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ABSTRACT

The Cerro de Oro area is located in central Sonora, approximately 10 km south of the town of Rayén
and 60 km northeast of Hermosillo. Lower Cretaceous rocks exposed in this area include mudstone,
siltstone, sandstone, conglomerate and fossiliferous limestone. '

This study provides stratigraphic and structural information : (1) the contact between the Lower
Cretaceous and the Precambrian (?) is a thrust fault, not an unconformity; (2) the contact between the
Morita and the Mural Formations is also a thrust fault; (3) several thrust faults affect the Mural
Limestone; (4) facies changes in the Lower Cretaceous rocks are numerous.

The Cretaceous succession of Cerro de Oro represents variable deposition and during different times
for the Lower Cretaceous. The study of the succession from the Cerro de Oro to the Mural along the
Cafiada Los Tubos and in the vicinity of Mina La Luisa, showed that the two stratigraphic successions,
although similar are not the same, as they show differences in lithology and facies. The microfacies
study of these sections revealed that the Cafiada Los Tubos section, contains 30 facies changes varying
from inner- to outer-shelf, and several lagoonal facies. Although the section is affected by at least 4
faults, the units seem to be not repeated. The Mina La Luisa section shows 12 facies changes varying
from inner-(supratidal) to outer-shelf, without lagoonal facies.

The Cerro de Oro Formation is Lower and Upper Aptian and represents variable deposition.
Differences in the stratigraphic successions are product of stratigraphic juxtapositions in the area, which
are evidences of tectonic deformation and transport of several tens to even hundreds of kilometers.
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Fig. 1 - Map of northern Sonora, Mexico, showing the geographic location of Cerro de Oro area.

The Cretaceous succession of Sonora is a
very important component of the stratigraphy of
northern Mexico and may render important
information for Mesozoic paleogeographic
reconstructions.

The Cretaceous succession exposed in Cerro
de Oro is important because it contains, as
reported by Gonzédlez and Jacques (1988), a
lower carbonate interval below the Morita
Formation. This suggests an early advance of
the Cretaceous sea into the area before the mayor
transgression represented by the carbonates of
the Mural Limestone.

The principal objectives of this study of the
Cretaceous succession of Cerro de Oro are: (1)
to further document on the depositional environ-

ments of the succession through a microfacies
study; (2) to interpret the sea level changes; (3)
to solve the stratigraphic nomenclatural problem,
and (4) to further document on the paleo-
geographic significance of the Cerro de Oro
succession.

STRATIGRAPHIC FRAMEWORK

In the Cerro de Oro area, Precambrian,
Cretaceous and Tertiary rocks are exposed.

The Precambrian rocks consist of ortho-
quartzite, arkosic sandstone and an alternation of
orthoquartzite and dolomite. They have been
assigned to the Las Viboras Formation by
Gonzalez and Jacques (1988) and to the La
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Fig. 2 - Stratigraphic nomenclature applied to the Cretaceous strata of Cerro de Oro.

type locality, Cerro de Oro, because it may bring
serious paleogeographic misinterpretations.

The use of the term "La Palma" brings
another nomenclatural problem.

"La Palma" was used to refer to an Upper
Cretaceous unit (Gonzélez and Jacques, 1988).
In contrast, this term was informally used first to
refer to Precambrian (?) rocks (Amaya et al.,
1988; Castro and Morfin, 1988), but this
designation requires further stratigraphic studies
to determine if other formerly established forma-
tional names could be applied to these rocks.

Therefore, the use of this term should be
retained to refer to an Upper Cretaceous unit
sensu Gonzalez and Jacques (1988).

Furthermore, the Cerro de Oro and LLa Palma
formations should be properly defined, and fol-

lowing the rules of the NACSN (1983), to avoid
further confusion of the terms.

LITHOSTRATIGRAPHY AND
MICROFACIES

The Cretaceous of Cerro de Oro was studied
through three different localities (Cafiada Los
Tubos, Mina La Luisa and Cerro El Cobrizo
areas).

Several Creataceous units have been studied,
and their microfacies determined. The geological
age of such units will be discussed in the next
section.

Four different Cretaceous successions were
recognized which represent a variety of micro-
facies and depositional environments, ranging
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from fluvial to open-marine (pelagic) and deltaic
conditions.

What follows is a description of the stratigra-
phic successions studied in the area; each
succession is separated into lithologic packages
or units, and for the sake of simplicity, only
letters are used to refer to them instead of
formational names.

Cainiada Los Tubos Succession

This succession is located at the "Cafiada Los
Tubos"; it starts at the western side of Sierra Las
Viboras and ends at the hills north of Sierra las
Arenillas.

The "Cafiada Los Tubos" was studied in four
different sections, TU, CT, CV, and LV (Fig.
3).

The Lower Cretaceous succession along the
Cafiada Los Tubos is separated into seven units,
B through H which correspond to the Cerro de
Oro, Morita and Mural Formations (Figs. 4, 5,
6, and 7), and 30 microfacies changes are
recognized there. A description of the succession
exposed along the Cafiada LLos Tubos follows.

Unit A.

Homogeneous package of medium- to thick-
bedded dolomite, occasionally conglomeratic and
with layers and lenses of orthoquartzite. The
contact with unit B is a thrust fault. This is
mostly covered but a tectonic breccia is exposed
Jjust below the dolomite beds (Figs. 4 and 5).

Unit B.

This unit begins with a mostly covered
package of slope forming, thin-bedded calca-
reous/dolomitic fossiliferous light-tan siltstone
and fine-grained sandstone, weathering to a dark
reddish brown color. This is followed by resis-
tant medium- to thick-bedded reddish and
yellowish brown fossiliferous dolomite wea-
thering dark reddish brown and yellowish
brown, and intervals (lenses) of medium-bedded
light pinkish-gray limestone containing abundant
silicified bivalves, and coral and rudist
fragments(Figs. 4 and 5).

Approximate thickness 28m. The contact with
unit C is an unconformity. This unit corresponds

SW NE

E— ] — —_ -_ _—— _—
= 1 = =
| E . 4
g I ity /’/I <2
5 6 7 8

Fig. 4 - Field profile (CV) of part of
the Caiiada Los Tubos succession,
located at the western flank of Cerro
Las Viboras. See text for description
of units A through C.

A = Precambrian (?) Las Viboras
Form.; B = Cerro de Oro Form.; C =
Morita Form.

1 - dolomite; 2 - fossiliferous lime-
stone; 3 - shale; 4 - sandy shale; 5 -
fossiliferous siltstone; 6 - felsic intru-
sive; 7 - covered.

to theCerro de Oro Formation .

Microfacies 1 - (20m) Calcareous silici-
clastic mudstone and siltstone with abundant,
partially silicified and/or dolomitized bored
bivalve fragments. Abundant authigenic pyrite
crystals and small fractures filled with dolo-
mitized calcite.

Inner-shelf, low energy shallow-water.

Microfacies 2 - Finely crystalline dolomite
with silicified bivalve fragments. Fractures filled
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Fig. 6 - Field profile (TU) of part of Cafiada Los Tubos succession, located at Cafiada Los Tuibos and
Cerro Antiinez. see text for description of units A through E.  A'= Precambrian (?) Las Viboras Form.;
B = Cerro de Oro Form.; C and D = Morita Form.; E = Caliza Mural Form.

1 - limestone; 2 - fossiliferous limestone; 3 - orbitolinid-bearing limestone; 4 - dolomite; 5

dolomite; 6 - shale; 7 - sandy shale; 8 - sandstone; 9 - conglomerate; 10 - thrust fault; 11 - norm
12 - covered.

- sandy
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Fig. 7 - Field profile (CT) of part of the Cafiada Los Tubos succession, located at Cerro
Antinez. See text for description of units D through H. D = Morita Form; E,F, G, and H =
Mural Limestone. 1- limestone; 2- sandy limestone; 3 - marly limestone; 4 - shale; 5 - shale with

calcareous nodules; 9 - tectonized shale; 10 - conglomerate; 11 - covered:; 12 - felsic inrusive; 13 -
thrust fault; 14 - normal fault.

dily seen in the field, represents a minor Unit C corresponds to the base of the Morita
erosional unconformity, which is evidenced by Formation. .

the facies change (see microfacies 3 and 4).



R.MONREAL

echinoderm fragments, less abundant intraclasts
and only traces of worm tubes and textularid
foraminifera. Coalescive neomorphism of ma-
trix (and of some allochems) to microsparite
make up to 80% of the matrix. Solution seams
are abundant and terrigenous quartz grains and
authigenic pyrite are present in minor quantities.

Inner-shelf, shallow-water subtidal near as
shoal.

Microfacies 12 - Floatstone with abun-
dance in orbitolinids (Orbitolina texana ) and
other textularid foraminifera, less abundant
ostracodes and miliolids and traces of rotalid
benthic foraminifera (lenticulinids). Terrigenous
quartz grains, abundant small authigenic pyrite
crystals, and solution seams are present.

Inner-shelf, shallow-water open lagoon with
normal to restricted circulation.

Microfacies 13 - Wackestone with high
intraclast content, along with echinoderm
fragments and green algae, minor quantities of
ooids and red algae are also present. Pervasive
neomorphism to microsparite in matrix and
reddish-tan to dark-brown iron-rich (?) mud.

Inner-shelf, shallow-water intertidal close to
shoal facies.

Microfacies 14 - Wackestone/packstone
with abundant fossil hash and high intraclasts
content, minor amounts of echinoderm and
bivalve fragments as well as gastropods
(Turritela sp.?). The fossil hash show selective
concentration and alignment. Abundant terrige-
nous irregular fine quartz grains and reddish-tan
to dark-brown iron-rich (?) mud is also present.

Inner-shelf, shallow-water intertidal.

Microfacies 15 - Wackestone with abun-
dant fossil hash made up mainly of echinoderm
fragments. Traces of mud-filled burrowings
with sponge spicules and calcisphaeres (?),
worm tubes, textularid foraminifera, and bivalve
fragments. Minor amounts of terrigenous quartz.
Equant cement, partial silicification of some
allochems and authigenic pyrite.

Upper part is a wackestone very pervasively
recrystallized to pseudospar and microspar sho-
wing only abundance in echinoderm fragments
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and minor amounts of mollusk fragments (?) and
intraclasts (?). Abundant reddish-tan to dark-
brown iron-rich mud. Diagenetic features are
syntaxial rim cement, very abundant microspar
and pseudospar, solution seams with iron-rich(?)
residue, dolomite crystals, and partial silici-
fication (chalcedony) of mollusk (?) shells.
Inner-shelf, shallow-water subtidal

Microfacies 16 - Floatstone and wacke-
stone with abundant bivalve (including rudists)
and echinoderm fragments, pellets and benthic
foraminiferain minor amounts. Equant cement,
coalescive neomorphism, silicification and solu-
tion seams are also present. :

Shelf-margin, shallow-water with develop-
ment of local rudist bioherm facies.

Unit F.

Irregular alternation of slope-forming thin-
bedded calcareous greenish-gray to purple-gray
mudstone, siltstone, fine-grained sandstone, and
nodular fossiliferous limestone.

Approximate thickness is 150m. The contact
with unit G is a thrust fault (Fig. 7).

Unit F corresponds to the Mural Limestone.

Microfacies 17 - Floatstone and less
wacke-stone with abundant bivalve and
echinoderm fragments, and traces of ostracodes
and worm tubes. Minor late syntaxial rim
cement, con-spicuous coalescive neomorphism
of matrix to pseudosparite and solution seams.
Abundant large terrigenous quartz grains are
present at certain intervals.

Inner-shelf, shallow-water subtidal.

Microfacies 18 - Wackestone and minor
floatstone with abundant echinoderm and bivalve
fragments, intraclasts, pseudopellets, faecal
pellets, and traces of benthic foraminifera
(including lenticulinids, Cokinolinoides texanus
?, and Trocammina sp.). Abundant terrigenous
silt-size quartz grains. Some coalescive
neomorphism of matrix to microsparite is
present.

Outer-shelf, shallow-water subtidal.
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dant miliolids, echinoderm fragments (including
spines), textularid foraminifera (including
Cuneolina sp.?) and phythal (podocopinid?)
ostracodes. Bivalve and gastropod fragments
are also present. Abundant fine-grained terri-
genous quartz and solution seams.

Inner-shelf, shallow-water restricted quiet
lagoon.

Microfacies 29 - Mudstone barren of any
fossil trace, pervasively dolomitized and
recrystallized to microsparite, contains abundant
terrigenous fine quartz grains and solution

seams.
Inner-shelf, shallow-water subtidal with hi gh

terrigenous influx.

Microfacies 30 - Wackestone with abun-
dant miliolids, echinoderm fragments (including
spines), textularid foraminifera (including
Cuneolina sp.?) and phythal (podocopinid?)
ostracodes.

Inner-shelf, shallow-water restricted quiet
lagoon.

Cerro La Ema Succession (LL)

This succession is located at the valley hills
just south of "Cerro La Ema" and west of
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Cafiada La Verdina (Fig. 3). Because of the
faulting in the area the units can not be positively
correlated with the Mina La Luisa section (EM)
which is located only about 250m to the
southeast.

The Lower Cretaceous succession in this area
is separated into four units, units B through E,
which because of their lithological characteristics
cannot be assigned to any formally established
formation (Fig. 8); 12 microfacies changes are
recognized. Following is a description of the
Cerro La Ema succession.

Unit A.

Medium-bedded orthoquartzite followed by
thin- to medium-bedded medium-gray dolomite
with abundant oolites.

The contact with unit B is mostly covered but
it may be a fault.

This unit corresponds to the Precambrian @)
Las Viboras Form.

Unit B.

Mostly covered slope forming package of
thin-bedded medium-gray to light-tan calcareous
siltstone and mudstone weathering greenish-tan
to dark-tan.

Approximate thickness 140 m. The con-
tact with unit C is covered but is probably
conformable.
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Fig. 8 - Field profile (LL) of Cerro La Elma succession, located southeast of Cafiada La Verdina.
See text for description of units A through E. A = Precambrian (?) Las Viboras Form.; B, C, D.
units not assignable to any formation; E = Morita Form. (?). 1- limestone; 2 - limestone and chert
layers; 3 - limestone with orbitolinids; 4 - dolomite; 5 - shale; 6 - sandy shale; 7 - sandstone; 8 -
conglomerate; 9 - covered; 10 - felsic intrusions; 11 - thrust fault; 12 - normal fault.
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The uppermost part is limestone with intervals of
breccia made up of chert fragments in a siltstone
matrix. Contains also mollusk fragments, silici-
fied burrows and abundant fractures filled with
chert. The base (lower 1m.) is light-gray to
white sandstone and siltstone which is locally
highly fractured and brecciated. Approximate
exposed thickness : 8 m. The contact with unit
above is sharp but conformable.

Microfacies 7 - Calcareous siltstone and
minor fine-grained sandstone, show occasional
calcareous mud fragments, and is locally
brecciated.

Inner-shelf, shallow-water subtidal with high
terrigenous influx. -

Microfacies 8 - Floatstone and mudstone
with abundant orbitolinids (Orbitolina texana )
and other large arenaceous foraminifera
(Trocammina sp.?), echinoderm fragments,
calcisphaerulids (Codosina sp.), including
spines, and minor quantities of miliolids.

Inner-shelf, shallow-water open lagoon with
normal circulation.

Microfacies 9 - Chert ; only a gastropod
mold and an echinodem spine was observed.

It also shows authigenic pyrite.

Inner-shelf, shallow-water subtidal with
mixing of fresh and marine waters producing
silica rich brines allowing to the precipitation of
chert.

Microfacies 10 - Fine calcareous conglo-
merate with angular to subrounded ortho-
quartzite, siltstone, greywacke and chert clasts.

Inner-shelf, shallow-water subtidal, deltaic
channel deposits (?).

Microfacies 11 - Wackestone with abun-
dant intraclasts, pseudopellets and echinoderm
fragments (including spines), also mollusk hash.
Shows syntaxial rim cement and abundant
coalescive neomorphism of matrix to micro-
sparite and pseudosparite. Conspicuous develop-
ment of solution seams.

Inner-shelf, shallow-water subtidal.

I

Unit E.

Alternating thin-bedded non-resistant slope-
forming reddish to purplish dark-gray sand-
stones and siltstones, with occasional thin
conglomerate beds made up of orthoquartzite and
siltstone fragments.

Approximate exposed thickness 6m. The top
of the unit is covered.

Microfacies 12 - Calcareous conglomerate
with rounded to subangular small clasts of
monocrystalline quartz, metaquartz, ortho-
quartzite, siltstone and volcanic rock fragments.

Inner-shelf, shallow-water subtidal, deltaic
channels (?).

~

Mina La Luisa Succession (EM)

This succession is located at the valley hills
west of "Cafiada La Verdina" and near "Mina La
Luisa", just north of the dirt road Rancho La
Palma-Ejido Cerro de Oro (Fig. 3). Because of
the faulting in the area the units can not be
positively correlated with the ones in Cerro la
Ema (LL) which is located only 200 m to the
northwest.

The Lower Cretaceous succession exposed in
this area is separated into two units, units B and
D (Fig. 9); and 4 microfacies changes are
recognized. Following is a description of the
succession exposed in this area.

Unit A.

Resistant package of medium- to thick-bedded
cross-bedded gray orthoquartzite and medium-
bedded gray to brown dolomite with abundant
chert layers, weathering medium-gray and dark-
brown to reddish-brown. The contact with unit
above is mostly covered but is probably a thrust
fault. :

Unit B (lower part).

Mostly covered package of thin-bedded
calcareous greenish-gray to pinkish-gray silt-
stone and thin-bedded conglomerate. Conglo-
merate clasts include sandstone, dolomite, lime-
stone and siltstone fragments.

Approximate thickness is 15m. The contact
with the upper part is sharp but conformable.
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Unit C

Medium- to thin-bedded yellowish-brown and
light-gray resistant dolomite, weathering brow-
nish-gray to light-brown. The base is an intra-
formational dolomite breccia.

Approximate thickness is 40m. The contact
with the unit above is mostly covered but is a
fault.

Unit D.

Limestone, shale and siltstone. Lower part is
an intercalation of greenish-brown siltstone and
gray and light-brown slightly fossiliferous
limestone, weathering light greenish-gray.
Middle part is brown to purplish-gray thin-
bedded siltstone and mudstone. Upper part is
resistant medium-to thick-bedded tan to
brownish-gray fossiliferous limestone and
dolomite; weathering dark-brown to black.
Contains abundant gray silicified bivalve and
annelid tube fragments.

Approximate thickness is 40-50 m. The top is
eroded and the base is not exposed. The contact
with unit C is a fault and is also in fault contact
with unit A.

Microfacies 4 - Wacke-stone and float-
stone with abundant echinoderm (including
spines) and bivalve fragments, calcisphaerulids
(Stomiosphaera sp., Pithonella sp., Codosina
sp.) and calpionellids (Colomiella sp.).Benthic
(e.ilenticulinids and Valvulammina picardi) and
planktonic foraminifera (Hed-bergella trocoidea,
Ticinella bejaouensis, Caucasella sp.) are present
in minor amounts. Occasionally, ostracodes,
textularid foraminifera, gastropods as well as
intraclasts and pseudopellets are present.
Neomorphism of micrite to microsparite is
developed at intervals as well as authigenic pyrite
crystals and partial silicification of bivalve
fragments.

Inner- to outer-shelf, shallow-water open
marine.

Microfacies 5 - Calcareous siltstone with
abundant bivalve fragments and lesser amounts
of echinoderm fragments including spines. Par-
tial silicification of allochems and authigenic
pyrite are present.
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Inner-shelf, shallow-water subtidal.

Microfacies 6 - Floatstone and dolomite
with silicified bivalve fragments and some
authigenic quartz crystals, silicification and
neomorphic calcite are very pervasive features.

Inner-shelf, shallow-water subtidal, close to a
bioherm facies.

Cerro el Cobrizo Succession (CB,
CO)

The succession studied is located from the
southwestern corner of Sierra El Cobrizo to the
north of Cerro Los Pocitos (Fig. 10).

The Cretaceous succession exposed in this
area, was studied in two sections and is divisible
into four units, which correspond to the Cerro de
Oro (units C, D, and E) and La Palma (unit F)
formations (Figs. 11 and 12); and 8 microfacies
changes were recognized.

A description of the succession exposed in
the Cerro El Cobrizo follows.

Unit A

Non-resistant, purplish-red and greenish-
gray calcareous fine-grained sandstone, conglo-
merate, mudstone, orthoquartzite and conglome-
ratic sandstone. The unit is pervasively fractured
and folded.

Exposed thickness is about 3m. The base is
not exposed, the contact with the unit on top is a
thrust fault.

Unit B.

Slope-forming medium- to thick-bedded
sandy dolomite, dolomite, dolomitic sandstone,
dolomitic limestone and dolomitic breccia.
Colors vary from light-gray to light-pink to
pinkish-gray and weathers from light-gray to
light-tan to brown. The uppermost exposed part
is pinkish gray sandy dolomite and dolomitic
crinoidal limestone, weathering dark-brown to

black.
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Fig. 11 - Field profile (CB) of Cerro El Cobrizo succession, located at the southeastern end of
Cerro El Cobrizo. See text for description of units A through E. A = Morita Form.; B =
Paleozoic (?); C, D, and E = Cerro de Oro Form. 1 - limestone; 2 - dolomite; 3 - sandy dolomite;
4 - sandstone; 5 - fossiliferous sandstone:; 6 - sandy shale; 7 - shale; 8 - folded/fractured shale; 9
- conglomerate; 10 - covered; 11 - thrust fault; 12 - unconformity.

Approximately 25 m are exposed. The con-
tact with the unit C is a thrust fault.

Unit C.

Fairly resistant package of thin- to medium-
bedded, pinkish-gray to yellowish-tan fossi-
liferous sandstone, dolomite, dolomitic
limestone and shale, weathering purplish-gray to
dark-gray to brown and reddish-brown. Bivalve
fragments are large, thick (up to 1 cm or more),
abundant in many places and are mostly
silicified. Fossiliferous dolomites change spa-
tially towards the northwest to intercalations of

dolomite and conglomeratic dolomite with roun-
ded quartzite fragments. The base is a conglo-
merate approximately Sm thick, medium-bedded
and made up of subangular to rounded quartzite
and dolomite clasts.

In the southeastern corner of the sierra,
thickness vary approximately from 15 to 70m.
The contact with unit above is sharp but
conformable.

Microfacies 1 - Conglomerate with calca-
reous dolomitic matrix, angular and subrounded
small grains. Composition of clasts vary from
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intercalated with thin-bedded shale and
occasional limestone. Conglomerate beds are
lense-shaped and intercalated with cross-bedded
sandstone, made up of mainly rounded to
subrounded orthoquartzite and sandy dolomite
clasts from 1 to 15 cm. Near the top they beco-
me a dark-brown conglomeratic sandstone which
clasts are quartzite, sandstone, dolomite and
limestone fragments. Limestone clasts contain
bivalves, corals and fusilinids, green algae,
bryozoan, and echinoderm fragments. Size of
clasts diminishes upward, becoming a purplish-
gray to dark-gray conglomeratic sandstone at the
top.

Thickness varies from 2 to 40m. The contact
with unit above is covered.

Microfacies 5 - Limestone beds are wacke-
stone and floatstone with abundant bivalve
fragments, less abundant echinoderm fragments
and faecal pellets, and traces of gastropods,
planktonic (Caucasella  sp., Hedbergella gr.
luterbageri) and benthic foraminifera, crinoids,
thick-shelled ostracodes, and calcisphaeres.
Around 20% of the micrite matrix is neomor-
phosed to microsparite. Floatstones show angu-
lar to subrounded terrigenous quartz grains and
occasional small reddish-brown mud grains.

Inner-shelf, shallow-water subtidal, prodelta

().

Microfacies 6 - Mudstone and calcareous
siltstone and fine-grained sandstone, with mainly
angular to subangular mono- and policrystalline
quartz grains. Some of the mudstones contain
silicified mollusk fragments, intraclasts, worm
tubes, benthic (Ienticulinid) and planktonic fora-
minifera (Hedbergella luterbageri, H. gorbachi-
ca, and Globigerina ferreolensis ).

Inner- to outer-shelf, shallow-water open-
marine, delta (prodelta).

Microfacies 7 - The matrix of the conglo-
merate is mostly calcareous lithic greywacke and
wacke, with subangular to rounded andesite and
mono-, poly- and microcrystalline quartz grains.

Inner-shelf, shallow-water subtidal, deltaic
channel deposits (?).
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Microfacies 5, 6 and 7 are intercalated and
they intertongue laterally.

Unit F.

Thin- to thick-bedded light greenish-gray to
reddish-brown sandy siltstone, fine sandstone,
mudstone and occasional fine conglomerate,
weathering light greenish-tan to purplish-brown.
Sandstone beds show cross stratification,
conglomerate clasts are siliciclastic mud and
limestone fragments containing fusilinids and
coral and mollusk shell fragments.

Approximate exposed thickness is about
1000m, which may be repeated due to normal
faulting.

Microfacies 8 - Irregular alter-nations of
siltstone, lithic greywacke and litharenite. Grains
in the sandstone are mainly subangular to
subrounded quartz and volcanic grains, and a
small percentage of feldspar grains. Conglo-
merates contain mollusk fragments, clasts are
limestone, quartz and volcanic rock fragments.
Limestone fragments contain calcisphaeres,
textularid foraminifera, including orbitolinids
(Dictyoconus walnutensis ?), and planktonic
foraminifera. Matrix is litharenite with mainly
volcanic and limestone (micrite) grains.

Continental, fluvial system.

CHRONOSTRATIGRAPHY AND
LITHOCORRELATION

The chronostratigraphic assignation of
the units is based mostly on calpionellid and
planktonic and benthic foraminiferal biochro-
nology. Microfossils were identified by Dr. José
F. Longoria at Florida International University.

Cafiada Los Tubos Succession (TU,
CT,LV,CV)

Unit A.
On the basis of lithologic correlation this unit
is assigned to the Precambrian (?) referred to by
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Fig. 13 - Chronostratigraphic position of the Cretaceous successions of Cerro de Oro. I - Cafiada Los
Tubos; II - Cerro La Ema; III - Mina La Luisa; IV - Cerro El Cobrizo. Letters, B tthrough F are
atratigrafic units. 1 - Cerro de Oro Form.; 2 - Morita Form.; 3 - Mural Limestone; 4 - L.a Palma Form.

F - Fault; TF - thrust fault; U - unconformity.

Unit D (Cerrode Oro Form.).

The lower part of unit D contains the plank-
tonic foraminifera (Hedbergella trocoidea, Tici-
nella bejaouensis, Caucasella sp.) and the cal-
pionellid (Colomiella sp.), which permits to
assign this unit to the Upper Aptian (Clan-
sagesian).

The upper part of unit D is very similar to the
upper part unit B above, and corresponds to the
Cerro de Oro Formation of Gonzélez and
Jacques (1988).

Cerro el Cobrizo Succession

Unit A.

Based on lithologic characteristics, this unit
although doubtfully, is lithocorrelated with the
MoritaFormation.

Unit B.

Only about 25 meters of this unit are exposed, it
is mostly covered, and does not contain any age
diagnostic fossils. Furthermore it can not be
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several sea level changes and five transgression
peaks during : I - Upper Aptian, II - Lower Al-
bian, IIT - Lower part of Middle Albian, IV-
upper part of Middle Albian, and V - middle-
Upper Albian (Fig. 14).

La Ema succession shows minor sea level
changes, and records a transgression during I-
Valanginian/Hauterivian (Fig. 15).

MICRO-| BATHYMETRY
TP
STAGE |UNIT FACIES 1/2[3(als]6l7]8
6 t
- \
D 5 3
Clansagesian i .\\. 5 |
f
3 h
Upper U
Aptian? B 2 At
B 1 d

Fig. 15 - Depositional environments
and sea level changes recorded by La
Ema succession. 1 - fluvial; 2 -
supratidal; 3 - intertidal; 4 - subtidal; 5
- subtidal (lagoonal facies); 6 - subtidal
(shoal facies); 7- shelf margin; 8 -
open marine; d - deltaic conditions; | -
lagoonal facies; t - abundant terri-
genous influx. F - fault. Roman nu-
merals show transgressive peaks.

The Mina La Luisa succession is similar in
depositional environments and sea level changes
to the La Ema, and records a transgression
during Upper Aptian (Clansagesian) (Fig. 16).

El Cobrizo succession records two trans-

gression peaks, during Lower and Middle Aptian
(Gargasian) (Fig.17).

THRUST FAULTING IN THE AREA

During this study, several thrust faults were
recognized affecting the Lower Cretaceous rocks

25
CRO- BATHYMETRY
STAGE |UNIT|, ~ TP
FAGIES 112/3/4|5/6|7|8
L Albian/ .
Upper Aptian | = | 12 i
11 5
A
10 d
Ul o9 *
U A
pper |
Aptian D & . v
7
A
5 P
L
5 o7
£ :
Barremian 4 ﬁ
Hauterivian e 3 “I
~
2 T~
o A
e 1 t] |1

Fig. 16 - Depositional environments
and sea level changes recorded by La
Luisa succession. 1 - fluvial; 2 - su-
pratidal; 3 - intertidal; 4 - subtidal; 5 -
subtidal (lagoonal facies); 6 - subtidal
(shoal facies); 7- shelf margin; 8 -
open marine; d - deltaic conditions; t
- abundant terrigenous influx. F -
fault. Roman numerals show trans-
gressive peaks.
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Fig. 17 - Depositional environments
and sea level changes recorded by El
Cobrizo succession. 1 - fiuvial; 2 -
supratidal; 3 - intertidal; 4 - subtidal;
5 - subtidal (lagoonal facies); 6 - siib-
tidal (shoal facies); 7- shelf margin; 8
- open mari-ne; d - deltaic condi-
tions; | - lagoonal facies; t - abundant
terrigenous influx. F - fault. Roman
numerals show transgressive peaks.
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Fig. 20 - Pervasively sheared
siltstone in Mural Limestone (unit E),
Canada Los Tubos section.

Mural/Mural Faults (III).

Several minor thrust faults occur within the
Mural Limestone, most of which bring limestone
beds on top of siltstone intervals, as, for
instance, between unit E in section TU (Fig. 6)
and in units E, F, G and H in section CT (Fig.
T

Rocks at this places are folded, fractured and
milonitized (Fig. 21).

Fig. 21 - Sheared conglomerate bed
at the Base of Cerro de Oro
Formation, in Cerro El Cobrizo
section.
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Cerro el Cobrizo area

Precambrian-Paleozoic (?)/Morita (?)
Fault (IV).

The orthoquartzite and dolomite of the
Precambrian (?) are thrusted on top of fractured
and folded greenish-gray to purple-gray
siltstone, fine-grained sandstone and conglo-
merate, presumably belonging to the Morita
Formation. Also, at the southeastern tip of the
Cerro El Cobrizo, dolomite and dolomitic
limestone (Paleozoic ?) are thrusted on top of the
Morita (?); and unit B is on top of A in section
CB (Fig: 11). '

Cerro de Oro/Paleozoic-Precambrian
Fault (V).

This fault places the Cerro de Oro Formation
on top of what seem to be Paleozoic dolomites:
unit C on top of B in section CB (Fig. 11). The
base of the conglomerates of unit C (Cerro de
Oro Formation ) are fractured, and slightly
foliated (Fig. 22); so do as well the fossiliferous
dolomitic sandstones near the top of the unit.

Fig. 22 - Sheared fossiliferous
dolomitic sandstones near the top of
Cerro de Oro Formation, in Cerro El
Cobrizo.

Cerro de Oro/Cerro de Oro Fault (VI).
At the southwestern flank of the Sierra El

Cobrizo, the Cerro de Oro Formation is thrusted

on itself, bringing siltstone and fine-grained
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(1987), the presence of which should be proven,
or disproven, by further investigations.
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sandstone on top of fossiliferous sandstone and
dolomite; unit D on top of C in section CB and
unit B on top of A in section CC (Figs. 11 and
12},

DISCUSSION AND CONCLUSIONS

Cretaceous rocks exposed at Cerro de Oro
represent three main successions which depict
deposition during different times during the
Cretaceous (Fig. 13).

At El Cobrizo, the Cerro de Oro Formation is

lower to upper Aptian and represents mainly

normal marine deposition, while at the Cafiada
" Los Tubos and Mina La Luisa successions, the
Cerro de Oro is younger (Clansagesian) and
represent deltaic environments.

On the other hand, the carbonate sequence
-exposed at Cerro La Ema is lithologically and

depositionally different from the carbonate
sequence of Los Tubos.

Cerro La Ema represents carbonate deposition
in shallow-water subtidal and supratidal
environments, with no development of
rudist/coral bioherms (Fig. 15); while the Los
Tubos carbonates were deposited mainly in
lagoonal environments with frequent deve-
lopment of rudist/coral bioherms (Fig. 14).

Furthermore, the time of deposition of these
two sequences is different, although they overlap
at the Aptian-Albian boundary (Fig. 13).

El Cobrizo succession, which contains Aptian
and Upper Cretaceous sequences, is also quite
different from the rest of the Cretaceous
successions in the Cerro de Oro area.

The unconformity between the lower Aptian
Cerro de Oro and the Upper Cretaceous La
Palma Formations is of important magnitude in
Cerro El Cobrizo, but is only slightly recorded in
the Los Tubos succession (Fig. 13).

Moreover, the facies of the Cerro de Oro
Formation varies, being mostly deltaic at El
Cobrizo, and more carbonate rich in the rest of
the successions.
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Besides, the Cerro de Oro is Upper Aptian in
Cerro El Cobrizo, but it is younger (Lower
Aptian) in the Cafiada Los Tubos.

The closeness of the Cerro La Ema and Los
Tubos successions is evidence for a stratigraphic
Juxtaposition, which brings together two diffe-
rent Lower Cretaceous sequences.

The La Ema succession is in close proximity
to the Los Tubos, even though their facies are
unrelated. This fact suggests indeed that these
two successions were brought together by
tectonic deformation, possibly by both thrust and
strike-slip faulting.

Similarly, the presence of the El Cobrizo
succession so near the rest of the sequences
indicates an important tectonic transport in order
to bring together sequences originally deposited
several tens of kilometers apart during different
intervals of the Cretaceous time.

In addition, as it has been demonstrated in
this work, the stratigraphic succession of Cerro
de Oro area is more faulted than previously
recognized, which is a fact bearing strati graphic,
tectonic and paleogeographic implications, as
follows.

(1) The unconformity between the Cerro
de Oro Formation and Precambrian rocks may
have existed, but in the field this contact actually
appears as a thrust fault.

(2) The contacts between the Morita
Formation and the Mural Limestone, and wuthin
the Mural sequence are not stratigraphic but
structural, hiding the stratigraphic, and thus the
paleogeographic relationships between them.

(3) The stratigraphic juxtapositions re-
corded in the Cerro La Ema and Cerro el Cobrizo
successions are evidences of a tectonic transport
in the order of tens and possibly hundreds of
kilometers, and it may have been caused by both
thrusting and strike-slip faulting related to a post-
Albian tectonic deformational event.

Also of significant importance is the Paleozoic
(?) unit exposed at the southeastern corner of the
Cerro El Cobrizo. It may correspond to the
Paleozoic unit mentioned in the Cerro de Oro
area by Menicucci et al. (1982), and Radelli et al.



26

and especially intra-Mural Limestone ones. The
presence of these faults bring mayor implications
to the stratigraphic interpretation of the Creta-
ceous rocks in the area.

Figures 3 and 10 show the traces of the main
faults recognized during this study, most of
which have not been previously documented in
the geologic maps of Gonzilez and Jacques
(1988) and Castro and Morfin (1988).

A discussion on the most important faults
identified in the area follows.

Canada Los Tubos area

Precambrian (?)/Cerro de Oro Fault (I).

The contact between the Precambrian (?)
dolomites and orthoquartzites and the Cerro de
Oro Formation in the Sierra Las Viboras is a
thrust fault (unit B on top of A in sections CV,
LV and TU; see Figs 4, 5 and 6).

This fault is evidenced by the pervasively
fractured and milonitized rocks at the contact;
also the dolomite beds just below the contact
present foliations and microfaults (Figs. 18 and
19). :

Fig. 18 - Fractured rocks at the thrust
contact between the Cerro de Oro
Formation and Precambrian (?)
dolomites in Cerro Las Viboras.
Rock hammeris 30 cm long.
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Fig. 19 - Schematic diagram showing
shearing and microfaults present in the
Precambrian (?) dolomite beds in
thrust contact with the Cerro de Oro
Formation in Cerro Las Viboras.Thin
layer marked "X" is a lenticular chert.
The main bed is 30 cm thick.

This contact was previously interpreted as an
angular unconformity by Gonzalez and Jacques
(1988) and Castro and Morfin (1988). If it has
been an unconformity, the unconformity surface
has also served as a fault surface. The direction
of thrusting was not determined but detailed
studies may yield further information.

Morita/Mural Fault (II).

The contact between the Morita Formation
and the Mural Limestone at Cerro Antlinez west
of Cafnada Los Tubos is not a conformable
contact but a thrust fault. This fault brings the
limestones of the Mural on top of the Morita,
unit E on top of D in sections TU and CT (Figs.
6 and 7). The rocks, which are siltstone,
sandstone and conglomerates, below the contact
are folded and fractured (Fig. 20).
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lithocorrelated with any Cretaceous unit, and is
herein considered not to be of Cretaceous age.
For its lithologic characteristics, this unit may be
Paleozoic.

Unit C, D (Cerrode Oro Form.).

These units are tentatively assigned, based on
stratigraphic position, to the Lower Aptian.
Nevertheless, because of the unconformity
between unit D and E, units C and D may
possibly be pre-Aptian.

Unit E (Cerrode Oro Form.).

Unit E is assigned to the Middle Aptian
(Gargasian), as suggested by the presence of
Caucasella sp., Hedbergella gr. luterbageri, H.
gorbachica, and Globigerina ferreolensis.

Units C, D and E correspond to the Cerro de
Oro Formation of Gonzdlez and Jacques (1988).

Unit F (La Palma Form.).

This unit is considered post-Albian because is
unconformably on top of middle Albian strata
and some of the conglomerates present contain
limestone clasts with coral fragments, rudists
and orbitolinids.

Unit F is the La Palma Formation of
Gonzilez and Jacques (1988).

The chronoposition of the Cretaceous
successions exposed at Cerro de Oro is variable
and range from Lower Cretaceous, possibly
Valanginian/Hauterivian to Upper Cretaceous
post-Albian.

Figure 13 shows the chrono-position of the
four successions studied; the Los Tubos
succession ranges from Upper Aptian (Clan-
sagesian) to Upper Albian to Cenomanian (?).

The Cerro La Ema succession ranges from
Valanginian to Lower Albian; the Mina La Luisa
section is Clansagesian; and the El Cobrizo suc-
cession ranges from Bedoulian to Upper
Cretaceous.

R.MONREAL

BATHYMETRIC CHANGES

The depositional environments of the Creta-
ceous succession of Cerro de Oro vary from
continental (fluvial systems) to open marine
(shelf-margin), and register numerous sea level
changes.

The Caifiada LLos Tubos succession records
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30 !
Cenoman.? 29 t\\
28 ,(l
_ 27 '
e | :
Upper 24 ‘\I
Albian 23 tff
22 £
21 A -
middle/ | G ?8 f = v
Upper 18 T
Albian F 17 f A
16 /’ b v
15 ra
14 :
_ 13 i
middle #
Abian | E L o
1" b
10 b
09 ™ | 4|
08 b 1
07 | § Ead
Lower/ D 06 B s
middle 05 "~
Albian C 04 u \bt "l
Upper B . il |
Aptian 8% t

Fig. 14 - Depositional environments
and sea level changes recorded by the
Cafiada Los Tubos succession. | -
fluvial; 2 - supratidal; 3 - intertidal; 4
- subtidal; 5 - subtidal (lagoonal fa-
cies); 6 - subtidal (shoal facies); 7 -
shelf margin; 8-open marine; b - bio-
hermal facies; | - lagoonal facies; s -
shoal facies; t - abundant terrigenous
influx. U-unconformity; F-fault. Ro-
man numerals show transgressive
peaks.
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Gonzalez and Jacques (1988) as Las Viboras
Formation, and by Castro and Morfin (1988) as
La Palma Group.

Unit B (Cerrode Oro Form..).

No age diagnostic fossils were observed in
this unit, but based only on lithologic resem-
blance with unit D in the Mina La Luisa section
(EM), which contains Upper Aptian fossils, unit
B is tentatively assigned to the Upper Aptian,
and corresponds to the Cerro de Oro Formation
of Gonzilez and Jacques (1988).

Units C, D (MoritaForm.).

These units are tentatively assigned to the
Aptian-Albian based on their lithological
similarity to the Morita Formation of Ransome
(1904), and on their stratigraphic position on top
of unit B of Aptian age.

Units E (Mural Limestone ).

This unit is assigned to the middle Albian
based on the presence of the foraminifer
Dictyoconus walnutensis.

Units F, G (Mural Limestone ).

These units are assigned to the middle-Upper
Albian based on the presence of the foraminifer
Coskinolinoides texanus (?).

Unit H (Mural Limestone).

This unit is assigned to the Upper Albian-
Cenomanian based on the presence of Dicylina
slumbergeri (?) and large size miliolids.

Units E through H correspond tot he Mural
Limestone of Ransome (1904).

Cerro La Ema Succession (LL)

Unit A.

This unit is tentatively assigned to the
Precambrian(?) on the basis of lithologic
correlation and the presence of columnar
stromatolites.

Unit B.
Because it is mostly covered this unit cannot
be assigned with certainty to a definite
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chronostratigraphic position, but is tentatively
assigned to the Valanginian/Hauterivian based on
its stratigraphic position below unit C which
contains Hauterivian fossils.

Unit C.

Unit C is assigned to the Hauteri-
vian/Barremian based on the presence of
caucasselid foraminifera typical of these
intervals.

Unit D.

Because of the presence of Orbitolinatexana
in the upper part of unit D, it is assigned to the
Upper Aptian. ‘

Lithologically units C and D do not resemble
either the Mural or the Cerro de Oro formations
as exposed inthe area, stratigraphically, unit D is
positioned at the Cerro de Oro Formation
interval.

Unit E.
This unit is tentatively assigned to the Upper
Aptian/Lower Albian by stratigraphic position.
Lithologically this unit resembles the Morita
Formation (the Cintura is not excluded, how-
ever, as both units are lithologically very similar
and do not contain age diagnostic fossils).

Mina La Luisa Succession (EM)

Unit A.

This unit is tentatively assigned to the
Precambrian (?) on the basis of lithologic
correlation and the presence of columnar stroma-
tolites.

Unit B (Cerrode Oro Form.)

Unit B is tentatively assigned to the Upper
Aptian based on its lithologic resemblance with
the upper part of unit D which contains Upper
Aptian fossils, and corresponds to the Cerro de
Oro Formation of Gonzalez and Jacques (1988).

Unit C.

This unit is lithologically similar to the Pre-
cambrian (?) Las Viboras Formation of Gonzalez
and Jacques (1988).
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Fig. 12 - Field profile (CC) of Cerro El Cobrizo succession, located from the southeastern end of
Cerro El Cobrizo to north of Cerro Los Pocitos. See text for description of units C through F. C,
D, and E = Cerro de Oro Form.; F = La Palma Form. 1 - limestone; 2 - dolomite; 3 -
conglomeratic dolomite; 4 - shale; 5 - sandy shale; 6 - sandstone; 7 - conglomerate; 8 - felsic
intrusive; 9 - covered; 10 - thrust fault; 11 - normal fault; 12 - unconformity.

orthoquartzite, both sedimentary and metamor-
phic, dolomite and volcanic rocks.
Inner-shelf, shallow-water subtidal, deltaic

().

Microfacies 2 - Dolomite, mudstone, cal-
careous fossiliferous siltstone and sandstone,
dolomitic floatstone and minor mudstone
(micrite). Abundant thick-shelled completely or
partially silicified bivalve fragments, and traces
of echinoderms. Dolomites and dolomitic
limestones contain abundant terrigenous quartz
grains from silt to fine-sand to pebble size
fragments (conglo-meratic dolomites).

Inner-shelf, shallow-water subtidal.

Microfacies 3 - Mudstone and dolomitic
floatstone with traces of silicified bivalve and
echinoderm fragments, also authigenic pyrite
present. Mudstone contains some fine sand-size
quartz grains and the micrite is almost completely
neomorphosed to microsparite and pseudospa-
rite.

Inner-shelf, shallow-water subtidal.

Unit D.

Non resistant slope-forming thin-bedded
medium- to dark-gray calcareous siltstone and
mudstone, weathering light greenish- and
yellowish-tan to dark-brown. Contains some
pyrite crystals.

Approximate thickness vary from 20 to 40m.
The contact with unit above is sharp and it may
be an erosional unconformity.

Microfacies 4 - Calcareous siltstone and
mudstone (micrite) with minor amounts of
bivalve fragments. The mudstone contains some
partially calcified radiolaria (spumellarians?) and
planktonic foraminifera. Contains around 20
percent microsparite and authigenic pyrite as
crystals and in partial replacement of calcite in
bivalve shells.

Outer-shelf, shallow-water open marine.

Unit E.
Medium-bedded reddish-brown to pinkish-
gray conglomerate and conglomeratic sandstone
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Fig. 10 - Topographic map of the southeastern corner of Cerro de Oro area, Cerro El
Cobrizo, showing yhe traces of mayor faults. IV - Precambrian (?)-Paleozoic /Morita
(?) Fault; V - Cerro de Oro/Paleozoic (?) Fault; VI - Cerro de Oro/Cerro de Oro Fault.



16

SW

R.MONREAL

NE

q 12 10 ' 6 R BT

R By b ??' ;/
JASSS S ,/ B

S , ~ 7~
A DY

- - - - - o.b_'coza
/ 7 | I ) oo - &'} |z
| 2 = 4 6 T 8 S

Fig. 9 - Field profile (EM) of Mina La Luisa succession, located southeast of Cafiada La Verdina. See
text for description of units A through D. A = Precambrian (?) Las Viboras Form.; B = Cerro de Oro
Form.; C = Precambrian (?) Las Viboras Form.; D = Cerro de Oro Form. 1- dolomite; 2 - limestone; 3 -
fossiliferous limestone; 4 - conglomerate; 5 - sandstone; 6 - shale; 7 - thrust fault; 8 - normal fault.

Microfacies 1 - Conglomerate and calca-
reous siltstone. Conglomerate clasts are limesto-
ne and sandstone fragments; the limestone clasts
are larger and contain abundant leached
allochems showing micritic envelopes and/or
recrystallized micrite to pseudosparite (?).

Inner-shelf, shallow-water subtidal, deltaic
channel deposits?

Unit B (upper part).

Resistant medium- to thick-bedded silty
dolomitic fossiliferous brownish-gray limestone,
weathering reddish-brown to dark-brown.
Abundant bivalve fragments and molds and
annelid tubes. Covered by a thin-bedded gray
and yellowish-orange calcareous and siliceous
siltstone.

Approximate thickness is 8m. The contact
with unit C is mostly covered but is a fault.
Unit B corresonds to the Cerro de Oro Form.

Microfacies 2 - Float-stone and fossili-
ferous siltstone with silicified bivalve and
brachiopod shell fragments and annelid tubes.
Dolomitization and silicification are very
pervasive.

Inner-shelf, shallow-water subtidal, close to a
bioherm facies.

Microfacies 3 - Calcareous siliciclastic
mudstone with abundant authigenic pyrite
crystals.

Inner-shelf, shallow-water subtidal (?).
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Microfacies 1 - Calcareous mudstone and
siltstone with only scarce amounts of mollusk
and echinoderm fragments, and only traces of ra-
radiolaria (?). The mudstone contains abundance
in terrigenous small quartz grains, and locally
show conspicuous coalescive neomorphism of
the micritic matrix to microsparite and pseudo-
sparite.

Outer-shelf, open marine with high terrige-
nous influx.

Unit C.

Medium- to thick-bedded, resistant light-gray
to pinkish-gray limestone, weathering light-gray,
light- pinkish-tan, and pinkish-brown to dark-
brown, with abundant bivalve fragments and
burrowings, and minor amounts of coral
fragments. The lower 25 meters is somewhat
nodular limestone with abundant small rounded
intraclasts, which are occasionally large pinkish
brown mud fragments varying in size from a few
mm o a cm.

Approximate thickness 60m. The contact with
unit D is not exposed due to normal faulting but
is probably a normal contact, as both units are
parallel and lithologically related.

Microfacies 2 - Packed wackestone with
abundant echinoderm fragments, pseudopellets
and minor amounts of benthic foraminifera.
Show traces of textularid and planktonic
foraminifera (Caucasella sp.), micritic enve-
lopes, intraclasts and recrystallized algae(?)
fragments. Some microsparite and pseudosparite
amounting to 40% the matrix is present and
sparite amounts to about 20%. various amounts
of quartz sand size fragments are present.

Inner- to outer-shelf, subtidal to open marine.

Microfacies 3 - Packstone and less wacke-
stone with abundant intraclast and minor
amounts of coral and echinoderm fragments,
including spines, and traces of benthic fora-
minifera (lenticulinid). No significant amounts of
sparite cement is present as is grain-supported in
a light brownish-gray mud. Abundant coalescive
neomorphism of allochems, some show sili-
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cification in their periphery, probably a product
of selective silicification of the micrite envelope.

Inner-shelf, shallow-water intertidal to sub-
tidal.

Microfacies 4 - Medium crystalline dolo-
mite with only traces of silicified bivalve (?)
fragments.

Inner-shelf, shallow-water subtidal.

Unit D (lower part).

Thin- to medium-bedded resistant dolomite,
dolomitic limestone and pinkish-gray and
yellowish-gray dolomitic breccia, weathering
light-gray to pinkish-gray and dark-tan. Shows
parallel and discontinuous siltstone laminations
and paleochannels that seem to have been
exposed to the surface.

Dolomitic breccias are made up of either
angular orthoquartzite and dolomite fragments,
or large mud fragments ("rip up clasts") of the
same composition as the matrix.

Approximate exposed thickness : 5 m.

The contact with the upper part is sharp but
conformable.

Microfacies 5 - Brecciated, dolomitic mud-
stone and siltstone with only traces of echi-
noderm spines very pervasively silicified.
Angular to subangular fragments of ortho-
quartzite and dolomite and eloncated mud clasts
of the same composition of the matrix.

Inner-shelf, very shallow-water, supratidal.

Microfacies 6 - Wackestone with abundant
content in intraclasts and minor percentage of
pseudopellets and mollusk and echinoderm hash.
Solution seams are present and is pervasively
fractured.

Inner-shelf, shallow-water subtidal.

Unit D (upper part).

Medium-bedded resistant light-gray orbi-
tolinid-rich limestone weathering medium-gray
to dark-tan, and followed by a thin- to medium-
bedded pinkish-gray fossiliferous limestone
intercalated with layers of pinkish-white chert.
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Unit G.

Resistant cliff-forming thin- to medium-
bedded gray limestone weathering light-gray to
greenish-gray to tan, rudist bioherms are locally
present, and is also locally silicified.

Approximate thickness 10m. The contact with
unit H is a thrust fault (Fig. 7).

Microfacies 19 - Floatstone with abundant
intraclast content and bivalve fragments (in-
cluding rudists) and traces of orbitolinids and
other textularid foraminifera and red algae (?).
Show some microsparite in matrix and allochems
(intraclasts?), and pseudosparite and minor late
blocky cement. Medium-size honey-colored do-
lomite crystals are scattered through the matrix.

Inner- to outer-shelf, shallow-water restricted
lagoonal marine facies with normal circulation
and with local development of bioherm facies.

Unit H.

Irregular alternation of thin- to thick-bedded
slope-forming calcareous siltstone, sandstone
and limestone. Siltstone and sandstone are light
greenish tan and greenish gray, weathering light
gray, greenish tan, light tan and light greenish
gray. Limestone are medium gray, pinkish gray
and weathering light gray, pinkish gray, and
light tan. Siltstone beds are fractured, silicified
and locally tectonized. Limestone is nodular and
show abundant selective burrowings.

Approximate exposed thickness 50m. The
top of this unit is covered (Fig. 7).

Unit H correspinds to the upper part of the
Mural Limestone.

Microfacies 20 - Wackestone and mud-
stone. Wackestone show abundant miliolids,
minor quantities of bivalve fragments and
textularid foraminifera, and only traces of
ostracodes. Some quartz grains and solution
seams are present.

Inner-shelf, shallow-water restricted quiet
lagoon.

Microfacies 21 - Mudstone barren of fos-
sils, the original micrite has recrystallized to
microsparite and pseudosparite. Contains lami-
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nations and mud cracks (?) filled with sparry
calcite.
Inner-shelf, shallow-water supratidal.

Microfacies 22 - Calcareous siltstone with
fair sorted angular quartz grains.
Inner-shelf, shallow-water supratidal.

Microfacies 23 - Sandy fossiliferous float-
stone and calcareous sandstone. Floatstone
show abundant bivalve and echinoderm frag-
ments, minor content in intraclasts and gastropod
fragments and traces of corals (?), micrite
envelopes are abundant. Abundant coalescive
neomorphism of micrite to microsparite and
minor pseudosparite in matrix and of some
allochems, some fibrous and drusy cements are
present in very small quantities, partial
silicification of bivalve fragments.

Inner-shelf, very shallow-water behind coral
bioherm facies.

Microfacies 24 - Wackestone with abun-
dant large miliolid and arenaceous foraminifera
(possibly Trocammina sp.) and other benthic
foraminifera, including Dyciclina slumbergeri
(?). Contains minor amounts of intraclast and
terrigenous quartz grains.

Inner-shelf, shallow-water restricted quiet
lagoon.

Microfacies 25 - Dolomitized mudstone
and wackestone with echinoderm and bivalve
fragments, abundant gastropods and traces of
ostracodes are present at the upper part, as well
as abundant terrigenous quartz grains.

Inner-shelf, shallow-water subtidal.

Microfacies 26 - Thin-bedded gray to
greenish-gray calcareous siltstone.
Inner-shelf, shallow-water subtidal.

Microfacies 27 - Dolomitic wackesto-
ne/floatstone with abundant echinoderm and
bivalve fragments and traces of worm tubes.
Solution seams are also present.

Inner-shelf, shallow-water subtidal.

Microfacies 28 - Wacke-stone with abun-
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Microfacies 4 - Calcareous siliciclastic
mudstone and sandy mudstone. Small spumel-
larian radiolaria (?) echinoderm fragments and
trochospiral (?) rotalid foraminifera are present in
minor amounts. Some intervals show bivalve

and gastropod fragments, as well as authigenic
pyrite crystals.

Shallow-water shelf subtidal to open marine
(pelagic) conditions with high terrigenous influx.

Unit D.

Irregular alternation of non-resistant slope-
forming massive-bedded siliciclastic mudstone,
siltstone, fine-grained sandstone and occasional
intervals of thin- to medium-bedded fine-grained
conglomerate. Colors vary from purplish- and
greenish-gray to grayish-tan.

Approximate thickness 180m. The contact
with unit E is a fault (figs. 5, 6, and 7).

Unit D corresponds to the MoritaFormation.

Microfacies 5 - Mostly calcareous silici-
clastic mudstone and some thin-bedded conglo-
merate. Mudstones show coarse sand-size mud
fragments.

Inner-shelf, shallow-water (deltaic?).

Microfacies 6 - Fine calcareous litharenites
poorly sorted with angular to subangular grains.

Fluvial system developing upwards into
shallow-water deltaic conditions.

Unit E.

Irregular intervals of resistant cliff-forming
medium- to thick- to massive-bedded limestone,
and non-resistant thin-bedded siltstone and
limestone.

The intervals of medium- to thick-bedded
limestone are dark gray to light tannish gray and
weathering light gray to light tan, nodular like
and fossiliferous. The massive limestones are
dark gray to pinkish gray, and weathering
medium to reddish gray, sometimes are
bioturbated, contain orbitolinids and bivalve
shell fragments and locally rudists and corals.

The intervals of thin-bedded siltstone and
limestone are greenish-tan mudstone and
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siltstone intercalated with thin- to medium-
bedded medium-gray fossiliferous limestone
with occasional beds containing orbitolinid
foraminifera.

Approximate thickness 130 m. The contact
with unit F is a thrust fault (Figs. 6 and 7).

Unit E corresponds to the Mural Limestone.

Microfacies 7 - Wackestone with abundant
echinoderm and bivalve fragments and benthic
foraminifera, miliolids are less common, and
gastropod fragments and green and red algae are
present in minor amounts. Small quantities of
intraclasts and ooids are present at some
intervals. -Solution seams are common.

Inner-shelf, very shallow-water restricted
marine with influence of quiet lagoonal and local
shoal facies.

Microfacies 8 - Mudstone and wackestone
with only minor amount of echinoderm and
bivalve fragments (including rudists), corals,
orbitolinids (Dictyoconus walnutensis) and other
textularid foraminifera, miliolids (?), ostracodes
(?), and worm tubes. Small dolomite crystals in
matrix and along solution seams. Insignificant
amounts of coalescive neomorphism are also

present.
Inner-shelf, shallow-water open lagoon with

normal circulation and occasional development
of rudist and coral bioherms.

Microfacies 9 - Wackestone and floatstone
with abundant miliolids, textularid foraminifera
and less percentage of ostracode, bivalve and
echinoderm fragments.

Inner-shelf, shallow-water with restricted
quiet lagoonal conditions.

Microfacies 10 - Packstone with abundant
intraclasts, gastropods and green algae, traces of
ostracodes, echinoderm and red algae fragments
are also present. Abundant coalescive neomor-
phism of matrix and intraclasts. Intraclasts
contain abundant gastro-pod, miliolid and green
algae fragments.

Inner-shelf, shallow-water intertidal.

Microfacies 11 - Floatstone and wacke-
stone showing abundance in bivalve and
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Fig. 5 - Field profile (LV) of part of Cafnada Los Tubos succession, located at the lower hills west
of Cerro LLas Viboras. See text for description of units A through E. A = Precambrian (?) Las
Viboras Form.; B = Cerro de Oro Form.; C = Morita Form.; E = Mural Form.

1 - limestone; 2 - sandy limestone; 3 - marly limestone; 4 - dolomite; 5 - shale; 6 - shale with
limestone lenses; 7 - sandstone; 8 - felsic intrusive; 9 - conglomerate; 10 - covered; 11 - fault.

with large calcite crystals partially dolomitized
and silicified.
Inner-shelf, low energy shallow-water.

Microfacies 3 - Floatstone with abundant
bivalve fragments (including rudists) and
gastropods, echinoderm, coral and other
unidentifiable allochem fragments are also
frequent. Intraclasts are common and orbito-
linids (Orbitolina texana ?) are also present.
Abundant coalescive neomorphism in matrix and
in some of the intraclasts. Minor silicification of
allochems but abundant authigenic quartz
crystals. '

Inner-shelf, restricted marine, shallow-water

open lagoon with normal circulation and occa-
sional development of coral and rudist bioherms.

Unit C.

Irregular alternations of mudstone, siltstone
and fine sandstone; slope-forming, non-
resistant, thin- to medium-bedded, calcareous
with dark-gray and greenish-gray to reddish-
brown colors, weathers light-tan to reddish-
brown. Approximate thickness 30m.

The contact with unit above is placed at the
first appearance of thin-bedded conglomerate
below purplish-gray siltstone and fine-grained
sandstone. This contact, although not quite rea-
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Fig. 3 -Topographic map of the southwestern corner of Cerro de Oro
area showing the traces of mayor faults. I = Precambrian (?)/Cerro de
Oro Fault; I = Morita/Mural Fault; [I1 = Mural/Mural Faults



Palma Group (El Tapiro, El Alamo, and Afio
Nuevo units) by Castro and Morfin (1988).

The Cretaceous rocks consists of siltstone,
sandstone, conglomerate and fossiliferous
limestone. These rocks have been assigned to
the Cerro de Oro, Morita, Mural and Cintura
formations by Gonzédlez and Jacques (1988) and
erroneously to the Cerro de Oro Group (Los
Tubos, Caliza Antinez and Los Valles Forma-
tions) by Castro and Morfin (1988).

The Cretaceous-Tertiary volcanic rocks con-
sist of andesites, porphyric andesites and ande-
sitic porphyries (Castro and Morfin, 1998).
They have not been assigned any formational
name. ,

A sequence of andesites, pyroclastic rocks of
rhyolitic and rhyodacitic composition, and felsic
and basaltic rocks, which has not been assigned
any formal name either, was considered as
Oligo-Miocene.

A quartz latite porphyry, considered as post-
Oligo-Miocene (Castro and Morfin, 1988), is the
younger Tertiary rock exposed in the area, and is
the source of mineral deposits, specially gold
(Sitten, 1987). :

The Cretaceous rocks of Cerro de Oro are
closely related to the Bisbee Group of Ransome
(1904). They are considered as deposited along
the extension of the ancestral Gulf of Mexico
and related to the Bisbee Basin of Bilodeau and
Lindberg (1983).

The rocks deposited in the Cerro de oro area
during this interval of time are thought to
represent deposition from continental fluvial to
shallow-marine environments (Castro and Mor-
fin, 1988; Gonzélez and Jacques, 1988).

STRATIGRAPHIC NOMENCLATURE
OF CERRO DE ORO

The Cretaceous strata of Cerro de Oro have
been referred to with several names and assigned
to different chronopositions.

Gonzalez and Jacques (1988) used the
following formational names, from base to top:
(1) Cerro de Oro Formation (Barremian-Lower
Aptian); (2) Bishee Group, including Moritu
Formation (Upper Aptian), Mural Limestone
(Lower-middle Albian), and Cintura Formation
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(middle-Upper Albian); and (3) La Palma
Formation (Cretaceous, post-Albian).

Contrastingly enough, Castro and Morfin
(1988) referred to the same rocks as the Cerro de
Oro Group, including the following formations:
(a) Los Tubos (Aptian-Albian), (b) Caliza
Anninez (Albian), and (c) Los Valles (post-
Albian/Cenomanian).

Figure 2 shows the nomenclatural problem
created by the use of a formal nomenclature
without adequate lithostratigraphic data.

As can be observed in the figure, Gonzalez
and Jacques (1988) described a Lower
Cretaceous unit, the Cerro de Oro Formation,
and an Upper Cretaceous one, La Palma
Formation, which Castro and Morfin (1988) did
not recognize.

On the other hand, the names of La Palma
and Cerro de Oro are used inadequately because
the term La Palma is used to refer to Cretaceous
rocks by Gonzalez and Jacques (1988) and to
Precambrian (?) rocks by Castro and Morfin
(1988). Similarly, the term Cerro de Oro is used
both as a formation and as a group.

To clarify this problem, and following the
rules and regulations established by the North
American Commission on Stratigraphic
Nomenclature (NACSN, 1983), the name of
Bisbee Group, including the Cerro de Oro
Formation, as suggested by Gonzalez and Lucas
(in press), the Morita Formation, and the Caliza
Mural and Cintura Formation, should be used
instead of Cerro de Oro Group, and
subsequently instead of Los Tubos Antiinez and
Los Vulles Formations, because the lithological
characteristics of the units in the Cerro de Oro
area are very similar to those of the Bisbee
Group, as described in southern Arizona and
northern Sonora.

Since it was first employed, the term "Cerro
de Oro" has not been used much, or has been
used with a formation rank and not as a group
(e.g., Jacques, et al., 1990; Grijalva, 1991).
Therefore it can still be used as a formation
name. The use of this name to refer to a group
should be dropped completely from the
literature. In addition, extreme caution should be
taken when trying to extend this name outside its
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RESUMEN

Cerro de Oro se localiza en Sonora central, aproximadamente 10 km al sur del poblado de rayén y 60
km al noreste de Hermosillo. El Cretacico Inferor de esta drea incluye lodolita, areniscaa, conglomerado
y caliza fosilifera.

El presente trabajo presenta la siguiente informacién estratigrafica y estructural : (1) el contacto entre
el Cretacico Inferior y el PrecaAmbrico (?) es una falla de cabalgadura, no una discordancia; (2) el
contacto entre la Formacién Morita y 1a Caliza Mural es también por falla de cabalgadura; (3) varias falla
de cabalgadura afectan la secuencia de 1a Caliza Mural; (4) los cAmbios de facies en la Caliza Mural son
Numerosos.

La sucesién estratigrafica de Cerro de Oro representa un depdsito variable durante diferentes
intervalos de tiempo del Cretacico Inferior. El estudio de la sucesion desde la Formacién Cerro de Oro
hasta la Caliza Mural a lo largo de la Cafiada Los Tubos y en las cercanias de la Mina La Luisa mostré
que las dos sucesones estratigraficas, aunque similares, no son las mismas, ya que presentan diferencias
en litologia y facies. Se efectud un estudio de microfacies de ambas estas secciones. La seccién en la
Cafiada de Los Tubos contiene 30 cambios de facies, que varian desde las de plataforma interior a las de
plataforma exterior, pasando por varias facies lagunares. Aunque la seccién ha sido afectada por al
menos cuatro fallas, las unidades no parecen repetirse. La seccion Mina La Luisa contiene 12 cambios
de facies, que varian desde las de plataforma interior (supratidal) hasta las de plataforma exterior, sin
contener facies lagunares.

La Formacién Cerro de Oro es Aptiano superior y corresponde a una sedimentacién de caracter
variable.

Las diferencias encontradas en las sucesiones estratigrificas estudiadas son producto de
yuxtaposiciones, las cuales son evidencias de deformacion y transporte tect6nico, en el orden de varias
decenas o hasta cientos de kilémetros.

INTRODUCTION

Cretaceous rocks in the state of Sonora are
exposed mainly in the central and northern parts
of the state. In central Sonora they occur at : (1)
Sahuaripa-Arivechi (Minjares et al., 1985;
Palafox and Martinez, 1985; Fernandez and
Almazan, 1991), (2) Lampazos (Gonzilez,
1988; Herrera et al., 1984; Bartolini and
Herrera, 1986), (3) Tuape (Rodriguez, 1984,
1988), and (4) Cerro de Oro (Castro and Morfin,
1988; Gonzalez and Jacques, 1988). In
northeastern Sonora Cretaceous rocks are
exposed mainly in the areas of Arizpe
(Gonzalez, 1978) and Cabullona (Ransome,
1904; Taliaferro, 1933; Viveros, 1965;
Warzeski, 1983) among others. In northwestern
Sonora, Cretaceous rocks are exposed in the
vicinities of Santa Ana (Salas, 1968) and Altar
(Jacques, 1986; Jacques and Potter, 1987;
Jacques et al., 1990).

Cerro de Oro is located in central Sonora,
approximately 130 km northeast of Hermosillo
and 10 km south of the town of Raydn, between
coordinates 29°30' and 29°45' N. lat. and
110°40" and 110°20" W. long. (Fig. 1).

In this area sedimentary to igneous
Precambrian (?), Mesozoic and Cenozoic rocks
are exposed.

The Cretaceous rocks consist mainly of
siltstone, mudstone, sandstone, fossiliferous
limestone and minor conglomerate, representing
sedimentary environments ranging from
continental fluvial to shallow-water marine. This
sequence of rocks has been assigned several
different formational names (Castro and Morfin,
1988; Gonzdlez and Jacques, 1988), a situation
that has resulted in a problematical nomenclature,
a problem that is very common in the Cretaceous
nomenclature applied to Sonoran strata (Mon-
real, 1993).
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Estratigrafia de las rocas
cretacicas del area de Cerro
de Oro, Sonora Central

Carlos GONZALEZ-LEON y César JACQUES-AYALA
ERNO, Instituto de Geologia UNAM
Apdo Postal 1039, 83000-Hermosillo, Sonora, Méxzico.

RESUMEN

£En el 4res de Cerrc de Oro, localizads er 21z parte central de Sonora, aflore
uns nueve secuencla de rocas c:etécicas a2 —ual descansz discordant=mente sobre
la Formacién Las VUiboras de edad Precédmbricc tardioc (7)-Cambricc temprano. Diche
secuencia estd compuesta de la base a la cimz por las Formaciones Cerro de Oro.
Morita, Caliza Mural y Cintura; estas tres (Ztimas forman parte del Grupo Bisbee
que aflora ampliamente en el Norte de Sonora. L2 Formacién La Palma de edad Creté-
tice tardia sobreyace discordantemente a lsa Fo rmacion Cerro de Oro en los lugares

donde el Grupo Bisbee rio estéd presente. La secu=zncia del Cretéacico Inferior (Barre-
miano-Albiano Medio) es litologicamente transi=ignal entre las' rocas de esta misma
2dad que afloran en la parte norte (Grupeo :15bee), noroeste (Grupo El Chanate)
y centro-oriente (secuencia de Lampazos) de Sonora. En este trabajo se reporta
la litoestratigrafia, paleontologia, ambiente de deposito vy corretacion de las
secuencias cretécicas de ssta area.

RBSTRACT

R new sequence of cretaceous sedimentary =—=cks that crop out in the Cerro de
8ro area, central Sonoras, is reported in this paper. This seguence unconformably
overlies the Las Viboras Formation of Late Zzecambrian (?)-Early Cambrian age
and it is composed from base to top by the Zerro de Oro, fMorita, Caliza Mural
and Cintura Formations; the Morita and overlyZm—g units are assigned to the Bisbee

©roup as it is known in northern Sonora. The L= Palma Formation of Late Cretaceous
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age overlies with a slight angular unconformity the Cerro de Oro Formation in
places where the Bisbee Group is nor represented. The Lower Cretaceous (Barremian-
Middle Albian) tocks of this area represent z lithologic transition from seguences
of that same age that crop out in northern (Bisbee Group), morthuwestern (E1l Chanate
Group) and east-central (Lampazos sequence) Sonora. In this work, the lithostrati-
graphy., paleontology, depcsitional environments interpretation and correlstion
of these cretaceous rocks are discussed.

INTRODUCCION nes Arroyo Sasabe y El Chanate (Jacques
—Avals v Potter, 1987) ha sido estudia-
Las rocas del Cretécico Inferior do en 1la Sierra del Chanate en la
han sido reportadas de las regiones regibén noroccidental del Estado.
norte vy nororiental, noroccidental En 1la parte central de Sonora se
y centro-oriental del Lstado de Sonors, conoce una gruesa secuencia predominan-
aungue en pocas areas han sido estudia- temente carbonatada en el éarea de
das en detalle. Lampazos (Herrera y Bartolini, 1683;
El Grupc Bisbee y sus Formaciones Gonzalez-Lebn, en prensa; Scott v
Conglomerade Glance, HMorita, Caliza Gonzélez-Leén, en prensa); de ests
Mural v Cintura, gue fueron definidas misma regidn se han reportado la se-
por Ransome (1904) en el sureste del cuencia de la Sierra Chiltepines (Hi-
Estado de Arizona, se han reconocido manga, 1977), la de 1la Sierra Los
en el norte de Sonore, donde {forman Chinos (Pubellier, 1987) aungue con
afloramientos aislados desde Santa escasos detalles y 1la del Cerro de
Ana hasta la Sierra Anibacachi (Nava- Las Conchas, cuya estratigrafia se
rro, 1988; Rangin, 19856; Gonzilez- ha interpretado de diversas y contras-
Ledn, 1978;: Taliaferro, 1933). tantes maneras (Palafox y Martinez,
El Grupe El Chanate v sus Formacio- 1985; Pubellier, 1987; Almazan-Vazquez

vy Fernandez, 1988).

En este trabajo se reporta la lito-
: S ne  10° estratigrafia, paleontologia y ambien-
K\_\v "‘\\\\\, | tes de depdsito de una nueva sscuencia
\\\1 \__"”_——_Y del Cr§técico Inferior, localizada
SONOR A 2 en el area de Cerro de Oro{ en la
? parte central de Sonmora (Fia. 1).
AREA 300 En esta 4rea se tiene' parcialmente
‘ESTUDMDQ representado el arreglo litoestratigréa-
+ i fico clésico del Grupo Bisbee. Dicha
Hermosillo \ secuencia, que tiene un rango de edad
e del Barremiano tardio al Albiano medio,
\ estd compuesta de la base a la ciuaa
'\ por la Formacién Cerro de Oro y por
las Formaciones Morita, Caliza iural
y Cintura del Grupo Bisbee; la Forma-
cion Morita sobreyace discordantemente
Figura .- LOCALIZACION DEL AREA DE a la Formacién Cerro de Oro.
CERRO DE ORO,SONORA Se reporta también la presencia
de otra secuencia de edad Cretacica
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a a la cual se asigna el nombre
ormacion La Palma.

ESTRATIGRAFIA CRETACICA
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Los primeros -reportes sobre la
rresencia de rocas del Cretécico Infe-
rior en este Aarea son los de Reller

Flores (1929, Burckhardt
y de Cs=rna (1970). Posterior-
mentt Menicucci et al. (1982) conside-
raron una edad Pérmica pars los sedi-
mentos agui asignados & la Formacidr
Cerro de Oro y Rangin (1986) eguivoca-
damente reportd la presencia de una
secuenctia volcanosedimentaria del
Cretacico Temprano, la cual supuesta-
mente cabalgaris las rocas ajui repor-
tadas. La estratigrafia de esta &rea
fué preliminarmente reportads por
izdlez-Leor  (1988) v Gonzalez—Lebn
y J acques-Ayala (1988), mientras que
Castro y lorfin (1988) mapearon la
|8

D)
(e o=
9 M
N

Hcja  Topoaréfica Ravon  (SPP-INEGI,
1982), 1la cual incluve el areez aguil
reportada. El presente trabajo se

ha resumido de Gonzéalez-Ledn (1989).

Las rocas méas antiguas del 4rea
estudiada corresponden & la Formacibn
Las  Viboras (Gonzalez-Lebn,  198%)
de mas de 2000 m de espesor y de su-
puesta edad Precambrica Tardia (?)-
Cambrica Temprana, la cual suyace
en discordancia anoular a la Formacibn
Cerro de Oro (Tlg. 2). Lla Formacibn
La Palwa sobreyace en discordancia
paralela a la Formacién Cerro de Oro
en los lugares donde el Grupo Bisbee
estd ausente. Varios cuerpos 1igneos
de diferente composicibén cortan estos
sedimentos, estando también cubiertos
por derrames volcénicos y rocas piro-
clasticas; estos eventos magmaticos
son de adad eocénica y mis jovenes.
Las unidades sedimentarias del area

fueron afectadas por una, deformacion
compresiva durante el Cretacico Tardio.

Formacidn Cerro de Oro

La Formacion Cerro de Oro (Gonzalez-
Le6n, 1988) toma su nombre =z partir
del nombre con que se conoce ests
area.

Su  contacto inferior es siempre
una discordancia angular con la Forma-
cién Las Viboras y esté a su vez sobre-
vacida en discordancia por la Formacibn
Morita en la parte occidentzl del
area, mientras que en la parte oriental
del area estéd siendo sobreyacida dis-
cordantemente por la Formacién La
Palma. Sus mejores exposiciones fueron
medidas en detalle a lo largo del
flanco occidental del Cerro El Cobrizo
(seccion A -A', Fig. 2) y en las Cafa-
das lortensia y LOs Tubos (seccibn

-B'), siendo estas las que a conti-
nuacibn se describen.

La secuencia del Cerro El Cobrizo
alcanza un espescr de 105 m (Fig.
3). Es uiz un’dad distintiva por los
colores verdosos y café amarillentos
de sus litologias y porqué forma partes
topograficas bajas debido a que as
facilmente erosionada. En esta locali-
dad su base est& formada por un conglo-
merado de 25 m .de espesor, formado
por cantos y guijarros gue van de
subredondeados & subangulosos de cuar—
zarenita (60%) y dolomitas (407
presentando estratificacidn masiva
& gruesa y con estructuras de relleno
de canales. Pressnta niveles gruesos
con estratificacién graduada y la
matriz es arenosa. La seccibn continua
hacia arriba con un paguete de 12
m de espesor de caliza en capas delz za-
das a medianas con lentes de coguina
de fragmentos de ostreas y areniscas
gruesas; en la cima de este paquete
se tiene calizas arenosas las cuales
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F'ura 3.- COLUMNA ESTRATIGRAFICA DE L4 FORMACION CERRO
DE ORD EN EL FLANCO OCCIDENTAL DEL CERRO
EL COBRIZO ( SECCION A-4')

pasan lateralimante a calizac mleriticas
con fuerte bioturbacidn y una fauna
abundante  de pelecipodos, corales
coloniales 'y escasos 2asterdpodos.
nacia arriba se presenta otro paguete
de 10 m de espesor formado por capas
medianas de areniscas calcéreas de
color café amarillento, con bioturba-
cién vy fragmentos de ostreas y con
intercalaciones de lodolitas verdosas
y capas delgadas de caliza arenosa.
En la parte inferior de 1a secuencia
algunos niveles esrén cubiertos por
regolita, mientras jue en su parte
media s= tienen lodolitas masivas
de colores verdosos con una fauna
pobremente preservada de eguinodermos
y con intercalaciones locales de limo-
litas y areniscas de grano fino en

C. Gonzéle:z-L. y C. Jacques-A.

capas oelhada~. La cima de gsta secuen-—

cia esté formada, en este afloramiento,

por 28 m de, lodolltas masivas de color
gris, café y amarillc, con intercala-
ciones de ‘capas de espesor mediano
de caliza biocléstica localmente dolo-
mitizada y capas delgadas de caliza
arcillosa IuartcnenLe bioturbada conte-
niendo ostreas y braguiopodos.

En ls localidad de 1a Canada Los
Tubos (Fiz, 4), 1a Formacién Cerro
de Oro presenta una s=ccibén mas comple-
ta alcanzando un espesor de 147 i,
Su  contacto inferior se encuentra
generalmente cubierto y solo se obser-
van rodados de conso glomerado muy seme-
Jante al que presenta en su bass en
el Cerro El1 Cobrizo. tacia arriba,
la secuencia estd dominada por la
presencia de lutitas de color café-
rojizo a amarillento vy verde, en pajue-
tes masivos de 3 a 65 m, separadas
por capas muy elgadas de 1limolita
y arenisca de grano muv fino y escasos
horizontes de caliza arcillosa. La
lutits contiene €SCascs  eguinodermos
mal preservados, mientras que en la
caliza arcillosa se €ncuentran restos
de ostreas, moldes interncs de trigo-
nias y nasteropoaos peguenos mal con-
servadc Hacia los 50 m superiores
de 1la f rmacién los niveles de caliza
arcillosa son més abundantes, presen-
téandose en Ccapas . menores de 30 cn
de espesor, aunque algunas alcanzan
hasts 2 m; son de color café amarillen-
LG y contienen: abundantes restos de
OStreas y gasterbpodos mal conservadoes
y abundantes perforaciones de gusanos.
La formazién termina con un  nivel
de caliza wmasiva (Lam. 1 & y Fia.
4) el cual constituye un horizonte
arrecifal de 5 a 10 m de altura vy
50 a 100 m de longltud Estas estructu-
ras arrecifales estdn formadas por
"boundstone" (Lam. 1 B) de corales
coloniales (L&m 1 (), estromatopbri-
dos (?) y abundantes braquiopbdos,




xurymey

Jacgques-A.

lateralmente y hacia la cima pasa
caliza estratificade con abundantes
orbitolinas,  Otros foraminiferos vy
steropodos de tamano grande.

tdad v correlacion

\

t1 contenido fosiliferc de la Forma-
.6n Cerro de Oro indica une edad
rremiano—Aptiano Temprano.

De la parte inferior de la formacion
se colectaron varias especies de trigo-
nias afines a T. mearnsi, T. gquildi,
T. resoluta, asi como T. stollevi.

identificaron también T. cragini
I'. kitchini. Se identificaron otros
5eleC;podo< como Aeostreon guitmanen-

s kellumi, Tapes zabbi,
Pterotrigonia Sp.;

i
Ba

(@}

g
de amonitas
tes sp. (Lam.

7, I v E) v el pelecipodo (tenostreon

> anton (L&m. 1, F) (Dr

T V. Scott, com. escrita, 1933).
Del nivel biohermel gue ocupa lea
cima de esta unidac e determinarcn

wn

cién 21 Atliso (Gonzélez-Ledn, en pren—
sa), de edad Barremiano Tardfo-Aptianc
Temprano (Scott y Gonzalez-Ledn, 1988),
que aflora en la base de la secuencia
cretidcica de la region de Lampazos
en la parte centro-oriental de Sonore
(Fig. 5). Del mismo modo, se considera
posiblemente cronocorrelacionable
con la parte superior del Conglomeradc
Glance y parte inferior de la Formacion
Morita, gue afloran en la parte norte
de Somora (Fig. 5).

Ambiente de depdsito

formacion

S
los braguidpodos Gemmarcule arizonensis
Cooper y Waconel r Ellis Owen,

com. escrita, 198 el coral COlOHLdl
Callamophyllia syp. y les foraminiferos
Nummoloculina sp. v Pseudocyclammina

sp. De varias muestras de la parte
superior de | esta formacion se logro
un corte del aparato embrionario de
una especie muy similar s Palorbitolina

lenticularis Dlumenbach (L&m. 1, G),
cuyo rango de edad es Barremiano Tar-
dio-Aptiano Temprano. Gemmarcula arizo-
nensis ha sido reportada de la Caliza
Mural del Sureste de Arizona por Cooper
(1955) y Owens (1981).

La Formacibdn Cerro de Oro se consi-
dera cronocorrelacionable con la Forme-

Los sedimentos de esta -unidad,
de caracter francamente marino, indican
una primera transgresi6n de los mares
creticicos en esta tegibon de Sonora.
La litologia y fauna fo0sil asociada
(Heckel, 1©72) indican un ambiente
marino somero, tal vez lagunar o de
bahias. Las estructuras arrecifales
gue contienen en su parte superior
indican un ambiente de plataforme
mis externa, de mar abierto, donde
existieron condiciones de alta energis
de oleaje, aguas claras y bien oxigena-
das que permitieron el desarrollo
de les arrecifes de corales, mientras
que hacia los lados de ellos s= desa-
rrollaban =zcnas lagunares donde se
depositaron lodos calcareos con forami-
niferos, .gasterbpodos y fragmentos
derivados del arrecife.

Grupo Bisbee

Los afloramientos del Grupo Eisbee
dentro del &rea estuiiada se restrin-
cen a su parte .occidental.

El Grupo DBisbee (Ransome, 1904;
StoyanoG, 1649) estéd formado, de la
base a la cima, por el Conglomerado
Glance y las Formaciones Morita, Caliza
lural y Cinture, de acuerdo con la
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i inal en el sureste
v ome, 1904). En el
estudiada solamente se han recono-—
las tres (ltimas.

le base del Grupo Bisbee se
tra una discordanciz erosional,
as gue su cima esta cubierta
dantemente por rocas volcanicas
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Lz Formacion Morita {(Ransome, 19047

c
zflora sclamente e: la parte occidental
del éarea, & lo largc de una franjs
orientada hacia e! NNW formande el
Cerro Copete. En la parte norte, sus
afioramlentnc estan truncades  por
el intrusive granitico del Cerro Llos
Hornitos. mientras que
estd en contacto por
Formacién La Palma. Generalmente
azfloramientos son pobres
facil : erosionables ] for
dep i cubi&rgac por regolita
¢ suelc. Alcanza un espesor de 250

l:)
el cual fue medido & 1lo larvo de
o cion 4

o &
lz Canada Los Tubos (seccion C3-C
Figs 2 v 4)

Sobreyace con discordancia paralela
& la Formacion Cerro de Oro, pues
erosiona en varios lugares el horizonte
biohermal y calizas fosiliferas que
esta Oltima formacion presenta en
su cime. Ademas, en su bas2 se tiene
un conglomerado de pocos metros de
espesor que aflora en toda el area.
Su contacto superior es transicional
con la Caliza Mural.

£l conglomerado basal de esta unidad

€s masivo, de 3 a 5 m de espesor y
presenta cantos bien redondeados aungque
mal clasificades. Los cantos, que
:lcanzan tamafios méximos de 15 cm
didmetro y que estadn incluidos

n

m

en una matriz de arena eranulos,
son de arenisca (707) que puéde reconc-
cerse como proveniente de la Formacidn
Las Viboras, de calizas paleozoicas
y en menor proporcidén derivados de
la Formaci6n Cerro de Oro.

Encima del conglomerado la formaciodn
esté constituida por lutita, limolita,
arenisca y escasos lentes de conglome-
radc fino gque forman secuencias o
cicles de granulometria fina hacie
Estes depbsitos ciclicos varian
en espesor de 2 a 10 m y raramente
llegan a alcanzar mas de 40 m; general-
mente la base esté formada por un
conglomerado lenticular mesivo (alguncs
cuerpos observados alcanzan una decensa
de metros de longitud y un espesor
entre 1 y 3 m) de cantos redondeados
v mal clasificades de cuarzarenitas
(90%7), dolomitas, calizas y escasos
fragmentos de ]

!I\

arriba.

rocas intrusivas. 21
tamafio maximo observado en los cantos
es de 15 cm, aunque en promedic varian
de 5 & 10 cm. Los cantos presentan
alineamiento para]elo vy estratificaciébn
ocraduada §y estén incluidos en unsa
matriz arencsz y conglomeratica fina.
La base de los ciclos es erosiva sobre
las rocas subyacentes.

Sobre el conglomerado basal se
desarrollan capas de arenisca gris,
en estratos delgados &2 medianos que
alcanzan hasta 5 m de espesor y presen-
tan una graduacidn de arenas de grano
gruesc en la base a grano finc en
la cima, disminuyendc asi mismo hacia
arriba el espesor de las capas; las
capas inferiores del paquete de arenis-
ca presentan generalmente diastratifi-
cacion plana acufada de pequefa escala
y bajo angulo, mientras gue las de
la parte superior contienen laminaciodn
paralela vy, en algunos horizontes,
diastratificacion de peguena escala.
La 1lutita o lodolita sobreyace al
paquete . de arenisca y generalmente
es de color morado, aungue hay también
en colores gris, verde y café amari-
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ocurre en afloramiento
2
a

ores entre 1 y 5 m,

re en paqguetes de hasta
} m de espesor. Eﬂ este ultimo caso
scas intercalaciones de

espesores menores
menos frecuencizs,
elgadas (de menos
de arenisca de
; € color gris
les, lateralmente
de una cuantas
ngruesan hasta
Or para desa-
e grano finc

Lz cime de ia Formacidébr Morita
€ considera la parte superior de
g Gltima capa de arenisca que muestrsa
as caracteristicas mencionadas ante-
iormente v gue subyace z las lutitas
& i I amarillento gue contiene

con cstreas las cuales
la Caliza Mural.

Bidlre & 28 T B i
Ldod y correliacion

Estz unidad no contiene fésiles
que permitan determinar su edad de
una manera precisa. Sin embargc, po
Su posicibn estratigréifica entre la
Formacién Cerro de Oro del Aptiano
Temprano y la Caliza Mural cuye part
més inferior se considera del Aptianc
més Tardio, se interpretz que la edad
de la Formacibén iiorits debe alcanzar
el Aptiano més Temprano en sus niveles
inferiores, mientras que hacia su
cima debe presentar una edad de Aptiano
Tardio temprano.

La Formacién Morita es cronocorrela—
cionable con la Formacién Agua Salada
del Aptiano Tardio, la cual sobreyace
a la Formaci6én El Aliso en la regién
de Lampazos (Scott y Gonzédlez-lebdn,
1988). Es correlacionable también
con la Formacién iorita que aflor
en la parte norte del Estado y con

C. Gonzalez-L. y C. Jacqu=
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e

la parte inferior de la TFormacigy
Arroyo Sasabe (Jacques-hyala y.Potter,
1987) que aflore en 1la Sierrs de}

Chanate ern el noroeste de Sonora (Fig.
&4
o) P

Ambiente de depbsito

Le Formacibn lorita esté compuestsa
por areniscas, limolitas v lodolitas
que se arreglan formando secuencias
de grano fino hacia arriba. La caracte-
risticea de sus estructuras primarias
v su ordenamiento dentro de los ciclos
cuencias, el color v la ausencis
de fosiles hacen pensar que esta forme-
cidén representa depbésitos de sistemas
fluviales. Las areniscas fueron depdsi-
tos de canales y las limolitas y lodo-
litas podrian ser depo=1tog de plani-
cies de inundscién ("overbank depo-
sits"). La escasa presenciz de conglo-
merado en la base de los ciclos y
la cantidad significativa de lodolita
indican facies aluviales distales
con desarrolio de amplias planicies
de inundacién. Hacia la cima de 1la
formacion las 1lodolitas se vuelven
de colores clarcs, a diferencia de
los colores oscuros gque predominan
én su parte media e inferior; y en
Su paso gradual hacia la base de la
Caliza lural empiezan a desarrollarse
1uferc»ldCLones de lentes de coquinas
de ostrea . Esto podria estar indicando
una sedimentacién en ambientes coste-
res, tal vez asociados a desembocaduras
de! rios o ambientes de mareas, 1lo
cual a su vez estaria registrando
una transgresién marina gradual, que
empieza a hacerwe franca en la parte
inferior de la.Caliza Mural.

En el sureste de Arizona se han
reconocido varios ambientes de depésito
para los sedimentos de la Formacidn
Morita, la cual litoestratigraficamente
es muy parecida a la aqui reportada.
En dicha rezién se le

L 0

han reconocido

AR
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u capas un TUl
inclinacién leve hacia el SW.
Sus afloramientos son distinti
e esté constituida por C
< e gris
forman crestones

ralmente, las cua
e

Cerrv Antunes, en €
150 m en el

o
mienctos favorables pars su observacion
detaliada, v con el fin de tener una
columns estratisrafica representativa.
sz midieron las secclones G5-C6, GC7=
g, C9-Cl10 narte de la C11-Cl2 (Fig.

detallada de cada una de ellas).

La litologia de 1la Calize hural
es variada y presents ademéas cambios
de facies laterales bruscos. Esta
caracterizade por cinco niveles de
caliza masiva gque forman acantilados
Saje los cuales estén separados

S,
por litologias més terrigenas y calca-

mhs inferiores consisten
de lodolitas de colores café y café
zimarillento con intercalaciones de

lentes Vv capas delgadas d
de ostreas. Haciaz arriba la sec
continia con gapas de as
ticas, calizas arcillosas vy ca
arencsas de espesores delgados @

nos y con lodolitas masivas que ¢
nen una rica fauns de ostreas y
répodos. Sobreyace & estas lito
el primer nivel de caliza ma

cual se localiza a A3

de 1a formacién. Esta caliza

de 16 m de espesor, de color gris,
es un "boundstone" formado por corales
coloniales en posicibn de crecimiento
v en menor proporcion contiene rudistas
v estromatoporidos; lateralmente

en una distancia de aproximadaments
700 mw, se adelgaza pasando & capas
gruesas de calizas biocldsticas con
gasteropodos v calizas con orbitolinas
en capas delgadas: de la misma manera
sufre un cambic vertical. Este tipo
de estructuras, que son de tipo arreci-
fal, caracterizan de igual forma cada
uno de leos otros niveles de caliza
masiva que se encuentran en esta forina-
cion.

Separando los mencionados niveles
biohermales se encuentran paguetes
de sedimentos gue pueden alcanzar

hasta 100 m de espesor. Lstos presentan
intercalaciones de las siguientes
litologias: (1) lodolitas masivas
de colores grises, verdes y anarillen=
tos con . interestratificaciones de
capas delgadas de limolitas, areniscas

de granc fino y coguinas de ostreas;
(2) lodolitas calchreas <ce colores
oris y amarillo con capas delzadas

de «caliza arcillose intercaladas ¥
con una fauna abundante de equinoder-
mos, pelecipodos y escasos braquiopo-
dos; (3) caliza arcillosa con abundan-
te bioturbacién, en capas medlanas
a delgadas y algunas veces de aspecto
nodular gue contienen orbitolinas,
equinodermos y gasterbpodos; (4) caliza
dolomitica de colores amarillo claro
gris claro, en capas delgadas a media-
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nas con abundantes foraminiferos (abun-
dantes miliblidos entre otres); (5) ca-
liza bioclastica ("packstone" a "grain-

stone") en capas medianas a gruesas;
(£} wackestone' ern capas medianas
& gruesas de color gris a gris claro
con  foraminifercs vy  caster6podos;
(7} localmente, algunos niveles lenti-
culares de hasta 5 @m de espesor ae
arenisca rcon estratificacion cruzada
ern !

Laac
La contiene una abun-
dante I corales, estromato—
péridc eguinodermos, gaste-—
Topode v escasos braquié—
podos crofauna esta formada
por 1S, Prii mcnte
miliol bi
sou ab
Los ;
se concideran de edad Aptiana Tardia
por le presencis de Exogira quitmanen-—
cic Stanton; dicha especie es comun
enn el Miembro Inferior de la Caliza
Mural del norte de Sonora, en donde
e le i i esa misma edad.
intermedics bajos
identificaron 1los
ec texana (?oene;);
20T r'y onrad, Coalcomana
sp. v los braguiopodos (Ciclothyris
indi Ager y Colinells mulleriedi (lm-
lay) que indican una edad Albiana
Tempran ted

(=3
eles intermedios altos
se obtuvieron los pelecipodos Protocar-—
nrad), P. hillanum (So-
omana Ssp. Neithea bian-

werby), Coal ¥
como los gasteropodos
hre

gulata, as
Tylostoma
Dedernalis los

O

’T s

cuales ©precisan una

o
Ca
W
A
c
)
)
|
e

C. Goazalexz-L. v

edad Albiana Pedie

También, de 1la parte mas alta de
1z formacioén se identificaron Turri-
tells seriatulm pranulata Roemer, Ty-

lostomez chihuahuense v Corbis roblesi

Bose del Albiano ledioc & Tardic.
Los fésiles anteriores fueron iden-
tificados por 1la Dra G. Alencaster
ropodes) vy por

(pelecipodos y gaste
el Dr E. Owen bracujé yodos .

1,5 Caliza jural se reconoce en
varias éAreas del norte de Sonora,
por ejemplo en Cerro Pims (Navarro,
1987), Sierra Azul (Rangin, 19863,
érea Ge Arizpe (Gonzéalez-Ledn, 197&}

(&)

Sijerra de Anicabachi (Taliaferro,
1933) F1 miembro medio de la Formacién
Arroyo Sasabe en el noroeste del Estado
(Jacques-Ayala y Potter, 1987) se
correlaciona con esta unidad, asi
como las Formaciones Lampazcs y Espina-
20 del Diablo (Herrers y DBartolini,
1983; Gonzélez-Lebn, en prensa) del
centro oriente de Sonora (Fi. 5).

hihuahuense Bose y Lunatia

Esta unidad registra el méximo
avance de la segunda transgresion
merina que esté indicada en la secuen-
cia litolbgica de esta area. Sus facies
indican que fue depositada en una
plataforma marina somera dentrc de
ia cual coexistieron arrecifes de
parche rodeados por lagunas de poca
profundidad. Los arrecifes fueron
estructuras formadas por corales colo-
niales y estromstoporidos y mas escasa-
mente por rudistas; fueron estructu-
ras de pocos metros de altura, de
aleunos cientos de metros de longitud,
tal vez de forma circular. A los lados
de estas se depositaban carbonatos
con arcillas y terrigenos finos. Al

parecer, el desarrollo de los arrecifes
era abundante dentro de la plataform@
y entre ellos se formaban areas lagune-

3

0 Q




C. Gonzdlez-L. y C. Jatques-&. 11
rec donde  sg depositaban arenas de lodolitas son masivas en la parte
de ~ranc fino, lodos no calcarecs y calca- inferior y se vuelven laminares ‘haciea
i- iecg y carbonatos. La fauna de las la cima, donde presentan también inter-
?_T— . éreas lagunares ere generalmente abun- calaciones de arenisca de granc fino
= éarljf_ v consistia de gasteropodoes. con laminacioén paralels, en capas
~elec1podos equinodermos y braguibpo- menores de 10 cm de espescor.
- dos, asi como de foraminiferos v algas. In le base de esta unidad de lodoli-
er Ur ambiente de deposito similar tas ocurren localmente calizas en
or sue inferido para el miembro superior lentes delgadas.
e 1le Caliza Mural en el sureste da€ Bacisz arriba empiezan & predominal
srizons (Scott, 1979) y norte de Sonore oradualmente las areniscas sobre las
e (Gonzé]ez—beér "197%; Navarroc, 1987; lodolitas presentandose excepcionalmen-
- warzeski, 1987). te niveles conglomeraticos lenticula-
G res. Forman ciclos de grano fino hacia
§. arriba, lo cual hace gque esta unidagG
presente un arreglo litolbgico secuen-
. Formacién Cinturea cial muy parecido al que presenta
- 1z Formacion Morita. Dichos cicles
dics Fetz formacibén  (Ransome, 1904) son de espesores variables entre 3
se =flora en la parte occidental del ares y 23 m, siendo los més comunes
<4 reniendo rumbo e inclipacibn aproxima-— 5 m. Generalmente presentan una c
;: damenLe sSemejantes & logs de las otras basazl de arenisce masiva (Lam. 2
i formaciones  del Creticico Temprano que puede alcanzer haste 3m de espesor.
o1 oue 1a subvacen (Fig. 2). En la parte Esta puede estar cortada por lentes
. sur del ares esté en contacto estructue- de arenisca masive, formando en conjun-
ral con 1ia Formacibn Las Viboras, to estratificacién de acanalamiento
micpntras gQue en la parte norte esté s rellenc. Las areniscas basales des-
cortada por el tronco 1ntrusive del i super-
Cerro El Cielo. ercs encing
- 1z Formacion Cinture  sobreyace de la litologis infrayacente por medioc
b1 en contacto transiciomal a la Calize ge un conglomerado de granulos, ©
= iural v su limite inferior se hz tomado una arenisca conglomeratica, de espesor
es donde ocurre un cambic discreto en delgadc; los granulos sob generalmente
ne su sedimentacidén terrigena con respectae fragmentos de lodolitas de esta misma
de ¢ la carbonatada de la Mural. Su colum- secuencia «("rip-up clasts"). Hacia
de ne estratigrafica se ha podido comple- arriba del ciclo se observan areniscas
ca tar & lo largo de dos secciones: la grises en capas bien desarrolladas
ail Ci1-C12 v 1la C13-Ci4 (Figs 2 y 4&4). que alcanzan hasta %0 cm de espeso;,
o Sy espesor medido es de 290 m, aungue : van disminuyvendo €en espesor
" iz cims esté cubierta por detritos mafnc de grano para pasar @ limolita
e provenientes de las rocas volcanicas e = lodolita. Abundan dife-
di terciarias gue la sobreyacen discordan-— < de estratificaciénm (Lam.
d temente, por lo cual pudiera alcanzar ; en las capas basales predo—
_- ur espesor cercanc a los 400 m. mina una laminaci6nm plana acunada
os de pequenz escala ¥ de bajo éangulo,
Al Los 35 m inferiores de esta forma- asi como la estratificacidén de cuenca,
. cién estin constituidos por lodolita mientras que en la arenisca gue sobre-
na de color café, verde, amarillc y gris, yace las basales se tiene el desarrollo
i vasando a morado hacia la cima. Las de laminacibén paralela, estratificacion

i



woulo vy rizaduras

a que varian
. son masivas
res de haste

. aung eden no estar
presentes debido a que rueron erosione—
das por el 51gu1ente ciclo. Dentro

de ellas es posible distinguir lamina-
ciones -paralelas y se pueden observar
algunos niveles “"moteados" gue indicen
bioturbacioén. Cuando las lodolites
presentan fuertes espesores contienen,
ademés, intercalaciones esporadicas

iizas en capas de menos
de 20 cm de espesor, Qué DIreésencan
i i ] y escasa diastrati-

Por SU posiciodn estratigrafica
y por correlacién regional, la edacd
de la Fornﬂc167 Cintura se considers
Albiana Media-Tardia (Scotr, 1987
Gonzélez-Ledn 3 Jacques-Avala, 16883

La Formacibén Cintura se considere
cronocorreiacicnable con la Formacior
Nogal de edad Albiana M Tardie
que aflora en la region de Lampazos
(GonzéAlez—Lebn, en prenssg; Scott 3
Gonzalez—Ledon, 1988) corre-—
ilacionable con la me Cintura
que aflora en la parte norte ¢ Scnora,
asi como con la parte ~superior de
ls furdelé Arroyo Sésabe y con la
Formacién ~El Chanate (Jacgues-hyala
y Potter, 1987) (Fig. 3).

Ambiente de depésito

Al igual que la Formacibén HMor
esta unidad es una secuencia de ar
ca, limolita y lodolita gue se arr
en ciclos de grano fino hacia arrib

(D(D

los cuales por el ordenamiento ¥ ipo
de estructuras primarias que contienen
recuerdan los modelos propuestos para

C. Gonzalez-L. y C. Jacguas-A.

depbsitos de origen fluvial. Por la
mayor Droporflon de WodoTltdc te inter-
-

ron poi riocs moantr1Cﬁ
de la formacibn predominan las
tas vy areniscas de granc finc con
algunas intercalaciones delgadas ge
coguine de ostreas, gqué po iblemente
representen depbositos marinos cercancs
a la plave. En el sureste de Arizona,
se considerez que esta formacion fue
aer 3 ambientes marinos some-
ros, deltédicos y de planicies aluvie-

2 .

m

m

Con este nombre (Gonzélez-Leon,

89) se designa la secuencia sedimen—
taria gque scbreyace discordantemente
1a Formacién Cerro de Oro y cuyos
afloramientos se presentan bien expues-
& en la parte sur 7§ suroriental
d : ¢ Ejidos La Palma
v ig, 2). Forma
muy buenos
las numero-
undas gue cortan

sou claramente

Sus afloramientos
conctrastantes con los de las Formacio-
nes Morite y Cintura, ya que la Forma-
cibn La Palma es de colores mas claros

S

que los de las otras formaciones.
Litolbgicamente es menos arenosa ¥
whs lodoliticea y, por lo tanto, menos
resistente a ercsién. La arenisca
da la impresibén de ser menos consoli—
dada.

o

r i

ibn se midieron sola-
mente loc 465 m inferiores (Fig. 6)
a lo large de la seccibn C15-Cl6.
Sin embargo, se estima que su espesol
supera los 2000 m, siendo el resto

o
g
0]
.
m
-
(@]
]
=}
Q\

de la secuencia muy mondtona, ya queé
presenta las mismas caracteristicas
de la parte inferior medida.

F

4

n su base presenta un conglomeradc
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€l cual sobreyace en
angular (10° a 15°) a la Formacidén
~2rro de Oro. Dicho conglomerado basal

de 40 m de espesor en la seccibn

wedida, pero en otros lugares
sfca presenta espesores de 5 m.

tzntos varian de subangulosos a s
e clasificades

Geados, son mal

discordancia

rudistas

Figurc & - COLUMNA ESTRATIGRAFICA DE L A
FORMACION A& PALME A LO LARGO

'

W&
DE LA SECCION K-H

maycres observados son de 20 cm
de didmetro; los fragmentos predominan-—

son de arenisca y dolomia prove-
nientes de la Formaci

calizas

paleoczoicas con

i
L

6n Las Viboras,
crinoides
fusulinidos y calizas con corales,
y orbitolinas de las unidades
cretacicas. Los cantos estan incluidos
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14 C. Gonzalez-L. v C., Jacgues-i.

en uns matriz arenosa a conglomeratica crema y gris claro, y pueden alcanzar
fine que en ls parte inferior del espesores de hasta 25 m. Localmente B
paguete presenta uns coloracion rojiza, se encuentran capas delgadas do @aling &
café rojize v cefé amarillenta. oste arcillosa de aspecto nodular. ;
conglomeradec s& presenteé &R Ccapas
oruesas de extension lateral amplis
y muestre algunos canales. LCS iragmen-— Tdad v correlacibn
tos disminuven en tamanc nacia le
cima, de tal maners gue el conglomeradc Debido & que en la Formacibn La
pasa gradualmente & arenisca conglome- Palme no fuerorn encontrados fosiles
rérica. pars determinar su edad precisa, este

Hacia arriba, La Formacidn La Palme ée considersa crebécicg. LT
se contin@ia con lodolite .y limolite, Viedia. debido a que sobrevace discor-
arenisca v algunos conglomerados que dantemente la FOxmat]OH Corpa fie Ors.
se arreglan en secuencias de granc contiene cantcs retrahaiados de calizas
fino hacis arriba, con espesores ae con  eBrales, orbitoli;as v rudistas
haste 30 m, siendo los mas comunes Jrovenientes de la Cal za Mural (Albia-
de 5 a2 10 m (Lam. 2, F). Los conglome- no lnferior-HMedio) v rque esté afec-
rados sopn lenticulares, alcanzan haste tade por una deformac'én compresiva
5om de espesor y ¢ @ @= dlamgiree; cuva edad mas joven debe se r Cretéacica
sus fragmento son generalmente INoC Tardia-Terciaria Temprana.
mavores de 5 cm de didmetroe, subredon-

e
deados a subanzulosos, incluidos en Depbsitos sedimentari del Cretaci-
upa matriz ar onglomera co gue han sido reporta jos en Sonora
fina. Los m i v con los cuales puede ser correlacio-
ta. calize nz e la Formacién Lz Palme son el
calize COn G: o Cabulloma (Taliaferro 1933)
rudistas; més es de .z regibn entre Ague Prieta v Cana-
Eas A8 TOCES nes (r&éﬁén de Cabullone)., asi como
y pedernal. Ll los de aleumas cuencas aisladas con
gradia hacis su depbsitos molésicos que segln Rangin
grano gruesc y le (1978 afloran al sur de la ciudad
ce en capas Dl de Magdalena. E1 Grupo Cabullona re-
egpegoles MEROLE presenta depOsitos continentales que
juntc  pueder son correlacionables con la Formacidn
hasta & m. L = Fort Crittenden (Bayes, 1970) del
color gris osc ese sureste de Arizona. Por colecciones
lentes muy delgados de conglomerado de moluscos de agua dulce vy huesos
de grenulos de lodolita ("mud chips™) de dinosaurios, tanto del sureste
y una veriedad de estructuras primarias de Arizona como de la regitn de Cabu-
como diastratificacibn plana y acufiada, llona, se he determinadc una edad
laminacion paralela y en algunos luga- Santoniana-Maestrichtiana para ambas
res perforaciones de organismos. unidades (in Hayes, 1987). Del mismo
Las lodolitas que forman la cima modo, con dates adicionales de fecha-
de cada ciclo son de color morado mientos radiometricos, Dickinson et
= jL masivas, con laminacion parale-— al. (1988) han sugerido una edad Campa
la. ontienen intercalaciones de limo- niana vy quizd Santoniana Tardia para
lita y arenisca de grano muy fino. la Formacibén Fort Crittenden.
Presentan colores mé&s claros, CoOmo Qi la Formacibn La Palma es contem-

L



_oranez con &l Grupc Cabullona su un ambilente af depésitc
;:;551to debié ocurrir durante el o’ nalpe al supuesio pa
- mpanianc-Maestrichtiano. al inicio Fory GCriftenden o8-
. 1z deformacion Laramidica. Sin com la cusl es posiblemente
;;bargo, otra posibilidad es Qque see Laﬁ{? 59??? ~P1¢K1§507
;r depbsito QRLE Laramiélco, asociadc iz Formaciorn Fort (Lrittend
; une deformacid mesocretacicea que {amparrianc-aestrichrtianc (laves,
sye originalmente propuesta por Rangir tez depbsitos de carac
£1978), 'y cuye presencis en >ONOTE fiuviel con facies lac
;é cido TrTecientemente favorecida por Jjac gue  SE acumularor
carios autores (Calmus 3 Kadelli, shrermontanas  11m1Lade
1087; Delong et al., 1988). ~ gue ocurrieron durante
fases de 1a deformaciodn laramidica.
* Diche deformacibn afectd subsecuente-
smbiente de depbsito mente tales depbsitos, por volcanismo.
procescs  O¢€ deformacio compresiva
Al igual que las Formaciones Morita ée vergenciz hacia el NE v plutonismc¢
y Cintura, la secuenciz de la Formacion der Cretacico Tardio al Terciario
iz Palma esta dominada por 1la superDo— Tempranc.
sicjén de ciclos formados por arenas
limos v lodos gue se vuelven de grano
fino hacia il Este arreglc secuen-—
cial. asi como las estructuras sedimen-

tarias primarias de diferentes tipos
de estratificacion que presentan a diches

permiten inferir un
fluviel para los de
formacibn. Le predomi
de ella de 1la fracci
y limo) sobre la frac
ni v conclomeradv,
que el ambiente fluvial
rizado por .rios de meandros. Su paquete
conglomeratico basal puede corresponager
la facies proximel © intermedia
de un abanico aluvial. i
ara esta formacion se infiere wwramil.

W
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S¢ describen agul las secciones es;ratjgré

ciorn [alire Mural del &ares estudiads, con br

secciones medidas estéd indicada en lz Fig. 2, mientrasz qQue Jo !io. & ded Loxi
ci

a
iones a una escals reducids.

5 ! s 2 3 3 3 $ i 3 1 RO
E contindacion se oescribe la seccion Jiegvaniacs en €1 Tlanco erierntal del Lori
mb

£l Caloso. tn ells
&

Murail.

la Lal

son transicionaljes

. o
Unidao L 11 0LO6GCGCI1IA Lspesor en wetyo:
Par
Unidod Acumulado
i- Lodollta masivs de color café y calé amarillento con intercea-

lsciones de capas vy lentes de menos de 50 cm de espesor de
C a de cstreas. Hacia la base lss lodolitas tienden a
SeRLEr Ul ColoT MOTEUD s erEsErE S REEEEE R Ear paiboe & o bl § o e 2 gt

a B riuesas . (§le le& oase presaen.ar:

maximo de B8O om el cual ogecrece nhacie arribia.
: . . 5 o . . . . ; iz
La caiidsa eswae parcialmente aed aml € 3.2 8cg aumentanne cgicha
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