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ABSTRACT 

The Cabullona Basin of northeastern Sonora is a structural depocenter that was 

formed during Late Cretaceous time. The 2.5 km-thick sedimentary fill of this basin, the 

Cabullona Group, is composed in ascending order of the Corral de Enmedio fonnation, 

Camas Sandstone, Packard Shale, Lomas Coloradas fonnation, and, laterally equivalent to 

the last two units, El Cemento conglomerate. Abundant vertebrate and invertebrate as well 

as pollen identifications from these units indicate the Cabullona Group is of middle 

Santonian to Maastrichtian age. The Corral de Enmedio fonnation represents shallow 

lacustrine deposits. Lithofacies of the Camas and Lomas Coloradas formations indicate 

they were deposited by braided- and meandering-fluvial systems, whereas the eight 

members of the Packard Shale represent complex fluvio-deltaic-and-lacustrine systems. 

The El Cemento conglomerate is a thick clastic wedge of coarse-grained alluvial deposits 

that was deposited adjacent to the structural margin of the basin. Clast composition and 

paleocurrent directions of the El Cemento conglomerate indicate it was derived from 

strata of the nearby uplift of the Sierra Anibacachi-Cerro Cabullona .. The low-angle, 

southwest directed Cabullona thrust fault that separates the uplift from the basin formed 

the structural margin of the basin. The tectono-sedimentary history of the Cabullona 

Group, its age and regional tectonic setting support the idea that this basin was formed 

because of typical Laramide-style deformation and indicates that the Rocky Mountain 

foreland province of Laramide defonnation extended southward to northeastern Sonora. 



CHAPTERl 

INTRODUCTION 

The Cabullona Basin of northeastern Sonora, Mexico, is a continental structural 

depocenter that was formed during Late Cretaceous time. It was first studied and named 

60 years ago by N. L. Taliaferro. Taliaferro (1933) named the sedimentary fill of the 

basin, which is approximately 2.5 km thick, the Cabullona Group, and divided it into five 

formations, the Snake Ridge, Camas Sandstone, Packard Shale, Upper Red Beds, and 

Rhyolite Tuff. He presented a general lithologic description of the Cabullona Group and 

mapped the distribution of its units. Despite the evident importance of this sedimentary 

section to understanding the Cretaceous-Tertiary geology of northeastern Sonora, the 

Cabullona Basin has not received further serious attention since Taliaferro's work. 

The present research was undertaken with the aim of better understanding the 

origin and evolution of this basin, and relied on the pioneer work of Taliaferro (1933). As 

the evolution of any basin with time is reflected in the facies distribution of its sedimentary 

fill, the present work was directed to understanding the stratigraphy of the formations 

composing the group and their lateral facies relationships in order to interpret depositional 

systems. The tectonic structures surrounding the basin margins, as well as those affecting 

the basin fill, also were studied for information about the tectonic origin of the basin. The 

dominant sedimentary environments are interpreted in relation to subsidence and 
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tectonism, and the basin evolution is compared with models proposed by other authors for 

the Late Cretaceous Laramide basins of the central Rocky Mountains. 

The six chapters that follow this introduction are intended to support this 

objective. Chapter 2 presents the modified lithostratigraphic division proposed here for 

the Cabullona Group. It describes in detail the physical stratigraphy of its 

lithostratigraphic units, interprets the depositional environments of each unit and explains 

the facies relationships between them, and presents paleocurrent directions, sediment 

dispersal patterns, sandstone petrography and provenance, as well as the fossil content and 

age of the group. Chapter 3 introduces the geology of the Sierra Anibacachi-Cerro 

Cabullona uplift, which is adjacent to, and has a genetic relationship with, the Cabullona 

Basin. The different lithologic units that compose this uplift are briefly described in order 

to match their lithology with the conglomerate and sandstone composition of the 

sedimentary rocks in the basin. Chapter 4 introduces the main tectonic structures observed 

in the study area, especially those located at the contact between the Cabullona Basin and 

the Sierra Anibacachi-Cerro Cabullona uplift. Chapter 4 also briefly describes the igneous 

rocks that represent younger events than the Cabullona Group in the area. A regional 

discussion of the Mesozoic tectonic history of the region of southern Arizona, 

southwestern New Mexico, and Sonora is given in Chapter 5, in order to understand the 

regional setting where the Late Cretaceous tectonic, magmatic, and sedimentary events of 

this region occurred. The origin and evolution of the Cabullona Basin are analyzed in 

Chapter 6, within the contexts of the regional tectonic setting presented in Chapter 5 and 

its own tectonic and sedimentary characteristics presented in previous chapters. Also in 

Chapter 6, the evolution of the Cabullona Basin is compared to the evolution of other 

Laramide basins of the central Rocky Mountain region. Chapter 7 presents the main 

conclusions obtained in this study. 
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Location 

The study area lies in northeastern Sonora, Mexico, about 15 km south of the 

border with the U.S.A. The area is located between coordinates 31 0 OS'N - 31 0 1S'N and 

1090 40'W - 1090 S51W and is about 400 km2 in area (Fig. I). The study area is 

essentially the same region studied by Taliaferro (1933). Access to the area is fairly good 

by means of unpaved roads that lead to several ranches. The altiiude ranges from 1,300 m 

to 1,800 m and the main topographic features are Sierra Anibacachi, Cerros La Negrita, 

La Bruja, San Isidro, EI Desahije, and Cerros Lomas Coloradas (Fig. 3). 

Previous Work 

Taliaferro (1933) reported from Sierra Anibacachi an incomplete Paleozoic section 

overlying metamorphic basement formed by the Pinal Schist of Precambrian age, with the 

Lower Cretaceous Bisbee Group unconformably resting on the Paleozoic rocks. He 

named and divided the Cabullona Group into five formations: the Snake Ridge Formation, 

Camas Sandstone, Packard Shale, Upper Red Beds, and Rhyolite tuffin ascending order 

(Fig. 2). Taliaferro's paper also included a geologic map showing the distribution of these 

lithostratigraphic units. Other works from this area include the following: Rangin (1977) 

published an interpretation of the structural geology of this same area; Almeida and 

Martinez (1982) collected and analyzed pollen from the lower parts of the Cabullona 

Group; Yza and others (1984) reported the presence of coal from neighboring regions. 

The general geologic map, Agua Prieta sheet scale 1 :250,000, in which this area is 

included, was published by the Mexican government agency, Secretaria de Programacion 

y Presupuesto in 1982. More recent reports include a preliminary paleontologic overview 



Figure 1. Geologic map of northeastern Sonora showing main physiographic features and 

location of study area. Base modified from maps NACOZARI, NOGALES, AGUA 

PRIETA, and CANANEA (Secretaria de Programacion y Presupuesto 1981, 1982, 1983, 

and 1984 respectively) 

17 



00 

~
:::::::::::\sr.,~-- 1100 0071 .. ~"'~Z .. KI Peg. ~ 

Pz 
SIERRA DEL TULE 

001 

~" S\~~ 

~,,\. 

~1." 
~\,~P' 

Tv 

Qb Quaternary basalt 

Qal Quaternary alluvium 

E 

Tv Indifferentiated Tertiary 
volcanics 

001 

X P L A N A T I 

Tgi Intrusive rocks 

Ksvs Late Cretaceous 

volcano-sediments 
Ksge Cabullona Group 

~pr;e:O~--I'090'5' .~ 
•• TV • A. . Ki 

19i · . . J'~,. . 3,0'5' 
«'<~. 
~ ... 1>1> Ob 
~ .... 'i\ 
~,-I .. \{ 

001 

Tv 

Km 

o 5 10 

0 N 1 
Ki Bisbee Group N 

Jsvs Jurassic volcanics I 
pz Paleozoic sediments 

Peg Precambrian schist and granite 



TALIAFERRO (1933) I THIS WORK 

RHYOLITE TUFF 
UJ 
::) 

~ I 0 UPPER RED BEDS 
w 0 
0 a: 
~ (!J 

w <( 

a: z, PACKARD SHALE 
0 9 
a: ....I 

::, 
w al 
CL ~ I CAMAS SANDS'rONE I CAMAS SANDSTONE CL 
::> 

SNAKE RIDGE I CORRAL DE ENMEDIO 

Figure 2. Correlation table comparing lithostratigraphic nomenclature proposed by Taliaferro (1933) and the used in 

this study. -'° 



20 

of vertebrate fossils from the Cabullona Group (Lucas and Gonzalez-Leon, 1990), several 

short preliminary reports on the Upper Cretaceous stratigraphy of the area (Gonzalez

Leon, 1991; 1992; Gonzalez-Leon and others, 1993), and two comprehensive papers, one 

discussing the stratigraphy and origin of the Cabullona Basin (Gonzalez-Leon and Lawton, 

in press) and the other summarizing the paleontology of vertebrate and invertebrate fossils 

of the Cabullona Group (Lucas and others, in press). 

Geologic Relations 

The basement of northeastern Sonora is a continuation of that in southeastern 

Arizona. It is formed by the Pinal Schist and intrusive granites of Precambrian age. In 

this broad region, the Pinal Schist consists of metamorphosed sediments and lava flows 

(Stoyanow, 1942) and was intruded during two different episodes of plutonism at about 

1,650 m.y. and 1,450 m.y., respectively (Anderson and Silver, 1977). The Pinal Schist is 

widely exposed in the western flank of Sierra los Ajos, on the southwestern flank of Sierra 

Mestenas (Peiffer-Rangin, 1987) and as thin slices adjacent to the Cabullona thrust fault in 

the study area (Figs. 1 and 3). The 1,450 m.y. old granite is exposed in the Cananea 

mining district (Anderson and Silver, 1977) and in Sierra del Tule (Gonzalez-Leon, 1986). 

The Paleozoic section, with a minimum thickness of 1,200 m, unconformably 

0verlies these Precambrian rocks. It is partly exposed in several ranges around the area, 

such as in the Cananea mining district (Mulchay and Velasco, 1954), Sierra los Ajos 

(Aponte, 1974), Sierra Mestenas (Gomez-Tagle, 1967), Cerro la Morita (Peiffer-Rangin, 

1987), Cerro Cabullona (Viveros-Martinez, 1965), and Sierra del Tigre (Imlay, 1939). It 

is, however, in the Sierra del Tule where the most complete Paleozoic section has been 

studied in northeastern Sonora (Gonzalez-Leon, 1986). That Paleozoic section correlates 



Figure 3. Geologic map of the study area. Drawn on the topographic base map 

CUAUHTEMOC, scale 1 :50,000 (Secretaria de Programcion y Presupuesto, 1975). 
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well, lithologically and paleontologically, with the stratigraphic section of southeastern 

Arizona (Schreiber and others, 1990) and is considered as the type section of Paleozoic 

rocks of northeastern Sonora. 
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The Sierra del Tule section consists of the following lithostratigraphic units, briefly 

summarized from the base upwards. The Bolsa Quartzite is 235m thick and is composed 

of thin- to medium-bedded, commonly cross-stratified sandstone (subarkose to 

quartzarenite). The Bolsa Quartzite grades into the Abrigo Limestone, which is 170 m 

thick and consists predominantly of limestone and subordinate mudstone and fine-grained 

sandstone. The Abrigo Limestone has fossiliferous intervals with trilobites. The Bolsa 

Quartzite and Abrigo Limestone both are of Cambrian age. The Martin Limestone of 

Devonian age disconformably overlies the Abrigo Limestone. The Martin Limestone is 

144 m thick and is composed of a 30 m-thick basal member of sandstone and two upper 

members of predominantly fossiliferous limestone. The Mississippian-age Escabrosa 

Limestone disconformably overlies the Martin Limestone. The Escabrosa Limestone is 

197 m thick and predominantly composed offossiliferous limestone. The Horquilla 

Limestone disconformably overlies the Escabrosa Limestone and represents most of the 

Pennsylvanian System. The Horquilla Limestone is 387 m thick and predominantly 

composed of fossiliferous limestone. The younger Paleozoic rocks in Sierra del Tule 

correspond to the Earp Formation, which is partially represented by a 140 m-thick section 

composed offine pebble conglomerate, sandstone, and limestone with fossils that indicate 

an Early Permian (Wolfcampian) age. 

No Triassic rocks have been reported from this region and only a few localities 

with Jurassic rocks are known. Jurassic plutons intruded older rocks in Sierra los Ajos 

(Anderson, 1992), and a 195 m.y. (Rb/Sr) radiometric age was reported by Solano (1989) 

from volcanic rocks of Sierra la Ceniza (Fig. I). A thick pile of volcanic rocks from Sierra 



Azul and Sierra el Pinito located about 80 km west of the studied area were correlated 

with Jurassic volcanic rocks of southeastern Arizona by Nourse (1989). 

The Paleozoic section of northeastern Sonora is unconformably overlain by the 

Bisbee Group in several parts of this region and at only one locality, in Sierra Azul, does 

the Bisbee Group overlie Jurassic volcanics (Nourse, 1989). The Bisbee Group was first 

named in southeastern Arizona by Ransome (1904), and later recognized by Taliaferro 

(1933) in the Sierra Anibacachi. The basal Glance Conglomerate of the Bisbee Group 

consists of poorly sorted clasts comprising almost all the diversity of older rocks 

previously mentioned. The overlying Morita Formation is mainly sandstone, whereas the 

Mural Limestone, overlying the Morita, is a predominantly carbonate unit. The Cintura 

Formation, which in this region is the uppermost unit of the Bisbee Group, is present only 

at the locality between Cerro Caloso and Cerro la Ceniza, where it is composed of 

sandstone and subordinate siltstone, mudstone, and local coal beds (Grijalva, 1993). 
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The Upper Cretaceous rocks of the Cabullona Group here reported are faulted 

against the Paleozoic and Bisbee Group rocks in the studied area. As noted by Taliaferro 

(1933), the stratigraphic contact between Lower and Upper Cretaceous rocks is not 

directly observed in the area, but is inferred to be an unconformity. According to 

Anderson (1992, p. 219), howev~r, "In this region Late Cretaceous strata of the Cabullona 

Group generally rest directly upon Paleozoic and Proterozoic basement. .. ". 

Andesitic volcanic and volcano sedimentary rocks that outcrop west and southwest 

of the study area, near the town of Cananea (Fig. I), are of probable Late Cretaceous to 

early Tertiary age (Valentine, 1936). 

Volcanic rocks that were previously considered by Taliaferro (1933) as part of the 

Cabullona Group (see following discussion), unconformably overlie the Late Cretaceous 

strata and are Tertiary in age. Intrusive rocks, also Tertiary age, occur as dikes, sills, and 



stocks. The valleys of this region are covered by widespread. poorly consolidated gravels 

of recent alluvial deposits. 

Methods for this Study 

The geologic map of Taliaferro (1933) was of great help during field work for 

locating outcrops of the Cabullona Group. Black-and-white aerial photographs and 

topographic maps published by the Mexican Government. both at a scale of I :50.000, 

were useful for locating outcrops to measure the sections and for improving the geologic 

map. 

A total of six lithostratigraphic sections were measured with a Jacob's staff along 

creeks cutting the sequence approximately normal to the strike of beds. The lateral 

continuity of the outcrops is broken in many places by extensive cover. Grain size, bed 

thickness, lateral continuity of the beds, types of stratification. sedimentary structures, 

paleocurrent directions, rock color, bioturbation structures, and fossil content were 

recorded. Hand samples suitable for petrographic studies were collected and on-site clast 

counts of conglomerates were performed. Samples of fine-grained rocks for pollen 

studies, as well as any kind of other fossil material, were collected. The terminology used 

for bed thickness is according to Reineck and Singh (1975). 
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CHAPTER 2 

CABULLONA BASIN 

Stratigraphy 

The Cabullona Group is here divided into five formations, the Corral de Enmedio 

formation, Camas Sandstone, Packard Shale and Lomas Coloradas formation in ascending 

order, and the lateraly equivalent to the last two units, El Cemento conglomerate. Figure 

3 shows the geologic map distributions of these formations and other rocks in the study 

area. Figure 4 is a composite lithostratigraphic column of the Cabullona Group (not 

shown is El Cemento conglomerate) as considered in this work. 

The stratigraphy of the Cabullona Group is described according to measured 

sections 1,2,3,4,5 and a section at Arroyo el Cemento (Fig. 3). The total measured 

thickness of the Cabullona Group, 2,500 m, is incomplete, as its base and top do not crop 

out. 

Formational contacts between lithostratigraphic units described by Taliaferro 

(1933) were difficult to recognize during field work because of his very general lithologic 

descriptions and geologic mapping and lack of reference to type sections. Four major 

changes are made here to the nomenclature of Taliaferro to reflect changes in the present 

understanding of the stratigraphic succession. 

The first change refers to the lowermost unit of the Cabullona Group, which is 
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Figure 4. Composite lithostratigraphic column of the Cabullona Group of northeastern 

Sonora (not show is the laterally equivalent El Cemento conglomerate). 
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here named the Corral de Enmedio formation (Fig. 4). Taliaferro regarded the Snake 

Ridge Formation as the basal unit, but he mapped the Snake Ridge Formation and Camas 

Sandstone as a single unit; therefore, it was not possible to satisfactorily locate outcrops 

of the Snake Ridge. Map relations demonstrate that the Snake Ridge Formation of 

Taliaferro does not form the base of the Cabullona section, but rather is probably 

equivalent to strata of the El Cemento conglomerate. The second change to the original 

nomenclature is made to recognize a new lithostratigraphic unit, El Cemento 

conglomerate, which crops out in the northeastern part of the area and which is in part 

laterally equivalent to the Packard Shale. The third modification refers to a name change 

for the uppermost unit of the group, from Upper Red Beds (Taliaferro. 1933) to Lomas 

Coloradas formation. Its type section was measured in the Lomas Coloradas hills in the 

eastern part of the area along section 3 (Fig. 3). Although the names "Packard" and 

"Camas" are no longer used in this region for any geographic feature, they were retained 

because these are well~known names in the geologic literature of Mexico. Packard was 

the former name of Rancho La Morita, located 1.5 km north of Cerro Colorado in the 

northern part ofthe area; the name Camas derived from Camas Creek, shown on 

Taliaferro's map (1933), but now known as Arroyo EI Nogalar (Fig. 3). The fourth 

change is to exclude Taliaferro's uppermost unit, the Rhyolite tuff, from the Cabullona 

Group. The volcanics forming the Rhyolite tuff are herein recognized as unconformably 

overlying (not conformably, as was supposed by Taliaferro) the Lomas Coloradas 

formation. Although the age of the tuff is not yet precisely known, it is probably of 

Paleocene-Eocene age (Lucas and Gonzalez-Leon, 1990). 
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Corral de Enmedio formation 

Description 

The Corral de Enmedio formation is exposed only in the south-central part of the 

area, between Ranchos EI Nogalar and Corral de Enmedio (Fig. 3). Its type section is 

located along section number I (Fig. 3), where outcrops are well exposed in the core of an 

open anticline. Low hills dissected by deep creeks fashion the geomorphologic expression 

of the fine-grained sediments of this formation. The base of this unit is not exposed and it 

has an incomplete measured thickness of liS m. 

The Corral de Enmedio fonnation consists of variegated mudstone and siltstone. 

lenticular sandstone. and thin lenticular beds of limestone (Fig. 5). Mudstone and siltstone 

occur as massive, laterally continuous packages that range in colors from grayish black to 

moderate red. Local bedding in mudstone and siltstone is vaguely defined and marked by 

intervals of green, yellow, brown, and gray rocks. Commonly, strong bioturbation is 

observed in the mudstone and siltstone. Intercalated sandstone beds are lenticular, thin to 

medium bedded, rarely thick bedded, and range from fine- to coarse-grained, locally 

pebbly (intraclastic) sandstone. Common sedimentary structures in the sandstone beds 

include large- to small-scale planar cross-stratification and less common trough cross

stratification, lateral accretion surfaces, and convolute laminae. Ripple cross-lamination is 

abundant in thin beds of fine-grained sandstone occurring in the upper part of the 

formation. Locally, the sandstone beds are strongly bioturbated. Limestone is abundant 

as thin lenticular beds in the mudstone and siltstone and, rarely, lenticular limestone with 

laminated stromatolitic structures or oncolites were observed in the upper part of the 

formation. Intervals up to 7 m thick of red, blackish red. and purple mudstone and 

siltstone with subordinate, thin to thick beds of lenticular. reddish sandstone are locally 
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interbedded in the se(;tion. Concentrations of abundant calcium-carbonate nodules and 

rhizoliths are present as thick intervals within the mudstone and siltstone packages. The 

uppermost 20 m of the Corral de Enmedio formation are composed of laminated siltstone 

and lenticular interbeds of micaceous fine-grained sandstone (Fig. 6A) with ripple cross

laminations and planar crossbeds and subordinate thin, laterally continuous to lenticular 

beds offossiliferous limestone (Fig. 6B). 

The Corral de Enmedio formation is abundantly fossiliferous. Well-preserved 

gastropods and pelecypods, fish vertebrae, turtle bones, and ostracods are abundant in the 

light-gray mudstone and siltstone as well as in the calcareous nodules and lenticular beds 

of limestone. Large dinosaur bones (the most abundant of which are vertebrae bones) are 

present throughout all the lithologies but are especially abundant in the darker mudstone 

and siltstone. Fossil wood is also abundant in this unit. 

Interpretation of Depositional Environment. 

The Corral de Enmedio formation is interpreted to have been deposited in shallow, 

fresh-water lacustrine environments. Climate during deposition of this unit seems to have 

been warm with enough rain to support the existence of the lake for long periods of time 

and to support a rich variety offauna (Lucas and others, in press) and vegetation. 

However, lake area was reduced from time to time, allowing formation of soil horizons 

represented by the accumulations of carbonate glaebules in the reddish to purple mudstone 

and siltstone intervals, which are interpreted as alluvial-plain deposits. A deltaic 

environment of deposition is interpreted for siltstone, sandstone, and limestone 

intercalations in the uppermost parts of the formation. 



.Figure 6. A) Massive siltstone and laterally continuous fine-grained sandstone beds 

(ocotillo with arrow is about 1.5 m height) and B) fossiliferous limestone interbedded 

with mudstone of the upper part of the Corral de Enmedio formation. C) Outcrop 

photograph showing laterally continuous sandstone 'bodies (locality south of Arroyo 

Corral de Enmedio) and D) white bed of rhyolitic tuff in overbank deposits of the lower 

part of the Camas Sandstone. 
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Camas Sandstone 

Description 

The Camas Sandstone is well exposed in the south-central part of the area where it 

forms higher topographic features than the other formations. In the central part of the 

study area, this unit forms two open anticlines which are dissected longitudinally by the El 

Nogalar and EI Cemento arroyos (Fig. 3). The base of the Camas Sandstone is an 

erosional unconformity (disconformity) on the fine-grained sediments of the Corral de 

Enmedio formation, whereas its upper part grades into the lower member of the Packard 

Shale. The type section, 620 m thick, was measured south of Rancho Corral de Enmedio 

along section 2 (Figs. 3 and 7). 

The Camas Sandstone is composed of dark to light gray sandstone, siltstone, 

mudstone, and local conglomeratic lenses, arranged in vertically-stacked, upward-fining 

sequences 3 to 18 m thick (Fig. 6C). White to yellow tuff beds up to 2 m thick are locally 

interbedded with sandstone and siltstone (Fig. 60). Three major lithofacies, A, B, and C, 

are distinguished in the Camas Sandstone based on grain size, assemblage of sedimentary 

structures, and geometric relationship. 

Facies A consists of coarse-grained to pebbly conglomeratic, lenticular sandstone 

bodies ranging in thickness from 1 to 10m in the lower part of the formation and up to 6 

m thick in the upper part of the formation. Extrabasinal pebbles are coarse (maximum 

diameter 3 em), poorly sorted, and subangular to subrounded. Rip-up clasts of siltstone, 

mudstone, and caliche nodules are locally abundant as scour lag deposits. Bed thickness 

ranges from medium to very thick and bounding planes of these beds are horizontal to 

subhorizontal. Large-scale trough cross-stratification and large-scale planar tabular cross

stratification are common features (Fig. SA); small-scale planar tabular cross-stratification, 



Figure 7. Stratigraphic column of the Camas Sandstone showing observed sandstone

body geometries. 
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Figure 8. A) Large-scale trough cross-stratification in a Facies A sandstone body, lower 

part ofthe Camas Sandstone. Note hammer for scale. B) Outcrop of upper part of Camas 

Sandstone showing simple ribbon-geometry (R) with single stories, low proportion of 

interconnectedness, and high proportion of overbank facies (0). 
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small-scale trough cross-stratification, and convolute deformation are locally abundant. 

Some trough crossbed sets reach widths in excess of 3 m, with set thickness up to 70 cm. 

Planar crossbed sets, on the other hand, are up to 3 m in length and up to 50 cm in 

thickness. Lateral-accretion surfaces are present in the upper part of the formation. 

Vertebrate bone fragments (Fig. 9A) and logs as long as 3 m and 0.30 m in diameter are 

common in this facies. Cylindrical burrows affecting the basal surfaces of many sandstone 

bodies are abundant in the upper part of this formation. 

Facies B consists of fine- to coarse-grained sandstone and siltstone in beds ranging 

from very thin to thick. Common stratification features include parallel laminae, small 

scale planar cross-stratification, and trough cross-stratification. Less common are ripple 

cross-laminations and small calcareous sandstone lenses in laminated fine-grained 

sandstone. 

Facies C consists of packages, up to 12 m thick, of interbedded massive mudstone 

and massive siltstone with occasional thin beds of fine-grained sandstone. Rock colors in 

this facies range from medium dark gray, medium bluish gray, grayish red, grayish blue 

green, pale olive, grayish green, moderate greenish yellow, to dark yellowish orange. 

Calcareous nodules of pedogenic origin less than 5 cm in diameter are common in the 

lower part of the formation, where associated calcitic pedotubules (burrows) and rhizoliths 

are also abundant in some horizons. In the upper part of the formation, Facies C is 

strongly bioturbated with locally abundant, thin-shelled gastropods and pelecypods; root 

traces and calcareous nodules are rare. Sandstone beds are more common in the upper 

part of the formation where they generally are massive and bioturbated with load casts at 

their bases. 

These facies are organized within the Camas Sandstone such that the formation 

can be divided into lower (0-200 m from the base), middle (200-400 m from the base), and 
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Figure 9. A) Fragmented, 60-cm long humerus of hadrosaurid dinosaur in a trough cross

stratified channel sandstone of the lower part of the Camas Sandstone. Photo courtesy of 

Dr. S.O. Lucas. B) Distributary channel sandstone,S m-thick, with convolute deformation 

of member 4 and C) convolute bedding of interbedded mudstone and siltstone in member 

7 of Packard Shale. D) Laterally continuous sandstone beds within intervals of siltstone 

and mudstone of the Lomas Coloradas fonnation. 
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upper (400-620 m from the base) parts. Volumetrically, the lower part of the Camas 

Sandstone is composed of about 50% of Facies A and about 40% of Facies C, whereas 

Facies B is subordinate at about 10% (Fig. lOA). Toward the upper part, however, these 

proportions vary and Facies A comprises about 25%, Facies B about 30%, and Facies Cis 

better represented than in the lower part (Fig. lOB). The middle part of the Camas 

Sandstone is predominantly formed by Facies C, with only minor intercalation of Facies B. 

No pervasive arrangement of fining-upward cycles, from Facies A to Facies B to Facies C, 

was observed in the lower part of the formation but such arrangement is common in the 

upper part of the unit. 

The basal contacts of Facies A are strongly to moderately erosive on Facies C and 

less frequently on Facies B. The upper contacts of Facies A are commonly sharp with 

Facies B but more commonly are sharp with Facies C. Toward the upper part ofthe 

formation however, Facies A grades upward to Facies B. Facies B is commonly erosive 

upon Facies C; its upper contacts are sharp with Facies C in the lower part of the 

formation, but gradational in the upper part of the formation. In some cases, thin beds of 

calcareous, red sandstone or siltstone, possibly of pedogenic origin, can be found 

separating Facies B and Facies C. 

Sandstone-body geometries are commonly lenticular throughout the formation and 

range from single-storey ribbons to multistorey narrow sheets (sensu Friend and others, 

1979) (Fig. 7). Sandstone bodies in the lower 200 m of the formation consist of narrow 

sand sheets with a high proportion of interconnectedness and with a maximum of three 

stories. Width-height ratios of the sandstone bodies range from 10 to 30 in the lowermost 

50 m of the formation, and from 50 to 100 in the interval between 50 m to 200 m above 

the base of the formation. Simple ribbons with no interconnectedness predominate in the 

middle part of the Camas Sandstone, whereas simple ribbons and simple narrow sheets 
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with a low proportion of interconnectedness predominate in the upper part (Fig. 8B). In 

the middle part of the formation, width-height ratios are less than 15, and in the upper part 

ratios range from 10 to 25. 

Interpretation of Depositional Environments. 

The different facies composing the Camas Sandstone are indicative of fluvial 

depositional environment. Sedimentary cycles such as those formed by lithofacies A, B, 

and C are inferred to characterize different fluvial environments and have been determined 

through vertical-profile analysis by several workers (Allen, 1970; Collinson, 1978; Miall, 

1977, 1978; Rust and Koster, 1984; Walker and Cant, 1984). Facies A is interpreted as 

channel deposits, Facies B as levee deposits, and Facies C as interfluve lacustrine deposits. 

In the lower part of the formation, the internal geometry of Facies A and its relationship 

with the other facies indicate that these multistorey sheet sandstone bodies were deposited 

by mobile, low-sinuosity braided streams carrying suspended and bed-load sediment. The 

upper part of the formation is interpreted as fluvial deposits of meandering-type rivers, 

indicated by lateral-accretion surfaces within the sandstone bodies and an upward-fining 

arrangement of Facies A, B, and C. A conglomeratic facies of the upper part of the 

Camas Sandstone along the Arroyo el Cemento section is interpreted as proximal braided

stream deposits related to the nearby uplift of Sierra Anibacachi. 

Packard Shale 

Description and Interpretation of Depositional Environments 



The Packard Shale is exposed in the south and south-central parts of the area, 

where it fonns low topography around the large-scale folds fonned by the Camas 

Sandstone. This fonnation consists mainly of mudstone, siltstone, and sandstone, and its 

composite measured thickness is 1,070 m at the type locality at section 3 (Fig. 3). From 

base to top it consists of eight members described below (Fig. 11). 
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The lower half of member 1 consists of thin to thick beds of strongly bioturhated, 

fine- to medium-grained sandstone transitionally overlain by siltstone and mudstone. 

Colors in these lithologies range from light brown to yellowish brown and moderate 

reddish brown. Sandstone occurs as lenticular beds up to 3.5 m thick, locally with small

scale trough cross-bedding and parallel laminae, arranged with the siltstone and mudstone 

beds into upward-fining and upward-thinning successions. Poorly developed lateral 

accretion units were noted in a few sandstone beds. 

The upper half of this member consists of interbedded, massive, very thick beds of 

siltstone and mudstone and thin to thick, massive beds of fine-grained sandstone (Fig. 

12A). All lithologies are strongly bioturbated and range in color from moderate yellowish 

brown, moderate reddish brown, yellowish gray, to dark yellowish orange. Bioturbation 

structures consist of cylindrical burrows up to 10 cm long and 2 cm in diameter that cut 

sediments in all directions. The uppermost part of member 1 consists of massive, pale olive 

to moderate yellow-green siltstone with thin-shelled gastropods and very fine plant 

fragments, thin beds oflimestone with pelecypods, gastropods, and ostracods. Dinosaur 

bones are also abundant in this member (Fig.13). 

The thickness of member 1 varies between 10m and 40 m, although it is poorly 

exposed. The better outcrops of this member were observed just northeast and southeast 

of Rancho Corral de Enmedio. Its base was arbitrarily taken at the interval where dark 

gray to light gray lithologies in the upper part of the Camas Sandstone grade to yellow and 
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Figure 12. A) Fossiliferous mudstone and siltstone and laterally continuous thin to thick 

beds of fine-grained sandstone in the upper part of member 1 (upper sandstone bed is 1.5 

m-thick), B) laminated mudstone of member 2 (note hammer for scale and interbedded 

sills in the upper part of the outcrop) and C) Sole marks in a 15 em-thick sandstone bed in 

lower part of member 3 of the Packard Shale (pen for scale is 12 em long). 
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red lithologies in the lower part of the member. This interval also corresponds to a change 

from medium-grained sandstone bodies lacking bioturbation in the upper part of the 

Camas to strongly bioturbated, fine-grained sandstone in the lower part of member 1. Its 

top is generally sharp, picked where light-gray siltstone and mudstone give way to black 

to dark-gray laminated mudstone of member 2. 

Member 1 of the Packard Shale is interpreted as representing lake-margin deposits 

which are transitional from fluvial deposits of the underlying Camas Sandstone to open

lake deposits of member 2 ofthe Packard Shale. 

The lowermost 15 m of member 2 consists of black to grayish-black and dark

gray, laminated mudstone (Fig. 12B). Laminations in the mudstone consist ofaltemating 

light and clark gray, laterally continuous laminations of fine to coarse calcite, black mud 

rich in organic matter, and silty calcite (Fig. 14A). Locally, very thin, laterally continuous 

beds of yellowish-gray volcanic tuff and very thin beds of siltstone and very fine-grained 

sandstone are interbedded with the laminated mudstone (Fig. 15 A). 

Above the lowermost IS m, the laminated mudstone contains intercalations of 

mudstone, siltstone, sandstone, and occasional thin to medium beds of yellowish tuff. 

Mudstone, rich in plant fragments, occurs as massive and bioturbated beds, up to 4 m 

thick, of grayish olive green, medium bluish gray, and light brownish gray colors. Muddy 

siltstone and fine-grained, yellowish-brown sandstone occur as beds generally less than 5 

cm thick. Sandstone beds become abundant upward in the section and thicken to thin- and 

medium-bedded; the beds grade in coarseness to medium- and occasionally coarse-grained 

(Fig. 15). The sandstone beds are normally graded and have abundant mud clasts, parallel 

laminae formed by comminuted plant fragments, slightly erosive bases, and abundant sole 

marks such as drag marks and a wide variety of flute marks; bed forms such as current 

ripples are less common but also observed in the sandstone. Small-scale 
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Figure 14. Photomicrographs of the Packard Shale. A) laminated mudstone of member 2. 

Black laminae formed of organic matter-rich mud, and white laminations formed of calcite. 

Locally, silt-sized quartz grains are in the black laminations (X20). B) Oblique section of 

a Chara oogonia in silty limestone of member 4 (X70). C) Bioclastic, silty limestone with 

gastropod fragments of member 4 (X20). D) Silty limestone with ostracods and plant 

remains of member 4 (X70). 
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penecontemporaneous deformation is common. The total measured thickness of member 2 

is 92 m. 

The laminated mudstone in the lowermost part of member 2 is interpreted as open

lake deposits formed below wave base and possibly in anoxic environments, as suggested 

by laterally continuous laminations and lack of trace or body fossils. This open-lake 

deposit grades upward into a prodeltaic package of mudstone and siltstone in which 

interbedded distal sheets of thin-bedded, laterally continuous, upward-fining turbidite beds 

are present. Toward the upper part ofthe member, the turbidite beds grade to coarsening

upward, more proximal turbiditic sequences (Fig 15B) related to a deltaic system 

represented by member 3. 

Member 3 consists of interbedded mudstone, siltstone, and sandstone. Mudstone 

and siltstone predominate in the lower part of the member, whereas sandstone 

predominates toward its upper part. Mudstone in the lower part of the member varies 

from very thin to thick, massive or laminated, dark-gray beds with intcrstratified thin beds 

of laminated siltstone. Comminuted plant fragments form laminations in mudstone and 

siltstone and local fiaser and lenticular stratification. Sandstone interbeds in the lower part 

of the member are com'"J10nly lenticular, range from very fine to medium grained, and from 

very thin to thick beds with plant-fragment laminae, mud clasts, convolute deformation 

(slumps), small current-ripple bedforms, and abundant sole marks (Figs. 16 and 12C). 

Thicker, laterally continuous beds of sandstone up to 4 m thick are rare but present in the 

lower part of this member; these beds have common planar to slightly channelized bases, 

are fine- to medium-grained, display an upward-coarsening trend (Fig. 17), and contain 

abundant mud clasts up to 20 em in diameter. Parallel laminae composed of plant 

fragments, large-scale convolute deformation (slumping), and scour marks are common 

features. 
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Figure 15. A) Stratigraphic column of the lower part of member 2 of the Packard Shale, 

showing characteristic lithologies and detail ofturbiditic sandstone beds. B) Detail of 

upward-coarsening and upward-thickening turbidite sequence from the middle part of 

member 2. 
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Figure 16. Partial startigraphic column of lower part of member 3, Packard Shale, 

showing detail of lenticular sandstone bodies that cut into mud stone and siltstone 

interbeds interpreted as distal mouth bar and delta front deposits, respectively. Section 

measured 1 km north of Rancho El Nogalar, along measured section 3. 
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Toward the upper part ofthe member, channel-form sandstone beds are up to 4 m 

thick and consist of medium- and coarse-grained sandstone that fines upward to fine

grained sandstone and siltstone. Scour lags at the base of the sandstone bodies and on 

internal erosional surfaces are formed by intrabasinal and extrabasinal pebbly sandstone. 

Planar cross-bedding and trough cross-bedding occur in the lower parts of the sandstone, 

whereas paraliellaminae of plant fragments, ripple-cross laminations, and ripple bed forms 

occur in the upper parts; convolute deformation is abundant (Fig. 18). Observed width of 

sandstone bodies is as much as 200 m. The measured thickness of member 3 is 103 m. 

Member 3 is interpreted as a complex system of fluvial-dominated delta-front 

deposits that prograded into the lake. Sandstone bodies with upward-coarsening trends, 

abundant mud clasts, and sharp or flat basal contacts are interpreted as distributary mouth 

bars (Fig. 17). Distributary channel deposits are recognized by the presence of very thick, 

channelized sandstone bodies with upward-fining grain-size distribution. Distributary 

channel deposits and distributary mouth bar deposits separate interdistributary 

sequences of massive to laminated, interbedded mudstone and siltstone. 

Member -I consists in its lower part of intercalations of very fine- to medium

grained, moderate brown to yellowish brown sandstone, siltstone, mudstone, and thin beds 

of sandy limestone. Sandstone occurs as lenticular beds, ranging from 5 m to 50 m wide 

and up to 1.5 m thick, with planar and trough cross-stratification. These are overlain with 

sharp contacts by either (1) sequences up to 6 m thick of dark gray, massive to parallel

laminated siltstone with thin interbeds of fine-grained sandstone, ball- and pillow

structures, and gastropod-rich sandy limestone beds, or (2) sequences up to 7 m thick of 

dark gray, massive mudstone with abundant ostracodes and plant fragments; laterally 

discontinuous laminations of siltstone may be present locally. Units up to 2.5 m thick of 

thin- to medium-bedded sandstone with abundant ripple cross-laminations, local ball-and-
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.Figure 17. A) Sandstone sequence of interpreted mouth bar origin displaying upward-coarsening and upward-thickening 

trend, and B) a detail of same outcrop of member 3 of the Packard Shale. Outcrop located about 2 km northwest of Rancho 

Agua Zarca. Stick for scale is 1. 5 m long. 

B 

Vl 
-.J 



58 

Distributary channel 

Distributary mouth bar 

Delta front 

E Channel abandonement deposit 

Distributary channel 

silt pebble 
mud sand 

Figure 18. Stratigraphic column showing a detail of the complex relationship of 

interpreted subenvironments of fluvial dominated delta-front deposits in upper part of 

member 3, Packard Shale. Section measured along section 3. 
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pillow structures, and convolute deformation are present in the massive mudstone. 

In the upper part of this member, the sandstone bodies are thicker, up to 6 m thick, 

and medium- to coarse-grained. Sandstone beds contain large-scale sets of trough cross

bedding and planar cross-bedding, internal erosional surfaces, local lateral-accretion 

surfaces, and local convolute deformation (Fig. 9B). These bodies have sharp tops and 

are overlain by intervals up to 27 m thick of dark gray to yellowish brown and olive gray, 

strongly bioturbated, massive siltstone with thin, lenticular interbeds of fine-grained, 

bioturbated, reddish-brown sandstone. Massive mudstone interbeds up to 2 m thick occur 

rarely, and small, thin lenses of limestone with abundant gastropods and charophytes (Fig. 

14 B, C) are locally present. Gastropods, pelecypods, and ostracods (Fig. 14 D) are 

locally abundant in the siltstone. Bioturbation structures consist of cylindrical burrows in 

all orientations. Member 4 is 160 m thick. 

The deposits of member 4 are interpreted to have formed in a delta-plain 

environment. Meandering distributary channels with a high rate of avulsion or 

abandonment were buried by sediments formed in flood basin environments where 

crevasse-splay sandstone units were also deposited. High rates of bioturbation probably 

coupled with low rates of deposition in the floodplain deposits are indicated by abundant 

burrowing, and the presence of vegetation is indicated by abundant plant fragments. 

Member 5 is poorly exposed and consists of strongly bioturbated, olive brown to 

olive-gray siltstone and subordinate, locally laminated mudstone. Lenticular, thin 

interbeds of limestone with locally abundant gastropods and pelecypods are present, as are 

less common, strongly bioturbated, thin beds of fine-grained sandstone. Finely 

comminuted plant fragments are abundant in the siltstone. Very thick intervals of light 

gray, massive mudstone with pelecypods and ostracods and very thick intervals of thinly 
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bedded to coarsely laminated siltstone with plant-debris laminae occur in the upper part of 

this member. Member 5 is 68 m thick. 

Member 5 is considered to represent deposits following abandonment of a delta 

ami transgressive deposits in a basin where continued subsidence resulted in expansion of 

lacustrine deposits across the delta. The slow rate of sedimentation permitted burrowing 

animals to rework abandoned marginal delta-plain deposits of member 4 in a lake-margin 

environment. 

The lowermost 20 m of member 6 are composed of dark gray, laminated mudstone 

with intercalations of laterally continuous beds (less than 3 cm thick) of yellowish-gray 

tuff. Laminae alternate in dark and Iigtht gray and commonly are laterally discontinuous. 

In the middle and upper parts of the member, the laminated mudstone contains 

intercalations of siltstone and sandstone. Siltstone is massive and ranges from laminated 

to beds up to 2 m thick, contains abundant plant fragments, and varies in color from dark 

greenish gray to yellowish green. Sandstone beds are fine-grained, very thin- to medium

bedded and laterally continuous at outcrop scale. The bases of the sandstone beds can be 

flat or slightly erosive, locally with load structures (ball-and-pillow structures); bed tops 

are commonly sharp and ripple marked; flute casts, mud clasts, plant fragment laminations, 

and small- and large-scale slump structures are common features. Member 6 is 65 m 

thick. 

The lithologic vertical sequence and sedimentary structures of member 6 strongly 

resemble those of member 2. An open lake environment is interpreted for the lowermost 

20m, and the lack of lateral continuity in laminations of the laminated mudstone is 

interpreted to indicate that the lake in which member 6 was deposited was shallower than 

the earlier lake. A prodeltaic environment of deposition is represented in the upper part of 

this member, where interbedded, distal to proximal turbiditic sandstones are present. 
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The base of member 7 is marked by the appearance of thick-bedded, medium- to 

coarse-grained, lenticular to laterally continuous mud-clast-rich sandstone bodies that are 

interbedded with laminated to massive mudstone, thin to thick beds of siltstone with 

abundant plant fragments, and thin- to medium-bedded, fine- to medium-grained 

sandstone. In the middle part of the member the medium- to coarse-grained sandstone 

bodies become thicker and are intercalated with intervals of mudstone, siltstone, and 

fine-grained sandstone similar to those in the lower part of the member. The sandstone 

bodies are up to 5 m thick and composed of thin to medium beds of sandstone showing 

erosional bases; parallel laminae of plant fragments and abundant mud clasts up to 15 em 

in diameter are common. Ripple cross-laminations and trough cross-beds are locally 

abundant. The bases of these sandstone bodies are slightly to strongly erosive on 

mudstone and siltstone, and large-scale slumps are present. 

The uppermost 100 m of this member are dominated by intervals up to 20 m thick 

of massive to laminated siltstone, very thin-bedded, fine-grained sandstone, and thin- to 

thick-bedded, coarse- to medium-grained sandstone. The siltstone is yellowish green, 

grayish olive, grayish brown, and dark green. The fine-grained sandstone is interbedded 

with but subordinate to the siltstone. Abundant comminuted plant fragments commonly 

form parallel laminae in the siltstone and sandstone, and fiaser bedding occurs locally in 

thin to thick beds in the siltstone. Ripple cross-laminations and ball-and-pillow structures 

are common in the sandstone. Large-scale slump deformation is locally present (Figs. 9C 

and 19). The coarse- to medium-grained sandstone bodies are lenticular, have erosional 

bases, and range in thickness from 1 to 4.5 m and in width from 3 m to about 200 m. 

Characteristic features of these sandstone bodies are internal erosional surfaces, mud clasts 

up to 10 em in diameter, laminae of plant fragments, and large-scale trough and planar 

cross-stratification. 
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In the upper part of member 7, three packages up to 5.5 m thick each consist of 

steeply dipping, rhythmic interstratifications of very thin to thin beds of sandstone and 

very thin to laminated beds of siltstone. The sandstone is fine-grained and contains ripple 

cross-laminations, laminae of plant fragments, mud clasts, and abundant sole marks; the 

siltstone contains laminae of plant fragments with occasional flaser bedding. Both 

lithologies are occasionally cut by channel-forming, lenticular sandstone. These packages 

have a minimum observed lateral extent of 200 m, a foreset dip about 150 toward the 

southwest, and contain large-scale slumps. 

Member 7 is interpreted as deposits of a delta-front environment. The sequences 

of alternating siltstone, mudstone, and fine-grained sandstone represent distal bar deposits, 

and the thick bodies of intra clastic sandstone with relatively flat to scoured bases of the 

lower and middle parts of the member are interpreted as distributary mouth bars. The very 

thick, lenticular sandstone bodies with sharp bases and large-scale planar and trough 

cross-stratification of the upper part of the member are interpreted as distributary 

channels. The foreset sandstone intervals in the uppermost part of this member are 

interpreted as delta-front deposits. Synsedimentary deformation that produce structures 

such as slumps of this member is a very common process in delta front deposits (Elliot, 

1978). 

In its lowermost 40 m, member 8 consists of sandstone, siltstone, mudstone and 

limestone with reddish purple, greenish gray, light blue, and pale to dark yellowish orange 

colors. The sandstone beds are lenticular bodies up to 2.0 m thick, thin- to medium

bedded and fine- to medium-grained, with erosive bases, large-scale planar cross-bedding, 

and internal erosional surfaces. The sandstone bodies grade abruptly upward to massive, 

locally carbonaceous mudstone and siltstone in beds up to 1 m thick, or to strongly 

bioturbated siltstone with lenticular sandstone interbeds with common ball-and-pillow 



Figure 19. Outcrop photograph of large-scale slump structure in member 7 of Packard Shale. Locality about 3 km south of 

Rancho Santa Barbara, southwestern part of the study area. 
0\ 
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structures, local penecontemporaneous deformation, and ripple bed forms, Thin, 

lenticular to nodular limestone beds with abundant gastropods are also common in the 

siltstone, Laterally, the sandstone bodies grade to thin-bedded, ripple cross-laminated, 

fine- to medium-grained sandstone with parallel laminations formed by plant fragments, 

The upper part of this member consists of poorly exposed intervals up to 15 m 

thick of greenish gray, light olive gray, and moderate yellowish brown siltstone with 

intercalated sandstone bodies up to 8 m thick, Siltstone intervals are bioturbated and 

contain intercalations of thin- to medium-bedded, bioturhllted, fine-grained sandstone and 

lenticular limestone. Gastropods are abundant in the siltstone and limestone; pelecypods 

and ostracods are locally abundant (Fig. 20). Sandstone bodies are lenticular, with sharp 

erosive bases; they grade from very coarse-grained at the bases to fine-grained near the 

tops and pass upward through sharp or gradational contacts to siltstone. Large-scale 

trough cross-bedding, lenses of extrabasinal and mud-clast pebbly conglomerate, planar 

cross-stratification, internal erosional surfaces, and local convolute stratification 

characterize the lower parts of these sandstone beds, whereas parallel laminations, small

scale planar cross-laminations, and less common ripple cross-bedding are present in the 

upper parts of the sandstone bodies. The observed width of these bodies varies from 15 m 

to 100 m. Member 8 is 253 m thick. 

Member 8 is interpreted as having formed in a delta-plain environment. 

Distributary channel fills, possibly of meandering type, are characterized by thick, 

lenticular sandstone bodies with erosional bases, locally stacked in upward-fining 

sequences. The distributaries crossed subaqueous flood-basin environments that hosted 

fresh-water gastropods, pelecypods, ostracods, and dinosaurs, into which occasional 

overbank crevasse-splay sediments debouched. 
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Figure 20. Detailed stratigraphic column showing interbedded massive siltstone, fine-to 

medium-grained sandstone, and coarse-grained, base-erosive, thick-bedded sandstone, 

representing subenvironments of a delta-plain deposit of member 8 of the Packard Shale. 
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EI Cemento conglomerate 

Description 

The formation here named El Cemento conglomerate forms the northernmost 

exposures of the Cabullona Group (Fig. 3). An incomplete, 790 m-thick stratigraphic 

section of the El Cemento conglomerate was measured along Arroyo el Cemento near the 

eastern margin of the basin (Arroyo el Cemento section, Figs. 3 and 21). This measured 

section is approximately equivalent to members 3-8 of the Packard Shale, although very 

covered outcrops of the El Cemento conglomerate continue upwards suggesting that it is 

also laterally equivalent to the Lomas Coloradas formation (Fig. 2). 

The El Cemento conglomerate is predominantly composed of vertically stacked, 

upward-fining cycles up to 20 m thick of base-erosive, clast-supported conglomerate beds 

gradationally overlain by, or in sharp contact with, subordinate siltstone (Fig. 22). 

Subordinate matrix-supported pebble to cobble conglomerate in beds up to 2 m thick was 

observed in the lower part of this unit along the measured section and in some intervals in 

its uppermost part, between 510 m and 630 m above its base. 

The clast-supported conglomerate beds are generally multistoried, commonly 

lenticular to laterally continuous, and up to 5 m thick; in some intervals they are vertically 

stacked to form packages up to 30 m thick. Clast imbrication is locally present. Clasts are 

polymictic, poorly sorted, and range from subangular to well rounded in a matrix of 

coarse-grained to granular sandstone. Volcanic clasts are typically better rounded than 

other clast types. Beds are generally massive to crudely stratitled, but trough cross

stratification and planar cross-stratification are present (Fig. 22B); interbeds of horizontal 

and low-angle cross-stratified sandstone are locally present as lenses in the conglomerates. 

Clast size ranges from pebble to small cobble, and larger clasts reach up to 45 cm in 
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Figure 21. Measured stratigraphic column of the El Cementa conglomerate along Arroyo 

el Cementa section in the northeastern part of the study area. 
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diameter (Fig. 25). The clast-supported conglomerate beds grade upward, or are sharply 

overlain by, thin- to medium-bedded, fine- to coarse-grained, massive or planar cross

stratified sandstone and/or massive, light-gray to greenish-gray, sandy siltstone with local 

plant fragments, root traces, gastropods, and pelecypods. 

Measurements of maximum clast diameters from several intervals indicate that the 

section is composed of two upward-coarsening megasequences, like those described by 

Steel (1976), Heward (1978), Steel and others (1977), and Mack and Rasmussen (1984), 

and one upward-thinning megasequence at the top of the formation (Fig. 25). Each 

mega sequence is composed ofa number of the smaller scale upward-fining cycles. 

Interpretation of Depositional Environment. 

The EI Cemento conglomerate is interpreted as a stream-dominated, proximal to 

medial, humid alluvial fan deposit related to the nearby uplift of Sierra Anibacachi. 

Evidence for streamflow processes includes the upward-fining trend, lenticular geometry, 

reactivation surfaces, clast-support, imbrication, and trough and planar cross-stratification 

in the conglomerate beds. It is supposed a humid alluvial fan because of the significant 

proportion of fine-grained lithologies and the biologic remains they contain. 

The following subenvironments are recognized. Clast-supported conglomeratic beds are 

interpreted as downstream progradation and vel1ical accretion deposits of channel bed 

load in gravel-dominated braided-streams (Miall, 1977; Rust, 1978); deposits formed by 

low-relief longitudinal bars in channels are indicated by massive to crudely planar-bedded 

conglomerates (Smith, 1974; Rust, 1978), whereas deposits formed by transverse bars and 

channel fills are indicated by the planar and trough cross-stratified beds (Williams and 

Rust, 1969; Smith, 1974;Miall, 1977, 1978). Matrix-supported strata are interpreted to 

represent deposits formed by subaerial debris flow processes. The finer-grained facies of 



Figure 22. A) Outcrop of a typical base-erosive, upward-fining cycle with interbedded 

tuff beds in its upper part, and B) large-scale planar cross-stratified, clast supported 

conglomerate ofEI Cemento conglomerate. C) Upward-coarsening and upward

thickening sandstone and pebbly sandstone in upper part of member 2, Packard Shale. 

Localities along Arroyo el Cemento. Stick for scale is 1.5 m height. 
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sandy siltstone are considered to be overbank deposition on the floodplain sub environment 

where small ponds developed in low-lying areas. The existing megasequences are believed 

to be related to tectonic processes as discussed later, whereas the smaller scale fining-up 

sequences are more probably related to autocyclic processes of episodic avulsion of the 

channel streams. Similar deposits, like the Sphinx Conglomerate, the Beartooth 

Conglomerate, and the Richard Mountains conglomerate have been reported from other 

Laramide basins by DeCelles and others (1987), De Celles and others (1991) and Crews 

and Ethridge (1993), respectively. 

Lomas Coloradas formation 

Description 

The total thickness of the Lomas Coloradas formation at its type section (upper 

part of section 3 in Figure 3) is about 700 m (Fig. 23). This unit has an apparent 

gradational contact with the top of member 8 of the Packard Shale. This contact was 

arbitrarily taken where red-colored sandstone and thick intervals of siltstone rich in 

calcareous glaebules begin to predominate over brownish and greenish, massive, 

bioturbated siltstone of the uppermost interval of member 8 of the Packard Shale. In this 

formation, three facies can be distinguished. 

Facies A consists of coarse to pebbly conglomeratic, lenticular sandstone bodies 

ranging in thickness from 1 to 15 m and in width between about 30 and 250 m. Generally, 

these sandstone bodies fine upward from very coarse-grained and pebbly in their lower 

parts to medium- and coarse-grained in their upper parts. Pebbles are mainly extrabasinal 

grains up to 3 cm in diameter. Common sedimentary structures include large-scale trough 
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Figure 23 . Stratigraphic column of the Lomas Coloradas formation measured along 

section 3 in the western part of the study area. 
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and planar tabular cross-stratification in the lower part of the sandstone bodies and small

scale cross-stratification in the upper part of the sandstone bodies. Pebbles are commonly 

aligned on the slip faces of the large-scale cross-stratification. Internal erosional surfaces 

or stories are present, and convolute deformation can be locally observed. Sandstone 

bodies in the upper part of the section are thicker (Fig. 9D), coarser-grained, and show a 

higher proportion of interconnectedness than sandstone bodies in the lower part of the 

section. Large vertebrate bones and logs are locally found in this facies. 

Facies B amounts to less than 5 per cent of the volume of the section. It consists 

of intervals up to 2 m thick of very thin- to thin-bedded and rarely medium-bedded, fine

grained, reddish sandstone with local bioturbation and occasional intercalations of very 

thin beds of siltstone. 

Facies C consists of intervals up to 20 m thick of massive, grayish-red, reddish

brown, and yellowish-orange siltstone with local intercalations of very thin beds of fine

grained sandstone. Interbeds up to 4 m thick of reddish, massive, locally bioturbated 

mudstone with gastropods and ostracods occur in the lower part of the section. Abundant 

calcareous nodules up to 3 cm in diameter, which occur as concentrations in thin to thick 

intervals in the siltstone, are characteristic of this facies. Vertebrate bones are found 

throughout this facies. In the upper part of the measured section, Facies C contains 

packages up to 2 m thick of thin-bedded, grayish-yellow, fine-grained tuff, with occasional 

very thin beds of micaceous siltstone. 

Facies A has sharp erosional bases above Facies C and more rarely over Facies B. 

Facies A is overlain by Facies B with transitional or, more rarely, sharp contacts, to form 

upward-fining and upward-thinning successions (Fig. 24). 

The ratio of Facies A to Facies C in the lowermost 170 m of the formation is about 

1 to 3. In this same interval, Facies A forms lenticular sandstone bodies classified as 
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Figure 24. Detailed stratigraphic column from middle part of measured section of the 

Lomas Coloradas formation. It shows very thick, multistoried sandstone bodies of 

interpreted channel origin that cut deeply into mudstone and siltstone representing 

overbank deposits of a meandering-type river system. 
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simple, single-storey ribbons, showing no interconnectedness, with a predominant 

width/height ratio of less than 15. The proportion of Facies A increases upsection, to 

about 60 percent in the middle and upper parts of the section. The width/height ratio also 

increases in this interval, ranging between 15 and 80, to form multistoried sheets where 

interconnectedness is locally very marked. 

Interpretation of Depositional Environment. 

Facies A and B of the Lomas Coloradas formation, arranged in continuous 

upward-fining and upward-thinning cycles, are typical of river systems. Facies A is 

interpreted as channel-fill deposits of meandering rivers. The increase in grain size 

displayed toward the upper part ofthe formation indicates a shift from distal to more 

proximal meandering rivers with time. Facies B is interpreted as levee deposits when they 

gradationally overlie Facies A, or crevasse-splay deposits when they are intercalated with 

flood-basin deposits represented by Facies C. 

Facies Relationships Within and Between Formations of the Cabullona Group 

Important lateral and vertical facies changes occur in the formations of the 

Cabullona Group. The lateral relationships of the Corral de Enmedio formation are not 

known as it forms a very local outcrop and is covered by the Camas Sandstone (Fig. 3). 

The contact with the Camas Sandstone is sharp and interpreted as a disconformity. 

The Camas Sandstone grades upward to member I of the Packard Shale. These 

formations probably have an interdigitating relationship, but that cannot be demonstrated 

with certainty in the study area. Laterally, toward the east, the Camas becomes coarser 
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grained in outcrops of the Arroyo el Cemento section (Fig. 25). There, the Camas 

Sandstone consists of base-erosive, upward-fining cycles up to 6 m thick composed of 

thick, lenticular beds of clast-supported, very coarse pebble conglomerate with large-scale 

trough cross-stratification. The conglomerate beds grade upward to medium- to thick

bedded, trough-cross stratified and planar cross-stratified, coarse to pebbly 

conglomeratic sandstone. The pebbles are polymictic, poorly sorted, and subrounded. 

Lateral and vertical facies changes of the Packard Shale are dramatic and occur 

within short distances. The type section of the Packard Shale records a complex 

lacustrine-deltaic depositional system in which two transgressive-regressive lacustrine 

cycles are distinguished (Fig. 25). Laterally toward the basin margin, the lacustrine

deltaic deposits interfinger with fan delta deposits of measured section 5 (Fig. 25) and 

with alluvial-fan deposits of the El Cemento conglomerate. Toward the southeastern part 

of the area, the Packard Shale grades to distal lacustrine deposits represented in section 4 

(Fig. 25). 

Members I and 2 of the Packard Shale coarsen eastward toward the Cabullona 

thrust fault (Fig. 3). At Arroyo el Cemento, member I is about 50 m thick, consisting of 

interstratified fine- to medium-grained red sandstone, massive siltstone, and local lenses of 

pebble conglomerate. The upper contact of this member appears to be gradational with 

member 2 of the Packard Shale, although it is cut by a dioritic dike. 

Member 2 of the Packard Shale at Arroyo El Cemento is about 100 m thick. In its 

lower part it consists of inter stratified gray to dark-gray, thin- to medium-bedded 

laminated mudstone, thin beds of massive siltstone with abundant plant fragments, and 

very thin beds of fine-grained sandstone with abundant sole marks. In its upper part, there 

are a few laterally continuous, upward-coarsening and upward-thickening sandstone 

sequences up to 10 m thick (Fig. 23C) separated by covered intervals of mudstone, 
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Figure 25. Measured stratigraphic columns of the EI Cemento conglomerate and proximal 

facies of the Camas Sandstone in the Arroyo el Cemento section, and proximal (section 

5) and distal (section 4) equivalents of the Packard Shale formations (section 3) showing 

lateral facies relationships. For location of sections see Figure 3. 
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siltstone, and sandstone. 

Many of the contacts between members of the type Packard Shale are considered 

to be facies interdigitations. In the west-central part of the area, member 8 of the 

Packard shows a gradational contact with the Lomas Coloradas formation, but in the 

southwestern part of the area, member 7 is unconformably overlain by the Lomas 

Coloradas formation. Figure 26 shows a NE-SW transect in the studied area interpreting 

facies relationships between formations of the Cabullona Group. 

Sediment Dispersal Pathways 

Paleocurrent measurements were collected from the Camas, Packard, and Lomas 

Coloradas formations where suitable sedimentary structures are abundant. Paleocurrent 

directions from the Camas Sandstone and Lomas Coloradas formations were measured 

from axes of trough crossbeds and planar cross-strata. Paleocurrent directions from the 

Packard Shale were measured mainly from orientations of sole marks and current 

bedforms. Paleocurrent directions from the Arroyo el Cemento section were obtained 

mainly from clast imbrication. 

Paleocurrent measurements from the lower part of the Camas Sandstone indicate 

predominantly east-northeast and east-southeast sediment dispersal (Fig. 27), whereas 

data from the upper part of this formation indicate northeast transport. In contrast, clast 

imbrication in the upper part of the Camas Sandstone measured along the Arroyo el 

Cemento section indicates a south-southeastward paleoflow (Fig. 26). Paleocurrent 

indicators within member 2 of the Packard Shale in the Arroyo el Cemento section 

indicate a southwestward paleoflow direction, whereas a dominant southeastward 
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page 79. 

81 



82 

paleoflow is indicated for the remainder of the members of the Packard Shale along 

sections 3 and 4 (Fig. 25). Data from the EI Cemento conglomerate indicate south

southeastward to south-southwestward paleoflow directions. Dispersal directions within 

the lower part of the Lomas Coloradas formation are predominantly toward the south

southeast. Interpretation of the meaning of these data is presented in Chapter 6. 

Sandstone Petrography and Provenance 

Petrographic studies of Cabullona Group sandstones indicate that the more 

important detrital constituents are quartz (20-50%), feldspar (25-55%), and rock 

fragments (5-35%); subordinate constituents are mica, mainly biotite altered to chlorite 

and muscovite, and uncommon zircon. Generally the sandstones are cemented by calcite, 

with subordinate secondary quartz and iron oxides. Clay matrix is scarce and consists of 

sericite and other argillaceous, chloritized material. Both cement and matrix are 

considered to be principally diagenetic. Grain roundness in the studied sections ranges 

from sub angular to subrounded; grain contacts are predominantly long to concavo

convex, rarely sutured. These rocks are immature, both texturally and mineralogically. 

Figure 28 shows some typical textures from the Cabullona Group sandstones. 

The quartz grains are predominantly monocrystalline, with undulose extinction. 

Albite and Carlsbad-albite twinned detrital plagioclase with moderate to severe alteration 

to calcite and sericite are the predominant feldspars. Potassium feldspar (orthoclase and 

micro cline) is subordinate, locally replaced by calcite, and altered to coarse sericite and 

clay minerals. Albitization was observed in several samples. Rock fragments are mainly 

lithic grains of sedimentary origin including siltstone, quartzarenite, limestone, chert, and 
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Figure 28. A) Medium-grained sandstone fi'om the Corral de Enmedio formation showing 

rounded to subrounded volcanic rock fragments (V), highly altered plagioclase (P), and 

quartz grains (Q) in a chloritic matrix (natural light, X50). B) Poorly sorted, coarse

grained sandstone from the Camas Sandstone showing highly altered plagioclase squeezed 

between quartz grains (polarized light -PL, X60). C) Poorly sorted sandstone from the 

Lomas Coloradas formation with grains showing concavo-convex contacts (PL, X60). D) 

Poorly sorted sandstone from the EI Cemento conglomerate showing lithic fragments (L), 

potassium feldspar (K), and quartz grains locally cemented by calcite (PL, X20). 
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more rarely dolomite; lithics from volcanic sources are abundant in the lower part of the 

Cabullona Group and decrease in abundance up section (Table I; Fig. 28A). 
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Point counts (Gazzi-Dickinson method ofIngersoll and others, 1984) of twenty

seven samples from all of the formations of the group indicates that these rocks are mainly 

lithic arkose (Folk, 1974), with some samples falling in the arkose and feldspathic 

litharenite fields (Fig. 29; Table 1). 

Sandstones from the Corral de Enmedio formation are richer in plagioclase and 

volcanic lithic fragments than samples from the other formations, but are depleted in 

quartz, potassium feldspar, and sedimentary lithics. On the other hand, the proportion of 

monocrystalline and polycrystalline quartz and of potassium feldspar and sedimentary 

lithics increases toward the middle and upper parts of the Cabullona Group. Composition 

(QrnFLt) plots for provenance (Dickinson and Suczek, 1979; Dickinson, 1985) indicate 

derivation from transitional-arc to basement-uplift sources (Fig. 30). As shown in Figure 

30, when plotted on the QFL triangle, a few samples lie in the recycled orogen field. Plots 

of QpLvLs yield a clearer picture of provenance: sandstone compositions from the Corral 

de Enmedio Formation clearly indicate an arc provenance, whereas those from the Camas 

and lower part of the Packard Shale indicate a recycled-orogen source (Fig. 30). 

Sandstone compositions from the upper part of the Packard tend to grade toward a more 

volcanic source and samples from the Lomas Coloradas and EI Cemento formations are 

clearly restricted to the recycled orogen field. 

Clast counts from the Arroyo el Cemento section (Table2) indicate that volcanic 

clasts dominate the upper part of the Camas Sandstone and decrease upward in the 

conglomerates of that section. Limestone clasts, probably of Paleozoic age (many of these 

clasts contain fusulinids and crinoids), increase in abundance upward, as do clasts of 

sandstone, quartzarenite, chert, intrusive rocks, and clasts characteristic of the Glance 
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Table 1. Composition of the Cabullona Group sandstones. CM are samples from the 
Corral de Enmedio formation; CS are samples from the Camas Sandstone; PI, P2, P3, P4, 
P6, P7, and P8 are samples from members 1,2,3,4,6, 7, and 8 of the Packard Shale 
respectively; LC are samples from the Lomas Coloradas formation, and EC are samples 
from the EI Cemento conglomerate. Grain composition indicated as: Qm=monocrystaline 
quartz; Qp=polycrystaline quartz; P=plagioclase; K=potassic feldspar; Lv=lithic 
volcanics; Ls=lithic sedimentary; Lm=lithic metamorphic; Qt=total quartzose grains 
(Qm+Qp); F=total feldspar grains (P+K); L=lithic grains (Lv+Ls+Lm); Lt= total lithic 
grains (L+Qp). 

p e r c e n a g e s 

Fm Sample Qm Qp P K Lv Ls Lm Qt F L Lt 
CM 91-105 23 1 35 7 24 10 0 24 41 35 36 
CM 91-132 17 2 32 7 33 9 0 19 39 42 44 
CM 92-16 20 4 44 1 22 10 0 24 44 32 36 
CM 92-17 18 9 40 0 24 7 2 27 40 33 42 
CM 92-18 24 6 35 0 24 9 2 30 35 35 41 
CS 91-134 10 7 19 3 52 4 0 17 26 57 64 
CS 91-145 35 6 29 12 16 2 0 41 42 17 24 
CS 91-145 35 7 39 11 2 3 3 42 50 8 15 
CS 90-6 47 9 26 3 3 11 0 56 29 14 23 
PI 90-9 45 4 45 2 I 3 0 49 47 4 8 
P2 90-24 23 6 18 43 3 6 2 29 61 11 17 
P2 90-30 27 5 32 30 2 5 0 32 62 7 12 
P3 90-56 35 7 36 15 2 5 I 42 51 8 15 
P4 90-68 29 7 16 33 2 13 0 36 49 15 22 
P4 91-14 38 6 35 7 10 6 0 44 42 14 20 
P6 91-40 48 1 19 7 19 6 () 49 26 25 26 
P7 92-25 33 12 28 6 4 12 5 45 34 21 33 
P7 91-53 37 2 33 14 10 4 0 39 47 14 16 
P8 91-59 35 3 24 25 7 5 0 38 49 12 15 
LC 91-78 37 8 40 0 5 5 5 45 40 15 23 
LC 91-95 39 6 16 24 7 8 0 45 40 15 21 
LC 91-89 30 12 28 12 7 5 6 2 40 18 30 
EC 92-8 33 18 20 9 6 13 1 51 29 20 38 
EC 92-10 33 8 26 19 2 10 2 . 41 45 14 22 
EC 92-12 30 13 17 15 4 21 0 43 32 25 38 
EC 92-13 25 9 6 26 2 30 2 34 32 34 43 
EC 92-14 27 12 30 8 ~. 17 2 39 38 23 35 
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Table 2. Clast count composition in percentage from the measured Arroyo el Cemento 
section. Clast composition: A=volcanics, B=Lower Cretaceous limestone, 
C=undifferentiated and Paleozoic (with crinoids or fusulinids) limestone, D=sandstone, 
E=quartzarenite, F=chert, G=quartz, H=intrusive, I=Glance Conglomerate, and Total 
indicate the number of total clast counted in each station. 

CLAST COUNT COMPOSITION IN PERCENTAGE 

Stratigraphic 
position in meters 
from base of section A B C D E F G H Total 

Camas Sandstone 

2 76 10 2 6 2 3 1 0 0 100 
38 68 10 2 10 1 9 0 0 0 123 
48 61 18 4 4 2 10 1 0 0 111 
EI Cemento Cgl 

270 61 9 0 8 10 12 0 0 0 104 
351 50 18 3 7 13 9 0 0 0 107 
360 63 13 1 4 4 10 5 0 0 115 
400 51 14 2 10 17 4 1 0 105 
480 57 14 6 5 11 4 2 0 321 
585 53 14 5 10 6 2 9 0 104 

617 42 15 10 11 7 6 3 5 107 
728 49 18 4 15 7 0 6 0 93 
765 41 9 9 16 8 4 0 7 6 104 
920 28 7 12 26 10 2 0 12 3 110 
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Conglomerate. The proportions of clasts of Lower Cretaceous Limestone, which are 

distinctive because they contain fossils typical of the Mural Limestone (such as 
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Orbitolilla and rudists), remain approximately constant throughout the section. As 

discussed in Chapter 6, the source area for all of these clasts is evidently the nearby uplift 

of the Sierra de Anibacachi, except for the volcanic clasts, which apparently lack a 

volcanic source unit in the Sierra de Anibacachi. However, because of the petrographic 

characteristics and well-rounded character of the volcanic clasts, possible sources for them 

are similar reworked Jurassic volcanic clasts which are abundant in the Glance 

Conglomerate of Sierra Anibacachi and the Jurassic volcanic section of the Sierra la 

Ceniza located just east of the Sierra de Anibacachi (see Fig. 1). Compositions of these 

clasts correspond to welded tuffs, dacitic tuffs, rhyolite lavas, and rhyolite porphyry, 

which are typical volcanic compositions in the Jurassic Canelo Hills Volcanics of 

southeastern Arizona (Krebs and Ruiz, 1987). A discrepancy stems also from different 

percentages ofvo1canic grains in sandstones of the upper parts of the EI Cemento 

conglomerate (Table 1) and volcanic clasts counted from the same unit (Table 2). 

Sandstone samples have subordinate percentages of lithic volcanic grains but percentages 

can be raised in a similar proportion to the clasts if we add to the lithic volcanic grains the 

percentages offeldspar that I assume can be at least in part derived from weathering of the 

volcanic clasts in the Glance Conglomerate. 

Fauna, Flora, Environments and Age 

The age of the Cabullona Group has been constrained by paleontological studies of 

its abundant biota of vertebrates, pollen, and invertebrates. Based on dinosaur fossils, 



Taliaferro (1933) first assigned a tentative Turonian to Senonian age to the Cabullona 

Group. 

Flora and Fauna 
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Almeida and Martinez (1982) identified pollen forms from the Packard Shale such 

as Schizosporis sp., Botryococclls sp., Pa/ambages sp., Cyathidites millor, Sterio!.porites 

sp., Chomotriletes jragilis, Eqllisetospol'iles 1Il1i/ticostatlls, Cycadopites sp., 

Elicommiidites sp., Circlililla parva, Arallcariacites sp., Cedripites cf. C. parVIIS, 

Pityosporites eJOl1gatlls, MOl1ocolpopollel1ites sp., Liliacidites sp., Retitricolpites 

mil1l1t1ls, and Sporopo/lis sp. In a more recent palynologic analysis, Dr. F. H. Wingate 

(writte communication, 28 March, 1992) has identified the following forms from the 

Corral de Enmedio formation: ?Concavissimi!.porites sp., Aeqllitriradites ornatlls 

Cicatricosisporites sp., Cyathidites sp., ?Oslllllndacidites sp., Lygodill11l!.porites sp., 

Deltoidospora sp., Foralllinisporis sp., Verrllcosi!.porites sp., Classopo//is c1assoides, 

?Phyllocladidites sp., ? and ?Zona/apollenites !.p. (?1~'ugaepollenites .\]J.). From the 

Camas Sandstone: Aequitriradites omatus, ?Cinglltriletes sp., Cyathidites sp., 

De/toidospora sp., ?Rouseisporites reticulatlls, Verr1lcosi!.porites sp., ?Cedripites 

cretaceous, Ephedripites sp. and ?Liliacidites sp. From the Packard Shale: ?Retitriletes 

sp., Ta.'Codiaceaepollenites hiatus, ?Zonalapollenites sp. (?Tsllgaepo/lenites), 

Proteacidites retllslls, Cyathidites sp., Deltoidospora sp., Classopo//is c1assoides and 

?RetitricoJpites sp. 

Kietzke and others (1993) reported and illustrated the charophyte taxa? ToJype/la 

sp. and Pselldoharrisichara cf. P. lenllis from the Camas Sandstone. Abundant fossil 

plants but poorly preserved to be identified occur as fossil wood, leaves and stems in many 

horizons in all the formations of the Cabullona Group. 



92 

Lucas and Gonzalez-Leon (1990) published a preliminary report on dinosaur bones 

from the Camas, Packard, and Lomas Coloradas formations. Later, Lucas and others (in 

press) described and illustrated an abundant invertebrate and vertebrate fauna from all the 

formations of the Cabullona Group. Invertebrate fossils include twelve taxa of gastropods 

and bivalves, two of them new species. Among the gastropods are Viviparus australis 

n.sp., Campeloma aff. vetllla, Lioplacode? sp., Physa aff. P. copei, and Mesolanistes 

reesidei (Stanton). The bivalves include Unio? slanloni White, Plesielliptio sonoraensis 

n.sp., Plesielliptio aff. P. brachyopisthus (White), and Sphaerium sp. The fossil 

vertebrates described by Lucas and others (in press) are mainly isolated bones or teeth, 

which include scales ofLepisosteidae from the Packard Shale; isolated vertebrae of 

bowfins (Amiidae) and crocodilians from the Corral de Enmedio formation; ceratopsian 

dinosaur vertebrae from the Corral de Enmedio and Lomas Coloradas formations; shell 

fragments oftrionychid turtles from the Corral de Enmedio and Packard Shale formations; 

isolated teeth and bones oflarge carnosaurs assigned to cf. Albertosaul'Us from 

the Corral de Enmedio, Camas, and Lomas Coloradas formations; and a dentary of the 

teiid lizard Chamops segnis from the Packard Shale. The most abundant dinosaur fossils 

in all the formations of the Cabullona Group belong to hadrosaurid dinosaurs. 

Environments and Age 

According to Almeida and Martinez (1982), the studied palynomorphs indicate a 

lacustrine environment of deposition. The pollen genus Classopollis that is present in the 

Corral de Enmedio formation has been reported to indicate semi-arid and arid hot climate 

(Vakhrameyev, 1982), which agrees with the interpretation of intermittent periods of 

dryness during deposition of this formation (see p. 31). Lucas and others (in press) 

reported that all the molluscs also are freshwater forms, and the fossil vertebrates 
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(especially lepisosteids, amiids, and trionychids) indicate large, permanent rivers and lakes. 

The abundance of hadrosaurid dinosaurs on the other hand, suggest the existence of an 

extensive vegetation in order to feed these large herbivores. 

All the tbssil identifications and the fact that no marine fossils were found indicate 

the whole Cabullona Group was deposited in fluvial and lacustrine environments and 

refute the conclusion of Taliaferro (1933, p. 25) that part of the Packard Shale is of 

marine origin. 

The age of the Cabullona Group is considered to be Late Cretaceous, ranging from 

Santonian to Maastrichtian according to the fossils. The palynomorphs reported by 

Almeida and Mattinez (1982) range in age from Jurassic to Tertiary, but some taxa are 

restricted to the Campanian-Maastrichtian. The Chara identifications indicate a 

Coniacian-Campanian age, which suggests that the Camas Sandstone is no younger than 

Campanian (Kietzke and others, 1993). The presence of Aequitriradites omatus (Albian 

to mid-Santonian age according to Nichols and others, 1982) in samples of the Corral de 

Enmedio and Camas Sandstone, and Proteacidites retusus (late Coniacian to late 

Maastrichtian age according to Nichols and others, 1982) from the Corral de Enmedio and 

member 2 of the Packard Shale also suggest a slightly older age, possibly Santonian, for 

the lower part of the Cabullona Group (Gonzalez-Leon and Lawton, in press). 

The invertebrate and vertebrate faunas indicate a Campanian to Maastrichtian age, 

according to biostratigraphic correlations with similar faunas (mainly of molluscs) found in 

Late Cretaceous formations farther to the north in the USA. 
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CHAPTER 3 

SIERRA ANmACACHI-CERRO CABULLONA UPLIFT 

The Sierra Anibacachi (Figs. 1 and 31 A) and its southeastward continuation, the 

Cerro Cabullona (Fig. 1), is here considered to be uplift that is genetically related to the 

Cabullona Basin. Thus, main characteristics of the rock units composing the Sierra 

Anibacachi and Cerro Cabullona are here described, as this information will be tied to the 

proposed evolution of the Cabullona Basin described in Chapter 6. 

The Sierra Anibacachi-Cerro Cabullona range has a length of about 40 km and in 

its widest portion it measures 12 km (Fig. 1). The range trends northwest-southeast and is 

formed by the Sierra Anibacachi and by the Cerros la Muela, la Negrita, Canovas, 

Cabullona, and Caloso (Figs. 1 and 3). The entire range is composed of Precambrian, 

Upper Paleozoic, and Upper Jurassic-Lower Cretaceous rocks that strike in a NW-SE 

direction and dip toward the northeast. No rocks of the Cabullona Group are present in 

this uplift. 

Precambrian Strata 

Precambrian rocks in the Sierra Anibacachi-Cerro Cabullona range were assigned 

to the Pinal Schist by Taliaferro (1933). These rocks crop out at the base of the western 

flank of Cerro la Morita and are in structural contact with younger units. 
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Paleozoic Strata 

Strata of Paleozoic age out crop in Cerro la Morita (Fig. 3IB) and Cerro 

Cabullona forming the core of a large anticline. These rocks are mainly carbonates with 

subordinate sandstone and shale. Peiffer-Rangin (1987) reported from Cerro la Morita a 

220 m thick, fossiliferous section of Mississippian to middle Permian age. Viveros (1965) 

recognized the Devonian Martin Limestone and Mississippian Escabrosa Limestone in the 

Cerro Cabullona. The Bisbee Group unconformably overlies the Paleozoic rocks in 

Cerros la Morita and Cabullona. 

Upper Jurassic-Lower Cretaceous Strata 

In the Sierra Anibacachi-Cerro Cabullona uplift, the Bisbee Group comprises the 

Glance Conglomerate, Morita Formation, and Mural Limestone. The Glance 

Conglomerate is widely exposed along the western flank of Sierra Anibacachi, where it 

consists of pebble- to boulder-size, angular to sub angular, poorly sorted blocks of 

volcanics of probable Jurassic age and subordinate clasts of Pinal Schist, Paleozoic 

limestone and quartzite. Taliaferro (1933) reported a thickness of about 1,000 m for this 

unit. 

The Morita Formation overlies the Glance Conglomerate, occupying the 

topographic lower parts between Cerro la Morita and Sierra Anibacachi. Its outcrops 

extend southeastward toward the eastern flank of Cerro Cabullona. The Morita consists of 

a section about 1,700 m thick (Taliaferro, 1933; Jamison, 1987) of interbedded red to red

brown, well-indurated sandstone and mudstone; toward its upper part, the proportion of 

finer-grained and calcareous sediments increases, and the unit grades into the Mural 
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Figure 31 A) Panoramic view of Sierra Anibacachi taken from northwest to southeast. In 

the foreground are seen the northeastern slopes of Cerro la Morita. B) Panoramic view 

from southwest to northeast of Cerro la Morita composed of Upper Paleozoic carbonates. 

C) Outcrop of the cliff-forming Mural Limestone that caps the Sierra Anibacachi in the 

study area. 



97 

u 



98 

Limestone. 

The Mural Limestone fonns the highest parts of Sierra Anibacachi (Fig. 31 C) and 

Cerros Canovas and Caloso. It is divided into a lower and an upper member (Taliaferro, 

1933). The lower member is about 100 m thick and consists of thin-bedded, calcareous 

sandstone, siltstone, impure limestone, and impure fossiliferous limestone. The upper 

member is a cliff-forming, massive limestone, which is 260 m thick in Cerro Caloso 

(Warzeski, 1983). Outcrops of the Cintura Fonnation, the upper unit of the Bisbee 

Group, are exposed in the northern part of Cerro Caloso (Grijalva-Noriega, 1993). 



CHAPTER 4 

STRUCTURES AND IGNEOUS EVENTS 

Structures 

Tectonic structures affecting the deposits of the Sierra Anibacachi-Cerro 

Cabullona uplift and Cabullona basin correspond to folds and to thrust, strike-slip, and 

normal faults (Fig. 3). 

Faults 

The most important structure in the study area corresponds to the here-named 

Cabullona thrust fault, which was first recognized by Taliaferro (1933). The Cabullona 

thrust fault separates the Sierra Anibacachi-Cerro Cabullona lithologies from the 

Cabullona Group. It is a low-angle, southwestward-directed thrust fault which places 

overturned strata of the Glance Conglomerate and Morita Formation over the Camas 

Sandstone, Packard Shale, and EI Cemento conglomerate. Taliaferro estimated a 

minimum displacement of2.5 km for this thrust, based on the observation that all of the 

Lower Cretaceous section of the Sierra Anibacachi has been cut out by this fault. It 

shows a vertical displacement of about 6 km, as the hanging wall exposes the upper part 

of the Paleozoic section and the complete section of the Bisbee Group on the Cabullona 

Group section. Other thrust faults, here considered as branches of the Cabullona thrust 

fault, are located near and parallel to this main thrust in the southern flank of Cerro la 
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Morita where they place the Paleozoic section over Pinal Schist and Glance 

Conglomerate, and a slice of Pinal Schist over Glance Conglomerate. The Cabullona 

thrust fault is a large, regional structure that continues 20 km southeastward, in Cerro 

Cabullona (Rangin, 1977), where it also thrusts the Paleozoic section and the Bisbee 

Group over the Upper Cretaceous. Rangin (1977) mapped other associated reverse and 

thrust faults along the eastern flank of Sierra Anibacachi and in Cerros Canovas and 

Caloso. According to Taliaferro (1933), the age of this thrusting event is early Tertiary, 

possibly Eocene, whereas Rangin (1977) considered a Late Cretaceous to early Tertiary 

age. As discussed later in Chapter 6, I believe the Cabullona thrust fault is of Late 

Cretaceous age and related to the origin of the Cabullona Basin. 

A minor right-lateral, strike-slip fault that cuts the Camas Sandstone and Packard 

Shale formations is present south of Cerro EI Desahije, in the south-central part of the 

area. Origin ofthis local structure is not clear, although possibly it is related to the Late 

Cretaceous compressional deformation. 

The Cabullona Basin is disorganized by a northeast-southwest-oriented graben 

located just outside the southeastern corner of the study area (Fig. 3). Parallel to these 

normal faults, a northeast-southwest-oriented normal fault that offsets the Camas 

Sandstone and Packard Shale formations for a few meters is located just north of Rancho 

Corral de Enmedio. Origin of this normal faulting event is related to a Tertiary 

extensional event as discussed next in the section of igneous events. 

Folds 

Folding associated with the above-mentioned thrusting includes the large, 

northwest-southeast-trending folds that are overturned toward the southwest. The cores 

of these folds are formed by the Paleozoic strata in Cerros la Morita and Cabullona. The 
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Glance Conglomerate and Morita Formation are folded along the Paleozoic rocks in the 

western flank ofthe Sierra Anibacachi. These structures are subparallel to the Cabullona 

thrust fault, which indicates that they correspond to the same tectonic event. 

Other folds that are also subparallel to the Cabullona thrust fault are the NW -SE 

trending, open, and symmetrical folds that affect the Cabullona Group formations. These 

folds are best represented by the outcrop patterns of the Camas Sandstone and Packard 

Shale units. 

Igneous Events 

Younger events than the tectonic structures previously mentioned and that are 

recorded in the study area correspond to plutons, dikes, and volcanic deposits. 

Intrusions of dioritic composition cut the Upper Cretaceous rocks in the western 

part of the area. These intrusions occur as stocks of quartz diorite porphyry and 

hornblende diorite porphyry (Taliaferro, 1933) without any preferred orientation. Dikes 

and sills of andesite and basaltic andesite are abundant and intrude all the formations, but 

sills are more conspicuous, following bedding planes in the Packard Shale. The dikes form 

a system with a preferred orientation of N 600 - 700 E which is subparallel to the normal 

fault located north ofthe Rancho Corral de Enmedio (Fig. 3). The dike system cuts rocks 

of the Cabullona Group and the section of Sierra Anibacachi. No radiometric ages of the 

intrusions are available, but these and the normal faults are co'nsidered to be the result of a 

younger, possibly Paleocene age, extensional event that followed an earlier thrusting and 

folding compressional event. 

Just 5 km south of the study area, the prominent Cerro Magallanes is a rhyolitic 

plug that intrudes the Cabullona Group (Garcia-Barragan and Cruz-Rios, 1988). A very 

thick section of volcanic and volcano-sedimentary rocks, whose outcrops extend toward 
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the southwest beyond of the limits of the study area, unconformably overlies the Packard 

Shale and Lomas Coloradas formations in the southwestern corner of this area. In Cerro 

Magallanes, these volcanic rocks are also cut by the rhyolitic neck of Cerro Magallanes. 

The main composition of these volcanics is rhyolitic and they belong to the unit that 

Taliaferro (1933) named the Rhyolite tuff. The age of the rhyolitic volcanic and volcano

sedimentary section is considered to be probably Paleocene-Eocene, based only on 

regional correlations (Lucas and Gonzalez-Leon, 1990). 



CHAPTERS 

REGIONAL SETTING 

Physiographic Setting 

The study area is located in northeastern Sonora, in a region that belongs to the 

southern Basin and Range physiographic Province of western North America (Raisz, 
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1964; Burchfield and others, 1992). The typical Basin and Range Province in the southern 

and western parts of Sonora consists of north- to north-northwest-trending horsts 

separated by grabens (Stewart and Roldan, 1994). The horsts are generally composed of 

rocks older than Miocene. The grabens are filled by clastic deposits, subordinate chemical 

deposits, and volcanic flows of Miocene (Roldan-Quintana and McDowell, 1992; 

McDowell and others, 1993) and younger ages. Clastic deposits of these grabens are 

grouped into the Baucarit Formation of King (1939). 

The northeastern region of Sonora is characterized by northwest-southeast 

elongated ranges, similar to that of the Basin and Range Province of southern Arizona 

(Rehrig and Heidrick, 1976). Ranges in this region show a westward departure from the 

mentioned trend of these structures in central Sonora. The observation is well defined in 

the 1 :250,000 map series of Secretaria de Programacion y Presupuesto. Ranges where 

the NW-SE direction can be observed include Sierra Anibacachi-Cerro Cabullona, Sierra 

Los Ajos, Cerro Magallanes-Cerro Mestenas. Broad intervening valleys are located 
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between these uplifts (Fig. 1). However, the typical Baucarit Formation deposits are not 

present in this broad region of northeastern Sonora and instead, younger alluvial deposits 

are widespread and underlie the valleys. Apparently, the present structural pattern of this 

region is inherited from older tectonic events such as Mesozoic normal faulting (Titley, 

1976; Bilodeau, 1982) and the late Mesozoic-early Tertiary Laramide Orogeny (Spencer 

and Reynolds, 1989). 

Geophysical data from the San Bernardino Valley, located west of the study area, 

indicate the presence of a young, still active, north-south normal fault system that formed 

asymmetyric basins filled with at least 2 km of sediments (Montano and others, 1993 a, b) 

in northeastern Sonora. 

Mesozoic Tectonic Setting 

The tectonic setting of northeastern Sonora is similar to that developed in 

southeastern Arizona during Mesozoic time. Several important tectonic, magmatic, and 

sedimentary events occurred during Mesozoic time in the broad region that includes both 

Arizona and Sonora. After a short introduction depicting the earliest Mesozoic geologic 

events of Sonora, the volcano-plutonic evolution of this region is discussed; much of the 

information for this discussion is taken from interpretations of the better-studied area of 

southeastern Arizona. This is followed by an analysis of the Late Cretaceous and early 

Tertiary events in the context of the older Mesozic tectonic setting. Finally, the origin and 

evolution of the Cabullona basin is added to the previous discussion. 

The Mesozoic geologic history of northwestern Mexico was inaugurated by the 

accretion of Paleozoic eugeosynclinal rocks of the Cortes terrane (Coney and Campa, 



1987) against the Paleozoic miogeoclinal rocks of the Caborca terrane (Coney and 

Campa, 1987). The accretion occurred during Late Permian and Middle Triassic time 

(Stewart and others, 1990), and in central Sonora this accretion formed an east-west 

trending suture belt termed the Sonoran orogen (Poole and others, 1991). During Late 

Triassic time, rocks of the fluvial-deltaic and shallow-marine succession of the Barranca 

Group (A1encaster, 1961) were deposited in a continental rift (Stewart and Roldan

Quintana, 1991) setting that developed over the Sonoran orogen in central Sonora. 
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West of Sonora, tectonic events that accreted Jurassic volcanic arcs and built up an 

Early Cretaceous volcanic arc were responsible for the construction of the main body of 

the Baja California Peninsula. The volcanic arcs of the Vizcaino and Choyal terranes 

(Kimbrough, 1985) were accreted to the western margin of the Baja California Peninsula 

during Middle and Late Jurassic time. 

During the Early Jurassic a continental margin magmatic arc began to develop 

along the southwestern margin of North America. This arc evolved and lasted through 

early Late Jurassic time. The Jurassic continental-margin magmatic arc is well represented 

in southern Arizona and northern Sonora by the thick pile of interbedded volcanic (mainly 

rhyodacitic and subordinate andesitic rocks), sedimentary, and subvolcanic or hypabyssal 

quartz and quartz-feldspar porphyry of the Early to Middle Jurassic Fresnal Canyon 

sequence (Tosdal and others, 1989) and by the Middle? to Late Jurassic Artesa sequence 

and related Jurassic calc-alkaline to alkaline plutonic rocks (Tosdal and others, 1989). 

Busby-Spera (1988) interpreted the Mesozoic volcano-plutonic arc as an extensional or 

transtensional graben depression that she compared with the modern arc graben 

depression of Central America. The Jurassic magmatic arc construction was related to 

oblique subduction of the Farallon and (or) Kula plate beneath the North America plate 

(Coney, 1979, Dickinson, 1981; Page and Engebretson, 1984). Oblique subduction gave 
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way to sinistral strike-slip faults, such as the Mojave-Sonora megashear which in northern 

Sonora cut obliquely across and displaced the magmatic arc (Anderson and Silver, 1989). 

A gradual transition from continental intra-arc extension to continental rifting 

occured during upper Middle to Late Jurassic in the region of southern Arizona and 

northern Sonora, according to Saleeby and Busby-Spera (1992). Synrift deposits 

associated with this new tectonic setting are represented by the basal unit of the Bisbee 

Group, the Glance Conglomerate, which is Late Jurassic-Early Cretaceous age. The 

remainder of the Lower Cretaceous Bisbee Group represents fluvial to shallow-marine 

sedimentation that replaced Early Mesozoic arc volcanism. 

Deposition of the Glance Conglomerate is related to a tectonic event of high-angle, 

northwest-trending normal faulting, as proposed by Bilodeau (1982). At least three 

different tectonic scenarios have been proposed to explain the origin of the normal faulting 

event (Bilodeau, 1982; Dickinson and others, 1986). These are: 1) propagation of a 

continental rift into southeastern Arizona as a continuation of the Chihuahua trough and as 

an aulacogen related to the opening of the Gulf of Mexico, 2) rifting related to back-arc 

extension produced by a steeply-dipping subducting slab of oceanic lithosphere along the 

southwestern margin of North America, and 3) an anticlockwise rotation of the 

extensional deformed region, hinged at a pivot point centered in the Colorado Plateau. 

The most favored proposal for the origin of the Bisbee Group is the northwestern 

extension of the Chihuahua trough, which was related to the opening of the Gulf of 

Mexico. As proposed by Klute and Dickinson (1987), the Glance Conglomerate 

represents syntectonic sedimentation with the early phase of normal faulting, whereas the 

remainder of the Bisbee Group represents sedimentation during the final phase of 

thermotectonic subsidence. Volcanic rocks interbedded with the Glance in southeastern 

Arizona indicate a late Late Jurassic age (about ISO Ma) for this unit. Before activation of 
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the Late Cretaceous igneous, tectonic and sedimentary events, a middle Cretaceous phase 

of compression occurred in Sonora that was first recognized by Rangin (1978). This 

phase of deformation is represented by northeast-verging thrusting and folding structures 

in rocks of the Bisbee Group of several areas of Sonora (Gonzalez-Leon and others, 

1992). The mid-Cretaceous tectonic event produced uplift that formed a regional 

erosional surface, over which rocks of late Late Cretaceous age were deposited. 

Late Cretaceous Tectonic Setting of Southeastern Arizona, 

Southwestern New Mexico and Sonora 

In the period between about ISO Ma and 80 Ma, the southwestern part of North 

America was dominated by two different tectonic regimes (Coney, 1972; Cowan and 

Bruhn, 1992). In the western part, subduction of the Farallon plate beneath the North 

American plate gave rise to a subduction complex, fore arc-basin deposits, and a 

continental magmatic arc, whereas toward the eastern part, the Cordilleran fold and thrust 

belt and its coeval foreland basin were formed. The Sevier belt, extending from Utah and 

southern Nevada into southeastern California, is the southernmost extension of the 

Cordilleran fold and thrust belt in the USA. The mid-Cretaceous tectonic compressional 

event of Sonora is considered a correlative tectonic event with the Sevier deformation 

(Gonzalez-Leon and others, 1992). 

During the period begining about 80 Ma and ending at about 50 Ma (early 

Eocene), tectonism, magmatism and sedimentation experienced major changes in the 

southwestern United States (Coney, 1978). By Late Cretaceous time, thin-skinned 

thrusting of the Sevier orogenic belt ceased, as did the compressional deformation of the 
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middle Cretaceous tectonic event in Sonora. By about 80 Ma the loci of tectonism shifted 

eastward with a different structural style from the Sevier belt into the Rocky Mountain 

Foreland Province of west-central United States (Dickinson and Snyder, 1978). This 

change in tectonic style was from thin-skinned deformation that ocurred in the Sevier belt, 

to basement uplifts or thick-skinned deformation in the foreland province where it formed 

the classically referred Laramide Orogeny (Tweto, 1975). 

That shift in tectonic style is coincident with plate reorganization between the 

North American and Farallon lithospheric plates as discussed by Coney (1972; 1978) and 

Engebretson and others (1985). The rate of plate convergence between the North 

American and Farallon plates was moderately high (50 to 100 kmlm.y.) during the interval 

from 120 to 80 Ma. Plutonism was intense in the continental arc along the western edge 

of the Cordillera at that time. Between 75-80 and 40 Ma, the rate of convergence reached 

a peak of 150 kmlm.y. (Engebretson and others, 1985) and plutonism waned. However, 

magmatism ceased in the arc and it migrated inward to the continent. This has been 

attributed to a proposed slab dip decrease of the Farallon plate beneath the North America 

plate (Coney, 1972; Coney and Reynolds, 1977; Dickinson and Snyder, 1978; Keith, 

1978,1982). The age of onset and termination of the Laramide Orogeny in the foreland 

region of west-central United States is approximately coincident with this interval of high 

rate of plate convergence and has been proposed to be related. 

Laramide-style deformation formed basement-cored mountain ranges bounded by 

thrust faults and associated structural basins filled by syntectonic sediments. Sediments 

that filled these basins were derived from the adjacent uplifts and were deposited in 

alluvial-fan, fluvial, and lacustrine environments. 

From north to south, the Rocky Mountain Foreland Province of Laramide 

deformation extends from southern Montana, where the Crazy Mountains and the Big 
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Horn and Powder River basins developed, to southeastern Arizona and southern New 

Mexico, where the Fort Crittenden and Ringbone basins developed (Miller and others, 

1992) (Fig. 32). As proposed in this work, this province can be extended further, to 

northern Sonora and the Cabullona basin (Gonzalez-Leon and others, 1992) (Fig. 32). 

Similar structural style and timing of deformation (as shown by Davis [1979] and Seager 

and Mack [1986] among others) in the region of southeastern Arizona and southwestern 

New Mexico support the idea that this region is part of the Laramide province. 

Late Cretaceous Magmatic Events of Southeastern Arizona, 

Southwestern New Mexico, and Sonora 

As mentioned before, an Andean-type magmatic arc system developed along the 

western margin of North America during Early Cretaceous time. By the Late Cretaceous 

(about 80 Ma), arc-related magmatism began to migrate eastward into the continent 

(Coney, 1976, 1978; Dickinson, 1981). According to Coney and Reynolds (1977), the 

magmatic arc swept into the continent about 1,000 km inboard from the trench until 55-40 

Ma, and then it swept back towards the continental margin by about 20 Ma. 

By Late Cretaceous and early Tertiary time, during the Laramide Orogeny, the 

region of southwestern United States and northwestern Mexic'o, including Arizona, New 

Mexico, and Sonora, was an area where volcanism and plutonism were widespread. 

According to Dickinson (1989), numerous radiometric dates of volcanic and intrusive 

rocks, mostly confined to southern and western Arizona, indicate that Laramide arc 

magmatism began between 75-80 Ma, in Campanian time. According to Damon and 

others (1981), the most intense magmatism occurred between 55 and 75 Ma. 
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Figure 32. Main Laramide basins and uplifts in the Rod.J' Mountain Foreland region of west-central North America and its 

extension to southern New Mexico, Arizona, and northern Sonora (map modified from Chapin and Cather, 1981, Seager and 

Mack, ] 986, and Old ow and others, 1989). 
o 



III 

Laramide magmatism was dominantly calc-alkaline, typical of continental margin 

arc provinces, and porphyry copper and related mineralization of this region occured at 

this time (Damon and others, 1983a). In the region of southern Arizona, at least ten 

calderas of latest Cretaceous to early Tertiary have been identified (Lipman and Sawyer, 

1985). Numerous (about 180) radiometric ages of volcanic, hypabyssal, and plutonic 

rocks, and volcaniclastic strata compiled by Dickinson (1991) indicate these metaluminous 

rocks are mainly Maastrichtian to Paleocene age. 

In Sonora, many intrusive rocks and porphyry copper deposits associated with 

dominantly andesitic volcanism have been radiometically dated between 90-40 Ma 

(Damon and others, 1983b; Damon, 1986). Most of the ages however, are concentrated 

between 75 and 50 Ma. These rocks are interpreted by Damon and others (1983) to be an 

extension of the same magmatic arc that experienced eastward migration in southern 

Arizona. 

Late Cretaceous Sedimentary Events of Southeastern Arizona and 

Southwestern New Mexico 

Late Cretaceous sedimentary events of the region of southeastern Arizona, 

southwestern New Mexico, and Sonora were dominated by the first phase of Laramide 

deformation. According to Keith and Wilt (1985), the Late Cretaceous to early Tertiary 

history of this region can be divided into three phases: 1) a Late Cretaceous to Paleocene 

first phase of compressional deformation and associated clastic sedimentation, volcanism, 

and plutonism; 2) a Paleocene second phase of major plutonism, regional uplift, and 

erosion, when region-wide emplacement of granitic intrusives and porphyry copper 
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deposits occurred; and 3) a Paleocene to Eocene third phase of compressional tectonism 

when structures formed during the first phase were reactivated by wrench tectonics, 

plutonism, and volcanism. 

The first phase of this history is the time when thick piles of continental sediments 

of the Fort Crittenden Formation in southeastern Arizona, the Ringbone, McRae, and 

Love Ranch Formations in southern New Mexico, and the Cabullona Group in 

northeastern Sonora accumulated in apparently separate basins (Fig. 32). A brief 

description of the most important characteristics of the lithostratigraphic records of these 

basins in Arizona and New Mexico is given below in order to compare their 

sedimentologic and tectonic evolution with that of the Cabullona basin. 

Southeastern Arizona 

The Fort Crittenden Formation of southeastern Arizona (Stoyanow, 1949) is a 

1,700 m-thick clastic unit that outcrops in the Canelo Hills and the Santa Rita and 

Huachuca Mountains of southeastern Arizona. In the Santa Rita Mountains, this 

formation is composed of the following members. The lowermost member is the Shale 

member which with an erosional surface overlies a 100 m-thick unit of maroon mudstone 

and siltstone, and lenticular bodies of sandstone that Inman (1982; 1987) named the 

"Upper Transitional unit". Although this Upper Transitional unit of possible fluvial or 

coastal-plain origin has dinosaur remains of Late Cretaceous age, it was not considered as 

part of the Fort Crittenden Formation by Inman (1982; 1987). The Shale member is 

gradationally overlain by the Lower Red Conglomerate member which is in turn overalin 

by the Upper Red Conglomerate and Rhyolitic Tuff members (Fig. 33). The Brown 

Conglomerate member intertongues with both conglomerate members (Hayes, 1987). In 
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the Huachuca Mountains, a Basal Conglomerate member in the Fort Crittenden Formation 

disconformably overlies the Bisbee Group (Hayes, 1987). 

The age of the Fort Crittenden Formation of southeastern Arizona is constrained 

by the dinosaur remains from the Upper Transitional unit at the base of the formation, 

which indicate a Santonian to Maastrichtian age (Miller, 1964 ill Inman, 1982) and by the 

volcanic rocks of the Salero Formation which conformably overlies the Fort Crittenden 

and have been radiometricaily dated at about 75 Ma (Inman, 1982) (Fig. 33). According 

to Dickinson and others (1989), these data establish the age of the Fort Crittenden as 

Campanian and possibly Santonian. 

The Fort Crittenden Formation consists mainly of coarse clastic deposits that 

accumulated in alluvial fans, rivers, and lakes during early Laramide deformation (Drewes, 

1978; Davis, 1979; Hayes, 1987; Dickinson and others, 1989). Conglomerate clast counts 

indicate that granitic and silicic to intermediate volcanics (mainly welded tuffs, flow

banded rhyolitic lava, and dacitic to andesitic rocks; Dickinson and others, 1989) are the 

most important clasts, but local units can be enriched in volcanic or sedimentary detritus 

(Hayes, 1987). Sandstone petrographic studies by Hayes (1987) indicate that the clasts 

range from feldspatholithic to arkosic in composition and show sub equal amounts of 

plagioclase and quartz, subordinate potassium feldspar, and volcanic rock fragments 

dominating the lithic fraction. Thus, composition of the Fort Crittenden Formation 

sandstones plot at an intermediate position between uplifted basement and magmatic arc. 

Hayes (1987) interpreted the Precambrian basement rocks and the Jurassic plutons of the 

region as the possible sources of the granitic fragments, and the Jurassic magmatic arc 

rocks, along with Jurassic lavas of the Glance Conglomerate, and Upper Cretaceous 

andesites of southeastern Arizona as the most likely source for the volcanic debris in the 

Fort Crittenden Formation. 
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CABULLONA 

Figure 33. Correlation of the Fort Crittenden and Ringbone Formations and the Cabullona 

<;ifoup. Members of the Fort Crittenden Formation are: UTU= Upper Transitional unit, 

SH M= Shale Member, CM= Lower Red, Brown, and Rhyolitic Tuff/Upper Red 

Conglomerate Members (according to Inman 1982; 1987, and Hayes, 1987). Members of 

the Ringbone Formation are: LM= Lower Member, MM= Middle Member, and 

UM=Upper Member (according to Basabilvazo, 1991). Formations of the Cabullona area 

are: CE= Corral de Enmedio, CS= Camas Sandstone, PS= Packard Shale, and LC= 

Lomas Coloradas (according to this work). 



Paleocurrent directions in the Fort Crittenden Formation indicate this formation 

accumulated in several basins, the sizes and boundaries of which are not known (Hayes, 

1987). The data suggest northwest sediment dispersal in the Santa Rita Mountains, 

whereas paleocurrent directions in the Huachuaca Mountains indicate southwest to 

southeast sediment dispersal (Hayes, 1987). 

Southwestern New Mexico 
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The Ringbone, Hidalgo, and Skunk Ranch Formations outcrop in the Little 

Hatchet Mountains of southwestern New Mexico and contain the most complete Late 

Cretaceous-Paleocene sedimentary succession outside the Cabullona Group of 

northeastern Sonora (Lawton and others, 1993). The 1,600 m thick Ringbone Formation 

unconformably overlies the Lower Cretaceous Mojado Formation and has been studied in 

detail by Basabilvazo (1991). The lower member (about 100 m thick) of the Ringbone 

Fornmtion consists of sedimentary-clast conglomerate and associated sublithic sandstone 

of alluvial-plain and braidplain origin. The middle member (about I, 100 m thick) is 

composed mainly of dark-gray mudstone, subordinate interbedded sandstone, and 

occasional silicic ash fall tuff beds, and its origin is interpreted as lacustrine and deltaic. 

The upper member (about 390 m thick) consists of sedimentary-clast, cobble, and pebble 

conglomerate and sandstone of alluvial and fluvial origin. Dinosaur vertebrae and a tooth, 

as well as pollen from the middle member of the Ringbone Formation, indicate a 

Campanian-Maastrichtian age for this formation (Rosaz, 1989; Lucas and others, 1990). 

Seager and Mack (1986) related the Ringbone basin to the Hidalgo uplift in the Big and 

Little Hatchet Mountains, and viewed the Ringbone Formation as a syntectonic clastic 

wedge derived from this uplift. 
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The Ringbone Formation is sharply overlain by the approximately 1,700 m-thick 

Hidalgo Formation (Fig. 33), which is composed of basaltic and andesitic flows and of 

breccias and tuffs of intermediate composition that have been radiometrically dated as late 

Maastrichtian to Paleocene age (Lawton and others, 1993). The Hidalgo Formation is 

overlain by the Skunk Ranch Formation of Paleocene-Eocene age, which is formed 

(according to Lawton and others, 1993) by a lower member of boulder to cobble 

conglomerates with subordinate siltstone of alluvial and fluvial origin. A middle member 

of mudstone and subordinate sandstone in the Skunk Ranch Formation is interpreted as 

lacustrine and deltaic in origin, whereas an upper member of pebble conglomerate and 

interbedded litharenitic sandstone is considered to be fluvial in origin. A 10m-thick 

andesitic breccia is present in the upper part of the middle member of the Skunk Ranch 

Formation. 

Partially correlative formations with the above-mentioned units of southwestern 

New Mexico are the latest Cretaceous McRae Formation, which consists offanglomerates 

and clastic deposits, the clastic latest Cretaceous to early Tertiary Love Ranch Formation, 

and the latest Cretaceous to Eocene Lobo Formation (Seager and Mack, 1986). 

The interfingering Love Ranch and McRae Formations form a 1,800 m-thick 

clastic wedge of synorogenic deposits that fill the Love Ranch basin, whose origin is 

related to the Rio Grande Uplift (Seager and Mack, 1986). The Lobo Formation is a 

similar deposit composed of a clastic wedge that fills the Potrillo basin, that was formed 

by the Burro Uplift. 

The northwest-trending Hidalgo, Rio Grande, and Burro uplifts of New Mexico, 

which have faulted and folded northeast margins, are interpreted as Laramide uplifts, each 

having its corresponding complementary asymmetric basin (Seager and Mack, 1986). 

Age of deformation is set between latest Cretaceous and early Tertiary time. 



Structural Interpretations of the Formation of Laramide Basins in 

Southeastern Arizona and New Mexico 

Structural interpretations of Late Cretaceous and early Tertiary detormation in 

southeastern Arizona and southwestern New Mexico are contradictory, and two main 

models, which are discussed below, have been proposed to explain it. 
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Corbitt and Woodward (1973), Woodward and Duchene (1981), and Drewes 

(1978, 1981, 1982) consider structures in this region to be part of a fold and thrust belt 

which is a continuation of the Cordilleran Overthrust belt, between Nevada and 

Chihuahua, Mexico. These authors interpret structures of this belt to be characterized by 

flat to gently dipping thrusts and subordinate, closely compressed, overturned folds, 

verging toward the northeast. Following this deformation, volcanism became widespread. 

More recently, Drewes (1991) distinguished several structural zones of 

deformation related to the Late Cretaceous-early Tertiary deformation. He included the 

region of southwestern New Mexico in the eastem intermediate zone, whereas 

southeastern Arizona was included in the westem intermediate zone. The eastern 

intermediate zone is made of a single major thrust plate with minor involvement of 

crystalline basement and the western intermediate zone is formed by several major thrust 

plates with more involvement of crystalline basement. Drewes (1991) viewed the 

Cabullona, Fort Crittenden, Ringbone, and Bisbee basins as a 'series of eastward-younging 

foreland basins that were later deformed during the latest phases of the Cordilleran 

orogeny (Piman and Helvetian phases). Drewes also considered the igneous rocks of the 

Late Cretaceous-early Tertiary volcanic arc to be synorogenic rocks postdating deposition 

oflate pre-orogenic foreland basin deposits and predating the early Tertiary unconformity 

beneath post-orogenic deposits. These igneous rocks range from plutonic to hypabyssal 
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to volcanic and in composition from silicic to intermediate (granite and rhyolite to diorite 

and andesite). 

An alternative model of Late Cretaceous deformation supporting the idea that 

compressive stresses formed basement cored uplifts and complementary basins in 

southeastern Arizona and southwestern New Mexico has been proposed by several 

authors. This model stems from a different interpretation of the same structures observed 

by the previously mentioned authors from the region of southeastern Arizona and 

southwestern New Mexico. 

Davis (1979) first proposed a "basement cored-uplift model" to explain the Late 

Cretaceous deformation of southeastern Arizona. Accorciing tQ t!:~is model, the northwest

southeast trending regional uplifts of this region, which show folding and thrusting 

outward from the cores ofthe uplifts, formed along northwest-trending normal faults that 

formed in Late Jurassic time and were reactivated as reverse faults in response to 

northeast-southwest regional compressional stresses. The Fort Crittenden Formation is 

viewed as one synorogenic clastic deposit that accumulated in a local downfaulted (or 

downfolded) basin during this deformation (Dickinson, 1989). 

Seager and Clemons (1982), Seager and Mack (1986), and Seager and others 

(1986) concluded that compressive deformation produced northwest- to west-northwest

trending, asymmetric basement uplifts and adjacent basins, thus also favoring a Laramide 

style of deformation for southern New Mexico during Late Cretaceous to Eocene time. 

Seager (1983) also noted that the south-central New Mexico basement-block uplifts may 

be in part the result of convergent wrenching, and although they are smaller in scale, are 

similar in structural style to uplifts of the central Rocky Mountains that have such an 

origin. 
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The history of deformation, however, must be more complex, as interpreted by 

Lawton and others (1993) from the Ringbone basin sedimentary record. For that basin, 

they proposed a two-stage basin development. Basement-cored uplift formed in the latest 

Cretaceous, corresponding to the early Laramide. A Paleocene-Eocene, late Laramide 

stage had reactivated deformation resulting in convergent wrench faulting because of 

strike-slip movement along previously formed faults. 

According to Rosaz (1989), in SW New Mexico there were two Cretaceous and 

early Tertiary tectonic events. The first was a compressive one that affected Lower 

Cretaceous formations and is of post-Cenomanian and pre-Campanian age; it is 

represented by an angular unconformity between the Mojado Formation and the Ringbone 

Formation. The second event corresponds to the Laramide tectonic event, and is 

identified by a first phase of basement cored uplifts and northeast-vergent thrusting of 

Maastrichtian-Paleocene age. According to Rosaz, this first phase of deformation was 

controlled by northwest-trending, left-lateral strike-slip faults related to the Texas 

Lineament, and flower structures were its tectonic expression. The Ringbone Formation 

was a molassic deposit associated with this phase. A second phase of the Laramide event 

was characterized by northwest-trending strike-slip faulting of Paleocene-Eocene age that 

marks the end of the Laramide deformation. 
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CHAPTER 6 

INTERPRETATION OF THE CABULLONA BASIN ORIGIN AND EVOLUTION 

The Cabullona basin is here interpreted as a Laramide-style basin, formed by 

basement-involved deformation during Late Cretaceous time. Laramide basins of the 

central and southern Rocky Mountain region are deep, asymmetric, structural depressions 

formed contemporaneously with large-scale, basement-involved uplifts, as flexural 

response ofthe lithosphere to tectonic and sediment loading (Hagen and others, 1985) 

during the Laramide orogeny. The idea of basin-margin tectonic loading as the main 

cause of subsidence to form the Laramide basins has been analyzed in the Green River 

Basin by several authors (Hagen and others, 1985; Shuster and Steidtmann, 1988; lie and 

others, 1990; Steidtmann and Middleton, 1991), and applied to other basins of the 

Foreland Region by Beck and others (1988). 

A syntectonic model of sedimentation for these basins has been proposed by Beck 

and others (1988). These authors found that these Laramide basins possess characterisitic 

syntectonic sedimentary facies that indicate a common history of asymmetric subsidence 

due to large-scale thrust loading. The sedimentary fill of the basins records a consistent, 

evolutionary pattern of depositional environments which reflect the history of uplift and 

denudation, and therefore, the deformational tectonic events of the adjacent mountain 

range (uplift). According to this model, variations in the rate of thrusting associated with 

different phases of deformation (early-, rapid-, slow-, and post-thrusting phases) cause the 
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vertical and horizontal distribution of syntectonic facies to vary accordingly. Several 

features of the Cabullona basin, including regional tectonic setting, local tectonic 

structures, sedimentary history, and age of the basin support the interpretation that it was 

formed as an intermontane basin by Laramide-style deformation and sedimentation. 

Local Tectonic Setting 

Sedimentation in the Cabullona basin depocenter occurred during Late Cretaceous 

time in a tectonically active region as indicated by syndepositional faulting and volcanism. 

Contemporaneous continental sedimentation in southeastern Arizona is represented by the 

Fort Crittenden Formation (Hayes, 1970; Hayes, 1987) which has interbedded volcanic 

rocks and is deformed by folding and thrust faulting (Drewes, 1972). In southwestern 

New Mexico, the Ringbone basin is also a contemporaneous Laramide structure (Lawton, 

1990). Although, as discussed before, the nature of deformation affecting the region of 

southeastern Arizona and southwestern New Mexico is a controversial subject. structures 

and sedimentary history of the Cabullona basin indicate that its origin is related to a 

Laramide-style of deformation. 

In northeastern Sonora not many structural studies are available. Rangin (1986) 

however, recognized a "mid-Cretaceous" tectonic event of compressive deformation 

which deformed rocks of the Bisbee Group before deposition of the Cabullona Group. An 

unconformable relationship between the Bisbee Group and Late Cretaceous rocks has also 

been reported from southeastern Arizona (Drewes, 1981) and southwestern New Mexico 

(Rosaz, 1989). Rangin also recognized the Cabullona Group as a Late Cretaceous 

molassic deposit that was deformed by the Cabullona thrust fault of Laramide age. 
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In a general way, the neighboring region of northeastern Sonora records a very similar 

geologic history to that of southeastern Arizona. Structures in this broad area are 

predominantly northwest-southeast trending ranges formed by a Paleozoic sedimentary 

sequence overlain by the Upper Jurassic-Lower Cretaceous Bisbee Group. Some of these 

ranges also have a Precambrian basement of metamorphic (Pinal Schist) and granitic rocks 

(Fig. 1). These ranges are here considered as basement uplifts, some of which are 

bounded by thrust faults as is the case for Sierra Anibacachi (Fig. 1) and Cerro Cabullona 

(Taliaferro, 1933; Rangin, 1977). 

The Cabullona thrust fault (Fig. 3) first noted by Taliaferro (1933) and 

subsequently by Rangin (1977), is a regional tectonic structure several tens of kilometers 

long. It is a low-angle, northwest-trending, southwest-vergent thrust that formed the 

Sierra Anibacachi-Cerro Cabullona uplift. Rocks composing this uplift are overturned 

Late Paleozoic carbonates unconformably overlain by folded Glance Conglomerate, 

Morita Formation and Mural Limestone of the Bisbee Group. Slices of the Precambrian 

Pinal Schist, Paleozoic strata, and Glance Conglomerate formhangingwall imbricates. 

The Cabullona thrust is here interpreted as the structure that fonned the basin-margin 

uplift and tectonic loading that created the Cabullona basin. The thick clastic wedge of 

the EI Cemento conglomerate that accumulated near and thickens toward the frontal edge 

of the thrust, correspondence of conglomerate clast types and rocks of the uplift, 

paleocurrent directions flowing away from the uplift, open folding in the Cabullona Group 

oriented subparallel to the thrust fault, and sedimentary history support a genetic 

relationship between the Sierra Anibacachi-Cerro Cabullona uplift and the Cabullona 

basin. 

The middle Santonian to Maastrichtian age, derived from fossils in the Cabullona 

Group, indicate this basin was formed during the first phase (Keith and Wilt, 1985) of the 



Laramide deformation, and its age is coincident with ages reported for the neighboring 

Fort Crittenden Formation (Santonian-Campanian, Dickinson and others, 1989) and 

Ringbone Formation (Campanian-Maastrichtian, Lucas and others, 1990) (Fig. 37). 

Sedimentary History 
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Much of the interpretation of the tectono-sedimentary evolution ofthe Cabullona 

basin made herein relies mainly on observations of the fluvial architecture and on the 

three-dimensional organization of the sedimentary fill of the basin. Fluvial architecture 

and geometric distribution of lithofacies in alluvial settings is controlled by a variety of 

interrelated parameters that are classified as autocyclic and allocyclic mechanisms 

(Beerbower, 1964). Autocyclic mechanisms are related to changes in the fluvial system 

such as channel behavior, avulsion, and floodplain aggradation rate, whereas allocyclic 

factors are climate, eustacy, and tectonics. However, the relative importance of both of 

these mechanisms controlling alluvial architecture in alluvial settings is difficult to estimate 

as they are complexly related; their importance has been illustrated from both theoretical 

(Allen, 1974, 1978, 1979; Leeder, 1978; Bridge and Leeder, 1979) and field studies (Read 

and Dean, 1982; Blakey and Gubitosa, 1984; Kraus and Middleton, 1987, and Gordon and 

Bridge, 1987 among others). 

I assume in this study that tectonism is the dominant factor controlling fluvial 

architecture and lithofacies distribution in the Cabullona basin, because of the proposed 

origin of the basin as indicated by the regional tectonic setting, and because of the close 

relationship with the Cabullona thrust fault and the related Sierra Anibacachi-Cerro 

Cabullona uplift. Besides, the sedimentary evolution of the Cabullona basin shows a 
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development approximately similar to the tectono-sedimentary model proposed by Beck 

and others (1988) for the Laramide basins of the central Rocky Mountains. 

Interpretation of the history of deformation, sedimentation, and subsidence of the 

Cabullona basin is limited by the relatively restricted areal extent of the studied outcrops; 

the actual limits of this basin are not precisely known, although correlative sediments and 

volcanics extend about 50 km southward from the studied area and have been dated as 

Santonian in age (Grajales and others, 1990). The interpretation that follows assumes 

that measured sections 1 through 4 (Fig. 3) lie near the depositional axis of the basin. 

Low-energy environments of the Corral de Enmedio Formation probably represent 

an early phase of thrusting (following the model of Beck and others, 1988), when low 

rates of subsidence and sedimentation prevailed, as indicated by the abundance of soil 

horizons (Allen, 1974) and strongly bioturbated lithologies. 

Fluvial sediments forming the Camas Sandstone and Lomas Coloradas Formations 

are more confidently used to unravel the tectonic and sedimentary history of the basin. 

This is a qualitative interpretation based on the assumption that tectonism affecting a 

region exerts a clear influence over the other geologic variables. In that way, tectonism 

affects the three-dimensional distribution of fluvial facies by controlling the three

dimensional morphology of the basin, rate of subsidence and source area uplift, and 

affects the surface topography of the alluvial plain, which in turn affects river channel 

patterns (Allen, 1978; Leeder, 1978; Blakey and Gubitosa, 1984; Alexander and 

Leeder, 1987). The sandstone body architecture and related alluvial-plain deposits of the 

Camas qualitatively suggest a slow rate of subsidence in the lower part of this formation. 

This is indicated by the sheet geometry, high multistoried and interconnectedness of the 

sandstone bodies, as well as by the subordinate proportion of overbank deposits in this 

part of the formation. A relatively more rapid rate of subsidence however, is indicated for 
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the middle and upper parts of the Camas Sandstone, as interpreted from the ribbon-type 

geometry and lack of interconnectedness of the sandstone bodies, and by the 

predominating overbank facies proportion toward this parts of the formation. This 

upward increase in the subsidence rate could also indicate a gradual increase in the 

intensity of thrusting and loading at the basin margin. The fact that the facies associations 

of the Camas Sandstone are not exposed because they are overthrusted by the Cabullona 

fault suggests that thrusting was continuous in time. This last supposition is supported by 

the overlying strata of the Packard Shale, which represent the encroachment of a large and 

deep lake and which thus indicates a time of rapid thrusting and subsidence (Beck and 

others, 1988). Also, clastic wedges restricted to active basin margins such as the EI 

Cemento conglomerate which overlies the Camas Sandstone adjacent to the Cabullona 

thrust fault, are interpreted as deposits that indicate active tectonic phases (Blair and 

Bilodeau, 1988; Heller and others, 1988). The two coarsening-upward megasequences of 

the EI Cemento conglomerate support that assumption (Fig. 25). 

Paleocurrent directions toward the south-southeast of the braided fluvial facies of 

the Camas Sandstone in the Arroyo el Cemento section support the idea that drainage 

paleoflow of the proximal facies of this unit was directed away from the Sierra de 

Anibacahi-Cerro Cabullona uplift (Figs. 25 and 27). On the other hand, paleocurrent 

directions toward the northeast and southeast within the distal-fluvial facies of the Camas 

Sandstone indicate drainage was directed from the distal parts' of the basin toward the axis 

of the basin. Paleocurrent directions from the Packard Shale indicate drainage flowed 

parallel to the thrust front during its deposition (Fig. 27). 

The internal architecture analysis of the sandstone bodies in the Lomas Coloradas 

formation records upward decrease in the rate of subsidence. This is indicated by the 

upward transition from ribbon sandstone bodies with high proportion of mudstone-
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siltstone in the lower part of this formation to sheet sandstone body geometries with a 

lower proportion of fines toward the upper part of the formation. This decrease in 

subsidence rate recorded by the Lomas Coloradas formation indicates a waning period of 

thrusting which is also supported by westward progradation of contemporaneous 

conglomerates (the fining-upward meagasequence in the upper part of the EI Cemento 

conglomerate) from the thrust front. 

Petrographic studies from the Corral de Enmedio Formation indicate a transitional 

arc provenance for this detritus which, according to paleocurrent directions, had a source 

area in the distal part of the basin located toward the southwest. Provenance studies from 

the distal facies of the Camas Sandstone, from the Packard Shale, and from the Lomas 

Coloradas Formation indicate mixed sources including dissected arc, basement uplift, and 

recycled orogens; according to paleocurrent directions from these formations, these 

source areas lay predominantly to the northwest and west of the basin. Composition of 

sandstone samples from the Arroyo el Cemento section show a recycled orogen 

provenance, and paleocurrent directions indicate the sands were derived from the Sierra 

Anibacachi-Cerro Cabullona uplift. Similarly, clast count composition (Table 2) from 

conglomerates of the same section demonstrate that the lithologies they represent are the 

same as rock units present in the uplift. Provenances of the mainly arkosic Cabullona 

Group sandstones are similar to those of the Fort Crittenden and Ringbone Formations, 

which indicate provenances ranging from dissected arc to basement uplift, and in minor 

proportion, recycled orogen. Magmatic arc and recycled orogen provenances are 

indicated by sandstone detritus derived from uplifts where erosion has not sufficiently 

eroded the cover, whereas a basement uplift provenance is most typical of Laramide basin 

sedimentary rocks (Dickinson and others, 1983; Dickinson, 1985). 
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CHAPTER 7 

SUMMARY 

The about 2,500 m-thick Cabullona Group of northeastern Sonora forms the 

sedimentary fill and records the origin and evolution of the Cabullona Basin. A new 

lithostratigraphic division of the Cabullona Group is here proposed following the pioneer 

work of Taliaferro (1933). Two new formations are distinguished as part of the group, 

and two of those originally proposed by Taliaferro (1933) have been discarded because 

they do not exist. The lowermost formation, the Corral de Enmedio formation, represents 

shallow-lacustrine deposits with a rich vertebrate and invertebrate fauna, and fossil flora. 

The disconformably overlying Camas Sandstone represents fluvial deposits of meandering 

and braided rivers. The Packard Shale gradationally overlies the Camas and is formed by 

eight members that record the presence of complex lacustrine and deltaic systems during 

its time offormation. The lower contact of the Lomas Coloradas formation, at least 

locally, disconformably overlies the Packard Shale and represents fluvial deposits of 

meandering-type rivers. The El Cemento conglomerate laterally interfingers with the 

Packard Shale and represents alluvial fan deposits. Thick conglomerates like the El 

Cemento have been described as syntectonic deposits from other Laramide basins, such as 

the Sphinx Conglomerate from southwestern Montana (DeCelles and others, 1987), the 

Beartooth Conglomerate (DeCelles and others, 1991), and the Richards Mountains 

conglomerate from the Green River Basin (Crews and Ethridge, 1993). 
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Overall, the Cabullona Group is an upward-coarsening continental succession in 

which a gradual upward increase in volcanic products (tuff beds increasing upward into 

the Lomas Coloradas formation) is also observed. Pollen, dinosaur and other vertebrate 

bones, gastropods, and pelecypods indicate a middle Santonian to Maastrichtian age for 

the whole Cabullona Group. 

The nearby uplift of the Sierra Anibacachi-Cerro Cabullona has a genetic 

relationship with the origin and evolution of the Cabullona Basin. The basin is located 

immediately west of the uplift and is separated from it by the southwestward-vergent 

Cabullona fault, which thrusts the overturned Paleozoic and Bisbee Group section of the 

Sierra Anibacachi and the Cerro Cabullona over the Cabullona Group. Some ofthe 

deformational criteria cited by Dickinson and others (1988) for Laramide basins of the 

central Rocky Mountains are applied to the Cabullona Basin. For example, the presence 

of the thick clastic wedge of the EI Cemento conglomerate along the structural flank of 

the basin, its sediment dispersal flow away from the Sierra Anibacachi uplift, and the clast 

and sandstone composition, which indicate a local provenance from this uplift. These are 

considered to be definite evidence that, during evolution of the Cabullona Basin, 

deformation was active enough to induce erosion of detritus from the adjacent uplift and 

that there was a strong relief between the basin floor and the uplift maintained by 

continued deformation. Development of lacustrine systems near the structural margin of 

the basin, and local disconformities between the Corral de Enmedio and Camas Sandstone 

and between the Packard Shale and the Lomas Coloradas formations, also indicate that 

orogenic deformation was in progress during deposition of the Cabullona Group. 

The model of Beck and others (1988), which correlates evolution of depositional 

systems in the Laramide basins of the central Rocky Mountain region with syntectonic 

development of adjacent Laramide uplifts, has been found to be applicable to the origin 
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and evolution of the Cabullona Basin. An early phase of thrusting and uplift of the Sierra 

Anibacachi-Cerro Cabullona range is indicated by deposition of the low-energy 

environments represented by the Corral de Enmedio formation. Rate of tectonism 

increased in time as indicated by deposition of the overlying Camas Sandstone which 

disconformably overlies the Corral de Enmedio formation. Qualitative interpretation of 

the fluvial architecture of the Camas Sandstone and gradual development of the thick 

lacustrine facies of the Packard Shale near the structural margin of the basin are evidence 

supporting the idea of progressive tectonism in the nearby uplift. 

Petrographic information from studied sandstone samples and clast composition of 

the EI Cemento conglomerate is an independent line of evidence of the genetic relationship 

between basin development and uplift progress. When tied to paleocurrent directions, the 

mainly arkosic sandstones ofthe Cabullona Group formations indicate dissected arc to 

basement uplift and recycled orogen provenances, which are typical provenances for 

Laramide basin sandstones (Dickinson, 1985; Dickinson and others, 1983). Similarly, 

conglomerate clast compositions from the thick clastic wedge of EI Cemento 

conglomerate indicate that their lithologie!:: match to those strata that form the Sierra 

Anibacachi range. 

In summary, the Cabullona Basin is herein considered as a typical Laramide basin. 

The syntectonic evolution of the Cabullona Group that fills it has similar age to the 

sedimentary fill of neighboring basins that are assigned to the s'ame orogenic phenomenon, 

such as the Fort Crittenden and Ringbone formations. 
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