The Triassic/Jurassic boundary and the Jurassic stratigraphy and

Boletin de la Sociedad Geoldgica Mexicana | 2017 / @

biostratigraphy of northern Sonora, northwest Mexico

Carlos M.Gonzalez-Ledn, George DStanley, Jr., Timothy F.Lawton , J6zsePalfy, Montana S.Hodges

Carlos M. Gonzalez-Leodn
cmgleon@unam.mx

Universidad Nacional Autonoma de México,
Instituto de Geologia, Estacion Regional del
Noroeste, Apartado Postal 1039, Hermosillo,
s WVWZI 5u QKW

George D. Stanley, Jr.

Montana S. Hodges

University of Montana Paleontology Center,
+IUX][ ,ZQA"M 5Q[[W]TI

USA.

Timothy F. Lawton

Universidad Nacional Autonoma de México,
Centro de Geociencias, Blvd. Juriquilla 3001,
Juriquilla, Querétaro, Qro., México, 76230.

Jozsef Palfy

Department of Physical and Applied Geolo
gy, E6tvds Lorand University, Pazmany Péter
sétany 1/C, Budapest, H-1117 Hungary.

MTA-MTM-ELTE Research Group for Pale
ontology, POB 137, Budapest, H-1431 Hun

gary.

BOL. SOC. GEOL. MEX. 2017
VOL. 69 NO. 3

8 f

Manuscript received: January 20, 2017
Corrected manuscript received: June 30, 2017
51V][KZQX\ IKKMX\ML" 2]Ta

5WV\

ABSTRACT

The Triassic and Jurassic geology of
northern Sonora encompasses importan
events that are linked to the late Paleozoi
history of the region. The fossiliferous El
Antimonio Group in the Sierra del Alamo
includes the upper Permian-Triassic-An
Fi{ypniol, and Rio Asuncion formations
and the Hettangian-Sinemurian Sierra de
Santa Rosa Formation. These formationg
consist of upward-fining sequences fron
| to XIV that represent fluvial to shallow
and deep marine environments of depo
sition. The Triassic/Jurassic boundary in
this region is a hiatus represented by a dis
conformity between sequence IX of the
Rio Asuncion formations and sequence X
of the Sierra de Santa Rosa Formation.
The shallow to deep marine successio
of the Sierra de Santa Rosa composes th
upper part of the Sierra de Santa Rosq
Formation that ranges in age from late
Sinemurian to early Pliensbachian. Ageg
of the Permian to Triassic plutonic rocks
of northwesternmost Sonora, the Mojave,
Desert and the Jurassic continental mar
gin Nazas arc that crossed through nerth
ern Sonora, are also well recorded by
igneous clasts and detrital zircon graing
that have been dated from the El Antimo
nio Group and other Jurassic formations|
of this region. The upper Oxfordian-lew
er Tithonian Cucurpe Formation in
north-central Sonora recorded the onset
of continental extension and incursion of
marine waters from the Gulf of Mexico
into northwestern Mexico, once activity
of the Jurassic magmatic arc ended.

Keywords: Triassic-Jurassic, El
Antimonio Group, Sierra de Santa
Rosa Formation, Cucurpe Forma -
tion, biostratigraphy.
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ABSTRACT

RESUMEN

La historia tridsica y jurasica del norte de Sond
abarca importantes eventos que estan vinculag
la historia del Paleozoico tardio de la region.
Grupo El Antimonio que aflora en la Sierra dg
Alamo incluye las formaciones Antimonio y R
Asuncion del Pérmico tardio - Tridsico Tardio
a la Formacion Sierra de Santa Rosa que tie
edad Hettangiana-Sinemuriana. Estas formaci
nes estan compuestas por secuencias grano-
cientes que se han numerado de la | a la Xl
y representan ambientes de depésito que va
fluviales a marinos profundos. El limite Triasico
Jurasico en esta regién es un hiato represen
por una disconformidad entre la secuencia IX
la Formacién Rio Asuncion y la secuencia X {
la Formacion Sierra de Santa Rosa. La suces
marina somera a marina profunda de la Form;
cion Sierra de Santa Rosa que aflora en la sie
del mismo nombre constituye la parte superio
dicha formacion cuya edad se extierde del S
muriano tardio al Pliensbachiano temprano. L;
edades del magmatismo Pérmico y Tridsico ¢
ocurrio en el noroeste de Sonora y en el deg
Mojave del suroeste de Estados Unidos, asi c(
las del magmatismo del arco continental Naz
que atraveso el norte de Sonora durante el Ju
co, estan bien registradas en edades obtenid{
clastos igneos y en circones detriticos que s4
fechado del Grupo El Antimonio y-otras for
maciones Jurasicas de la regién. La Formaci
Cucurpe del Juréasico Tardio (Oxfordiano tardi
— Titoniano temprano) registra, en el centro-noj
de Sonora, el inicio de una extension continent
la incursién de aguas marinas del Geolfo de M
Xico una vez que concluyé la actividad del a
magmatico jurasico.

igraphy and biostratigraphy of northern Soriora

.
v

Palabras clave: Triasico-Jurasico,
Grupo El Antimonio, Formacién
Sierra de Santa Rosa, Formacion
Cucurpe, Bioestratigrafia.

The Triassic/Jurassic boundary including Jurassic stia:
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1. Introduction

The region of the North American Cordillera that
includes northern Sonora, southern Arizona and
southeastern California is a geologically complex
area that was built upon the southern termination
of the Proterozoic basement rocks of the Mojave,
Yavapai and Mazatzal provinces of the United
States. In most of this region, these basement
rocks are overlain by miogeoclinal carbonate and
siliciclastic strata from Neoproterozoic to Paleozo
ic ages (Stewart, 2005).

extension that connected to the Gulf of Mexico

allowed marine waters to invade the region of

central Sonora during Late Jurassic time (Mauel
et al.2011 and references therein). A contempora

neous and parallel rift reached northeastern Sono

ra, southeastern Arizona and southwestern New
Mexico to form the early Bisbee basin.

In northern Sonora, a west-to-east transect
through scattered outcrops of Triassic and Ju

rassic strata provides an almost complete record
of the stratigraphic, paleontological and tectonic

history of the early Mesozoic. The most complete

WUM WN \PM UIQV MAMV\[ \PI\ |z99adan of the BgrnpoMi@ssigy/Antimonio and Rio

and shaped the Mesozoic history include trun
cation of the Proterozoic and Paleozoic rocks in
a northwest-southeast direction during the late
Paleozoic (Stevenst al. 2005 and references
therein). Following truncation of this margin, an
eastward-dipping subduction zone that initiated
in early Permian time led the construction of a
magmatic arc along the continental margin. The
arc magmatic activity ended by Middle-Late -Tri
assic time and resumed again in Early Jurassic. Al
though southeast-directed tectonic transportation
of the Caborca block, from its original position in
southern California to its present position in So
nora, is a widely accepted idea, debate remains
whether it was transported by sinistral strike-slip
faults during the late Paleozoic (Stone and Stevens,
' # ,QKSQV[WV eta#2@l7) ovwy
the Mojave-Sonora megashear (Anderson and Sil
ver, 2005) in Late Jurassic time. However, an-alter
native hypothesis considers the Caborca block as
autochthonous (Pookt al.2005).
Contemporaneous with the Permo-Triassic and
Early Jurassic arcs there was a marine to-mar
ginal marine fore-arc basin, situated at the south
of the arc, where sedimentation of the El Anti
monio Group occurred. The ElI Antimonio basin
was connected to the east with a continental and
marginal marine basin in central Sonora where

Asuncion Formations as well as the Early Jurassic
Sierra de Santa Rosa Formation of the El Anti
monio Group crop out in the Sierra del Alamo
in the western part of the transect, whereas the
youngest part of the Sierra de Santa Rosa Forma-
tion crops out in the Sierra de Santa Rosa. The
most complete sections of the Jurassic magmatic
arc rocks have been studied in the Cucurpe region
of north-central Sonora. Moreover, the best-out
crops that record the inland incursion of the Gulf
of Mexico waters are shown in the Upper Jurassic
Cucurpe Formation

,1ZQVO \PQ[ AMTL \ZQX _M _QTT -

of the EI Antimonio Group and the Cucurpe For
mation due to they are geographically separated
outcrops and not easy to access. In the Sierra del
Alamo we will visit the higher part of the Upper
Triassic Rio Asuncion Formation and its transition
to the Lower Jurassic Sierra de Santa Rosa For
mation. In the Sierra de Santa Rosa we will visit
the lower and middle members of the Sierra de
Santa Rosa Formation, and, on the third day, we
will go to the Cucurpe region to visit the Cucurpe
Formation in its incomplete outcrop at Rancho La
Colgada. What follows is an extended and updat
ed summary for the purpose of documenting the
Mesozoic geology of this region.

the coeval Barranca Group strata accumulated!-1- EL ANTIMONIO GROUP

(Alencéster de Cserna, 1961).
The extensional Jurassic magmatic arc developed
in northern Sonora ended when the rift-related

The most complete stratigraphic succession of
the mostly marine, Permian-Triassic and Lower
Jurassic strata of Sonora is exposed in the Sier
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ra del Alamo and Sierra de Santa Rosa localities  relative Lower Jurassic section that was studied in &

in northwestern Sonora (Figure 1). An early de detail in the Sierra de Santa Rosa was assigned 5

scription of these rocks was made on the Triassic  to the Sierra de Santa Rosa Formation (Hardy, 2

and Jurassic paleontology of both localities (Keller, ! 7\PMZ QVKWUXTM\M [MK\Q g
! -1ZTa [\ZIN\QOZIXPQK _WZS W sodtdied3dl Zedetal Nocalities from central to E

rocks of Cerro Monaos, in the northern part of the northwestern Sonora (see Gonzalez-Lednal.

Sierra del Alamo was conducted by Cooper and 2011).

Arellano (1946), who named thia 500 m thick Subsequent lithostratigraphic and paleontological

siliciclastic and carbonate succession the Monos  studies established that the Antimonio Formation

Formation. White and Guiza (1949) reported the consists of 14 upward-shallowing, unconformity

stratigraphy for these Triassic rocks and noted bounded sequences (sequences | through XIV),

their unconformity with the Monos Formation. A MIKP OZILQVO NzZWU AZ]™QIT \

complete report on the paleontology of the Monos marine environments upwards (Gonzalez-Leon,

Formation was presented in Coopatral (1953). 1997a) (Figure 2), these studies also concluded that

/I WVbnTMb 4M~V ! UIXXML \P Mthe loweipaktPDtKeSAntimonio Formation rang

stratigraphic succession of the Sierra del Alamo  es from the upper Permian to the Upper Triassic

and divided it into a lower member and an upper (Stanleyetal. !'' # [ IUIWZMVMI IVL /

member as belonging to Late Triassic and Early 4M~V I #et@MX! | ' J# 4&iKI|

2]ZI[[QK IOM ZM[XMK\QAMTa# JWA&R 19974) 1897H). Qdiz8lez-[e@ al.(1996)

signed to the Antimonio Formation. A partly eor recognized the Triassic-Jurassic boundary in this

Capanea ,//
‘o=~ -/'/

La Cumarosa
section
Cuciirpe

% 3rd Stop
RS

. O
Benjamin: X

L =
i el T e

 Caracahui

Base map of northern Sonora and adjacent areas taken from Google Earth (December, 2016). It shows main roads (black
dashed lines), towns (white squares) and location of outcrops (yellow stars) to visit in stops 1 to 3 during this field-trip. Other localities
mentioned in the manuscript are indicated. Dashed line labeled as MSM indicate approximate trace of the Mojave-Sonora megashear
after Anderson and Silver (2005).
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1.1.1.

formation and Lucagt al(1997a) recognized the
Permian-Triassic boundary. Further details on
the Triassic-Jurassic contact were published by
Gonzalez-Leo6n (1997b), Lucas and Estep (1999a)
and Gonzalez-Leodnt al(2000).

Lucas and Estep (1999b) revised the use of the An
timonio Formation of the Sierra del Alamo and
subdivided the succession into the Antimonio, Rio
Asuncion and Sierra de Santa Rosa formations
that were later grouped into EI Antimonio Group
(Gonzalez-Ledmt al. 2005). The Antimonio Fer
mation of Lucas and Estep (1999b) comprises
sequence | through sequence VI encompassing
upper Permian to Upper Triassic (Carnian) stra
ta. Gonzélez-Leort al(2005), based on updated
NWI[[QT QLMV\QAKI\QWV]
IX to the Rio Asuncién Formation and sequenc
es X to XIV to the Sierra de Santa Rosa Forma
tion,. The following summarized description of
these formations is taken from Gonzalez-Lebtn
al.(2005).

ANTIMONIO FORMATION

Sequences | to VI, which compose the Antimo
nio Formation, range from 100 to 500 m in thick
ness and are subdivided into seven units (Figure
2). Sequence | disconformably overlies the Perm
ian Monos Formation and consists of calcareous
ZML [QT\[\WVM
sandstone and uncommon thin pebble conglom
erate. Brachiopods in this sequence that are also

has reworked clasts from the Monos Formation
that bear the foraminifer&arafusulina antimenien
sisthat was reported in that formation by Dunbar
(1953) (Gonzalez-Lebn, 1997a). It grades upwards
into sandstone, siltstone and sandy to muddy
limestone with ammonoids and conodonts that
indicate an Early Triassic (Spathian) age (Lucas
et al. 1997b). Sequence |V, although poorly ex
posed, grades upwards from a clast-supported
AIM"QIT KWVOTWUMZI\M QV\W UI?
siltstone, and limestone with ammonoids of -Ani
sian age (Estegt al. 1997a). Similarly, sequence
V grades from clast-supported conglomerate into
red sandstone, siltstone and limestone with aulaco
ceratid cephalopods, ammonoids and ichthyosaur

ZMI[[ Q @anksLprphably bf \ihe Medirkanlor OAfrnian stage

(Gonzalez-Ledn, 1997a).

The uppermost sequence VI of the Antimonio
Formation consists of shallow marine pebbly
sandstone that grades upward into sandstone, silt
[\WVM IVL IV ]XXMZ XIKSIOM WN
laminated red mudstone, bioclastic limestone, and
AVM OZIQVML [IVL[\WVM _Q\P 1J
+1ZVQIV IOM 3MTTMZ | # *¥]ZKSI
TI_la IVL SI[[I1ZM | 1# 4]KI[ IVL |
AM~V Il #et{\ MX7b, Lucast al.2015).
Lucaset al(2015) documented the ammonoid as
semblage in this package, recognizing the Carnian

[JJWZLQVI\M T Q UditdhiwsV Mns@rophbs Qifidday Wdpites welleri

zones.

common in the Monos Formation suggest a Gua 1.1.2. Ri0 ASUNCION FORMATION

dalupian age (Lucast al. 1997a). Nevertheless,
the Monos Formation might be reassigned to the
uppermost Permian according to preliminary re
sults reported by Dobbst al.(2016), who dated
LM\ZQ\VIT bQZKWV][ I[ aW]VO I]

Sequence VII, in the lower part of the Rio Asun

cion Formation, has a basal unit (unit 12, Figure
WN A£]*"QIT XMJJTM KWVOTWUI

that grades upward to calcareous sandstone and

Bdquinoid limestone with bivalves in the middle

"MY]MVKM 11 KWV[Q[\[ WN F JI[IT p&Et] 6fQthis dequancT e ipZer part (unit 13)

ate that is overlain by shallow-marine calcareous
red siltstone and sandstone that grades upward
into limestone beds with shell remains. The Rerm
ian-Triassic boundary was placed tentatively at
the base of this sequence (Lugiaal. 1997a), and
Steineret al.(2005) suggested an Early Triassic
(Dienerian) age based on magnetostratigraphy. Se
YIMVKM 111 KWV[Q[\[ WN

| /E]"Q |andkowier DVEMELIAEZdsils (Frardeyl.

consists of medium to thick-bedded, fossiliferous
biostromal limestone with interbedded mudstone
IVL AVM OZIQVML [IVL[\WVM <P}
constructed by abundant scleractinian corals and
chambered sponges disjectoporoids and the hy
drozoanHeterastridiuogether with mollusks (am
monoids, gastropods and bivalves), brachiopods
o#
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mComposite lithostratigraphic column of the El Antimonio Group in the Sierra del Alamo, type section, northwestern Sonora (modified from Gonzélez-Le6én, 1997a).
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Gonzalez-Leonet al. !l # 5K:WJIMZ\]

I''missing upper part crops out in the Sierra de Santa

JUIWZMVYMIE IVE /T WVbNnTMb 4M~V CWII#TYWKWILQ\a _PMZM [MY]MVKM]

_QV IVL ;\IVTMa ' # ;\IVTMa
4M~V '# /I WWL_QV (NN
the sphericaHeterastridium conglol{&tiamleyet

al, 1994) allow assignment of the sequence to the

late Norian.
Sequence VIl is a 17 m thick unit consisting of

massive calcareous siltstone with bivalves, crinoids

and ammonoids from the Rhaetian Amoenum
Zone. The lower limestone beds of the overly
ing sequence IX consist of bioclastic and sandy
TQUM[\WVM JIML]J \W
verse and reworked ammonoids, bivalves, colonial
corals, nautiloids, crinoids, bones and teeth that

U \PQKS

| Vlhe Nowsf lparT o bhe 60 m thick sequence X is
) U U WabivpQdefl of \alLbase-erosive, laterally continuous,

KWIZ[M OZIQVML \W XMJJTa [IVL]
wards into calcareous siltstone, containing the
ammonoid Sunrisites sunrise@sisx (Gonzalez-
Ledn et al. 1996). This ammonoid characterizes
the uppermost Hettangian Sunrisense Zone {Tay
lor et al. 2001). The upper part of this sequence
is composed of interbedded siltstone, dark gray
calcareous mudstone and up to 1 m thick bieclas
ticQilestbihg \bedsvwith la@monoids and bivalves.
Coronicemassp. of the middle part of this sequence
was assigned by Taylet al.(2001) to the lower

XZWJIJTa JMTWVO \W QKP\PaW I Sidenwian Arigematum Zéhe] whiBadouxia mex

ammonoidsRhacophyllit€&agenitasd the Rhae

icanaand B. canadengisthese beds have a range

tian index genu€horistocerasM ZM QL MV \ Q A MthatZadblés the uppermost Hettangian and-low

these beds (Gonzalez-Leéinal. 2000). Sequence
IX varies in thickness from 27 to 43 m and €on
[QI\[ WN KITKIZMW][ [QT\[\WVM
and dark gray laminated to massive mudstone.
The mudstone in the uppermost meters of the
sequence contains specimens Rifabdocerak

R. suesslauer andChoristocerdsC. nobil&loj-
sisovics that characterize the Rhaetian Crickmayi
Zone (Gonzalez-Ledet al.2000).

The stratigraphic contact between sequences IX
and X represents the Triassic/Jurassic boundary in

MZUWI[\ ;QVMU]ZQIV [\IOMgtal[MM A
2001). Bivalves of this sequence, includVeyla

AMMeDEA@veN Esdribéd Y Bekidizal.

The lower part of sequence Xl is marked by a 20

U \PQKS ]X_1zL AVvQVO KTI[\ [].
conglomerate that grades upward into sandstone
IVL [QT\[\WVM WN Z£]*QIT WZQO
dle part of the sequence is cut out by a dioritic
intrusion, and its upper part consists of massive
\W AVMTa TIUQVI\ML KITKIZMW ]|
stone with ammonoids from the lower Sinemurian

\PM -T )VAQUWVQW /ZW]X /W Vb n Tikvblutih a Leslei Z#nes) (Tayktral. 2001).

A1KI[ IVL -[\MX
2000) but the contact is a disconformity making a
hiatus. It also represents the contact between the
Norian to Rhaetian Rio Asuncién Formation and
the Lower Jurassic Sierra de Santa Rosa Ferma
tion (Gonzalez-Lednt al.2000). The boundary is
regarded as a disconformity surface, and the lower
Hettangian strata are missing. So, the Triassic-Ju
rassic boundary section, once thought continuous,
is incomplete.

1.1.3. SIERRA DE SANTA ROSA FORMATION IN THE
SIERRA DEL ALAMO

The Sierra de Santa Rosa Formation consists of
sequences X to XIV in the Sierra del Alamo but
its upper part is missing because of faulting. The

PH#E /Wet lan TMb 8dWot2ét al.

IT[IW ZMXWZ\MLE JQ"I
ing Weyla alatsVeylgW.) bodenbengdétititanand

W. uncaA basal pebble-conglomerate of sequence

Xll is overlain by sandstone and sandy coquina
beds that grade upsection into massive mudstone/
siltstone with thin beds of bioclastic limestone
IVL QV\MZJMLLML I[P NITT \]z[ JM
containsWeylalL.ywepuncaand W. (W.) alataand

other bivalves as well as ammonoids denoting the
Sinemurian Carinatum and Jamesi Zones (Palfy
IVL /WVbnTMb 4M~Vetal.2081klaTWZ
Sequence XlIl and XIV compose the uppermost

615 m of the Sierra de Santa Rosa Formation in

the Sierra del Alamo. Sequence XlII has in its
middle part turbidite beds with poorly preserved
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ammonoids that are late Sinemurian age (Palfy KMI[QWV][ WN KWVOTWUMZI\M Kl

and Gonzalez-Leén, 2000), whereas sequence sandstone, mudstone and siltstone, which origin 6

XIV is mostly terrigenous and barren of fossils. I QV\MZXZM\ML I[ £]*"QIT <PM Il

UMUJIJMZ KWV[Q[\[ WN [PITTW_ 2

1.1.4. SIERRA DE SANTA ROSA FORMATION IN THE sandstone, calcareous shale and bioclastic to sandy E
SIERRA DE SANTA ROSA limestone, where one limestone bed yieMé&yla

The Lower Jurassic strata in the Sierra de Santa (\N(.}alatavon Buch jDamborenea and Gonzalez-

W[l _MZM AZ[\ ZMXWZ\ML Ja 3ME4MBg7) Andveyi¥.) bodenbendsiholzet
Flores (1929), followed by Jaworski (1929) who 5 IVL \PM | Palte¢MateRai the

provided a list of molluscan fossils that he assigned uppermost Sinemurian (Palfy and Gonzalez-Ledn
\W_ \PM 4W_MZ 2]ZI[[QK _ 012 L_a ! ZOOBNfI%ZL@p]eMﬂJarf BMhis lower member is
stratigraphy and named the succession as Sierra g \w u X W [ML WN QV\MZJMLLML K
de Santa Rosa Formation that he subdivided into ganqstone, siltstone, calcareous mudstone and bio
lower, middle, and upper members encompassing  ¢jastic and encrinitic limestone with occasional
1 \PQKSVM[[ WN U .QOIZM ) giBWeoMSMZ \PQI

is an incomplete thickness estimate as the forma  1p¢ upper part of section 3 consists of interbed

tion is thrust over the Proterozoic basement of the ded calcareous mudstone and shaly to sandy, fos
region and its upper part is covered by younger  gjjiferous limestone beds of the lower part of the

volcanic rocks. middle member. The middle member in this area,
JKKWZLQVO \W \PM LM[KZQ X\Qanél\éh'omﬂmlgyl-r%rtial!sectiohg 5’4 4 and 5, consists

lower member consists of alternating cross-bed o thin- to medium-bedded fossiliferous limestone
ded sandstone, calcareous mudstone, lesser vol  (yje|ding bivalves and ammonoids including the
canic pebble conglomerate and sandy limestone.  garly PpliensbachiaMetaderocgramd interbed

The middle member is composed of bluish gray  geq calcareous, bluish mudstone and subordinate
limestone, sandy fossiliferous shale, sandstone Ry \m Oz QVML [IVL[\WVM JML[ )
IVL\]JZIKMWI][ UJL\WVM JML[ 1V %i\/[‘;\l\)@%%(%('fzorﬁqkﬁs\néﬁwber were described in
OZILM[ QV\W AVM OZIQVML [IVL[\Waibhrdleh sh@SIHANYYn (1997) and by
The shale and limestone contain the best- pre Scholzet al. Q V KW.]W/Q alata Weyla

served fossils in the formation. The upper member (W.) bodenbend@veylalLywepuncaand W. titan
consists of shale, sandstone, volcanic conglomer 5.4 two mound-like carbonate buildups in the
ate and limestone. Jaworski (1929) described fos  gection are constructed by colonial corals and bi

sils collected from the middle member, including valves (Gonzélez-Ledat al. 4 OWt@M [
seven bivalve species, among thafyla(Weyla 2015). The partly exposed upper member report
mexicanatroduced as a new species and one am ML QV [MK\QWV KWV[Q[\[ WN K
monoid frietitesp.), in addition tderocerap., dium-grained and locally cross bedded sandstone,
which was previously reported by Flores (1929).  .gjcareous mudstone with the ammonadideta-

_O 1ZLa !_ _ KWVIQLMZML \PM T Wde%%er#x%ﬁb&%graé.yglnd:ucinicerap. (Pélfy
likely be of Triassic age. and Gonzalez-Le6n, 2000) and sandy bioclastic
Damborenea and Gonzéalez-Ledn (1997) reported limestone.

stratigraphic details of these members from three  Aqymonoids from the lower. middle and upper

measured sections (Figure 3B) and illustrated bi  ,embers reported by Palfy and Gonzalez-Leon

valves. Section 3, which is thrust over older rocks,  (2000) and subject to more ongoing studies indicate
is located in the southwestern part of the Sierra 5t the Sierra de Santa Rosa Formation. in the

de Santa Rosa (Figure 3) and includes part of the  ,quntains of the same name, ranges in age from
lower and middle members. The lower member the late Sinemurian to the early Pliensbachian.

\PMZM QVKTILM[ QV Q\[ TW-MZ XIZ\ ]X_IZL AVQVO
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Other partly exposed successions of this ferma
tion occur in at least four other localities of nerth
west Sonora. For instance, in the Pozo de Serna
locality, 50 km west of the Sierra de Santa Rosa
Mountains (Figures 1 and 4), a 750 m thick sec
tion of sandstone, shale and limestone yielded

the Mojave Desert range in age from ~ 260 to 207
Ma (U-Pb ages in Barth and Wooden, 2006).

A renewed, Jurassic magmatic pulse that occurred
in an extensional arc is recorded by the thick accu
mulation of juxtaposed volcanic and volcaniclastic
facies rocks and interbedded eolian craton-derived

IUUWVWQL[ \PI\ _MZM AZ[\ I[[Q O \gvattzaranitePthht arXiXtiMded by penecontempo

Jurassic (Beauvais and Stump, 1976). These fos
sils were later variously reassigned to the lower
Pliensbachian (Linarest al. 1997), Sinemurian
to Bajocian-Bathonian (Calmuwet al. 1997) and
uppermost Sinemurian (Lucas$ al. 1999). Based
on an assemblage dominated by specieBaty
morphitahis section was reassigned to the lower
Pliensbachian by Palfy and Gonzalez-Le6n (2000).
The youngest section of this formation crops out
in the Sierra La Jojoba, located ~ 40 km nerth
west of the Sierra de Santa Rosa (Figure 1 and
IVL IKKWZLQVO
of early dactylioceratid ammonoids it is now as
signed to the Pliensbachian rather than the lower
Toarcian (Palfy and Gonzalez-Ledn, 2000kyla
(W.) bodenbendsrpresent in the Pozos de Serna
locality, W. titanis present in the Sierra La Jojoba
and Weyla\Weylpalatais present in both localities
(Scholzt al.

1.2. EARLY MESOZOIC ARC MAGMATISM

A northwest-southeast trending magmatic arc,
that was well developed by early Mesozoic time in
southwestern North America, was constructed at a
high angle to the trend of the late Paleozoic trun

cated margin of Laurentia (Stone and Stevens,

I # 21TSMZ letal*IZ\P Il #-*][
Ja ;XMZ1 | # *][étaal;XMZ# ,QKS
QVI[WV IVL 41_\WV et al 2816)QTD® [

early phase of this magmatism started in Permian
time and continued into the Triassic as was record
ed by plutonic suites of Sonora and southeastern
California. The Sonoita suite (Riggs al. 2016)

of Sierra Los Tanques (Figure 1) and surreund
ing areas of northwestern most Sonora apparently
shows a magmatic pulse from ~ 275 to 221 Ma
(Arvizuet al. l# :Q@OaD [ # )YZ"Qb]
Iriondo, 2015), whereas several plutonic suites in

raneous plutons (Busby-Spetaal.1990). Among
the oldest outcrops known of this arc are those of
the lower Colorado River region in southwestern
Arizona and southeastern California, where velca
nic and plutonic rocks have yielded U-Pb acges

I 51 <WJ[LIT IVL ?WWLMV
Mount Wrightson Formation of southern Arizo
VI \PI\ IKK]JU]JTI\ML JM\_MMV I
Haxel et al. 2005). Other successions in southern
Arizona have U-Pb ages between ~ 170 and 165

Ma, e.g. \PM +WJZM :QL Od#lal<]393): Q O {
\W XZMTQUQ \and the Qoipavel GpodiK (H&X&t Wl. 2005). Vol

canic and sedimentary succession in southeastern
Arizona with ages from approximately 200 to 170
Ma (Lawtonet al.2012).
Outcrops of the Jurassic arc in northern Sonora
are recognized at several localities. Volcanic and
plutonic rocks of northern Sonora, mostly within
the southern Papago domain, have ages ftam

\W 51 )V leMalZ2005), whereas an
age ofca. 51 I ZMXWZ\ML NZWU
lites at Estacion Llano (Poulsetral. .Q0]z
1). From west of the town of Cucurpe (Figure 1),
Mauel et al(2011) reported a complete sedimen
tary and volcanic succession composed of the Ba
somari and Rancho San Martin formations. The
*I[WUIZQ .WZUI\QWV Q[ | A£]"QlI
of conglomerate, sandstone and siltstone. The
Rancho San Martin Formation consists of eolian
Y]IZ\bIZMVQ\M TQ\PIZMVQ\M L
AWTKIVQKTI[\QK KWVOTWUMZIN\
KQIl IVL TIK]J[\ZQVM TQUM[\WVM
these units yielded U-Pb agesaaf.190 Ma for

\PM *I[WUIZQ .WZUI\QWV IVL WN

for the Rancho San Martin (U-Pb, zircon) (keg
gettet al. # 51 EMd.
Molina-Garza, 2014), whereas a pluton that cuts

I'V lthe Basomari Formation was datedcat 51

# 41_\WV 1V
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The Triassic/Jurassic boundary including Jurassic stratigraphy and biostratigraphy of northern Sonora
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Correlation of the Jurassic sections of Sierra del Alamo, Sierra de Santa Rosa, Pozo de Serna and Sierra La Jojoba (locations
shown in Figure 1). It shows the lower, middle and upper members of the section of the Sierra de Santa, stratigraphic position of the
bivalve Weyla and ages according to the identified ammonites.

@
—
o
c
o
wn
c
S
[}
<
=
—
o
c
“—
o
>
=
S
©
2
2
®
=
173
2
8
©
c
@
>
£
S
@
2
=)
=
@
=}
7}
L
73
%)
@
o
=
Law}
o
=
S
=
3}
=
>
A
@
o
c
S
o
s}
L
73
%)
@
2
=
=
=
L
73
%)
8
=
'_
[}
<
'_




Boletin de la Sociedad Geoldgica Mexicana | 2017 / @

(Lawton and Molina-Garza, 2014). The Rancho
San Martin Formation is unconformably overlain
by the marine, Upper Jurassic Cucurpe Formation.
In northeastern Sonora, volcanic and plutonic
rocks dated by Andersat al(2005) yielded ages
U-Pb of ca 174 Ma, whereas detrital zircons in a
quartzarenite succession yielded a younger popu
lation with peaks ata 162 Ma (Gonzalez-Ledet

al, 2009), and unpublished data from one of us
(CG-L) indicate U-Pb zircon ages of granites at
ca. VL 51 IVL I ZPaWTQ\M
170 Ma.

The ages of rocks of the Jurassic arc in northern
Sonora have been settled betweari 90 and 162
Ma, and their outcrops were considered by-An
dersonet al(2005) to be restricted to the north of
their Mojave-Sonora domain. This domain is pro
posed as a zone of deformation associated with the
Mojave-Sonora megashear, a left-lateral fault that
transported the Caborca block from latitudes of
southern California to its present position between
ca 165 — 150 Ma (Andersoet al. 2005). At the
south of this domain lies the Caborca block with
rocks of the El Antimonio Group. Nevertheless,
the Jurassic volcanic arc and plutonic rocks that
crop out on the Caborca block in the south of the
megashear, in Sierra Los Tanques and surreund
ing areas of northwesternmost Sonora (Figure 1)
have U-Pb ages froma 176 to 160 Ma (Quin
\IVIZ :]1Qb
and Iriondo, 2015).

WN \PQVTa JMLLML [PITM WU]JL]\
stone and sandstone, subordinate granule-pebble
KWVOTWUMZI\M IVL [KIZKM 1VLM
sent upward-coarsening marine prodeltaic strata.
In the section at La Cumarosa, Mauwslal(2011)
LQ"QLML \PM NWZUI\QWV QV\W
member that accumulated in pelagic to hemipe
lagic environments and an upper member that
represents deposits of low-density to high-éensi
\a \]ZJQLQ\a K]ZZMV\[ IVL ZI1ZM

[ ] &nid MifigS W SbnW Mtervals, ammonoids, bivalves

and belemnoids are present.

<PM :IVKPW 41 +WTOILI [MKAQW
ed by Rangin (1977), who considered it as late
Oxfordian based on ammonoids. Villasefgral.
(2005) later reported that this section is 515 m
\PQKS IVL Q[ KWUXW[ML WN UIJ
nated gray to black shales with interbedded silt
[\WVM AVM OZIQVML [IVL[\WVM
UIAK "WTKIVQK £W_ [ +WUUWYV
bivalves of this section indicate an Oxfordian and
early Tithonian age, but no Kimmeridgian fossils
~MZM QLMV\QAML ) U \PQKS Q
glomerate bed near the middle part of the section
separates the Oxfordian and Tithonian strata.
From the La Cumarosa section, Maetlal (2011)
constrained the age of the Cucurpe Formation by
U-Pb geochronology froroa \W I 51 VL
also reporteddocerasf. |. densicostatom early

# 1b10]QZZM 8W U X | Kimmetdyizr &ye.]

1.4. INTERPRETATION OF TECTONIC SETTING

1.3. LATE JURASSIC CUCURPE FORMATION

Near the town of Cucurpe, the Cucurpe Forma
tion crops out in the La Cumarosa area, where it
unconformably overlies the Rancho San Martin
Formation, and at Rancho La Colgada where its
base is not exposed (Figures 1 and 5). At the La
Cumarosa, the Cucurpe Formation is unconferm
ably overlain by the Lower Cretaceous Morita
Formation and at Rancho La Colgada it is ever
lain by the Lower Cretaceous Rancho La Colgada
Formation (Mauelet al. 2011). According to the
description of Mauekt al.(2011), the Cucurpe
Formation consists of@.1.5 km thick succession

,QzMZMV\ PaXW\PM[M[ IZM XZW X
tectonic setting of the Permo-Triassic and Juras
sic magmatic arcs. Iriondo and Arvizu (2009) and
Riggset al(2009) recognized the Permian magma
tism in Sonora to be associated with initiation of
subduction along the southwestern margin of-Lau
ZMV\QI# aW]VOMZ 8MZUQIV IVL
southeastern California and western Arizona were
recognized as subduction-related arc rocks (Barth
etal. !l # *IZ\P IVL ?WWLMV

to the age of this arc (~ 275 — 221 Ma, as noted
before), it must have been formed contemporane
ously with movement of the California-Coahuila

INTRODUCTICN
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Stratigraphic column and correlation of the Cucurpe Formation at the La Cumarosa and Rancho La Colgada sections. These
localities are near the town Cucurpe in north-central Sonora, as shown in Figure 1 (modified from Mauel etal. , 2011).
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[QVQI\ZIT \ZIV[NWZU NI]T\
[WV IVL 41 _\WV

\W 51 IVL \PI\ \Z]JVKI\ML \PM [MtEpBonMI[ e a&r&/magmatismed 290 Ma and
margin of Laurentia. The California-Coahuila its waning in the latest Triassic, with peak ages at
fault model proposes that the Caborca block was VL 51 .QO0]1zM ) H)T[W Qf
translated southeast, to its present position during  dated from the Antimonio and Rio Asuncién-for
Permian-Triassic time instead of during Juras mations range in age frooa \W 51 :QO
sic time as suggested by the Mojave-Sonora me et al. ! # 4QVLVMZ QU

gashear model.

Arvizu and Iriondo (2015) depicted the Perm

ian-Triassic arc as extending from western North
America across eastern Mexico and into nerth

S QKSQVNMWM UWH\TQKEQWQIT *1ZZIVKI
\PI\ _I[ IIK\QLebh WtZal 2009) of central Sonora record

LM\ZQ\AIT bQZKWY IOM[ NZzwWU !
by Dobbset al.(2016) from the mixed siliciclastic
and carbonate rocks of the Monos Formation in
dicate that this unit likewise records Permian arc

_M[\MZV ;W]\P JUMZQKI NWTTW _ Qva@maisM. Phe bitler [gddof the zircons grains

bly of Pangea. Riggst al (2016) indicated that
the Permian arc started to develop dominantly

in the Monos Formation, the EI Antimonio and
Barranca groups suggest that arc magmatism in

[]JIIYIMW][Ta IVL Wz[PWZM QV [W ]the retidn Mighv h&/d/stavted by the earliest Perm

America as there is no detrital record of it in conti
nental rocks of that age. Riggtsal (2016) inferred

\PI\V\PM Wz[PWZM I1ZK \PI\ TI\MZ K&evpraddseéditb be @ fdPe-aR Masin (Stanley and
IWVbnTMHKE

continent atca 230 Ma (late Carnian time) was
probably associated with intra-arc deformation
that subsequently exposed it to erosion and shed
detritus to sedimentary retro-arc units, such as the
Chinle Formation.

Sedimentation in the EI Antimonio basin was co
eval with development of the magmatic arc during
latest Permian and Triassic time, as recorded by
geochronology data. Ages of detrital zircons from

ian, atca.290 Ma.
The tectonic setting of the El Antimonio basin has

IWVbnTMb 4M~V #
Lucasetal. !!!'# /W V b n Tevid) 2008)-"The

Lower Jurassic (Hettangian-Sinemurian-Toarcian)
Sierra de Santa Rosa Formation records deep
er-water depositional environments and increased
rates of sedimentation regarding to the Antimonio
and Rio Asuncion formations (Gonzalez-Lein

al, 2005). The deepening of the basin was ceinci
dent with initiation of Jurassic arc magmatism at

INTRODUCTICGN

the El Antimonio Group and the laterally equiv ca.200 Ma, as suggested by published ages-of de

Histogram and relative probability curves for the less than 300 Ma detrital zircons dated from A) samples of El Antimonio
and Barranca groups (data from Gonzalez-Leén etal. , 2009), and B) from samples of the Jurassic Sierra de Santa Rosa, Basomari and Lily
formations (data from Gonzéalez-Le6n et al. , 2009) and from the Cucurpe Formation (data from Mauel etal. , 2011).

The Triassic/Jurassic boundary including Jurassic stratigraphy and biostratigraphy of northern Soiiora
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trital zircon grains from this (Gonzalez-Leéral.
2005) and other Jurassic formations of northern
Sonora (Figure 6B) (Gonzalez-Leénal. L #
Mauelet al.2011).

Nevertheless, interpretations of the originat po
sition of this basin are speculative. Strata of the
Monos Formation and EI Antimonio Group -al
together have been interpreted either as an al
lochthonous terrane that accreted to the Caborca
block based mostly on its fossil content, or as strata
that were relocated during the Jurassic by the Mo
jave-Sonora megashear, along with the Caborca
block from southern California to its present-day
XW[Q\QWYV
IWVbnTMb 4M~V I 1# 51ZbWTN
2005).

and Wooden, 2015). It is considered as a eonti
nental extensional arc that in northeastern Sonora
was constructed across the Proterozoic and Paleo
zoic basement and in northwestern most Sonora
the plutons intruded the Permo-Triassic arc rocks.
In north-central Sonora, the region known as the
southern Papago domain lacks exposures of an
older basement (Anderset al. 2005). The Mid

dle Jurassic arc magmatism ended when the NW-
SE, fault-bounded basins in the region of Sonora
and Arizona formed contemporaneously with the
opening of the Gulf of Mexico. Opening of the
basins may be related to opening of the Gulf of

AIVTMa IVL [/WVbnTMexicéd N Nrtey mdy b related either to rollback
[0f Lthe) ¥ubtuZting/ $lab (Lawton and McMillan,

11#  QKSQV[WV IVL 41 _\WV

OW_MAMZ | LQzMZMV\ QV\MZ X ZM \Witktke JurbisdicZart Polk strievelio Sapilting relat

is that they were deposited close to the arc and
near the present-day location, on the Caborca
block, which had been previously displaced from
southern California by the California-Coahuila
transform fault (Riggst al. 2016). A petrograph

ed to the Mojave-Sonora megashear (Andeeton
al. # *]et0a.2005).

A sparse and younger magmatism that is most
ly present in the Papago domain falls in the age
range from 160 to 145 Ma and consists of alkaline

QK [\]La KIZZQML W]\ Ja 4QVLVMxolcanic anih\plutofid foQkisTand interbedded sedi

sandstone of the Antimonio and Rio Asuncion

mentary strata (Tosdatal. ! ! )V L MtAalL.wyVv

sequences (coupled with the ages of clasts and (2005) considered this magmatism unrelated to the

detrital zircons) suggests that their composition
ally and texturally immature detritus should have

calc-alkaline Jurassic arc magmatism and instead
they relate it to trans-tensional mechanisms associ

JMMV LMZQAML NZWU IVL ZMKW Z ateldwittPthe mygaskiaar Aatednativaly, Mastshl.

the nearby Permo-Triassic arc that was located to
the north of the basin. Similarly, Riggsal(2012)
established a geochemical link between detrital
zircon grains in the ElI Antimonio and Barranca
groups with Triassic plutonic suites of the Mojave
Desert.

Dickinson and Lawton (2001) recognized & dis
tinction between the Permo-Triassic and Jurassic
arcs, suggesting a hiatus of arc magmatism during
Middle Triassic time. According to these authors,
the older arc was formed to the breakup of Pangea
and the younger arc developed during intracenti
nental extension at early phases of the breakup of
Pangea. The Jurassic magmatism was of high-K,
calc-alkaline composition and was emplaced ep
isodically fromca.190 Ma to near 160 Ma in
southern Arizona and northern Sonora (Tosdal

(2011) considered it related to early extension of
the Cucurpe-Altar rift, in which the Cucurpe For
UINQWYV _I[ LMXW[Q\ML IVL QLMV'
source of zircon grains of 149 Ma that are present
in the younger part of this formation (Figure 6B).
The Cucurpe Formation is important as it records
onset of extension and marine incursion of the
Gulf of Mexico waters into central Sonora (Mauel
et al. 2011). Coeval strata in northeastern Sono
ra and southeastern Arizona are continental-stra
ta and interbedded volcanic rocks of the Glance
Conglomerate that compose the lower part of
the Upper Jurassic and Lower Cretaceous Bishee
Group. Dickinsoret al ! IVL , QR VW)
't XZWXW[ML \PI\ \PM *Q[JMM
lated in the Bisbee basin, which was formed by
rifting associated with the incursion of an aula
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cogen related to opening of the Gulf of Mexico.
During the Late Jurassic, the northwest-trending
Cucurpe-Altar and Bisbee basins were parallel de
pocenters separated by the basement highs of the
Aldama platform in Chihuahua (Haenggi, 2002)
and its probable continuation, the Cananea high
QV VWZ\PMZV ;WVWZI
Well documented outcrops of the Cucurpe -For
mation in Sonora are only known from near the
town of Cucurpe, in the Arroyo La Cumarosa
and Rancho La Colgada sections (Figures 1 and
5). The La Cumarosa sectionda.1.5 km thick
and its U-Pb age ranges fraca \W I 51
(late Oxfordian to early Tithonian), whereas the
Rancho La Colgada column is an incomplete thin
section with abundant ammonoids and bivalve
fauna that constrain its age to the late Oxfordian
and early Tithonian (Villasenaet al. 2005). The
Rancho La Colgada column, however, lacks the
ammonoid faunas indicating the latest Oxfordian,
the Kimmeridgian and the earliest Tithonian. An
intraformational conglomerate, 1 m thick near
the middle part of this section that has clasts of
dark shale, volcanic rocks and abundant reworked
ammonites, belemnites and bivalves may be a
condensed section that spans the Kimmeridgian.
Similarly, the single Kimmeridgian ammonite
found in the Rancho La Cumarosa section was re
covered from a conglomerate composed of volca
nic and limestone clasts with reworked belemnites
of the middle part of the section and that is closely
associated with strata recording soft-sediment de
formation. Mauelet al(2011) correlated both-n
tervals as of possible Kimmeridgian age (Figure 5).
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4. Field stops and corals (Figures 9A-D). We then walked into
rocks of sequences VIII and IX (Figure 9E) and

<PQ[ AMTL \ZQX NWK][M[ WV 2]ZzIerannedthe Erjassigldurasgigceontact at base of
assic stratigraphic sections including fossils in  sequence X to see some characteristic fossils and
northwestern and north-central Sonora which strata of Early Jurassic age (Figure 9F). Sequences
have been the focus of national and international VIl to IX compose the Rio Asuncion Formation
interest. The trip helps to acquaint you with some  (Norian-Rhaetian) and sequences X (upper-Het
WN \PM AVLQVOJ[ IVL XZWJTMU[ Mtengigndogyer GSingmuyian) ucongose the lower
years of study of their stratigraphy and palecntol part of the Sierra de Santa Rosa Formation.
ogy. During this excursion we had the opportunity Sequence VIl in this locality is 390 m thick. Its
\W M IUQVM \PZMM LQzMZMV\ TWEKW QM3 W[ DV EKITRLQVOoQAPILZM QI
fairly continuous Triassic to Lower Jurassic section ~ Of pebble conglomerate and coarse-grained-sand
at Sierra del Alamo and a section including the ~ stone with fossil logs, which grades upward into
lower to middle member of the Lower Jurassic calcareous sandstone and coquinoid limestone
rocks exposed at Sierra de Santa Rosa. During  of shallow marine origin. The limestone beds
the last day we visited the Cucurpe region to see  Yielded the bivalveMysidioptera mexicRataeol-
Upper Jurassic rocks and fossils which are exposed ophaf. haidingeria@mmrich), andCostatoftasp.
there. The Upper Triassic and Jurassic sections QL M V\ QSA MdmhbeerisaDamborenea and
allow dating of the rocks and insights into their =~ Gonzalez-Leon, 1997). The upper part of this
paleoecology, paleogeography also geologic and sequence (unit 13, Figure 2) is composed of the

FIELD STOPS

tectonic history. biostromal limestone with interbedded mudstone
IVL AVM OZIQVML [IVL[\WVM \PI\
Day 1. Wednesday, Januarys3Participants ar \PQKSVM[[ NzwU \W U .QO]:
rived to Hermosillo and stayed at Hotel Gandara. includes diverse scleractinian corals, chambered
sponges and#fieterastridium congloljagenStanley
Day 2. Thursday, February1Breakfast started at et al. 1994), ammonoids, bivalves, brachiopods
6:00 am and departure at 7:00 am to drive to the ~ and other reefal organisms (Figures 9B-D) (Stanley
AZ[\ AMTL [\WX 2?M LZW~AM VWZ\P &val. 0!la# /\WPom&dd. 4M~# /WWL_Q\
Santa Ana (165 km) then we followed west on IVL ;MIVTMa ! # ;\MIVTMa IVL /W)
Hwy 2 to Caborca (100 km) to check in at Motel # /I WWL_QV It <PM [UITT [k
El Camino. Then from Caborca we proceeded biostromes produced by corals, sponges and dis
west via State Hwy 37. After 37.4 km we turned  jectoporoids, periodically were interrupted by

left (south) onto dirt road. After 4 km from Hwy 37 QVA] WN [QTQKQKTI[\QK [MLQU
we crossed the Rio Asuncién dry bed, and after 5  Pinacocei@smetternickiatenohaloraesl Sagenites
more km we parked at base of hill in northeastern  cf. schaubachiQLMV\QAML Ja 6 2 ;QTJN

part of the Sierra del Alamo. communication, 1994 in Gonzalez-Ledst al.
1996) indicate the upper Norian Columbianus
STOP #1 and, or Cordilleranus Zone. McRoberts (1997)

also reported the new bivalve speclasphaordil-
Here we spent several hours to walk into the Upper  leranandXiaoschuiculana toagmvell aBropeamus-
Triassic and Lower Jurassic section that crops out  siumcf. P. schafhagu@iervillariap., Myophorigonia
in the small hill located a few tens of meters just  jaworskiPalaeocardita perugiat&chafhaeutia
_M[\ WN \PM [\WX .QO]JzZzM] |V L Sequefidd Ml is omposed of a 17 m thick unit
the upper part of sequence VIl consisting of- No of massive calcareous siltstone with scarce bivalves
rian limestone with small biostromes of sponges [Cardinioidep. (McRoberts, 1997)], crinoids and
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the ammonoidSagenitsp. (N.J. Silberling, wsit
ten communication, 1994in Gonzalez-Lebn

et al. 1996) characteristic of the upper part of
the Rhaetian Amoenum Zone. The overlying se
guence IX ranges in thickness from 27 to 43 m. Its
lower part consists of a base-erosive, lenticWar in
\MZMIT NZWU \W
sandy limestone with mixed and reworked fossils
that may indicate tempestite sedimentation -(Fig
ure 9E) (Gonzalez-Ledet al. 2000). The fossils
include ammonoidsdhoristoce@bacophyllitaxd
Arcestesautiloids, bivalves, colonial corals, nauti
loids, crinoids, gastropodseterastridiand bones
and teeth most likely attributed to ichthyosaurs
IVL A[P <PM[M
1996) allow assignment to the Rhaetian Crickmayi
Zone. These beds grade upwards into siltstone
_Q\P KITKIZMW][ VWL]TM][
and laminated to massive mudstone with the small
bivalveChalmysp. (McRoberts, 1997) and the-am
monoidsChoristocerdsC. nobil®ojsisovics and
Rhabdocerefs R. suessf the Crickmayi Zone
(Gonzalez-Leowet al.2000).

Sequence X overlies to sequence IX with anr ero
sional surface of at least 10 m in a lateral distance

Outcrop of the Upper Triassic (Norian-Rhaetian) sequences VIl to IX and the Lower Jurassic (uppermost Hettangian-early
Sinemurian) sequences X and XI. Arrow indicates the Triassic/Jurassic contact that is placed at the base of sequence X.

of less than 1 km that forms the Triassic-Jurassic
contact in this locality (Gonzalez-Leénal.2000,
2005 and references therein). The lowermost
part of sequence X consists of a 2 to 2.4 m thick,
base-erosive, coarse-grained to pebbly sandstone
(Figure 9F) that grades to its upper part to catcare

U\PQKS WN Zdid daqdsBrned@ivibangs, Qdfernidids, cephalo

pods and the ammonit8unrisitesinrisesnsiis

bed grades upward to a 1 m thick yellowish-brown
siltstone with scarce shell fragments, which in turn
is overlain by 1 m thick, pebbly sandstone that in
Q\[ IXXMZUWI[\ X1Z\ AVM[ \W-JQW
stone with the ammonoiddadouxial zcolumbiae
Badouxief. CanadensisdB. mexicalf@ayloret al.

ITUUWVWQet[al. / WV b20DM).0redé avimonites represent the uppermost

Hettangian Sunrisense and Canadensis zones that
straddle the Hettangian-Sinemurian boundary

AVM QTayioreéthal 2001y, [Thewevhiinder of the 60 m

thick sequence X consists of intercalated siltstone,
mudstone and limestone, except for its uppermost
20 m that are covered. Siltstone and mudstone
are calcareous, laminated to massive, locally bio
turbated and have calcareous nodules. Limestone
beds are bioclastic, up to 1 m thick and have-com
mon ammonites and bivalves. The ammonoids

FIELD STOPS
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FIELD STOPS

Stratigraphic succession of the Upper Triassic (Norian-Rhaetian) and Lower Jurassic (upper Hettangian-lower Sinemurian)
strata in the EI Antimonio Group, Sierra del Alamo, northwestern Sonora. Sequences VII to IX compose the Rio Asuncién Formation and
sequence X composes the lower part of the Sierra de Santa Rosa Formation. Stratigraphic position of some of the ammonites in this
succession is also indicated.

Badouxia mexicalBa canadensidetophiocerss. part of the Triassic (Rhaetian) sequence is missing,
andCoronicerss from these beds provide corfela also the Lower Jurassic beds above the erosional
tion with the early Sinemurian Trigonatum Zone surface. These do not contain strata represent
of the Cordilleran zonation (Taylogt al. 2001). ing the Hettangian Spelae to Pleuroacanthitoides
Bivalves described by Schelzal. NZWU \P @dnes of the Cordillera (Taylat al.2001).

part of the sequence incluammatodon sulcatus  Lunch on the outcrop. We returned to Hwy 37
Agerchlamys wunsdleaga uncBrotocardia truncata and drove back to Caborca where we spent night
Neocrassina gu€ardinia concin@ardinia sp. A, in Motel EI Camino.

andLucinidagen. et sp. indet. B.

Consequently, the Triassic-Jurassic contact in this  Day 3. Friday, February"® Breakfast at 7:00. We
locality is an erosional disconformity. Not only the LMXIZ\ML NzZWU +IJWZKI I\ " U
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FIELD STOPS

Outcrop photographs of: A) thick bedded Norian limestone with interbedded shale and calcareous sandstone of upper part of
sequence VII. B) Sponge Fania  polystoma (pen for scale is 15 cm long), C) Platy corals and D) branching colonial coral of the Norian upper
part of sequence VII. E) Bioclastic limestone with mixed Upper Triassic fossils located at the base of sequence IX. F) Base-erosive, basal
sandstone of sequence X. In its upper part it grades to sandy limestone with the ammonoid Sunrisites sunrisensis  of upper Hettangian
age. Hammer for scale is 40 cm long.
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WV 0_a )N\ SU _M \]ZVML ZQGtBne. ppuhdant svid diverse bivalves from this

Hwy 2 toward the town of Trincheras. We crossed
a low range of hills as we drived south, we saw
a high, dark hill, EI Cerro Trincheras (the Hill
WN \PM WZ\QAKI\QWV]
XWZ\NIVN IZKPIMWTWOQKIT [Q\M
Trincheras, an old Municipality founded in 1775.

member have been described by Damborenea and
Gonzalez-Leb6n (1997) and by Schelzal.
includingWeylgW.) bodenbendéfi (\W.) alataW.

.Q 0O]ZM titapand WeylaQyvelnc® U
)We drasdUbacivito Miwy B @nidl east to Madgalena

for dinner and accommodations.

)\ SU RI[\ WI\[QLM WN \PM \W_V _M \]ZVML TMN\

after passing the town cemetery followed by an
other left turn and continued on dirt road. At 117
km we turned left toward Cerro Colorado Mine.
The mountains to the left constitute the Sierra San
Luis composed of ea.1.4 Ga granite and Neo
proterozoic carbonate and siliciclastic rocks. At km
133, we passed through a closed gate and at 135
km we passed through a second gate and the road
branches. We took the right fork to Rancho San
Carlos located in the west-central part of the Si
erra de Santa Rosa. At 136 km we passed through
a third gate. At km 139 we reached Rancho San
Carlos. At the ranch we took a sharp right turn
then at km 142.6 km we parked at side of road.

STOP # 2

Day 4. Saturday, February“3Breakfast at 6:30
am and departure from Magdalena. We drove
southeast toward Cucurpe. After about an hour
(km 53) we passed the sign to Tuape. We turned
right onto dirt road. We drove by winding road
through hills composed of deformed Upper Juras
sic strata intruded by plutons and covered by vol
canic rocks of Cenozoic age. At km 66 we reached
a T intersection and turned left (13 km from main
highway) on the creek to the Rancho La Celga
LI )\ sSuU M XIZSML QV | TW_ £
creek and just crossing the cattle fence on the west
we walked on the low hills with the Upper Jurassic
outcrops. After noon we departed to Hermosillo
for a farewell gathering and dinner.

STOP #3

Outcrops of the upper part of the Sierra de Santa
Rosa Formation are present in this locality and are
divided into lower, middle and upper members

OlzLa ! <P Q[ ceRMEBOOOWVtkickQ [
and ranges in age from uppermost Sinemurian
to lower Pliensbachian, according to ammonoids

Here we examined the section of the Upper Ju
rassic Cucurpe Formation for two hours. After
lunch we returned to Hermosillo. At Hermosillo
we checked into Hotel Gandara.

Around the Cucurpe region in north-central -So

QLMVIQAML Ja 8nTNa IVL /WVbnTNbba BdWerWiddle and Upper Jurassic rocks are

this locality, we visited:

1. A section located 2 km southwest of Rancho
San Carlos where the lower and middle members
are exposed. The lower member is 420 m thick and
consists mostly of shallow marine sandstone, cal
careous mudstone, subordinate conglomerate and
scarce limestone beds with ammonikadtéchioce-
ra3 and bivalves (including/eylaW.) bodenbenderi
andW. (W.)alatain its lower part and subordinate
limestone beds with crinoids and solitary corals in
its upper part (Figure 10B). The middle member
along this section consists of 90 m of limestone
beds with complete ammonites and bivalves and

exposed. The Lower and Middle Jurassic sections
record the late magmatic activity of a continental
margin volcanic arc that extended from southwest
ern United States to northern and eastern Mexico,
where it is known as the Nazas arc. The Upper Ju
rassic section is known as the Cucurpe Formation
and represents mostly marine clastic sedimenta
\QWV _Q\P QV\MZJMLLML "WTKIV
sic sections crop out north of the inferred trace
of the Mojave-Sonora megashear, a controversial
left-lateral strike-slip fault that was active during
Late Jurassic time.

The nearly 1.5 km thick Cucurpe Formation-un

QV\MZJMLLML U]JL[\WVM VL AV ModicZmablyerligs\tHe Middle Jurassic arc as
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Cerro Trincheras, archaeological site located just south of the town of Trincheras. A site museum located at its base displays
ceramics and other artifacts used by this culture (200-1450 dC; Amador-Bech, 2010). B) Outcrop of bioclastic limestone with crinoids
of the lower member of the Sierra de Santa Rosa Formation in the mountains of the same name (GSA scale indicates centimeters to the
left and inches to the right).

semblage and its age is constrained betveaen black to light gray shale with thin interbeds of
VL I 51 Ja = 8J bQZKWV OMW KWPLZWWWWI WWla ]VQLMV\QAML 11U
(Mauelet al. 2011). This unit was deposited in a noids and bivalves. Upward, the section is domi
seaway that developed through east-central Sono nated by black and gray shales that have interbeds
ra in a rift basin connecting with the Gulf of Mex WN AVM OZIQVML [IVL[\WVM [(
ico. The complete type-section of this formation AW [ .Q0]zZM )J]JVLIV\N- TUU

represents distal pelagic and turbidite marine de emnoids and bivalves occur in these shales. Am
XWIQ\[ \PI\ OZILM ]X_I1ZL \W [TW XivorloMs] ZgludiegRerisphinttédichotomocejas

pro-deltaic slope marine deposits. sp.,Sequeirdaisp. Mazapilites mexicdigglilera),

In this stop we visited the rancho La Colgada sec Schaireria neoburd@miel),Subplanitoidgs and
tion, which represents the upper part of the-Cu Glochicer@sngulaticeRysndicate that this part of
curpe Formation. La Colgada section is 515 m the Cucurpe Formation is late Oxfordian to early
thick and consists in its lower part of laminated, Tithonian age, but no Kimmeridgian fossils have

The Triassic/Jurassic boundary including Jurassic stratigraphy and biostratigraphy of northern Sonora
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FIELD STOPS

Outcrops photographs of the Cucurpe Formation in locality of Rancho La Colgada. A) Interbedded shale, siltstone and
subordinate sandstone form the lower part of the formation. Beds show moderate dip to the southwest. B) Interbedded mafic flows
and shale in its middle part. C) Floating ammonite in the lower part of the formation. D) Intraformational conglomerate, 1 m thick with
reworked belemnite, ammonites, gastropods, bivalve, limestone and siltstone clasts in the middle part of the formation.

JMMV QLMV\QAMLal 2@3)TLPMFW Z ing from O to 30° C. This time might also be rainy

Cretaceous strata of the Rancho La Colgada For if an Artic cold front brings humidity or some
mation that unconformably overlie the Cucurpe _I\MZ NMNMXWZ Q[ MV\MZQVO NzZwWU
Formation were dated by U-Pb (zircons) to range Bring a hat and some sun block for protection
from 130 to125 Ma (Mauedt al.2011). Consider from the sun.

ing that the youngest age for the Cucurpe Forma Vegetation in the countryside areas to visit is typ

tion is Tithonian, based on ammonoids and U-Pb ical of the Sonoran Desert with diverse species
ages, the unconformity records both a tectonic of sahuaros, cholla and other thorny bushes for
event and a stratigraphic gap of at least 20 m.y. _PQKP []Q\IJTM [PWM[ NWZ AMTL_

regions is recommended.
Day 5. Participants departed from Hermosillo.

OTHER INFORMATION FROM THE REGION
?QV\MZ Q[ JM[\ \QUM NWZ AMTL_WZS QV ;WVWZI 21V]
IZa \PZW]OP 51ZKP KWUUWVTa WzMZ[ KWWT VQOP\]
and moderately hot days with temperatures vary
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