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ABSTRACT

Stratigraphic data from well Ines-1 was used to 
reconstruct the subsidence rate and thermal history of the 
Sabinas basin. Based on the terrane concept, three basement 
terranes and two overlap assemblages are recognized around 
the basin. The Coahuila terrane forms the basement, and is 
overlain unconformably by an upper Mesozoic overlap 
assemblage composed of five second-order assemblages, which 
are in turn overlain unconformably by an uppermost Cenozoic 
overlap assemblage. The tectonic evolution of the basin is 
delineated by three periods, which are portrayed by a 
geohistory diagram: (1) the rifting stage, (2) subsidence 
and sedimentation, and (3) deformation and uplift.

Backstripping methods were used to obtain the 
tectonic subsidence. Early fault-controlled subsidence and 
later thermotectonic subsidence are observed in the basin. 
A stretching factor of 1.6 was determined from the 
geohistory analysis, and used to predict paleotemperatures 
in the sediments. The temperature history was coupled with 
the time-temperature index (TTI) to infer the oil-generative 
window.

viii



INTRODUCTION

The discovery of commercial accumulations of gas has 
resulted in intensive drilling and exploration activity, 
associated with the search for fluid hydrocarbons in the 
Sabinas basin.

The Sabinas basin was originally described by 
Humphrey (1956) as the Gulf of Sabinas, and represents a 
marine extension of the Mesozoic Gulf of Mexico into 
northeastern Mexico between the Coahuila and Tamaulipas 
paleopeninsulas. In plate tectonic terms, the genesis of 
the basin was related to the formation of a divergent triple 
junction associated with the rifting process that opened the 
Atlantic Ocean and the Gulf of Mexico.

Based on its tectonic setting, three major stages in 
the evolution of the Sabinas basin can be inferred: (1) an 
initial rifting stage involving block faulting and formation 
of grabens, (2) a stage of thermotectonic subsidence to form 
the upper Mesozoic overlap assemblage, and (3) termination 
of subsidence by intensive deformation and thrust faulting 
and accompanying uplift* of the region during the Laramide 
orogeny.
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During initial continental rifting, normally faulted 
tilt blocks commonly form in response to crustal 
attenuation. According to the simple Mckenzie (1978) 
stretching model, upwelling from the asthenosphere, due to 
thinning of the lithosphere, controls rift formation and 
creates a thermal anomaly.

Cooling of the hot upwelling athenosphere leads to a 
subsiding basin into which sediments accumulate. The 
depositional systems and the stratigraphic sequences within • 
the basin are the result of the interaction between 
subsidence and sedimentation, and are influenced by a number 
of factors, including the paleogeography and paleolatitude 
of the basin.

The occurrence of hydrocarbons in the Sabinas basin 
was strongly dependent on events during the period of 
tectonic subsidence because the organic material deposited 
then was subsequently thermally degraded during burial to 
constitute petroleum. Reservoir rocks with sufficient
porosity and permeability to contain the migrated
hydrocarbons were also formed during this period.

The period of subsidence ended when the Sabinas 
basin and the surrounding region experienced compressions! 
stresses and the sediment pile was deformed. This stage of 
basin evolution was also important for the occurrence of
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commercial hydrocarbons because the structural features that 
constitute the traps for oil and gas were formed then.

The thermal history of a sedimentary basin is the 
key parameter for the generation of fluid hydrocarbons, 
which are the product of thermal maturation of the organic 
matter present in the sediments (Tissot et al., 1974; Hunt, 
1979). While migration and accumulation of hydrocarbons are 
dependent on the burial history of the sediments and the 
development of structures within the basin, oil generation 
and preservation are dependent on the thermal conditions 
through geologic time in a sedimentary basin. This 
time-temperature relationship has led to the development of 
the oil-window concept (Tissot et al., 1974; Naples, 1980). 
Knowledge of the thermal history which the sedimentary 
column has experienced is thus required to predict the time 
of generation, as well as the amount and stage of preserva
tion of petroleum for any basin.

This study attempts to understand the subsidence and 
thermal evolution of the Sabinas basin as a function of the 
cooling of a rift thermal anomaly, and its implication for 
hydrocarbon generation.

#



TECTONOSTRATIGRAPHY

The discussion of stratigraphy is made incorporating 
the concept of terrane analysis outlined by Jones et al. 
(1982). This concept has proven especially useful in 
accretionary tectonic belts (Coney et al., 1980) like the 
North America Cordillera (Coney, 1981).

A terrane is defined as a generally fault-bounded 
geologic entity of regional extent with a stratigraphic 
succession and geologic history somewhat different from 
adjacent terranes. Lithotectonic assemblages, on the other 
hand, correspond to those lithostratigraphic sequences 
deposited during a determinate tectonic regimen and compose 
the stratigraphy of the terranes. There are also overlap or 
superjacent assemblages which develop above adjacent 
terranes after their consolidation. This consolidation 
takes place when a terrane is accreted against another 
terrane or against the stable continent.

Three principal basement terranes and two lithotecto
nic overlap assemblages can be delineated by terrane 
analysis in the region of the Sabinas basin. Pre-upper 
Jurassic basement rocks in northeastern Mexico are exposed 
in small and widely separated outcrops. They have been

4
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assigned to different terranes because they represent rocks 
of diverse lithologies and ages that can be grouped into 
three major entities. These are the Chihuahua, Coahuila and 
Sierra Madre terranes separated by important fault zones or 
discontinuities.

An upper Mesozoic overlap assemblage is exposed 
extensively throughout the region and almost totally covers 
the basement terranes. This overlap assemblage has been 
subdivided into five lithotectonic sequences differentiated 
by evident lithologic changes represented in the 
stratigraphic column. These changes are associated with 
variations in the tectonic regime of the region.’ Finally, 
an uppermost overlap assemblage includes Cenozoic 
continental clastic rocks exposed principally in topographic 
depressions, as well as some intrusive and volcanic rocks 
scattered throughout the area.

A tectonic map of northeastern Mexico is shown as 
Figure 1 (in pocket). The map portrays the distribution of 
exposures of the basement terranes and the lithotectonic 
overlap assemblages. In addition, it shows the trend and 
plunge of major structures, and traces of principal faults. 
The map is a compilation of several published (Lopes-Ramos, 
1965; Smith, 1970; Garza, 1977; Cuevas and Uribe, 1979;
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DGGTN,^ 1981; and DGGTN, 1982) and unpublished (Pemex, 
private information, 1983) sources to which the terrane 
analysis concept has been applied.

Pre-Upper Jurassic Terranes
The basement terranes that surround the Sabinas 

basin are the Chihuahua, Coahuila and Sierra Madre terranes. 
Figure 2 is a map of the general distribution of these three 
major terranes as mapped by Campa and Coney (1983), and 
shows in addition the location of their principal exposures 
by a symbol.

Chihuahua Terrane
This_ basement terrane (Bch) seems to be part of 

cratonic North America. The principal outcrops in northern 
Mexico are exposed in the Sierra del Cuervo and Placer de 
Guadalupe areas, and the terrane has also been penetrated by 
several Pemex wells in the state of Chihuahua (Pemex, 
private information, 1984) (see Figure 3). It includes 
Precambrian metamorphic granite (Bch^) dated 1030-1060 m.y. 
(Blont, 1982), amphibolitic gneisses dated 854 + 68 m.y. 
(Pacheco and Castro, 1984; Quintero, 1984), a fairly 
complete Ordovician to Lower Permian sequence, approximately

1. Direccion General de Geografia del Territorio 
Nacional.
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Figure 2. Tectonostratigraphic terrane map of northeastern 
Mexico. —  Symbols show location of outcrops.
Chihuahua terrane (Bch); Coahuila terrane in 
Sierra del Carmen (Bcr), in Las Delicias-Acatita 
(Bd), in Sierra del Fuste (Bf), and in Sierra del 
Diablo (Bdi); and Sierra Madre terrane in 
Huizachal-Peregrina (Bhp), and in San Julian 
(Bsj).
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2000 m thick, of dark argillaceous to siliceous sediments 
(Bchg) and an Upper Permian sequence of approximately 1000 m 
of marine terrigenous sediments locally containing reef 
carbonates (Bchg) (Bridges, 1964).

Coahuila Terrane
This is a composite terrane that lies beneath most 

of the sedimentary strata in northeastern Mexico and 
constitutes the floor of the Sabinas basin. It was formed 
during the Late Paleozoic closure of the proto-Atlantic 
Ocean when Africa, South America and North America were 
joined in a single continent (Coney, 1981; Campa and Coney, 
1983). The terrane is exposed in two localities.

In Sierra del Carmen (Bcr), 12 km east of Boquillas 
del Carmen in Coahuila, the Coahuila terrane is exposed as 
phyllite, marble and quartzite of green schist facies 
containing a sericite-muscovite-chlorite metamorphic mineral 
assemblages (Flawn and Maxwell, 1958). These metamorphics 
are unconformably overlain by a Cretaceous clastic sequence 
(Hosston Formation) grading upward into Neocomian limestone 
(Cupido Formation) (Charleston, 1963). The age of 
metamorphism is 265 + 5 m.y. as determinated by K/Ar on 
muscovite and 275 +_ 20 m.y. by Rb/Sr on whole rock and 
muscovite (Denison et al., 1969). Several Pemex wells 
within the Sabinas basin have penetrated metamorphic rocks 
with similar characteristics to those on outcrop. These
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subsurface rocks here are also included in the Coahuila 
terrane: in Chapa-101, metagraywake and slate; in 
Peyotes-2A, metamorphic rock; in Concordia-1, phyllites; in 
Carbon-1, metamor phic rock dated 215 4̂ 5 m. y.; in Perla-1, 
quartz of feldspathic gneiss dated 209 + 11 m.y.; and in 
Hacebuches-1, phyllites (Pemex, private information, 1983).

These rocks constitute the interior zone of the 
Marathon-Ouachita orogenic system (Flawn et al., 1961) that 
may be thrust over the Chihuahua terrane along a fault zone 
that forms the northwestern boundary of the Coahuila terrane 
(Campa and Coney, 1983). The southern boundary of the 
Coahuila terrane is the Mojave-Sonora megashear (Silver and 
Anderson, 1974; Anderson and Silver, 1979), which in 
northeastern Mexico has been termed the Torreon-Monterrey 
discontinuity (Campa and Coney, 1983).

In the Las Delicias-Acatita area (Bd), southwestern 
Coahuila, the Coahuila terrane consists of thick upper 
Paleozoic flysch with related volcanic rocks (King et al., 
1944). The sequence contains greenish black graywacke 
overlain by massive crinoidal limestone with Upper 
Pennsylvanian fusulines, followed by a thick (approximately 
3000 m) Permian section of interbedded fine-grained to 
conglomerate graywacke, ammonite-bearing dark shale, 
lenticular and massive limestone containing fusulines, 
quartz diorite sills, and tuffs (Vardlaw et al., 1979) (see



Figure 4). These rocks are strongly deformed but less 
metamorphosed than those exposed in the Sierra del Carmen 
area.

In both the Sierra del Carmen (Bcr) and Las 
Delicias-Acatita areas (Bd), the Coahuila terrane contains 
instrusions of Triassic granodioritic plutons. In Coahuila, 
several wells also have penetrated igneous intrusive rocks 
below an upper Mesozoic sedimentary sequence: in Pecten-1,
granite dated 225 + 20 m.y.; in Monclova-5, granodiorite; 
and in Menchaca-1, granite dated 164 +_ 7 m.y. (Pemex, 
private information, 1983).

In Sierra del Fuste and Potrero de la Mula (Bf), 
west-central Coahuila, there are exposures of granodiorite 
dated 211 + 8 m.y. by K/Ar in hornblende (Denison et al. , 
1969), and granitic rocks dated 213 +_ 14 m.y. by Rb-Sr in 
whole rock samples (Jones et al., 1984). This Late Triassic 
pluton is unconformably overlain by thin arkosic 
conglomerates (Padilla Formation) that grade upward into a 
Lower Cretaceous sequence of evaporites, dolomites and 
limestones (La Mula, La Virgen, Cupido Formations), and 
middle Cretaceous limestones (La Pena, Tamaulipas Superior 
Formations) (Zarate, 1970, Jones et al., 1984).

In Sierra del Diablo (Bdi), 8 km east of Jimenez, 
State of Chihuahua, an exposed rhyolite (or trachyte) has 
yielded an Rb-Sr isochron of 190 + 15 m.y. The volcanic
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Figure 4. Tectonestratigraphic column of the Coahuila
terrahe in Las Delicias-Acatita area (Bd).
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rock is unconformably overlain by a thin conglomerate, 
containing volcanic and limestone fragments, that grades 
upward into Albian platform limestones (Aguilar, 1974).

Sierra Madre Terrane
The basal portion of the Sierra Madre terrane is 

exposed in the Huizachal-Peregrina area (Bhp) near Cuidad 
Victoria, Tamaulipas as Precambrian crystalline basement 
(Bhp^) of granitic gneisses and granulites dated 740 to 920 
m.y. (de Cserna et al., 1977; Denison, 1970) (see Figure 5). 
Structurally above the basement rocks are a basal quartzite 
and conglomerate (Bhpg), succeeded upward by Ordovician to 
Silurian limestones, sandstones, and black shales; Devonian 
novaculite and chert with clastic terrigenous strata and 
carbonates; and Lower Mississippian, Pennsylvanian, and 
Permian interbedded dark shales and turbidite sandstones 
(Bhpg). In angular unconformity above the Paleozoic strata 
lies a Lower Jurassic redbed overlap sequence (Bhp^) of red, 
green, and greenish-gray mudstone, sandy mudstone, sandstone 
and conglomerate (Hizachal Formation) (Carrillo-Bravo, 
1961).

Included within the Sierra Madre terrane are 
scattered outcrops which include low-grade metasediments and 
metavolcanics, and unfossilliferous clastic sediments and 
volcanic rocks (Bsj) (see Figure 6), exposed principally in 
Sierra de San Julian, northwestern Zacatacas and in other
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Figure 5. Tectonostratigraphic column of the Sierra Madre
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small outcrops in parts of the northwestern Mexico Altipiano, 
and Transverse Ranges between Torreon and Cd. Victoria.

The sequence at Sierra de San Julian has been 
described by several authors (Rogers et al. , 1956; Cordoba, 
1964; Lopez-Ramos, 1982). Its basal portion consists of 
intensely deformed graywacke and phyllite with novaculite 
and dolomite (Taray Formation, Bsjt), and represents deep 
water flysch (Ortega, 1984). This basal flysch sequence is 
affected by more intense metamorphism than are the overlying 
units. Above a structural discontinuity is greenish 
siliceous schist deformed and strongly foliate (rhyolite, 
ignimbrites) (Coapas, Bsj^) overlain by purple, gray and 
green schist (volcanics) (Rodeo, Bsjg). The transitional 
contact between these two units seems to be defined by an 
interval of pyroclastic rocks which contain the ignimbritic 
tuffs of Coapas, and the dacite and andesite of Rodeo 
(Ortega, 1984). these in turn are unconformably overlain by 
red sandstones, conglomerates, mudstones and rhyolites 
(Nazas, Bsj^). The Coapas and Rodeo Formations represent 
deposits of a magnatic arc of continental-margin type, while 
the Nazas Fm is an intracontinental deposit of extensional 
tectonic origin (Ortega, 1984).

The age of metamorphism appears to have been Middle 
Jurassic, and has been associated with movements along the 
Mohave-Sonora-Monterrey megashear (Infanzon et al., 1984).
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The radiometric dates that have been reported for these 
rocks include 156 +_ 40, 195 20, 200 60, and 220 +_ 30
m.y. by Fries and Rincon (1965); and 141 +. ^0 m.y. by
Denison et al. (1969). Rocks with similar characteristics 
are exposed in small outcrops in Sierra del Oratorio, Sierra 
de Jimulco, Rio Nazas and other localities.

Upper Mesozoic Overlap Assemblage 
Five upper Mesozoic sequences of principally 

terrigenous clastic and associated carbonate and evaporite 
rocks together form an overlap assemblage that rests 
unconformably across the contacts between the three basement 
terranes (see Figure 7). Two principal uplifted blocks, El 
Burro-Tamaulipas and Coahuila platforms, and several smaller 
blocks form subsurface relief on the basement. Associated 
grabens and horsts influenced the depositional systems 
within the Sabinas basin and also the later deformation of 
the assemblage. The five distinct sequences within the 
upper Mesozoic overlap assemblage have been recognized on 
the basis of important lithologic changes. The lithologic 
changes were related to changes in the tectonic development 
of the region.

Upper Jurassic Terrigenous Clastics,
Evaporites and Carbonates (Mc^)

These Oxfordian (or older) to Tithonian strata lie 
unconformably above the basement terranes. The lower part
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of the sequence consists of four principal facies: (1) 
conglomerates and redbeds composed of igneous and volcanic 
fragments (basal conglomerates), (2) shoreline sandstones 
(La Gloria Formation), (3) siltstones, carbonates and 
evaporites (Olvido Formation), and (4) halite. The upper 
part of the sequence (Kimmeridgian-Tithonian) consists of 
clastic sediments grading from sandstone near the positive 
elements to black shale, interbedded siltstone and limestone 
in the depocenter of the basin (La Casita Formation). The 
thickness of the Upper Jurassic sequence varies from zero on 
the positive elements to 487 m at Monclova and up to 2660 m 
in the depocenter where the sequence contains thick salt 
deposits (Menchaca area).

Neocomian-Lower Aptian Carbonates,
Terrigenous Clastics and Evaporites (Meg).

A Lower Cretaceous sequence of carbonates contains 
interbedded terrigenous clastics near the flanks of the 
positive elements and evaporites in restricted areas. Five 
facies can be recognized in the Sabinas basin: (1) conglom
eratic arkosic sandstone with interbedded green and red 
shale (San Marcos, Patula and Hosston Formations), (2) 
limestone and marl grading laterally and upward to 
calcareous sandstone and siltstone with local dolomite 
(Menchaca, Barril Viejo and Padilla Formations); (3) 
interbedded green and red shale, sandstone and carbonates
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(La Hula Formation); (4) anhydrite intercalated with 
bioclastic and oolitic packstone and grainstone, and 
microdolomite (La Virgen Formation); and (2) bioclastic 
packstone and grainstone interbedded with lithoclastic and 
bioclastic lime mudstone and wackestone (Cupido Fm). Facies 
1 is present only at the margins of the positive elements, 
but the others are widespread and occur on vertical 
succession throughout the basin. The thickness of the Lower 
Cretaceous sequence varies depending on the position within 
the basin, but the average thickness in the Monclava area is 
approximately 2000 m.

Upper Aptian-Albian 
Carbonates (Mc^)

Carbonate rocks mainly mid-Cretaceous in age form a 
widespread carpet within the Sabinas basin and across the 
adjacent El Burro-Tamaulipas and Coahuila platforms. The 
basal part of the section is a fairly thin and uniform 
sequence of dark gray, fossiliferous clays, and thin bedded 
marls and lime mudstone (La Pena Formation). On the 
Coahuila platform, the same unit is represented by slightly 
calcareous shales, siltstones and sandstones (Las Uvas 
Formation) resting unconformably on basement rocks (Bd). 
The middle part of the sequence includes 3 facies: (1) lime 
mudstone to grainstone containing rudists, miliolids and 
shell fragments (Salmont peak, McKnight, Vest Nueces,
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Telephone Canyon and Glen Rose Formations); (2) thick-bedded 
gray lime mudstone and wackestone with stylolites 
(Tamaulipias Superior Formation); and (3) limestone, 
dolomitic limestone, dolomite and gypsum (Acatita Fm) with 
reef facies of rudist limestone (Viesca Formation). All 
three facies are time-equivalent. Facies 1 and 3 occur on 
the El Burro and Coahuila platforms, respectively, while 
facies 2 occupies the Sabinas basin. The uppermost part of 
the mid-Cretaceous sequence, widely distributed in the area, 
is light gray fossiliferous shale with an intermediate 
limestone body (Kiamichi Formation) overlain by medium- to 
thick-bedded mudstone and wackestone with planktonic fauna 
(Georgetown Formation). The thickness of the entire 
mid-Cretaceous sequence ranges from 500 to 800 m.

Cenomanian-Santonian Carbonates 
and Shales (Mc^)

Lower Upper Cretaceous strata are mainly carbonate 
rocks, but contain fine-grained terrigenous beds as well. 
The lower part of the sequence is a thin body of gray shale 
intercalated with siltstone (Del Rio Formation) overlain by 
light gray medium-bedded lime mudstone and wackestone with 
plaktonic fauna (Buda Formation). The upper part of the 
sequence is a section of dark shale intercalated with 
thin-bedded silty limestone (Eagle Ford Formation) overlain 
by medium-bedded, chalky lime mudstone with thin interbedded
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marl (Austin Formation). The Cenomanian-Santonian sequence 
ranges from 200 to 500 m in thickness.

Campanian-Maastrichtian 
Sands and Shales (Mc^)

Upper Cretaceous terrigenous clastic sediments of 
the Sabinas basin are exposed in central and northeastern 
Coahuila. The sequence is a deltaic complex consisting of 
gray clay and mudstone (Upson Formation) of the prodelta 
facies overlain by a marine and nomarine sequence of 
interbedded (grading upward) sandstones, siItstones and 
claystones with coal (San Miguel, Olmos and Escondido 
Formations) of the delta-front and delta-plain facies. The 
thickness of the deltaic sequence is at least 1000 m in the 
Sabinas area.

Cenozoic Overlap Assemblage 
Widespread Cenozoic clastic sediments and igneous 

rocks rest with angular unconformity upon folded upper 
Mesozoic rocks, which are cut locally by Cenozoic 
intrusives.

Igneous Intrusives (Ci)
Two groups of Laramide intrusive bodies of generally 

alkalic composition occur in northern Coahuila and near 
Monclova and Candela. The latter intrusive bodies form a 
chain that broadly follows an east-west direction.
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Igneous Extrusives (Ce)
Two principal types of extrusive rocks are present 

in the area: (1) lavas of intermediate composition which
are associated with the Laramide intrusive bodies; and 
(2) basaltic lavas forming small plateaus in the Sabinas and 
Nueva Rosita area.

Cenozoic Paleocene (Cm)
Paleocene clastic sediments consisting of inter- 

bedded sandstone, siltstone, and shale with glauconite and 
reworked Cretaceous fossils are exposed in the eastern part 
of the area. These sedimentary rocks of the Burgos basin
form part of the Gulf Coast sedimentary wedge. Their 
thickness ranges from 400 to 1000 m.

Cenozoic Alluvium (a)
Gravels, breccias, sands and fine alluvial muds were 

deposited in topographic depressions and synclinal valleys.



TECTONIC SYNTHESIS

In the tectonic evolution of northeastern Mexico, 
five major tectonic stages are recognized. They are: 
(1) Late Paleozoic Appalachian-Ouachita orogeny; (2) Meso
zoic extensional event; (3) Late Jurassic to Late Cretaceous 
subsidence event; (4) Late Cretaceous to Early Tertiary 
Laramide orogeny; and (5) Cenozoic uplift.

Although most of the Paleozoic sequence in Mexico is 
obscured by younger strata and tectonic overprinting, the 
configuration of the Ouachita-Marathon system has been 
projected into northeastern Mexico (Gonzalez, 1976; Salinas, 
1980). Farther south, it has been described as the Huasteca 
belt (de Cserna, 1960). Rocks of the Coahuila terrane in 
the Las Delicias-Acatita area (Bd) may represent turbidities" 
of a remnant basin that progressively closed (Graham et al.,
1975) as the suture belt of an arc-continent or 
continent-continent collision developed (Wickham et al.,
1976) . The deformation involving North America and parts of 
Gondwanaland seems to have been initiated in the Late 
Mississippian in the central portion of the Appalachian and 
became successively younger southward as the proto-Atlantic 
closed in a scissor-like fashion (Walper and Rowett, 1972).
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The Coahuila terrane also exhibits widespread 
low-grade metamorphism which is recorded in the Sierra del 
Carmen (Bcr) and several wells. The metamorphic rocks 
represent the interior zone of the Ouachita system (Flawn et 
al., 1961) thrust over the North America margin (Campa and 
Coney, 1983).

Extensional tectonics affected the region from 
mid-Triassic to Late Jurassic time. It was initiated by 
rifting and sea-floor spreading that opened the central 
North Atlantic and the Gulf of Mexico (Pilger, 1980). There 
was an initial rift phase (Buffler et al., 1980), during 
which attenuation of the lithosphere caused regional uplift, 
segmentation of blocks by listric normal faults, and filling 
of rift basins. Interpretation of seismic sections across 
Sabinas basin shows that the configuration of the basement 
is in the form of grabens and horsts (Mar tine z-Domingo, 
personal communication, 1984). The grabens form local 
basins in which there are continental clastic sediments. 
There is no direct evidence for the age of this phase in the 
Sabinas basin, but presumably it could be somewhat younger 
than in the Gulf of Mexico.

The subsidence in the Gulf of Mexico continued and a 
thick sequence of evaporites was deposited (Buffler et al., 
1980). The age of the salt is usually considered to be 
Middle Jurassic and correlated with the Louann salt of the
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northern Gulf Coast and Minas Viejas Formation of the
Monterrey area (Kirkland and Gerhard, 1971). The salt
deposits that have been penetrated by wells within the
Sabinas basin presumably are Late Jurassic since they
unconf ormably overlie a granitic intrusive dated 164 +. 7
ra.y. in the Menchaca area (Pemex, private information, 1984) 
and are covered by sediments with Kimmeridgian fauna (La 
Casita Formation).

Rift zones are commonly associated with triple
junctions that have elongated arms called aulacogens (Burke,
1977). These extend into the continental interiors to form
restricted basins around the Atlantic margin (Evans, 1978).
The Sabinas basin has been interpreted as an aulacogen
(Flores, 1980). However, the origin of the Sabinas basin
seems to be more related in time (Middle-Late Jurassic) to
the drift phase and sea-floor spreading in the Gulf of
Mexico (Buffler et al., 1980) than to the rifting phase.

\Associated with the opening of the Gulf of Mexico 
was movement on the Mojave-Sonora megashear (Silver and 
Anderson, 1974). It was a left-lateral fault that passed
across Mexico, moving South America to the southeast 
relative to North America (Dickinson and Coney, 1980). 
Zwanziger (1976) postulated a series of five
post-Appalachian transform faults in northeastern Mexico 
which divided the original system into six segments. Major
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structural movements and lateral displacements by faults in 
Mexico were also postulated by de Cserna (1967). These 
structural features are generally obscured beneath younger 
sediment and remain controversial.

By Late Jurassic time, the Gulf of Mexico was 
completely open and the movement probably ceased along the 
Mohave-Sonora Megashear (Coney, 1973). In Sabinas basin, an 
important period of relative subsidence was marked by the 
major marine transgression that developed from Late Jurassic 
to Late Cretaceous time. The upper Mesozoic overlap 
assemblage was deposited unconformably above the basement 
terrane (Coahuila terrane). In the early Oxfordian, 
incursions of marine waters into local basins allowed the 
deposition of salt and evaporite (Olvido Formation). There 
was also significant influx of terrigenous elastics (La 
Gloria Formation) derived from the emergent Coahuila and El 
Burro-Tamaulipas elements. Shallow-water carbonates were 
also deposited during this time. Figure 8 shows a 
paleogeographic map of the early Oxfordian in Sabinas basin
and surrounding areas. This and the subsequent
paleogeographic maps were drawn based principally on
unpublished sources (Nieto, 1983, 1984; and other Pemex
private information, 1984) constrained by surface and 
subsurface data. During Kimmeridgian time, seawater 
incursions were more accentuated. Evaporitic sedimentation
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was replaced by deposition of carbonates and shales (La 
Casita Formation) (see Figure 9).

An important feature that had great influence on 
thermotectonic subsidence and sedimentation within the 
Sabinas basin is a fault that passes near the north edge of 
the Coahuila Island (McKee and Jones, 1979, 1982; McKee et 
al. , 1984). This fault was active during the Jurassic and 
Early Cretaceous, and it delineated the zone of relative 
subsidence and uplift between the basin and the Coahuila 
Island, producing an important sequence of terrigenous 
elastics that developed along the north shore of the 
Coahuila Island. These terrigenous elastics were in part 
fault-generated and in part derived from the positive 
elements (San Marcos, Patula, La Mula Formations). Clastic 
sedimentation also occurred in the northern edge of the 
basin (Hosston Formation); however, the presence of a fault 
is not so evident there.

The overall transgression continued during Early 
Cretaceous time. In the Sabinas basin a shallow water 
carbonate platform and a progradational reef complex were 
established. The active fault and the emergent elements 
continued to provide clastic sediments at the flanks of the 
emergent elements. The paleographic map of the 
Berriasian-Valanginian is shown in Figure 10.
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In the Hauterivian, shallow water persisted in the 
basin and permitted the lagoon-like deposit of the Padilla 
Formation, which subsequently was replaced by fine clastic 
sediments of the La Mula Formation. The paleogeographic map 
for this period is shown in Figure 11. The reef complex 
that was initiated in the Hauterivian (Marquez et al., 1976) 
continued to grow during the Neocomian; lagoonal and sabkha 
conditions developed within the basin (La Virgen Formation). 
The paleogeographic map of the Barremian is shown in Figure 
12. In early Aptian time, the shallow-water carbonate 
platform continued to operate within the Sabinas basin. The 
shelfal carbonates of the Cupido Formation are well 
distributed in the area, but grade laterally eastward to a 
reef barrier of corals and rudists. The Coahuila and El 
Burro elements were still emergent. The paleogeograhic map 
for the early Aptian is shown in Figure 13.

By late Aptian, an important change in the evolution 
of the basin is marked by Che abrupt change in sedimentation 
between the shallow-water carbonates of the Cupido Formation 
and the deep-water dark shales and carbonates of La Pena 
Formation. The contact between these two formations is very 
sharp and regional.

In the Albian, thermotectonic subsidence is 
represented by regional subsidence during which marine 
transgression covered the Coahuila and El Burro-Tamaulipas
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elements. Shallow-water carbonates and evapprites were 
deposited upon the Coahuila and El Burro platforms within 
the basin (see Figure 14).

The subsidence of the region continued during early 
Late Cretaceous time. Sedimentation was marked by a 
progressive increase in terrigenous clay. The depositional 
pattern around the region indicates that the source of 
terrigenous elastics in the Sabinas basin lay to the west. 
The paleogeographic map of the Turonian is shown in Figure 
15. By Late Campanian to Maastrichtian, continued 
accumulation of sand, silt and clay was progressively 
shallowing the basinal areas, and a deltaic system was built 
into the Sabinas basin from highlands of probable Laramide 
origin to the west. The paleogeographic map of this time is 
shown in Figure 16. By the end of this period the area 
experienced significant uplift, and subsidence ended.

At the end of the Cretaceous, the upper Mesozoic 
assemblage was folded and thrust-faulted by the effects of 
the Laramide orogeny. In plate tectonic terms the Laramide 
deformation has been explained as a change in relative 
motion between two plates. The Farallon plate from a slow 
and oblique motion rapidly converged beneath the American 
plate (Coney, 1976). There was associated decrease in the 
dip of the subducted slab to create compressive stress in 
the upper crust and consequently deformation (Coney, 1978;
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Dickinson, 1981). Within the Sabinas basin the structures 
created during this period consist of elongate, relatively 
narrow, anticlinal folds doubly plunging, occasionally 
bifurcated, and oriented NW. On the Coahuila and El Burro 
platforms, the structures are typified by broad, gentle 
dome-like anticlinal folds oriented NW-SE.

The last important tectonic event following the 
Laramide deformation was produced by the gradual increase in 
the dip of the subducted plate. This effect caused a period 
of uplift and extensional tectonics (Dickinson, 1980) which 
in northeastern Mexico may be manifested by a series of 
transform faults, described by Eguiluz (1984), and gentle 
folds (Flores, 1980).



SUBSIDENCE ANALYSIS

The sediments that accumulated within the Sabinas 
basin record vertical movements of the crust (subsidence and 
uplift) that occurred during the evolution of the basin. 
The stratigraphic sequence within the basin is the result of 
a series of geological process that interacted with each 
other through time. These include sedimentary processes, 
such as deposition, and compaction, and tectonic processes 
such as faulting, thermotectonic subsidence, sedimentary 
loading and uplift. The technique of quantitative basin 
analysis integrates stratigraphic and paleobathymetric data, 
including thickness, lithology, age and sea level changes, 
to reproduce the subsidence of the basin flow as a result of 
initial faulting, sedimentary loading, and crustal and 
mantle cooling.

For old basins like Sabinas, the reconstruction of 
basin evolution is complex because it has been structurally 
deformed, partly eroded, and later covered by younger 
sediments. Nevertheless, the subsidence analysis for the 
Sabinas basin was made using data from well Ines-1 and 
plotted in a geohistory diagram of subsidence versus time.

41
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Geographically, the well is located in the central 
portion of the state of Coahuila approximately 17 km north 
of Monclova. This well was chosen to represent the Sabinas 
basin because it is located near the depocenter of the basin 
(see Figure 17). In addition, it penetrated a fairly 
complete stratigraphic column which was sampled by several 
cores and the continued recollection of cuttings. No 
important faults or unconformities were observed in the 
section.

The stratigraphy and inferred paleowater depths 
obtained from well Ines-1 is shown in Figure 18. This 
information was used to reconstruct the burial history of 
the basin in a geohistory diagram shown in Figure 19. The 
total sediment accumulation corrected by bathymetry and 
compaction represents the depth of the basin floor or 
"basement" at any time and consequently the total
subsidence.

A large part of the total subsidence is due to the 
weight of the sediments. The backstripping technique (Watts 
and Ryan, 1976) was used to obtain the components of
subsidence due to sediment loading.

Subtracting the effects of the weight of the 
sediments from the total subsidence yielded the tectonic 
subsidence, which is attributed here to the cooling of a 
thermal anomaly formed at the time of initial rifting.
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Since the subsidence analysis 'is made in 
quantitative terms, a computer program written in FORTRAN V 
was formulated to simulate by mathematical means the various 
geological processes which occurred during the history of 
the basin.

Geohistory Diagram
In the basin analysis technique, the sedimentation 

history of the basin is conveniently portrayed by a 
geohistory diagram (Van Hinte, 1978). Basin analysis is a 
quantitative stratigraphic procedure where the stratigraphic 
and paleobathymetric information corrected for sediment 
compaction is plotted as a time versus thickness chart. 
Quantitative stratigraphy is the numerical assignment of age 
in years and water in meters to units of the stratigraphic 
section.

Figure 20 illustrates the basic concept 
involved— the subsidence analysis of the basin. At time 
period 1, the basement or basin floor is considered to be at 
the surface when no basin has yet been created. In time 
period 2, the basement has subsided to allow a unit of 
sediments to accumulate. In this case, a water depth 
remains. This means that the amount of subsidence in the 
basin was greater than the accumulation of sediments. In 
other words, the sediment influx was unable to fill the hole 
provided by tectonic subsidence. It is necessary to keep
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control of the bathymetry in order to establish accurate 
estimates of the elevation changes on the basin floor with 
respect to mean sea level.

In time period 3 the basin continued subsiding. 
This allowed another unit of sediments to accumulate. The 
sediments first deposited became compacted as a function of 
burial depth, so that their thickness in time 3 does not 
represent their original thickness. Therefore subsidence 
rates obtained from compacted thicknesses .underestimate true 
subsidence rates. Thus, a compaction correction is 
necessary to reduce the error in estimates of subsidence 
rates and to reproduce the history of subsidence accurately.

In the column for time period 3, a reduction in 
water depth is shown. This may be the result of a sedimenta
tion rate greater than subsidence rate.

By time period 4 another unit of sediments was 
deposited. The underlying sediments further compacted by 
continued burial. The increment in water depth shown in 
this case represents subsidence rates greater than 
sedimentation rates.

Assuming that the column at time period 5 i£5 the
present well data, the concepts described above are
considered to reconstruct the evolution of the basin
backwar d s.
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The procedure is to take off the sediments which 
have not been deposited by the time considered, and decom
pact the remaining sediments.

To reconstruct the geohistory diagram of well 
Ines-1, shown in Figure 19, the sediment ages, paleobathy- 
metry, compaction and eustacy were all considered.

Biostratigraphic studies (Pemex, private informa
tion, 1982) were used to determine the age of identifiable 
stratigraphic units. Uncertainties may arise in age 
assignments because of reworked fauna and problems in the 
recollection of well cuttings. In order to interpolate and 
determine the absolute age of the stratigraphic horizons, 
the DNAG geological time scale of the Geological Society of 
America (1983) was used. The precision of some biostrati
graphic age determinations is questionable; nevertheless, it 
has been used to establish the necessary time scale, as no 
better method is currently available. The ages assigned 
should be considered as approximate values established by 
the time scale used.

Paleontologic studies of benthonic microfossils, 
which give the best paleocological insights provided the 
framework for paleowater depth determinations. When faunal 
determination were not available, lithofacies assemblages 
compared with present-day water depths were used to
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establish a tentative paleobathymetry for well Ines-1 shown 
in Figure 18.

Present-day thicknesses of stratigraphic columns as 
recorded by wells has been affected significantly by 
compaction due to the progressive burial. Present-day 
columns do not represent the original thicknesses at the 
time of deposition. Evidence for compaction which occurs 
particularly in grain supported rocks like packstones and 
grainstones includes: grain deformation and breakage, grain 
repacking, grain contacts which appear to reflect solution, 
and stylolitization (Coogan and Manus, 1975). Thus, it was 
necessary to apply a correction for compaction of sediments 
in order to reconstruct the accurate history of sedimenta
tion and subsidence of the basin (see Figure 20).

The amount of compaction was estimated by calcula
tion of reduction of original porosity of sediments. The 
reduction in porosity is a process not instantaneous but 
gradual and related to the amount of sediments overburden. 
Curves of porosity versus depth which reflect porosity loss 
in the subsurface have been derived for several different 
lithologies (Rubey and Rubbert, 1959; Magara, 1976; Halley 
and Schmoker, 1983) and they follow the general exponential 
form:

4> 4> e-ZC (1)
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where
(f> = final porosity

4) — initial porosity (at the time of deposition)
z = depth below ground level in meters 
c = gradient of porosity loss vs depth

The initial porosity (4>0) as well as the gradient of 
porosity loss vs depth (c) for four different lithologies 
(sandstone, shale, limestone and dolomite) were considered 
in this analysis. Their values were taken from studies in 
present-day sediments (Enos and Sawatsky, 1981; Schmoker and 
Halley, 1982; Scholle, 1979; Magara, 1980).

In the case of sandstones and carbonates, it was 
necessary to include a cementation factor to explain the 
reduction in porosity without compaction. The criterion in 
applying this factor was made based on the recognition of 
deiagenetic features such as pressure solution, by which 
dissolution occurs at grain contacts and cement is 
precipitated, or dolomitization that occurs where magnesium 
bearing waters fill the pore space. Paleosedimentation 
studies made in rocks of the Sabinas basin (Marquez, 1978) 
were very useful in order to recognize these kinds of 
features.

Compaction was not considered in evaporites since 
they contain no initial porosity; nevertheless, there is 
some evidence that the transformation of gypsum to anhydrite
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by dehydration reduces original thicknesses (Fairbridge, 
1976).

Since mean sea level is used as the horizontal 
reference datum for the reconstruction of the history of the 
basin, variation of sea level with respect to present-day 
elevation is a significant parameter. The magnitude of sea 
level changes through time is still in dispute. Vail et al.
(1977) constructed a global sea level curve by 
identification of patterns of overlap and offlap. Pitman
(1978) estimated the sea level changes based on changes in 
the volume of mid-ocean ridges through time. However, it 
appears that long-term eustatic changes strongly depend on 
the flexure and tectonic subsidence of the crust (Watts, 
1982; Herdelbol et al., 1981). The curve used in this study 
is that of Watts and Steckler (1979), who included the 
effects of tectonic subsidence to give a better overall fit 
to the exponential subsidence curve.

The geohistory diagram shown in Figure 19 is the 
product of the subsidence analysis technique applied to data 
from well Ines-1. The chart plots time on the horizontal 
axis and depth on the vertical axis. The diagram shows the 
total subsidence of the Sabinas basin versus time. The 
minimum paleowater depths are shown at the top of plot by 
straight lines. The vertical spaces shown at the bottom of
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the subsidence curve are the uncertainties in paleowater 
depths.

Sedimentary Loading
Part of the total subsidence of a basin floor is due 

to sedimentary loading. To account for the weight of the 
sediments, the stratigraphic column was adjusted by 
backstripping techniques (Watts and Ryan, 1976). The method 
assumes Airy isostasy to calculate the amount of subsidence 
in response to a specific load. The procedure is to remove 
the effects of the sedimentary loading from the total 
subsidence by calculating the depth of the basin floor below 
sea level when an interval of sediment load is removed. The 
result is the amount of tectonic subsidence through time.

Figure 21 shows two Airy-balanced columns. The left 
one is the loaded column and contains the effects of 
sediment weight.

W + S = Z + X (2)

As they are balanced, the masses of the columns must 
sum up equal to depth of compensation:

p W + p S = p Z + p ( W + S - S L - Z )  (3)rw r s rw rm

solved for Z:

) + W (4)
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w + s = z +

Figure 21. Diagram of the Airy model for isostatic compensa
tion in a loaded sedimentary column.
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In the equations , and pg are the average
densities of mantle, sea water and sediments respectively. 
W is the depth of water available for sedimentation. S is 
the total thickness of sediments as it existed at some 
former time in the basin, that is the decompacted column. Z 
is the depth below sea level at which the basin floor would 
be when the sediment load is removed. In the equation are 
also included the effects of water loading due to sea level 
changes (SL).

The sediments as they compact increase their weight 
and therefore their density. It is therefore necessary to 
calculate the average density of sediments at any former 
time. This was calculated using the following equation 
(Watts and Steckler, 1981):

(4>P + (1 - <J))p )Ti
Ps - — ----s----^  (5)

where
P
T
8

4>.

= density of grains 
= interval thickness
p̂ , and S have been defined previously.

The tectonic subsidence obtained after backstripping 
from well Ines-1 plotted through time is shown in Figure 22. 
The error bars shown in the figure are uncertainties in 
paleowater depths. The dashed area represents the
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subsidence due to the weight of the sediments and the 
hatched area represents the tectonic subsidence.

Tectonic Subsidence
The plate tectonic model states that for the 

creation of ocean crust, hot asthenospheric material is 
emplaced at the spreading center and later accreted to the 
plates at either side of the ocean ridges in a process known 
as sea-floor spreading. As the plates move away from ocean 
ridges, thermal contraction of the newly formed oceanic 
plates increases its density and thickness to result in 
passive isostatic subsidence and formation of oceanic basins 
(Turcotte and Ahern, 1977).

Studies in ocean basins show that there is a 
relation between the variation of heat flow and bathymetry 
of the ocean floor with the increasing ages of oceanic crust 
as it moves away from the rift zones (Sclatter ' and 
Francheteau, 1970). Based on oceanic ridge topography, 
Parsons and Sclater (1977) found a linear relationship 
between the subsidence and the square root of time during 
the initial 60 to 70 m.y. of subsidence, and an exponential 
subsidence curve for sea floor of older age. Similar 
exponential subsidence has been observed for continental 
margins (Sleep, 1971; Steckler and Watts, 1978; Royden and 
Keen, 1980) and other basins (Sclater and Christie, 1980; 
Royden et al. , 1983; Sclater et al. , 1980).
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The McKenzie's (1978) model for the development of 
sedimentary basins is shown in Figure 23. In the stretching 
model the lithosphere of thickness A at time = 0 is replaced 
by a factor of B to produce an initial fault-controlled 
subsidence. In real terms, Jarvis and McKenzie (1980) have 
shown that instantaneous stretching can be a reasonable 
assumption wherever the duration of extension is less than 
25 m.y. The extension causes upwelling of hot asthenosphere 
material and a thermal anomaly is created. As time = oo , 
the thermal anomaly decays by conduction to produce 
thickening of the lithosphere and further thermally 
controlled subsidence. This process permits the formation 
of the basin. The magnitude of the initial subsidence, the 
thermally controlled subsidence and the heat flow are a 
function of the amount of stretching (B) (McKenzie, 1978).

Based on this concept, the tectonic subsidence of 
the Sabinas basin can be summarized in two main phases: 
(1) initial subsidence, and (b) thermotectonic subsidence 
(see Figure 22).

The initial subsidence or fault-controlled subsi
dence occurs when the lithosphere becomes thinned and is 
replaced by passive upwelling on hot asthenosphere. 
Extensional tectonics during this stage has characteristic 
structural and sedimentological features. When extension 
occurs, brittle failure in the crust is manifested by graben
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and horst formation and listric faulting. The sediments are 
generally locally derived terrigenous elastics deposited 
very rapidly. In the Sabinas basin this period seems to 
have lasted about 20 m.y.

This second main phase of subsidence is the 
thermotectonic subsidence which is due to the passive 
cooling of the crust and the upper mantle towards thermal 
equilibrium. In the Sabinas basin the initial stage of this 
phase seems to have been modified or controlled locally by 
movement of active faults situated at the edges of the 
Coahuila and El Burro elements. The depositional facies 
(Meg) were influenced by these tectonics: shallow-water 
carbonate platforms at the center of the basin, and 
terrienous clastic sediments at the margin of positive 
elements. This initial stage of thermotectonic subsidence 
lasted about 25 m.y. in the Sabinas basin. During the final 
stage of thermotectonic subsidence, movement along the fault 
had ended, and sedimentary facies extended more regionally 
across emergent elements.

The subsidence of the basin ended when the whole 
region experienced uplift and deformation due to the effects 
of the Laramide orogeny. The length of the Laramide has 
been defined in time from 40 m.y. to 80 m.y. (Coney, 1976).

In basins formed by extension, the stretching factor 
(B) controls the amount of subsidence and heat flow through
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time. The following procedure was used to calculate the B 
factor for the Sabinas basin in the location of well Ines-1. 
Once the components of subsidence due to sediment loading 
has been subtracted from the column, the remaining 
subsidence or tectonic subsidence was compared to a set of 
subsidence curves for different values of B generated with 
McKenzie's (1978) formulas.

Figure 24 is a plot of the tectonic subsidence for 
well Ines-1 obtained after backstripping through time. The 
figure shows the fault-controlled subsidence and the 
thermotectonic subsidence. On the area produced by 
thermotectonic effects has been superimposed three curves of 
predicted thermotectonic subsidence. Comparing the 
subsidence curves for the given betas, the thermotectonic 
subsidence curve obtained after backstripping the data seems 
to fit best with beta = 1.6.
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THERMAL HISTORY

The generation of fluid hydrocarbons from organic 
matter preserved in sediments is partly due to the process 
of organic metamorphism or maturation of the organic matter. 
The thermal alteration process takes place during 
sedimentation and subsidence in a basin. Although many 
factors contribute to the transformation of the organic 
matter, the chemical reactions for hydrocarbon generation 
depend primarily on temperature and duration of heating 
(Tissot et al., 1974).

One of the principal objectives of basin analysis is 
to estimate the temperature history of the sedimentary 
column of a basin. The thermal history which the 
sedimentary strata has experienced during the evolution of 
the basin is directly related to the heat flow coming from 
the interior of the earth, to the increments of burial depth 
with time, and to the mode of heat transfer which in most 
sedimentary basins is predominately conductive. The first 
two factors respond to the rate of cooling of the 
asthenosphere in a thermally controlled subsiding basin.

In old basins like the Sabinas, heat flow measure
ments are not relevant for paleotemperature determinations.

63
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However, heat flow evolution and subsidence rates predicted 
by the extensional model may be used to determine the 
paleotemperatures and predict the degree of thermal 
maturation at specific sedimentary horizons (Royden et al.,
1978).

Assuming that the Sabinas basin has an extensional 
origin, three procedures were carried out to determine the 
degree of thermal maturation of the organic matter in the 
sedimentary strata: (1) the stretching factor (B) was 
determined from the backstripping method; (2) the beta 
factor predicted the heat flow versus time, and thus 
paleotemperatures for specific stratigraphic horizons, and 
(3) the paleotemperatures values were used in the 
calculation of time-temperature index of maturity (TTI) 
(Maples, 1980).

The heat flow predicted by the extensional model 
were used in Royden's et al. (1980) equation:

where
T = temperature 

Tg = temperature at surface 
z = depth 

Q(t) = heat flow

(6)

K = thermal conductivity of sediments
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To obtain the paleotemperatures of a sedimentary 
horizon at depth z, assume that the heat flow is invariant 
with depth (Turcotte and Ahern, 197 7). The equation has 
been modified assuming a constant value of thermal 
conductivity of sediments to keep simplicity in the 
equations. The thermal conductivity was considered 
invariant with increasing temperature and porosity. The 
contribution to heat generation by radioactive decay was not 
considered.

The thermal history of the basin involved and 
analysis of the time interval during which sediments are 
subjected to various temperatures. Lopatin (1971), Connan 
(1974) and Naples (1980) have shown a relation for calculat
ing the degree of thermal maturation of the organic matter 
present in the sediments based on the time-temperature 
relationship. Experimentally, the reaction rate for thermal 
alteration of organic sediments doubles for each 10° C 
increase in temperature. Theoretically, Hood et al. (1975) 
showed that their approach follows the Arrhenius equation.

The thermal maturation values in the Sabinas basin 
were obtained based on the predicted paleotemperatures from 
the extensional model. Royden's et al. (1983) equation was 
used.

i n  = 2 (T(5)-105)»C/10dt (7)
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The Naples' (1980) correlation table was used to 
convert the TTI values to vitrinite reflectance. These 
maturation values were used to reconstruct the thermal 
history of the organic sediments.

The thermal history of Sabinas basin is shown in 
Figure 25. In the figure the zone of generation of oil was 
obtained assuming 20°C as surface temperature or temperature 
at the water-sediment interface.

Based on the data predicted by the model, oil 
generation in the basin would not. have begun until about 140 
m.y. ago.

Geochemical studies in rocks of the Sabinas basin 
(Van Delinder and Holguin, 1981) indicate that the La Casita 
and La Pena Formations are the best source rocks 
(Kimmeridgian-Tithonian and Aptian) with high total organic 
carbon. The burial history of these formations is displayed 
with the zone of oil generation in Figure 25. As indicated 
in the figure, oil generation in La Casita began 
approximately 120 m.y. ago when the unit entered the oil 
generation zone, while La Pena is predicted to have started 
to generate hydrocarbons about 70 m.y. ago.

The geochemical studies in the source rocks also 
indicate that most of the organic material is herbaceous and 
maderaceous and would most likely generate gas. Hydrocarbon
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production in Sabinas basin is almost entirely gas and is 
therefore compatible with the geochemical interpretation.



APPLICATION TO PETROLEUM EXPLORATION

The accumulation of oil and gas is the resultant of 
a series of geological processes that occurred during the 
history of a given sedimentary basin. The organic material, 
as part of the sediments, is progressively accumulated and 
buried during basin subsidence. As the sedimentary layer
becomes buried, there is an increase in temperature 
affecting the organic material, which under sufficient 
maturation would generate hydrocarbons. Once the
hydrocarbons are expelled from the source beds, they may
migrate and accumulate in traps.

Analysis of basin evolution allows in many cases
estimate of the stage of maturation of the source rocks. 
The model discussed here is used in the following sequence:

- The geohistory analysis provides the reconstruction 
of sedimentation and subsidence of the basin through 
geologic time.

- In basins formed by extension, the thermotectonic
model reconstructs the heat flow history and thus
the paleotemperatures of the growing sedimentary 
basin.

69
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- The temperature history at any level of the sedimen
tary column is coupled with the time-temperature 
index of maturation of organic material.

- The maturation model permits the reconstruction of 
the oil generation window through time.

The analysis of the information provided by the 
model will provide important parameters concerning explora
tion. Some of the principal applications are briefly 
described:

- State of maturity of the organic matter. That is 
whether or not a source rock has reached the thermal 
maturity.

- Time of generation of hydrocarbons. Values of 
thermal maturation (TTI) for the initiation and end 
of hydrocarbon generation can be contoured in the 
geohistory diagram to define the oil window for the 
entire section through time. The initiation of 
generation is when a source rock enters the oil 
window zone. See, for instance, Figure 25.

- Time span between oil generation and its possible
accumulation in traps. Once the time of generation
is known, it can be compared against the time of 
formation of structural highs which could capture 
the migrated hydrocarbons.
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Depth at which it is yet possible to find 
hydrocarbons. Based on the thermal maturation 
profile, it is possible to obtain the depth of 
generation, preservation and destruction of 
petroleum.
The maturation values can be used to determine the 
amount of hydrocarbons that can be expected from the 
source rock at any time in the basin (Welte and 
Yukler, 1980). •
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