurassic volcanics and sediments, 
which are probable Canelo Hills Volcanics equivalents. These 
rocks have been broadly flexed around northwest-plunging fold 
axes. Local bedding-plane faults resulting from this folding 
were mapped by Hayes and Raup (1968) in the southern Mustang 
Mountains. The Mustang Mountains are the type locality for 
the Rain Valley Formation, the youngest Paleozoic formation 
(late Early Permian) in southeastern Arizona. 

0.6 
28 Note buried soils on right for next 0.2 mi. Underlying soil 

layer was probably buried by road construction fill. 
0.5 

28.5 Cattleguard. Just ahead road to Elgin on right. Abandoned 
railroad grade ahead on right after left turn. 

3.3 
31.8 Entering Sonoita (Papago meaning: IIplace where corn will growll). 

The scenic qualities of the Sonoita area have attracted film 
makers for such movies as Duel In The Sun, Oklahoma, and more 
recently, A Star Is Born. A popular annual quarter horse race 
held here at the race track on the left attracts racing fans 
from allover the Southwest. Sonoita at an elevation of 
4,865 ft. has an average annual precipitation of approximately 
17 inches, sustaining the area's lush, rolling plains grasslands 
(see Dunham, this guidebook). 

In 1859 a traveler noted that the entire Sonoita Valley was 
golden with grain and that one field alone contained one hundred 
and fifty acres of corn. Hinton noted that corn grew as high 
and as lushly in the Sonoita Valley as it did in Missouri 
bottom lands and that the Sonoita River rose to the ground and 
disappeared several times within twelve miles of Camp Crittenden. 
In 1856 Col. Gray referred to the stream as the "Sonoita or 
Clover Creek. " 

Like other areas in southern Arizona, the Sonoita Valley, 
because of trouble with Apaches in the period 1861-18?~was 
nearly uninhabited by white men. 

The present day community of Sonoita is of relatively recent 
origin, having come into existence in 1882 when it was established 
on the newly constructed railroad line. When the newer community 
of Sonoita was established on the railroad to the east of the oZd 
Sobaipuri rancheria, a post office was established. P.O. est. 
May 8, 1912. Clara L. Hummel, p.m. (Barnes, 1960), 
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0.3 
32.1 Junction of Arizona 83 with Arizona 82. Continue straight ahead 

(north) on Arizona 83. (Note: Supplemental Road Log No.1 inter­
sects here. The original name for Sonoita was Sonydag()r Sonoydak 
which means "spring-field" in Sobaipuri-Pima. This was the range 
land for mission cattle belonging to Kino's rancheria at Los 
Santos Reyes (Polzer, pers. comm.). 

0.9 
33 We are now pn the high grassland of Sonoita basin. The highway. has 

ascended onto the highest Pleistocene surface in the region. This 
surface was created before Sonoita Creek (to the southwest), slopes 
northeast and is gently graded to the Babocomari River at the south 
end of the Mustang Mountains. Drainage related to this surface 
has been progressively captured by headward erosion of drainage 
systems such as Sonoita Creek. 

Roadcuts are in Plio-Pleistocene valley-fill gravels. Thickness 
of basin fill is geophysically estimated at about 5,000 ft (Bittson, 
1976). From geophysical profiling, the Sonoita basin in general 
trends northwest; it is bounded on the south by the Sawmill Canyon 
zone, which may connect to the southeast with Kino Spring fault 
zone in the northern Huachuca Mountains. To the west the basin 
is bounded by a north-trending fault at the west edge of the 
central Santa Rita Mountains. 

Bedrock pediments extend far up into the Santa Rita Mountain 
block; thus the present mountain edge is not the structural edge 
of the block. The pedimentation process related to backwearing 
of mountain blocks adjacent to the Sonoita basin is no longer 
active due to the downcutting episodes which have captured 
drainages related to the mid-Pleistocene surface. 

Basin-Range faulting (since 15 m.y. ago) initially formed 
Sonoita basin, which filled up with alluvium while the mountain 
fronts retreated by pedimentation from the initial, mountain­
bounding faults. Sonoita basin then filled at a much slower 
rate and gravels onlapped onto the extensive pediment surfaces 
until mid-Pleistocene time. At that time a fall in the regional 
base level in the Gila-Santa Cruz River system induced down­
cutting in the upper reaches of the system and progressive cap­
ture of drainage systems. 

The post-1880 gully cutting episode merely reflects the largest 
in a series of downcutting cycles which began in mid-Pleistocene 
time. Changes in climate and man-made perturbations have been 

. superimposed on a more regional, geologically pre-determined 
tendency for net downcutting since mid-Pleistocene time throughout 
the upper Gila drainage system. Climatic changes, possibly related 
to glacial cycles, could have promoted cyclic backfilling and 
downcutting events, which produced numerous sets of terraces in 
entrenched drainage basins:. Thus, entrenchment in many stream 
systems in southeastern Arizona is not necessarily indicative 
of tectonic activity. Perhaps the regional base-level fall 
could be attributed to integration events in the lower Gila River 
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system, with resulting downcutting in the upper reaches. As 
demonstrated by Sonoita and Cienega creeks, the amount of down­
cutting and drainage divide migration in Quaternary time has been 
very impressive. 

1.0 
34 The west-northwest-striking Mescal Spring fault zone (3:00) 

separates the central Whetstone Mountain block, on the north, 
from the Mustang Mountain block, which includes the lower, 
southern Whetstones and the Mustangs. Mescal Spring fault 
zone is regarded by some as an element of the notorious Texas 
lineament. 

The Whetstone Mountains are the least structurally disturbed 
mountain range in southern Arizona. From the Mescal Spring 
fault zone northward past Apache Peak (1 :30), the entire 
Phanerozoic section from Bolsa Quartzite through Bisbee Group 
is homoclinally tilted southwestward. The lower Bisbee Group 
contains concordant bodies of rhyolite whi'ch. Creasey_(J96J) 
indicated to include both extrusive and intrusive rocks. The 
rhyolite-Bisbee Group section is intruded by the 74 m.y. 
Mine Camp stock (Creasey, 1967) near Granite Peak (2:30) 
north of the Mescal Spring fault zone. 

0.8 
35.8 Road ahead descends into Gardner Canyon, which has numerous 

Pleistocene surfaces related to long term downcutting and 
backfilling cycles in the Gardner Canyon drainage. The red 
argillic horizon at top of roadcut on left displays A, Band 
C soil horizons. 

1.0 
36.8 Pima County line. Terrace alluvium on both sides of road ahead 

is dissected below the upper surface. Observe several sets 
of surfaces including that produced by the post-1880 down­
cutting event. 

0.2 
37 Roadcuts in fine-grained valley fill capped by coarse, rounded, 

cobble-boulder alluvium on a surface below the high, early 
Pleistocene, aggradational surface. Note excellent channel 
at base of terrace gravels. The surface is also present 
ahead on the north side of Gardner Canyon. Finer-grained 
sediments represent bank overflow and flood-plain deposits 
in the wider flood plain of an earlier Gardner Canyon. This 
proto-Gardner Canyon surface in turn has been entrenched by 
the modern Gardner Canyon, which is currently entrenching its 
own flood plain. Similar valley fill is exposed in roadcuts 
for next 7 mi . 

0.2 
37.2 Gardner Canyon bridge. 

0.1 
37.3 Gardner Canyon road on left. Turn left and proceed into Gardner 

Canyon area for STOPS 3, 4, an~--
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I NTRODUCTI ON 

INTERCALATED VOLCANICS AND EOLIAN "AZTEC-NAVAJO - LIKE" 
SANDSTONES IN SOUTHEAST ARIZONA: ANOTHER CLUE TO 

THE JURASSIC - TRIASSIC PALEOTECTONIC PUZZLE OF 
THE SOUTHWESTERN U.S. 

by 

William L. Bilodeau 

and 

Stanley B. Keith 

Recent reconnaissance geological mapping on the Papago Indian Reservation 
by U.S. Geological Survey geologists (Haxe1 and others, 1980), some new age 
dates and our own local detailed analysis of some specific Mesozoic sedimentary 
sections has produced new evidence to more clearly define the Early Jurassic 
paleogeography of southern Arizona. Specifically, thick sequences of mature 
quartz sandstones intercalated with rhyolitic to andesitic volcanics of dated 
Early Jurassic age are located in several southern Arizona mountain ranges, 
and can be correlated with the Early Jurassic Aztec Sandstone 600 km to the 
northwest in the Mohave Desert (Miller, and Carr, 1978), and the Navajo Sand­
stone 400 km to the north on the Colorado Plateau (Peterson and Pipiringos, 
1979). This correlation is based on similarities in age, lithology, petro­
graphy and paleowind drections deduced from the orientation of large-scale 
crossbeds. 

The Early Jurassic paleogeography of southern Arizona was dominated by a 
northwest-southeast-trending continental margin magmatic arc of Andean type. 
This magmatic arc extended northwestward into California, southward into Mexico 
and was directly related to eastward subduction of an oceanic plate beneath the 
southwestern edge of North America (Coney, 1978). The Lower Jurassic volcanic, 
plutonic, and associated sedimentary rocks that comprise this arc terrance are 
widely scattered in the isolated mountain ranges of the southern Basin-and­
Range Province bf southeastern California (Armstrong and Suppe, 1973), southern 
Arizona (Hayes, Simon and Raup, 1965; Drewes, 1971; Haxe1 and others, 1980), 
and northern Mexico (Anderson and Silver, 1978; Rangin, 1978). The presence 
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of eolian Navajo-Aztec-equiva1ent sandstones intercalated with arc volcanics 
along the rear or continent side of the arc and definitely south of the inferred 
NW-trending ancestral Mogollon highland in Central Arizona suggests that a 
modification of prior pa1eogeogrpahic reconstructions is needed (Bilodeau and 
Keith,1979). 
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The southern Arizona Early Jurassic quartz arenites crop out in four 
widely separated localities: (1) within the Mt. Wrightson Formation in Santa 
Rita Mountains; (2) within the Ox Frame Volcanics of the Sierrita Mountains; 
(3) within the Sil Nakya Formation of the Sil Nakya Hills; and (4) within the 
Ali Molina Formation in the Baboquivari Mountains (Fig. 1). Other Mesozoic(?) 
age quartzites and quartz arenites are known in southern Arizona and south­
eastern California, but have not been dated or studied well enough to be in­
cluded in this discussion at this time. 

LOWER JURASSIC SANDSTONES IN SOUTHEAST ARIZONA 

Mt. Wrightson Formation 

In the north-central Santa Rita Mountains (Fig. 2), located to the south­
southeast of Tucson, a minimum of 2800 m of volcanic and sedimentary rocks of 
Triassic(?)-Jurassic age are widely exposed. These rocks were mapped by Drewes 
(1971) who named them the Mt. Wrightson Formation and informally divided the 
sequence into three members. The lower member is 500 m thick, composed mostly 
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of dacitic to andesitic volcanics and lenses of quartzose sandstone and quartzite 
that are typically 6 - 7 m thi.ck and 50 - 100 m long. At one locality several 
lenses converge to form a single body of quartzite over 100 m thick (Drewes, 
1971). The middle member is approximately 1650 m thick and contains mostly 
rhyolitic to latitic flows and tuffs with maybe 5% dacitic volcanics and 1% 
sedimentary rocks. Most of the sedimentary strata are lenses of sandstone 
and quartzite similar to those in the lower member and characteristically 
contain large-scale cross stratification. According to Drewes (1971), the 
sandstone;s well-sorted, with subrounded 0.2 - 0.5 mm diameter grains and is 
70 - 80% quartz. Clay minerals or sericite makes up most of the remainder. 
Several of the lenses are also tuffaceous. 

The upper member contains the most significant amounts of quartz arenite 
within the Mt. Wrightson Formation. This member is about 600 m thick, 50% of 
which is quartzose sandstone, 40% dacitic and andesitic volcanics and 10% 
rhyodacite (Drewes, 1971). Locally the quartz arenite attains a thickness of 
250 m with large-scale trough or wedge-planar cross-stratification present 
throughout the section. Petrographically, the sandstone is fine grained and 
well-sorted, contains subrounded to well rounded, frequently frosted grains of 
which over 90% is monocrystalline quartz. The sandstone is more strongly indu­
rated and silicified the closer it is to the Sawmill Canyon fault zone, becom­
ing a massive quartzite along the fault that forms the northeast boundary of 
the formation. 

Paleocurrent directions from 46 large-scale crossbed orientations recorded 
in the thickest lens of quartz arenite in the upper member of the Mt. Wrightson 
Formation are plotted on the rose diagram (a in Fig. 3). The diagram shows 
major southwest and southeast paleowind directions, normal to the parallel with 
the trend of the Early Jurassic magmatic arc in southern Arizona. 

The age of the Mt. Wrightson Formation is here considered to be Early 
Jurassic. The basal contact of the Mt. Wrightson is intruded by the Piper 
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Gulch Monzonite, dated at 184 ~ 20 my and a date of 220 ~ 30 my was obtained 
on a welded tuff from the middle member (Drewes, 1971). Also, Drewes (1971) 
has noted that detritus of Mt. Wrightson Formation is contained in the 
Gardner Canyon Formation. Volcanics int*rbedded with the mudstone member 
yielded a zircon concentrate with a 192 - 20 my lead-alpha apparent age. All 
dating was done by the lead-alpha method. The lead-alpha method is very 
imprecise and we consider the 220 my and 192 my lead-alpha ages a bit too old 
for the age of the Mt. Wrightson Formation (see age discussions for the Ali 
Molina, and Sil Nakya formations). 

Ox Frame Volcanics 

In the central Sierrita Mountains, the next mountain range to the north­
east of the Santa Rita Mountains (Fig. 4), at least 1500 m of rhyolitic to 
andesitic flows and tuffs containing lenticular beds of sandstone, quartzite 
and conglomerate is exposed (Cooper, 1971). These rocks have been named the 
Ox Frame Volcanics by Cooper (1971) and have been correlated with the Mt. 
Wrightson Formation in the Santa Rita Mountains by Cooper (1971) and Hayes 
and Drewes (1978). 

The Ox Frame Volcanics, in their type locality are divided into three 
members, a lower silicic member composed of massive rhyolite flows, rhyodacite 
and rhyolite tuffs, a middle andesitic member with flows of dark porphyritic 
andesite and dacite, and an upper silicic member consisting primarily of 
rhyolitic welded tuffs and flows with intercalated volcanic sandstone and 
conglomerate and thick lenses of quartzite (Cooper, 1971). As in the Mt. 
Wrightson Formation, the quartzite beds are most abundant towards the top of 
the formation, typically occurring as scattered lenses a couple of meters to 
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a few hundred meters thick and a few tens of meters to over 1000 m long. 
Petrographically, the quartzite is fine to medium grained (0.2 - 0.3 mm), 
contains sub- to well-rounded, closely packed grains which are over 90% quartz 
and is cemented by silica in the form of quartz overgrowths and sericitic 
material from altered feldspar or volcanic grains. The exposures of the quartz­
ite are typically light or dark gray and occasionally show relict sandstone 
textures and small- to medium-scale crossbedding. No large-scale eolian cross 
stratification was observed. Locally, the quartzite are distinctively spotted 
and mottled. Unfortunately, most of the quartzite lenses are located within 
0.5 km of the intrusive contact with the Harris Ranch Quartz Monzonite. 

Paleocurrent directions from only 6 crossbed orientations obtained from 
the quartzite lenses of the Ox Frame Volcanics show two nearly opposite 
trends (Fig. 3b). Half the readings exhibit a west-northwest direction and 
the other half an east-northeast direction. Since all of the observed cross­
strata were of small- to medium-scale and came from two different lenses, 
either the paleoslope was highly variable or unrecognized local structural 
rotations have affected one or both of the localities. We feel that the 
former possibility is the likeliest as both of these trends were found in the 
Ali Molina Formation quartzites in the 8aboquivari Mountains. The presence 
of such clean quartz arenite intercalated into a thick pile of volcanic rocks 
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without other associated sedimentary rocks coupled with the alluvial nature 
and scale of the crossbedding, suggests that these rocks were fluvially 
reworked from eolian sand deposits. 

The age of the Ox Frame Volcanics is considered here to be Early Jurassic. 
The Ox Frame Volcanics are intruded by the Harris Ranch Quartz Monzonite 
(190 ± 20 my, Pb-a, Z), which is, in turn, intruded by the Sierrita Granite 
(150 ± 20 my, Pb-a, Z; 140 ± 14 my, Rb-Sr, whole-rock). The similarity of 
lithology and contact relationships support the correlation of the Ox Frame 
Volcanics with the Mt. Wrightson Formation of the Santa Rita Mountains 

and the radiometric age dates provide a minimum 
age of 190 my. 

Ali Molina Formation 

Several substantial quartzite lenses intercalated with rhyodacitic 
volcanics of Early Jurassic age are exposed in the west-central Baboquivari 
Mountains, due west of the Sierrita Mountains (Fig. 5). These rocks are part 
of a thick section of mildly to moderately metamorphosed sedimentary and 
silicic volcanic rocks that were originally defined and named the Ali Molina 
Metamorphic Complex by Heindl and Fair (1965). Recent mapping by Haxel and 
others (1980) has delineated several thick quartzite lenses within their re­
defined Ali Molina Formation. 

The quartzite lenses range from gray arkosic sandstone with coarse 
(0.7 - 0.8 mm) K-feldspar grains to white quartz arenite, and from 30 m to 
over 150 m in thickness. The lowermost lenses are distinctly less arkosic 
than the uppermost 1ense. The degree of metamorphism and the pervasive joint­
ing makes identification of primary sedimentary structures difficult but not 
impossible. Most of the crossbedding recognized in the quartzite lenses were 
smal1- to medium-scale. However, several large-scale crossbeds were identified 
in the lower more quartz~rich lenses. Paleocurrent directions from 44 cross­
bed determinations are plotted on a rose diagram (Fig. 3c)~-- The-diagram- ~_~ 
shows a dominant west-southwest paleocurrent trend with subsidiary west­
northwest and southwest trends. A large proportion of the crossbeds from the 
clean quartz arenite lenses have paleocurrent trends to the west-southwest 
while most of the northeast and southeast trends are from the arkosic lenses. 
The small-scale cross-strata in the arkosic lenses are most likely alluvial in 
origin and thus show local variability in paleoslope. The arkosic character of 
the lenses indicates they are reworked from the rhyodacitic volcanics as well 
as aeolian sandstones. In contrast the large-scale cross-bedding, clean 
character, and consistent, westward p~leocurrent indicators for the lower 
quartzitic lenses suggests a primarily eolian origin. 

The age of the Ali Molina Formation has been determined by Wright and 
others, (1981) as Early Jurassic. Isotopic ages were resolved for two size 
fractions of zircons from a quartz prophyry in the Ali Molina resulting in 
a mean Pb-Pb age of 191 my. 
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Sil Nakya Formation 

. In the Sil Nakya Hills, located 50 miles due west of Tucson (Fig. 6), 
oVer 2500 m of Mesozoic age rhyolite to rhyodacitic volcanic flows and tuffs, 
sedimentary redbeds and quartz arenite are exposed (Haxel and others, 1978). 
These rocks were originally described by Heindl (1965) and named the Sil 
Nakya Formation. The silicic volcanics make up over 75% of the section, 
with the quartzose sandstone comprising most of the remainder. 

The quartz arenite is 300 - 400 m thick, white to tan in color, well­
sorted and fine-grained with over 95% well rounded quartz grains. Locally, 
maroon rhyolite porphyry intrudes the sandstone, recrystallizing it to quartz­
ite. The unit is typically thin-bedded (2 - 10 cm) with rare small- to 
medium-scale cross stratification. No large-scale crossbedding was observed 
and only 5 crossbed orientation determinations were recorded. The paleocurrent 
data show no unique trends (see Fig. 3d). The small-scale of the crossbeds 
lack of any unique paleocurrent trends, clean character, and thin-bedding 
suggests the sandstone is of fluvial origin and reworked from a former eolian 
parent. 

The Sil Nakya Formation has been isotopically dated by Wright and others, 
(1981) as Early Jurassic. Zircons from welded tuff in the Sil Nakya give a 
Pb-Pb age of 188 my. This age is considered by Wright and others (1981) to 
be indistinguishable, within analytical error, from the isotopic age of the 
Ali Molina Formation in the Baboquivari Mountains. 

CORRELATION OF SOUTHERN ARIZONA SECTIONS 

We are in full agreement with Haxel and others (1980) in correlating the 
Sil Nakya and Ali Molina formations on the Papago Indian Reservation with the 
Ox Frame Volcanics and Mt. Wrightson Formation to the east, and that these 
rocks are all Early Jurassic in age. Age data is summarized on Table 1. In 
addition to the dated sections we also add the Cobre Ridge tuff in the Oro 
Blanco area (30 km south of the Ox Frame Volcanics) to the correlation. Here, 
Knight (1970) has described an extensive section of ignimbritic rhyodacitic 
to ~hyolitic tuffs locally interfingered with arkosic quartzites. The sequence 
is intruded by,a monzonitic pluton (Warsaw quartz Monzonite of Knight, 1970). 
The entire package is, in turn, unconformably overlain by clastic sedimentary 
rocks of the Oro Blanco Formation, a presumed Bisbee time equivalent. Because 
of the impressive lithological similarity and analogous stratigraphic position 
we believe it is highly likely that the Cobre Ridge tuff correlates with the 
other early Jurassic eolian and volcanic sequences. 
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CORRELATION WITH COLORADO PLATEAU AND MOJAVE DESERT MESOZOIC SANDSTONES 

The Early Jurassic mature quartz sandstones in southeast Arizona are 
here specifically correlated with the Navajo Sandstone 400 km to the north on 
the Colorado Plateau and to the Aztec Sandstone 600 km to the northwest in 
the Mojave Desert and southern Nevada. Of the four southern Arizona localities 
of these sandstones theMt. ~Jrightson Fonnation in the Santa Rita Mountains is 
the best exposed, least metamorphosed and contains ubiquitous large-scale 
sweeping crossbeds of eolian origin. The southwest to southeast paleowind 
directions (Fig. 3a) correlate well with the south-southwest (Aztec) direc­
tions and southeast (Navajo) directions reported in Poole (1962). The age of 
the Navajo Sandstone, previously thought to be Triassic(?)-Jurassic, is now 
considered to be entirely Early Jurassic based on fossil palynomorphs of Early 
Jurassic age (212 to 178 my according to the revised time scale of Armstrong, 
1978) found in the Moenave Formation, the basal unit of the Glen Canyon Group 
(Peterson and Pipiringos, 1979). 

Another intriguing age and paleogeographic constraint is provided by 
fission-track ages on single grain zircons for Navajo sandstone from three 
localities in southeast Utah (Jennison, 1980). In additiontoseveral 630 to 
958 my Precambrian apparent ages~Jennison reported younger clusters of 
ages with mean ages of 306±7 my and 229±5 my. The second cluster of ages was 
comprised of seven ages ranging from 250 to 184 my. Jennison interpreted the 
source for these zircons to be the Triassic arc terrance in western Nevada and 
eastern California northwest of the Navajo dune sea in southeast Utah. As such, 
the ages may be interpreted as maximum ages for the Navajo sandstone in south­
east Utah. These ages are consistent with the southeast Arizona sandstone age 
data (Tabl e 1). 

SEDIMENTOLOGICAL INTERPRETATION 
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Mature quartz sandstones interbedded with very thick sequences of rhyolitic 
to andesitic volcanics is an unusual occurrence. Especially when the quartz 
arenites are hundreds of meters thick and are the dominant sedimentary rock 
type in the section, with only minor sedimentary redbeds and volcanogenic 
sediments. The provenance of the sandstones must be unrelated to the volcanic 
arc and the depositional mechanism must produce a well-sorted, mature quartz 
arenite. The large-scale crossbedding, so common in the Mt. Wrightson Fonna­
tion and less common in the other units, provides evidence for eolian trans­
port and deposition of sands from the north and northeast (Fig. 3). Fluvial 
reworking of the quartz arenites (small-scale crossbedding) and deviation from 
prevailing wind directions due to local topography in the backarc area are two 
possible explanations for the various paleocurrent trends shown on the rose 
diagrams of Figure 3. 
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Table 1: SUMMARY OF AGE INFORMATION FOR EARLY JURASSIC EOLIAN-LIKE 
SANDSTONE IN SOUTHEAST ARIZONA. 

Formation 

Mt. Wrightson Formation 

Ox Frame Volcanics 

Cobre Ridge Tuff 

Ali Molina Formation 

Si1 Nakya Formation 

Isotopic dates 
Method Apparent age 

Pb-CL 
Pb-CL 

Pb-CL 

U-Pb 

U-Pb 

pre-184 my 
syn- to post 220 

pre-190 my 

no data 

syn-191 my 

syn-188 my 

Reference 

Drewes (1971) 
Drewes (1971) 

Cooper (1971) 

Knight (1970) 

Wright and 
others (1981) 

Wright and 
others (1981) 
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PALEOGEOGRAPHIC IMPLICATIONS 

The early Jurassic sandstone sequences provide important details for 
defining the northwest-southeast trend of the Early Jurassic continental 
margin magmatic arc as well as the northeastern or continentward edge of the 
arc (see Fig. 8.) 

Quartzite and quartz arenite interbedded with volcanogenic sediments on 
the Mojave Desert region have been correlated with the Aztec Sandstone in 
southern Nevada (Miller and Carr, 1978). These Aztec- or Navajo-equivalent 
sandstones suggest that clean quartz sands were blown up against the rear or 
continental side of the Early Jurassic magmatic arc in southern California. 
Our studies suggest that this was also the case in southern Arizona. Indeed, 
the relationships in Arizona present much stronger evidence in support of the 
interpretation of eolian sands being blown into the region of the magmatic 
arc than the Mojave strata have supplied so far because of isotopic dating of 
interbedded volcanics of arc affinity and the recorded paleowind directions 
from crossbed orientation studies of the Arizona rocks. 

108 

The effect of this correlation on reconstructions of Early Jurassic 
paleogeography in central and southern Arizona are very significant. The 
presence of north derived eolian sandstones intercalated with arc volcanics in 
southern Arizona place important restrictions on the location, elevation and 
duration of the Mogollon Highlands in the Late Triassic (Shinarump-Chinle time) 
and the Late Jurassic (Morrison time), supplying a sediment source to various 
Colorado Plateau formations. Our data suggesti that the Mogollon Highlands 
either (1) were not high enough or (2) as a series of distinct uplifts separated 
by wide lowlands or passes, were not continuous enough to block southward trans­
port of eolian sands across central Arizona and up the rear flank of the Early 
Jurassic magmatic arc. 

Paleocurrent data (Fig.3 ) support the chained uplift option. The 
Mogollon Highlands in Arizona are here considered to have been a chain of 
separate uplifts that continued across central New Mexico as the Florence, 
Grahrria, Burro and Florida Uplifts shown on Figure 8 and in Greenwood, Kottlowski, 
and Thompson (1977). The eolian sands were blown from a large interior desert 
at the south end of a shallow backarc sea (Stanley, Jordan and Dott, 1971), 
through low-lying passes in the Mogollon Highlands and up against the magmatic 
arc where the quartz sands interfingered with the arc volcanics. One such low­
lying pass was probably positioned between the Graham and Florence uplifts. 
Paleowinds blew southward through this pass and deposited locally thick dune­
fields on the northeast side of the lower Jurassic valcanic arc in the central 
Santa Rita Mountains. Paleowinds also turned westward to deposit similar 
dunefields in the Baboquivari Mountains south of the Florence uplift. Fluvial 
reworking and local lacustrine conditions commonly destroyed the eolian 
sedimentary structures and produced a variety of local secondary paleocurrent 
directions directed parallel to and away from the volcanic arc. 
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After eating lunch walk a short distance down the road to the north­
east and descend into Cave Creek north of the road for a look at the 
conglomerate facies of the upper Temporal Formation. 

STOP 4: CONGLOMERATE OF THE TEMFORAL FORMATION AND ITS TECTONIC 
SIGNIFICANCE 

by William L. Bilodeau 
The basal Cretaceous unit in the southern half of the Santa Rita 
Mountains is the Temporal Formation. -This unit contains rhyolitic 
to andesitic volcanics, polymictic conglomerate, and tuffaceous 
sandstone (Drewes, 1971a). These rocks unconformably overlie Triassic­
Jurassic Mt. Wrightson Formation volcanics and eolian sandstones in 
the northern half of the area~ and the Jurassic Squaw Gulch Granite 
and Piper Gulch Monzonite to the south. This unconformity has a rough 
topography, often showing considerable local relief. For the purposes 
of this stop, only the northern section, or more specifically, the 
upper member, of the Temporal Formation was studied. 

The upper member of the Temporal Formation can be divided into a lower 
conglomerate unit and an upper rhyodacite breccia unit. Intercalated 
within the lower conglomerate unit are small lenses of rhyolite flows 
and tuff. The conglomerate unit is about 300 m thick north of Gardner 
Canyon, where it is truncated by faults subparallel to the Sawmill Canyon 
fault zone, and thins southwestward until it disappears about l~ km 
south of Gardner Canyon. Small lenses of conglomerate are also present 
within the lower part of the overlying purple rhyodacite breccia, and as 
much as 120 m of basal conglomerate reappears about 4 km farther south in 
Temporal Gulch. The rhyodacite breccia is as much as 300 m thick in the 
northern part of the area and thins southward until it too disappears. 

Compositionally, the lower conglomerate is a mixed-clast conglomerate 
with large amounts of volcanic and granitic clasts and small amounts 
of quartzite, limestone, and sandstone clasts. Some zones within the 
member contain volcanic-clast conglomerate with 80-90% red, gray, and 
purplish red volcanic cobbles and boulders of various sorts. These 
zones typically contain no granitic clasts. Not more than a few meters 
away, conglomerate with 50-80% granodiorite poryphyry, pink, equigranular 
granite and dark gray diorite clasts and containing less than 30% 
volcanic clasts is present. In general, the clast percentages are 
around 55% volcanic, 35% granitic, and 10% limestone, quartzite, and 
sandstone clasts. The unit is typically clast-supported 
cobble to boulder conglomerate with occasional matrix-supported zones. 
The matrix is poorly sorted coarse sand, grit, and silt with a range 
in color from light gray to dark reddish brown. The clasts are sub­
rounded to rounded and may get as large as l~ m across (porphyritic 
granodiorite boulder). -No systematic variations in clast composition 

. were noted except that the southern half of the outcrop belttwhere the 
upper member conglomerate reappears and thickens to 120 m, the unit is 
a volcanic-clast conglomerate. 
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Paleocurrent Determinations. 

South of the Sawmi 11 Canyon fault zone, the sediment ·transport data 
for the Temporal and Bathtub Formations show three distinct directional 
modes. Both formations show an explicit south-southwest paleocurrent 
direction, while the Temporal also displays a secondary northwest 
direction and the Bathtub a secondary east-southeast direction. This 
polymodal relationship suggests a mixing of sediments derived from three 
different source areas. The two data points from the single mapped 
IIGlance ll locality suggests a southwesterly source, adding support for 
an elevated source terrane to the southwest. 

Environment and Mechanism of Deposition. 

South of the Sawmill Canyon fault zone, the Glance-equivalent Temporal 
and Bathtub Formations contain poorly sorted, poorly bedded, dis­
organized matrix-supported conglomerate deposits interbedded with better 
organized, but still rather poorly sorted, clast-supported conglomerate. 
Large boulders and fine grained, muddy matrix are commonly associated 
with the matrix-supported deposits. As discussed in previous chapters, 
these types of deposits are layed down by subaerial debris-flow pro­
cesses and are characteristic of alluvial fan depositional environments. 
Paleocurrent data and the composition of various clast types suggest 
northern, western, and southwestern source terranes. The porphyritic 
granodiorite clasts were derived from exposures of Precambrian Con­
tinental Granodiorite to the north and northeast. The wide variety of 
volcanic clasts were derived from the underlying Mt. Wrightson Forma­
tion presently exposed to the west and northwest and from intercalated 
volcanic members in the Temporal and Bathtub Formations. The limestone 
and quartzite clasts were derived from Paleozoic rocks to the northeast, 
and some of the pink granitic clasts came from the Jurassic plutons to 
the south and southwest. 

Structural Features and Tectonic Implications 

The prominent structural features of the central Santa Rita Mountains 
are the northwest-trending Sawmill Canyon fault zone and a feature Drewes 
calls the Santa Rita fault scar (Drewes, 1972), to the south. The Saw­
mill Canyon fault and the Santa Rita fault scar are structural zones 
that were active during early to middle Mesozoic time. 

The Sawmill Canyon fault zone is the structural feature of greatest in­
terest for this stop. The marked differences in clast composition, 
thickness, lithofacies relationships, paleocurrent directions, and sub­
jacent rock types suggest that this fault zone was a major structural 
and topographic feature during Early Cretaceous time. The total strati­
graphic relief across the Sawmill Canyon fault zone by the end of Glance 
time, was at least 3000 m, southwest side down. The present complexity 
of the Sawmill Canyon fault zone with its system of anastomosing fault 
traces, predominantly trending N50o-55°W, is suggestive of major late 
Mesozoic and Cenozoic strike-slip movements and precludes any direct 
interpretation of possible middle Mesozoic displacements from analysis 
of the faults themselves. Multiple post-Glance movements along the Saw­
mill Canyon fault zone are clearly evident, since the fault cuts later 
Cretaceous formations. 
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The deposition of a thick, southward-thinning, conglomeratic alluvial 
fan sequence immedi ately south of the Sawmi 11 Canyon fault zone, toget­
her with the existence of deposits of similar age in the Empire and 
Mule Mountains where they are related to Early Cretacepus normal fault 
movements, strongly suggest that the Sawmill Canyon fault zone also 
has south-side-down normal movement mid-Mesozoic age. The presence 
of minor amounts of Paleozoic limestone detritus and the abundance of 
Precambrian debris in the Temporal and Bathtub Formations indicates that 
most of the Paleozoic strata had already been removed from the block 
north of the fault zone by Glance or Temporal time. This limestone 
debris is not found in the exposed Triassic-Jurassic strata of the 
Santa Rita Mountains and may have been deposited farther to the south­
east in possibly older Glance Conglomerate in the Huachuca Mountains. 

The second structural feature of interest is the Santa Rita fault scar, 
a northwest-trending zone indicated by the aligned northeast edges of 
Jurassic and younger elongate intrusives, by septa in the intrusives, 
and by striking contrasts in stratigraphic sequences and structural 
attitudes on either side of the intrusive zone. Drewes (1972) con­
siders that the evidence is sufficent to show that the feature was 
initially a large, N35°W-trending, early Mesozoic fault zone. The evi­
dence for movement on the fault is sketchy at best, but displacements 
along faults buried by Cretaceous sedimentation caused uplift of the 
Jurassic plutons, the Pipe Gulch Monzonite (180 +20 m.y., Pb-a, zircon) 
and the Squaw Gulch Granite (160 .20 m.y., Pb-a,-Zircon and 145 +6 m.y., 
K-Ar, biotite) (Marvin and others~ 1973) and exposed them to unroofing 
and erosion during Glance time. 

After examining the Temporal conglomerates return to the vehicles and 
drive northeast for about one mile. Look for outcrop of con-
glomerate in Cave Creek. Park vehicles, and descend into the wash for 
inspection of Fort Crittenden conglomerates. 

STOP 5: CONGLOMERATES OF THE FORT CRITTENDEN FORMATION AND THEIR 
TECTONIC SIGNIFICANCE. 

Introduction. Much of the material here is taken from Drewes (1971, 
p. C55-C65). 

The Fort Crittenden Formation consists of five informal members; four 
are sedimentary rocks, and one is lenticular volcanic rock. The sedi­
mentary members are, in rising succession, the shale member, the lower 
red conglomerate member, the brown conglomerate m~mber, the subject of 
this stop, and the upper red conglomerate member. The four sedimentary 
members show at least a small amount of interfingering with adjacent 
members, in addition to-their dominant se~uential order. This inter­
fingering is most pronounced between the lower red conglomerate and the 
brown conglomerate. Some of the brown clastic 
rocks are scattered within the red conglomerates, and a few tongues of 
red rocks also appear within the dominantly brown beds. The fifth 
member, a rhyolitic tuff, is intercalated chiefly in the upper red con­
glomerate but also in the adjacent part of the brown conglomerate. To 
emphasize its geologic significance, Drewes (1971) considers it a separ­
ate member because it is the first record of volcanism associated with 
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the magmatic activity of the Laramide orogeny, and it occurs over a 
distance of at least 10 miles and may occur as far distant as northern 
Sonora. 

Brown Conglomerate Member 

About 2,300 feet of dominantly brown conglomerate overlies the lower red 
conglomerate member in the northeastern part of Adobe Canyon and adjacent 
canyons. The base of the brown conglomerate member is placed beneath 
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an 80-foot-thick brown unit at about the 5,200-foot contour on the north­
east flank of the Adobe Canyon basin about 8 km south of Stop 5. (Drewes, 
1971a; unpub. data). As defined by Drewes (1971), the brown conglo­
merate member underlies an extensive area from Hog Canyon and the upper 
reaches of Adobe Canyon northwestward to the west side of the Santa Rita 
Mountains. 

This member also consists of heterogeneous rock types, although brown 
conglomerate is its most typical rock. Unweathered rocks are light 
greenish gray, but the weathered ones are pale yellowish brown. Between 
Adobe Canyon and Cave Creek, the member contains intercalated red beds 
large enough to be mapped at a scale of 1 :12,000. Most of the beds of 
the member are a few feet thick, but they range in thickness from 1 to 
50 feet. The rocks consist of pebble-and-cobble conglomerate (10-40 per­
cent), sandstone and arkose (20-50 percent), and siltstone and mud-
stone (20-30 percent). A few grain-size and color changes are system­
atic. The red beds intercalated in the brown conglomerate member, for 
example, decrease in thickness and in grain size northward, which suggests 
that their provenance lay in the southern quadrants. Clasts in the 
brown conglomerate are dominantly granitic and probably were derived 
from a Precambrian source to the north. The finer grained brown beds 
are arkose, also believed to have come from the north. Some arkose 
beds exposed a few hundred feet west of the jeep road in Hog Canyon 
and others in probably the same general horizon that crop out between 
Cave Creek and Aliso Spring contain fragments of silicified wood, and 
in one place along Cave Creek scraps of dinosaur (?) bone were found. 

~ 

The Fort Crittenden has yielded a fairly abundant fauna (see Drewes, 
1971, for a detailed fossil discussion) that provides a 

probable Late Cretaceous age (Santonian, 
Campanian and Maestrichtian stages). In additi~n, a rhyodacite welded 
tuff from a sequence of rocks conformably overlying rocks on the west 
side of the Santa Rita Mountains and correlated with the red conglom-
erate member by Drewes (1971) has yielded a 74 m.y. K-Ar age on biotite. 
Assuming the correlations are valid, this means the Fort Crittenden 
~ormation in the Santa Rita Mountains is probably post-basal Santonian 
(post-85 m.y. on the Kauffman, 1977 ammonite time sale) and pre 74 m.y. B.P. 

Environment of Deposition 

The Fort Crittenden Formation was deposited subaerially in a tectonic 
environment. The abundance of coarse locally derived clastic rocks and 



of arkose and subgraywacke lithologies in the formation 
indicates that the detritus of which they were formed came from areas 
of considerable relief, was transported only a short distance, and was 
rapidly deposited. The presence of fossil land plants and animals also 
indicates a subaerial environment-one which was characterized by a ming­
ling of local lacustrine and more widespread fluvial and piedmont con­
ditions. 
Reviewed in more detail, the local record indicates that following a 
little uplift and erosion during post-Bisbee-pre Fort Crittenden time, 
gravels were deposited at the base of uplifted areas. A lake or fresh­
water lagoon covered a small area near the site of the present Adobe 
Canyon and briefly lapped over the gentle rise on its southwestern shore. 
Organic-rich mud and silt was deposited in the lake, which supported an 
abundant molluscan fauna and an assortment of fish, t'urtle, and dinosaur 
life. Gradually the lake, or at least the part of it that is represented 
by the present Adobe Canyon area, was filled by gravels brought in by 
streams. These gravels were contributed by at least two drainage systems, 
whose domination in the area fluctuated; one system brought in arkosic 
detritus from the northeast, and the other contributed volcanic detritus 
from the southwest and perhaps also from the southeast. The increased 
abundance of fanglomerate that was deposited toward the end of this time 
resulted from a gradual increase in local relief that is believed to have 
been associated with an early phase of the Laramide orogeny. Rhyolitic 
tuff that was deposited in the gravels late during Fort Crittenden time 
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was probably a preliminary sign of the major volcanic episode that followed, 
and its deposition brought to a close the time of deposition of abundant 
clastic rocks in the Late Cretaceous. 

Correlation (from Drewes (J97l) 

Sedimentary rocks of unquestioned Late Cretaceous age are scarce in the 
region around the Santa Rita Mountains, but undoubtedly more will be 
recognized when areas thus far only mapped in reconnaissance are studied 



in detail and when other redbed sequences are dated. The deposits which 
have a lithology and age most similar to the lithology and age of the 
Fort Crittenden Formation are the Cabullona Group in Sonora, Mexico, 70 
mi 1 es southeast of Adobe Canyon and 18 mil es east-southeast of Bisbee. 
These rocks, according to Taliaferro (1933), unconformably overlie the 
Lower Cretaceous Bisbee Group and make a sequence about 8,000 feet thick 
which contains, in rising succession, ll) the Snake Ridge Formation, of 
red conglomerate and sandstone, 2,000 feet thick; (2) the Camas Sandstone, 
of crossbedded sandstone and red and green shale, 1,200 feet thick; (3) 
the Packard Shale, a dark gray shale containing thi'n beds of bentonite 
and capped by white sandstone, 1,800-2,500 feet thick; (4) the upper red 
beds, of sandstone and shale, 2,000 feet thick; and (5) the light-gray 
rhyolite tuff, 800 feet thick. Both marine and nonmarine fossils are 
present, and adrosaurian remains from the upper part of the Snake Ridge 
Formati'on are probably of Santonian age, an age apparently preferred for 
the entire Cabullona Group. 

The Fort Crittenden Formation has also been recognized by Hayes in the 
northwestern corner of the Huachuca Mountains lHayes and Raup, 1968), 
about a quarter of the distance from the Santa Rita Mountains to the 
Cabullona area. The rocks of this area consist of at least 1,500 feet 
of interbedded shale, sandstone, and conglomerate, which are also domi­
nantly reddish brown but include some greenish-gray to dark-gray beds. 
They rest unconformably upon folded and faulted rocks high in the Bisbee 
Group and are themselves folded; thUS, the structural relations also 
resemble those in Adobe Canyon. 

East and northeast of Adobe Canyon, there are also some rocks which 
Drewes believes may be correlated with the Fort Crittenden Formation. 
In the Winchester Mountains, 10 miles northeast of the Little Dragoon 
Mountains, Cobper and Silver (1964,p.76-771 described red and green 
conglomerate, sandstone, and shale about 4,000 feet thick, which contains 
intercalated rhyolitic tuff and which is overlain by andesitic sedimentary 
and volcanic rocks. l1'kew,~se, in the Chi'r,'cahua Mountains, about 30 miles 
northeast of Bisbee, the Javelina formation of Epis (1956) consists of 
conglomerate and sandstone, apparently lying unconformably between the 
Bisbee and andesitic volcanics, a stratigraphic pOSition suggestive of 
the Fort Crittenden. 

To the north and west, similar rocks are reported, although they are 
assigned various stratigraphic positions. Fort Crittenden rocks were 
recognized by T. L. Finnell (oral commun., 1968) in the northeast corner 
of the Santa Rita Mountains, where they also contain some rhyolitic tuff 
lenses. J. R. Cooper (oral commun., 1968} described rocks in Demetrie 
Wash in the Sierrita Mountains as consisting of a lower tongue of con­
glomer'ate, siltstone, and sandstone overlain by rhyolite tuff and andesite 
breccia. At least the lower tongue in Demetrie Wash may be correlated 
with the Fort Crittenden Formation, and the breccia may be correlated 
with the lowest two members of the Salero Formation. 
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Each of these areas of southeastern Arizona has a similar succession 
of Cretaceous rocks. From older to younger, they are: (l) Bisbee; 
(2) unconformably overlying conglomerate, sandstone, and shale, which 
are dominantly red and commonly contain lenses of rhyolite tuff at or 
near their tops; (3) andesitic volcanic breccia, locally including 
andesitic sandstone; and (4) rhyodaCitic tuff, commonly welded. This 
regional similarity strongly suggests that the units are generally 
correlative, and although specific units such as the rhyolitic tuff 
may not be completely synchronous, the volcanic rocks may be of roughly 
the same age. The volcanic rocks herald the arrival of major magmatism 
into the southeast Arizona region from southern California (Coney and 
Reynolds, 1977; Keith, 1978). 

Return to Arizona 83, turn left, and proceed north. 

39.8 Empire ranch road on right. The Empire ranch was purchased by 
Anamax Mining Company for the water rights to develop the 
Helvetia-Rosemont deposits in the northern Santa Rita Mountains 
near the skyline ridge at 9:30. 

1.3 
41.1 Madern Canyon-Greaterville road via Box Canyon is just ahead on 

left. 
Greaterville developed after the discovery of placer gold 

in 1874. The mining district was organized in March~ 1875. 
Scarcity of water made it necessary to work placers by rocker 
and long tom. Water was brought in canvas or goatskin bags 
from Gardner Canyon .. foUl' miles away. By 1881 the gold had 
nearly played out and miners began to desert the camp. Others 
left because of Indian attacks. From 1886 to 1900 Greaterville 
was dead on its feet. (Barnes~ 1960). 

The great depression of 1929 supplied incentive to revive 
its popularity for weekend dry gold panners. 

2.4 
43.5 Road crosses major drainage divide. Gently tilted Plio-

Pleistocene valley fill is exposed in roadcuts ahead. 
0.5 

44 Empire Mountains (1:00) are separated from the northern Santa 
Rita Mountains (9:00 to 12:00) by Davidson Canyon. A conspicuous 
change in geomorphic style at drainage divide 0.5 mi ahead 
illustrates headward erosion and progressive stream capture 
by Davidson Canyon of the high Pleistocene surfaces in the 
Sonoita area that were formerly graded to the Babocomari River. 
The higher gradients of streams such as Davidson Canyon, Cienega 
Creek to the east, and Box Canyon and Sonoita Creek are related 
to the considerably lower base level of the Santa Cruz River 
system to the west, which is as much as 1,600 ft. lower than 
the San Pedro-Babocomari system to the east. The difference 
between geomorphic styles of the headcutting streams and the 
former, low-relief, low-gradient, mid-Pleistocene drainage is 
particularly well displayed at this drainage divide. 

Roadcuts ahead are in gently tilted, Plio-Pleistocene 
valley fill, which rests on an extensive, now exhumed topography 
of pre-Pliocene(?) age in the Empire and northern Santa Rita 
mountains. 

1.0 
45 Empire Mountains at 11 :00 to 12:00; northern Whetstones at 1 :00. 

Southern Empire Mountains in view are a southeast-dipping homocline 
of Paleozoic through Mesozoic rocks. They are intruded in the 
core of the range by the Sycamore Canyon quartz monzonite, 
known informally as the Sycamore stock, which has yielded dates 
of 71.9 and 80 m.y. (Marvin and others, 1973). Next to the 
Whetstone Mountains, the southern Empire Mountains contain the 
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second most complete Naco section exposed in southeastern Ari­
zona and have a different nomenclature from the Mule Mountains. 
A good Bisbee group section ;s also exposed (Hayes and Drewes, 
1978). -

Mount Fagin (9:00 to 9:30) in the northern Santa Rita 
Mountains is composed of Late Cretaceous pyroclastic volcanics 
of the Salero Formation. On the west side of Mount Fagin these 
volcanics rest with angular discordance upon Bisbee Group, 
which is tightly folded about east-west, low-plunging fold 
axes. In Davidson Canyon Salero Formation laps across the 
Empire thrust fault (Drewes and Finnell, 1968). Roadcuts 
ahead continue in gently tilted, Plio-Pleistocene valley-fill 
alluvium. 

0.9 
45.9 Roadcut on right contains a well~exposed angular unconformity 

between Plio-Pleistocene valley fill and underlying Pantano 
Formation, which here is moderately to steeply tilted, red 
boulder conglomerate. Dacite intercalated in the Pantano Forma­
tion has yielded a date of 28.7 m.y. (Finnell, 1970b). Road­
cuts ahead are in poorly-sorted, poorly-bedded, red boulder 
conglomerates of Pantano Formation, named by Brennan (1962) 
for exposures along Pantano Wash about 12 mi north-northeast 
of here. 

0.1 
46 Roadcuts ahead are in extremely jumbled, unbedded Pantano Forma- . 

tion. Note size and diversity of some blocks; neither matrix 
nor clasts are well indurated. Perhaps this chaotic assemblage 
represents a landslide or debris-flow deposit. 

0.6 
46.6 Rosemont junction on left. This road passes the Helvetia-Rose­

mont porphyry copper deposit which is on the east side of the 
northern Santa Rita Mountains at 8:00. The road also connects 
with Helvetia west of the main ridge. Mineral deposits of the 
Helvetia-Rosemont area are thought to be closely affiliated 
with 53.3 to 57.6 m.y. (Drewes, 1976b) quartz latite 
porphyry dikes which are abundant throughtout the northern 
Santa Rita Mountains. 

Reserves as of 1973 for the Rosemont deposit were estimated 
at 320 million tons of 0.64% sulfide copper and 20 million tons 
of 0.55% oxide copper. Production data for the Rosemont­
Helvetia district (1908 to 1975) is 34,860,000 pounds of copper, 
521,000 pounds of lead, 1,360,000 pounds of zinc, 346,900 ounces 
of silver and 158 ounces of gold. Gold placers in the Greater­
ville area at 7:00 are popular with weekend gold seekers from 
the Tucson area. 

For more discussiori of the geology of the northern Santa 
Rita Mountains see Drewes (197la, b, c, 1972, 1976b, and Keith 
and others 1978). 
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0.1 
46.7 Roadside table on left. Here a thin veneer of terrace alluvium 

rests unconformably on northwest-striking, moderately southeast­
dipping Pantano Formation. Road ahead crosses Davidson Canyon 
where a major fault separates Pantano Formation from the exotic 
block member of Salero Formation. 

0.8 
47.3 Bridge across Davidson Canyon. Roadcuts for next several miles 

are in exotic block mem~er of Salero Formation, which is the lower 
member of this Upper Cretaceous formation. Note altered and 
poorly indurated character and poor outcrop expression of these 
rocks. These characteristics are typical of volcanics of this 
age throughout southeas tern Ad zona (see Haye's and Drewes, ,1978). 

The name Salero comes from the Salero mine~ which is reputed 
to be one of the oldest in southern Arizona. It is said to have 
been worked by Jesuits in the 17th century~ although no docu­
mentary evidence has been found to substantiate this. However~ 
it is known that it was worked from about 1828 to 1830 by 
Mexicans. Hinton related a legend that the padres at San Jose 
de Tumacacori Were expecting a bishop for dinner who had com­
plained about a lack of salt fop his dinner. The priests 
fashioned a salt cellar from a piece of ore taken from the 
Salero mine (Barnes~ 1960). 

Historically, the Salero mine is an example of the extreme 
hardships imposed by Apaches in the late 1850's and early 
1860's. In 1857 John and William Wrightson became owners of 
the old mine, forming tne company in 1858 with H. C. Grosvenor 
as engineer, Raphael Pumpelly as geologist and Gilbert W. 
Hopkins as mineralogist with headquarters at Tubac. Only 
Pumpelly escaped death at the hands of Indians, and he had 
plenty of hair-raising escapes as told by his journals 
(Pumpelly, 1918). 

0.7 
48 Southeast-dipping Horquil1a Limestone ;s on the main crest 

of the Empire Mountains at 12:00. East of the main ridge 
the entire Naco Group is exposed with only minor structural 
complications. This section is accessible by a dirt road on 
the right 1.1 mi ahead. Roadcuts continue in exotic block 
member of Salero Formation. 

1.0 
49 Roadcuts in quartz latite porphyry dike. This dike is part of 

the wide~spread dike swarms which crop out throughout the 
northern Santa Rita Mountains, thought to be closely associated 
with porphyry copper mineralization. Such rocks are popularly 
known among exploration geologists as I'mill rocks" because 
when you stand on one of these rocks you are usually within 
view of a mine, smelter or mill. The westerly trending ridges 
at 8:00 are quartzite beds in the Bisbee Group, which forms 
a west-northwest trending isoclinal syncline that is overturned 
to the south. 
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0.1 
49.1 Road on right is main access to Empire Mountains (2:00 to 4:00) 

and the upper Paleozoic and Bisbee Group sections. Ahead terrace 
alluvium rests unconformably on exotic block member of Salero 
Formation. 

0.9 
50 Near here several dikes of quartz latite porphyry intrude exotic 

block member of Salero Formation. Well-developed, but now dissected, 
depositional stream terraces are on the east side of Davidson Canyon 
ahead on right. Hills southwest of road are capped by Pantano 
Formation, which unconformably overlies exotic block member of 
Salero Formation. 

0.7 
50.7 Quartz latite porphyry dike intrudes Willow Canyon Formation in 

the ridge from 1:00 to 2:00. 
0.3 

51 Roadcuts are in contact~altered Bisbee Group at the west edge 
of the Sycamore stock. A quartz latite porphyry dike cuts this 
assemblage at north end of roadcut on left; beyond, roadcuts 
are in the Sycamore stock. Road ahead crosses the west edge 
of this stock which has an area of about 4 mi 2. The stock is 
well exposed in the central Empire Mountains where it intrudes 
a southeast-dipping Palezoic section. Mineralization in contact­
altered zones and veins in these Paleozoic rocks may be related 
to this stock. Recorded production through 1972 for the Empire 
mining district is 344,000 pounds of copper, 16,671,000 pounds 
of lead, 515,000 pounds of zinc, 206,400 ounces of silver and 
744 ounces of gold. 

0.5 
51.5 Low hills to west and roadcut ahead on left are in Bisbee Group 

that is tightly folded about east-trending fold axes. 
0.5 

52 Limestone ledges at 2:00 are Rain Valley(?) or Concha(?) lime­
stone overlain by exotic block member of the Salero Formation 
(Finnell, 1970a, 1971). For about 1.5 mi highway parallels 
north-striking Empire thrust. Glance Conglomerate, Triassic 
Gardner Canyon equivalent(?) volcanics and red beds, and Rain 
Valley and Concha limestones are in upper plate; Bisbee Group 
strata are in lower plate. 

0.4 
52.4 Old Sonoita highway sign. Drewes and Finnell(1968) described 

rocks in these roadcuts as Bisbee IIFormation ll and conglomeratic 
mudstones of Triassic(?) age with the Empire thrust fault inter­
vening between them. On the Finnell (1971) geologic map the 
thrust is shown to cut the exotic block member of the Salero 
Formation; on the Drewes and Finnell (1968) generalized geologic 
map the thrust is shown to place upper Paleozoic rocks over 
Bisbee Group with noSalero Formation shown. 
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Another interpretation is possible. The upper greenish and 
fragmental-bearing, IIpunkyll rock in the upper part of the left 
roadcut is probably the exotic block member of Salero Formation. 
The underlying, steeply upturned, generally east-striking beds 
in the lower part of the roadcut are probably clastic sedimentary 
rocks in either the Shellenberger Canyon or Apache Canyon forma­
tions. Close inspection of the contact between these two rock 
units suggests a surface of relief and channelling phenomena 
which would indicate an unconformable relationship between the 
two units. A,number of flat faults or flat shear surfaces cut 
the overlying Salero Formation and locally parallel and offset 
the low-relief, flat-lying erosional contact. Observed dis­
placement on several of these fault strands where they cut the 
underlying Bisbee Group or offset the unconformable contact is 
no more than a few feet. 

The strong angular discordance between the underlying Bisbee 
strata and the overlying lower Salero Formation indicates a 
major Late Cretaceous tectonic event which post-dates Lower 
to mid-Cretaceous Bisbee Group (as young as 94 m.y.) and pre­
dates Salero Formation (possibly as old as 80 m.y.). This 
angular truncation of Bisbee Group to lower Salero Formation 
is noted by Drewes and Finnell (1968) at a number of other 
localities in the northern Santa Rita Mountains, although not 
noted by them at this particular spot. The relations in this 
roadcut suggest that much of the tectonism in the northern 
Empire Mountains occurred after Bisbee deposition and before 
Salero with minor tectonism after deposition of the lower Salero. 

The ~trongly upturned, east-striking Bisbee Group is part 
of the major belt of Late Cretaceous east-west folds and 
reverse faults. This belt extends from the northern Santa 
Rita Mountains through the Empire Mountains to the northern 
Whetstone Mountains and would correspond to the first north­
south compressive orogeny of Gilluly (1956) in the Tombstone 
Hi 11 s. 

0.3 
52.7 Ledge at top of hill at 2:00 (on skyline) is Glance Conglomerate, 

which unconformably rests on maroon redbeds and siltstones mapped 
by Finnell (1971) as an equivalent of the Triassic Gardner 
Canyon Formation. Rhyolite tuff intercalated within the red 
beds in this area yielded a lead-alpha age on zircon of l70! 
35 m.y. (Marvin and others, 1973). 

East of Total Wreck Ridge at 3:30 (which is capped by 
Concha Limestone) is a large, southward-thinning, fanglomerate 
wedge of Glance Conglomerate which contains clasts of Pinal 
Schist and Precambrian granite derived from an upthrown block 
north of the east-striking Empire thrust. North of the Empire 
fault Glance Conglomerate is thin or absent, as are the Willow 
Canyon and Shellenberger Canyon formations. The Empire thrust 
is apparently another fault which has experienced repeated 
reactivations in Mesozoic and Cenozoic time (see Bilodeau, 
this guidebook). -
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0.1 
52.8 Hill at 12:30 is capped by Rain Valley Formation with Concha 

Limestone in lower slopes. Low divide between that hill and 
hill topped by Glance Conglomerate at 2:00 is capped by pre­
sumed Triassic Gardner Canyon equivalent. 

0.2 
53 Roadcuts on right are Permian Concha Limestone; hill on right 

is capped by Rain Valley Formation. At north end of roadcuts 
quartz latitie porphyry is in fault contact with contact­
altered Concha Limestone. 

Observe extensive dissected pediment that was developed in 
the northern Santa Rita Mountains. 

0.4 
53.4 Roadcuts in Shellenberger Canyon Formation. These strata are 

intruded by a quartz latite porphyry dike, which is part of 
an extensive west-to west-northwest dike swarm in the north­
western Santa Rita Mountains. Copper mineralization in the 
Cuprite mine area may be associated with these dikes. 

1.1 
54.5 Roadcut on right in upturned Shellenberger Canyon Formation 

angul arly overl ain by terrace alluvium whi ch fill s channel s 
in an erosion surface. 

0.4 
54.9 Roadcuts on left are in upturned Bisbee Group intruded by 

quartz latite porphyry dikes. 
0.1 

55 Low ridge to right contains Precambrian granite depositionally 
overlain by Shellenberger Canyon Formation and various members 
of Salero Formation. Uplift and erosion of the entire Paleo­
zoic section probably is coincident with deposition of the 
thick Glance Conglomerate fanglomerate wedge shed onto 
Permian rocks south of this block. Road traverses veneer 
of terrace gravels resting on an extensive pediment. 

0.4 
55.4 Sahuarita road on left. 

0.6 
56 Roadcuts ahead in alluvium unconformably resti~on an intrusive 

rock mapped as Paleocene quartz latite porphyry by Finnell (1971) 
at north end of roadcut on left. 

0.4 
56.4 Roadcut on left and outcrop on right are quartz latitie porphyry. 

These are the last bedrock outcrops on this log. Ahead road 
passes onto alluvium and valley fill in Tucson basin. The size 
of the pediment in the northern Santa Rita Mountains emphasizes 
the structural size of the horst blocks as compared to the 
gr~ben blocks in the valley. The fault is now concealed by 
valley fill. Following Basin and Range faulting, which termi­
named in this area approximately 5 m.y. ago, extensive pediments 
developed as mountain fronts retreated as much as several miles. 
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1.6 
58 Broad domal physiography of the Rincon, Catalina and Tortolita moun­

tains dominates the skyline from 11 :30 to 3:00. At 11 :15 are 
Picacho Mountains with Picacho Peak at 11 :00, about mi distant (if 
visibility permits). Rugged peaks of Tucson Mountains on skyline 
from 10:00 to 11 :00. Del Bac Hills south of Tucson Mountains at 
9:45. In far distance at 9:15 loom the Coyote and Quinlan Moun­
tains with Kitt Peak Astronomical Observatory at 9:10. The 
Sierrita Mountains form a broad, very flat cone at 9:00. Torto­
lita Mountains form a low ridge at 11 :30 behind jagged peaks of 
Pusch Ridge (11:30 to 12:30) in the western Catalinas. 

The large rounded peak at 1 :00 in the Rincon Mountains is 
Mica Mountain (8,666 ft). The conspicuous ridge trending west­
southwest from Mica Mountain is Tanque Verde Ridge or the Tanque 
Verde ·Mou~tains. Cow Head Saddle separates Tanque Verde Ridge 
from Mica Mountain. The top of Tanque Verde Ridge gently plunges 
southwestward and generally marks the culmination of a large, 
antiformal foliation arch in mylonitic gneisses. r~ica Mountain 
is separated from Rincon Peak (8,482 ft. at 2:00) by Happy Valley 
Saddle. The small peal north of the cuesta-like peak and south 
of Rincon Peak is Wrong Mountain which is the type locality of 
the two mica-garnet-b-earing Wrong Mountain Quartz Monzonite which 
crops out extensively throughout the Rincon Mountains. 

Wrong Mountain Quartz Monzonite is mineralogically similar 
to the Wilderness Granite in the Santa Catalina Mountains and 
is extensively interlayered with a darker gneiss, which Drewes 
(1977) considers to be deformed Rincon Valley and Continental 
Granodiorites. Age dates on undeformed Rincon Valley Grano­
diorite outside of the metamorphic area yield K-Ar ages of 1380 
to 1560 m.y. on various minerals (Marvin and others, 1973; 
Drewes, 1977). A specimen of Rincon Valley Granodiorite from 
Saguaro National Monument northwest of Tanque Verde Ridge gave 
a 1440 m.y. Rb-Sr age. Drewes (1977) also assigns a Precambrian 
age to Wrong Mountain Quartz Monzonite based on a hybrid Rb-Sr 
age of 295 m.y. and by analogy with 1650 m.y. zircons extracted 
from deformed Wilderness Granite at Windy Point (Catanzaro and 
Kulp, 1964) (see Silver, this guidebook). 

Layers of mylonite schist commonly separate layers of Wrong 
Mountain Quartz Monzonite from the darker layers of deformed 
Continental Grandiorite. These schistose lenses have been 
correlated with Pinal Schist by Drewes (1977). 

Low foothills from 12:30 to 2:00 in middle distance are 
underlain by Paleozoic rocks. Colossal Cave, a local tourist 
attraction, is in the foothill at 1 :30. Paleozoic rocks in 
the Agua Verde-Colossal Cave area are part of a series of 
deformed Phanerozoic rocks that also occur at Martinez ranch 
at the base of the Rincon Mountains at 2:30~ in the Lorna Alta 
area (12:30) at the southern base of Tanque Verde Ridge, and 
in the Saguaro National ~1onument area just northeast of the nose 
of Tanque Verde ridge at 12:00. A large pediment in Rincon 
Valley between Lorna Alta and Colossal Cave is cut on Pre­
cambrian Rincon Valley Granodiorite. 
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58.3 

58.6 

59.0 

281.3 

279.9 

278. 

The Precambrian and Paleozoics are in the upper plate of the 
major, low-angle, Santa Catalina fault, which is located at the 
break in slope between the main Rincon massif and the foothill 
block. The Santa Catalina fault separates the unmetamorphosed, 
but highly deformed, upper plate rocks from lineated mylonites 
of the metamorphic core in the main Rincon Mountain mass. 
Inevitably these complicated geometric relationships have sev­
eral interpretations. Davis (1975) analyzed fold geometries 
in Paleozoic and Mesozoic rocks of the upper plate and con­
cluded that they represented a',p.erioo of major gravitational 
sliding of the cover down the Santa Catalina fault surface in 
mid-Tertiary time. Drewes (1977) recognized this mid-Tertiary 
gravity-induced movement~ out also suggested that the low­
angle fault was older and represented former thrusts which 
were emplaced about 73 m.y. ago via regional north-east­
southwest compression of Laramide age. These faults were 
reactivated in Oligiocene times (25 m.y.) during arching of 
the mylonite rocks of the metamorphic core. 

O~'3 

Old Sonoita highway on right rejoins Arizona.83. 
0.3 

Overpass; Junction with Interstate 10. 
0.4 

Merge with westbound lane of I-10. 
0.3 

I-10 traverses aggradational surface on Plio-Pleistocene valley 
fill. Red soil horizon formerly on this surface has generally 
been removed throughout Tucson basin. 

1.4 
Exit 279; Colossal Cave and Vail road. Colossal Cave to northeast 
is a small, dry cave in Escabrosa Limestone, which is in the allo­
chthonous Paleozoic section above the Catalina fault. 

1.9 
Catalina Mountains are from 1:00 to 2:30 with the high summit of 
Mount Lemmon (9,157 ft) at 2:30. The five major peaks which 
comprise Puscn Ridge (1 :00 to 3:00) from left to right are 
Pusch Peak, Table Mountain, Mount Kimball, Finger Rock and 
Cathedral Peak. Pusch Ridge is composed of gently dipping, 
light and dark layers of banded gneiss which contain mylonite­
capped cataclastic rocks. Pusch Ridge is separated from the 
main mass of the Catalinas by Romero Pass. A low ridge, called 
the Forerange, extending east from Cathedral Peak, is also 
composed of layered cataclastic gneisses. 

In the background, the crest of main range is capped by 
metamorphosed younger Precambrian Apache Group and lower Paleozoic 
rocks. Below the crest these rocks are intruded by a large- sill­
like pluton named the Wilderness Granite by Shakel and others 
(1977), who reported a minimum uranium lead monazite age of 45 
m.y. from this rock. Below the summit of Mount Lemmon and above 

125 



275.6 

273.3 

271.2 

the Wilderness of Rocks (the type area for the Wilderness 
Granite) are some prominent, white "teeth"-like cliffs. These 
mark the position of an extensive alasko-pegmatite border 
phase of Wilderness Granite which extensively intrudes the 
overlying younger Precambrian and Paleozoic strata at the 
crest of the range and the Leatherwood Quartz Diorite just 
north of the crest. According to the mapping of Banks (1976), 
sill-like appendages from this pluton occur between dark 
layers of the banded gneiss inthe Forerange. Zircons ex-
tracted by Shakel and others (1977) from those dark layers 
strongly suggest a correlation with once undeformed 1400-1450 
m.y. old PrecamBrian granite. The Wilderness pluton is part 
of an extensive Oligocene composite batholith which pgrvades 
the entire Catalina Mountains according to Creasey and others 
(1977). They cite numerous mid-Tertiary age dates by K-Ar and 
fission track methods to support the mid-Tertiary age assign­
ment. Large muscovite books extracted from the alasko-pegmatitic 
complex near Summerhaven on Mount Lemmon have yielded 47.9 m.y. 
K-Ar ages, which Damon and otners (1968) interpreted as an 
intermediate age inherited from some unknown older age. Rincon 
Mountains are at 2:00 to 4:00 with Mica Mountain now at 3:15. 

2.4 
Exit 275; Houghton road to Saguaro National Monument and east 
Tucson on right and to Pima County Fairgrounds on left. 

2.3 
Exit 273; Rita road. 

2.1 
Wilmot road sign on right. At 9:30 a water tower presides over 
a collection of shacks known as Galeyville, 

Exxon drilled a deep stratigraphic test into the Tucson basin 
2 mi south of here. The upper 7,277 ft. is sand, gravel and 
clay, filling Basin and Range grabens formed after 12 m.y. 
From 7,277 to 9,000 ft the hole penetrated a volcanic section 
of tuff, andesite and rhyolite. Selected cuttings from a tuff 
at 7,940 to 7,960 ft. yielded a K-Ar age of 23.2 m.y. Below 
the volcanic section from 9,000 to 9,500 ft reddish brown con­
glomerates were encountered. At 9,500 to 10,000 ft another 
volcanic unit was found which yielded K~Ar ages of 16.1 and 18.0 
m.y. This was interpreted to De an intrusive dike or sill. 
From 10,000 to 12,000 ft. more reddish brown conglomerates, 
silts and shales were drilled. At 12,000 ft to the total 
depth of 12,590 ft was a quartz monzonite dated at 61 m,Y. 
by K-Ar and 120 m.y. by Rb-Sr methods. Eberly and Stanley 
(1978) regard the section from 7,277 to 12,000 ft. as de­
posited after the Eocene and before the Basin and Range 
faulting about 13 m.y. ago. A seismic profile by Exxon 
shows the deep part of Tucson basin is surprisingly narrow 
and shows extensive pediments buried by a basin-ward thickening 
sequence of alluv;,al 15asin-fill (see- Scarborough and Peirce, 
~ guidebook). ~,..' ,--- . 
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267.0 

265 

4.2 
Benson highway (Tucson airport) exit. 

2.0 
Tucson Mountains on skyline from 10;00 to 12:30, From left 
to right are Beehive Peaks (10;30), Cat Mountain (11 :00), 
Golden Gate Mountain (11 :15) and Bren Mountain (11 :30). The 
highest point in the Tucon Mountains is Wasson Peak (4,877 
ft) at 11:55. Tumamoc Hill, location of the University of 
Arizona Palynology and Vertebrate Paleontology laboratories 
is at 12:30; Safford Peak at 12:45 marks the northern end 
of Tucson Mountains. 

West of Interstate 10 at the foot of "A" Mountain (Sentinel 
Peak), where Mission Road crosses the Santa Cruz River, is the 
site of San Augustin del Tucson. Tucson means "at the foot of 
the B~.ack Mountain. II The downtown governmental center is 
built over the site of a Spanish colonial presidio (Polzer, 
ora 1 comm.). 

Barnes (1960), briefly described the early history of Tucson: 
The Papago name for Sentinel Mountain (q.v.) is Chuk Shon, 

referring to the fact that the base of the mountain has a 
darker color than the summit. The Papagos customarily name their 
villages after distinctive landmarks, and an old Indian village 
was once located at the base of this mountain. Spanish pro­
nunciation was an approximation of the Papago name, Tuqui Son 
or, in its current form, Tucson. Hodge states that Tu-uk-so-on 
means "black base." The rancheria at this point has long since 
disappeared. 

That there was prehistoric civilization where present-day 
Tucson exists is beyond question. When the Pima County Court 
House was constructed in Tucson in 1928, workmen excavating for 
the footings not only uncovered a part of the old presidio wall, 
but also found evidence of prehistoric civilization. Again 
in December 1954, workment excavating for a proposed building 
found the northern wall for the same presidio and below it a 
Hohokam pit house dating at least to 900 A.D. The ruins were 
covered and plans for a new building abandoned. 

Records have much to say about Tucson. Its first mention 
by a Spanish missionary was that made by Fr. Kino in 1697. 
However, the place to which Kino referred was about three miles 
north of the present courthouse and hence outside the original 
town limits by a considerable distance. This was San Augustin 
de Oiaur. Kino noted that it was on the banks of the Santa 
Cruz River, which was then running with some force, and that 
between that point and San Xavier del Bac was the most thickly 
populated and fertile spot in the whole Santa Cruz Valley. It 
is to be noted that Kino did not apply the word Tucson to 
this place. Co-existent with this place was Chuk Son near 
Sentinenl Peak. 
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Many years passed and with them vanished the supremaoy of 
the Jesuits~ who fell out of favor with the Spanish oourt. 
The Franoisoan order took the plaoe of the Jesuit in Arizona~ 
and in 1751 the Indian settlement of Chuk Son beoame a visita 
of San Xavier del Bao. During the Pima revolt (1751)~ both the 
visita and the mission were abandoned. A few years later~ Fr. 
Franoisoo Garoes was sent into southern ARizona. It was he who~ 
to proteot the peaoeful Indians against the raiding Apaohes~ 
oauseda small pueblo with a ohuroh and a wall to be oonstruoted 
for defense in 1769. The faot that there was a wall oompletely 
around this small oommunity is the origin of the currently used 
niokname for Tuoson~ the Old Pueblo. The name San Augustin del 
Tuquison was transferred to this plaoe to distinguish it from 
the nearby Chuk Son (or Kuok Son) whioh was oalled San Augustin 
de Pueb lito de Tuoson. The laU"er p laoe was reported to have 
two hundred families in ~'771~ but by 1774 only eighty families 
remained. To proteot the missions and the peaoeful Indians the 
Spaniards had previously established a detaohment of the military 
at Tubao (~.~ Santa Cruz County). In 1776 these soldiers Were 
moved to San Augustin de Tuoson. 

In 1822 Tuoson was in the newly created Mexioo. Tuoson was 
the military outpost of Mexioo until the area in whioh the settle­
ment was looated beoame part of the United States with the Gadsden 
Purohase in 1853. Apaohe troubles in the Santa Cruz Valley oaused 
Tuoson's population to fluotuate and after 1848 to inorease be- " 
oause of refugees from Tubao and Tumaoaoori seeking safety within 
its environs. In 1846 the Mormon Battalion passed through under 
Gen. Philip St. George Cooke. It was at this time that the 
Mexioan presidio moved permanently from the Old Pueblo. 

In 1856 the U.S. Government sent four oompanies of the First 
Dragoons~ who stayed a very brief time at Tuoson before being 
moved to the vioinity of Calabasas in Ootober. It is this faot 
whioh has led to some oonfusion about the date of the establishment 
of the post offioe at Tuoson (of. Fort Buohanan~ Santa Cruz). 

In the summer of 1861~ Tuoson had a total of sixty-eight 
Amerioan voters. This handful of men assembled in a oonvention 
and eleoted a "territorial delegate" (Granville Oury~ of. Mount 
Oury) to the Confederate Congress. In February 1862~ Confederates 
from Texas under Capt. Sherod Hunter marohed unopposed into the 
Old Pueblo. Their stay was a brief one~ for they retreated on 
May 20 before the onooming California Volunteers~ who entered 
the town and raised the flag of the United States. In June~ James 
H. Carleton~ Commander of the California Column~ reaohed Tuoson~ 
and Arizona~ whioh had sinoe August 1861 been part of the Con= 
federaoy~ returned to the Union. 

Two years later in May 1864, Gov. John N. Goodwin (who had 
reoently taken up his -duties as the first aotual governor of 
ARIZONA Territory) deolared Tuoson a munioipality~ whioh was 
tantamount to its inoorporation. There was muoh haggling to 
establish the permanent oapital for the territory at various 
plaoes and Tuoson exerted pressure for her own seleotion. In 
1877 the oapital was moved baok to Presoott. 
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144.1 

144.9 

In 1879 thousands of people flooking to the Tombstone 
Distriot had their effeot on the eoonomy of Tuoson~ whioh began 
to emerge from oeing a tiny sleepy village into its life as a 
oity. The faot that it was sleepy applied mostly to the daylight 
hours~ for Tuoson had a reputation of being wide open~ rough and 
ready. A fa»orite story was that oonoerning the tenderfoot from 
the East who stepped down from a dusty stage trip at four o'olook 
in the morning. He made traoks for the nearest barJ whioh wasn't 
difficult to looate. The tenderfoot made some oomment about it 
being late for the bar to be open~ to whioh the bartender replied 
that it was late for the night before last~ but "just the shank 
of the evening for tonight." 

P.O. est. July 13~ 1865. Mark Aldrioh~ p.m. Wells Faro Station~ 
1879. Inoorporated February 7~ 1877. 

Principal rock types in the Tucson Mountains are Laramide 
volcanic and plutonic rocks (75-56 m.y.). These overlie strongly 
deformed Amole Arkose, correlated by Hayes (1970b) with the Bisbee 
Group. Tertiary volcanics and agglomerates (28 to 24 m.y.) 
unconformably overlie Laramide volcanic rocks. 

The Tortolita Mountains at 1:00 include an extension of the 
metamorphic geology in the western Santa Catalina Mountains. Note 
the contrast between the Tortol ita-Catal ina-Rincon metamorphic 
ranges and the Tucson, northern Santa Rita and Empire mountains. 
Why have these ranges escaped the metamorphism which pervades the 
Santa Cata1ina-Rincon-Torto1ia complex? 

0.3 
Palo Verde road-Irvington road exit. 

0.8 
Entering Tucson. Continue on 1-10 downtown Tucson. End of road log. 
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