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ABSTRACT

Detrital zircon U-Pb geochronology from each of the formations of the Triassic-Lower Jurassic
Barranca and El Antimonio groups of central and northwestern Sonora and from the Lower Jurassic
Basomari and Middle Jurassic Lily formations of northern Sonora indicate they contain distinctive zircon
populations. A Proterozoic population has peak ages near 1.8, 1.7, 1.6, 1.4, and 1.1 Ga. A population of
Permo-Triassic grains with important peak ages near 269, 254, 245, 234 and 227 Ma. A third population
of Early Jurassic age (~190 Ma) is only present in the middle member of the Lower Jurassic Sierra
de Santa Rosa Formation and in the Basomari Formation. The fourth population of Middle Jurassic
zircons with age peaks near 168 and 162 Ma is only present in the Lily Formation. A fifth population of
Neoproterozoic and Paleozoic zircons, present only in the Basomari and Lily Formations, has Silurian
and Devonian grains (~430— 380 Ma) and Neoproterozoic grains (590 — 547 Ma). Possible source areas
for these populations are Proterozoic igneous and metamorphic basement and/or Neoproterozoic and
Paleozoic sandstones of southwestern USA and Sonora, the mostly Triassic magmatic arc of the Mojave
Desert in California and the Permo-Triassic arc of northern Mexico, the Jurassic continental magmatic
arc of southwestern North America, and the Jurassic eolian sand seas in Arizona.

Regional lithofacies, fossils, and paleocurrents indicate that the Barranca Group records a large
fluvio-deltaic system on the margin of the El Antimonio marine basin, and Proterozoic and Permo-Triassic
zircon populations common to the Barranca and El Antimonio Groups indicate that detritus was derived
from the same source areas to the north. Lithofacies, age, and detrital zircon populations of the Basomari
and Lily Formations indicate that they were deposited within the Jurassic magmatic arc of North America.
The Basomari and Lilly Formations contain abundant Early Jurassic zircon grains, as does the middle
member of the Sierra de Santa Rosa Formation; however, the Sierra de Santa Rosa Formation lacks
a Neoproterozoic and Paleozoic grain population present in the Basomari and Lily Formations. The
Basomari Formation, which is located north of the proposed trace of the Mojave-Sonora megashear,
contains Proterozoic granitic clasts derived from Caborcan basement, which suggests that the Caborca
block must have been located close to the Basomari basin by Early Jurassic time, a relation that contradicts
the existence of the Mojave-Sonora megashear. The new data also indicate a maximum Early Triassic
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depositional age for the previously undated Arrayanes Formation and correlation with the Antimonio
Formation on the basis of a shared young detrital zircon peak age at ~254 Ma. A Coyotes Formation
sample fails to confirm its supposed Early Jurassic age as it only yielded Proterozoic grains. Young zircon
grain ages in the Lily Formation indicate a maximum Middle Jurassic age for that formation.

Key words: detrital zircon, Barranca Group, El Antimonio Group, Triassic-Jurassic, Sonora, Mexico.

RESUMEN

Nuevas edades obtenidas del fechamiento U-Pb de circones detriticos de cada una de las
formaciones de los grupos El Antimonio y Barranca (Tridsico-Jurasico), asi como de las formaciones
Jjurasicas Basomariy Lily, de Sonora, permiten distinguir las siguientes poblaciones de circones detriticos.

Una poblacion proterozoica que da grupos de edad cercanos a 1.8, 1.7, 1.6, 1.4y 1.1 Ga. Una poblacion
permo-triasica que da grupos de edades cercanas a 269, 254, 245, 234y 227 Ma. Una tercera poblacion
de edad jurdsica temprana (~190 Ma) que solo se presenta en el miembro medio de la Formacion Sierra
de Santa Rosa y en la Formacion Basomari. La cuarta poblacion solo se encuentra en la Formacion Lily
y consiste en grupos de circones que dan edades de 168 y 162 Ma. La quinta poblacion es de circones
neoproterozoicos (edades entre 590 y 547 Ma) y paleozoicos (siluricos y devonicos, edades entre 430
y 380 Ma) y esta presente en las formaciones Basomari y Lily. Las posibles dreas fuente para estas
poblaciones de circones detriticos son los basamentos proterozoicos y/o las secuencias sedimentarias
neoproterozoicas y paleozoicas del suroeste de los Estados Unidos y Sonora, el arco magmatico de edad
principalmente triasica del Desierto Mojave en California y el arco permo-tridsico del norte de México;
el arco magmatico continental jurdsico del suroeste de los Estados Unidos y el norte de México, y los
campos edlicos jurdsicos del centro-norte de Arizona. Las litofacies, fosiles y datos de paleocorrientes
conocidos del Grupo Barranca indican que su deposito se debio a un importante sistema fluvio-deltaico
que desembocaba en las dreas marginales de la cuenca marina donde se deposito el Grupo El Antimonio
y sus poblaciones de circones proterozoicos y permo-tridasicos indican que sus detritos fueron derivados
de areas localizadas hacia el norte de Sonora.

Las litofacies, edad y poblaciones de circones detriticos de las Formaciones Basomari y Lily
muestran que estas unidades fueron depositadas dentro del arco magmatico jurdsico y comparten su
poblacion de circones de ~190 Ma con el miembro medio de la Formacion Sierra de Santa Rosa, la cual,
sin embargo, no contiene los circones neoproterozoicos que si tienen esas dos unidades. A pesar de estas
diferencias, la Formacion Basomari que se localiza al norte de la traza propuesta de la megacizalla
Mojave-Sonora contiene clastos igneos del basamento del bloque Caborca, lo cual sugiere que ambas
entidades deben haber estado localizadas en posicion cercana durante el Jurdsico Temprano, no apoyando
de esa manera la idea de la existencia de la mencionada falla. Los nuevos datos proveen ademds una
edad maxima del Triasico Temprano para la Formacion Arrayanes, ya que la edad mds joven de un grupo
de sus circones detriticos es de 254 Ma, el cual también esta presente en la Formacion Antimonio. Los
circones datados de la Formacion Coyotes no probaron su supuesta edad jurdsica temprana ya que solo
proporcionaron edades proterozoicas, mientras que los grupos mas jovenes de circones detriticos de la
Formacion Lily proporcionaron una edad maxima de Jurdsico Medio para esa unidad.

Palabras clave: circones detriticos, Grupo Barranca, Grupo El Antimonio, Tridsico-Jurasico, Sonora,
Mexico.

INTRODUCTION

Recent advances in laser ablation inductively coupled
mass spectrometry permit analysis of large numbers of
detrital zircon ages in sedimentary units. Determination
of zircon ages, combined with knowledge of stratigraphy,
sedimentology and biostratigraphy, provides useful infor-
mation that contributes to the understanding of different
tectonic problems, including evolution of basins, prov-
enance and paleogeography. For instance, a detrital zircon
reference frame has been advanced in the recent years for the

Neoproterozoic to Triassic strata of western North America
with the objective of constraining the terrane evolution of
that region (Gehrels, 2000); the resulting data set provides
a basis of comparison for data from a wide area.

A provenance data set for the Neoproterozoic and
Paleozoic marine sandstones of Sonora, based on U-Pb geo-
chronology of detrital zircons, has recently emerged as the
result of a number of separate studies. Quartzarenites from
the Neoproterozoic Las Viboras, El Aguila and Cerro Las
Bolas groups (Stewart et al., 2002; Izaguirre and Iriondo,
2007) that extend from northwestern to south-central Sonora
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have yielded distinctive Proterozoic populations with peaks
on relative probability distribution diagrams (Ludwig, 2003)
near 1.7, 1.4 and 1.1-1.0 Ga, whereas the Neoproterozoic
to early Paleozoic Cordilleran miogeoclinal succession
of northwestern Sonora yielded detrital zircon population
peaks with ages around 1.1 and 0.68 Ga (Stewart ef al.,
2001). The Cambrian Proveedora and Bolsa Quartzites have
a dominant population with a peak around 1.1 Ga and minor
peaks at 1.7, 1.4 and 1.2 Ga (Gehrels and Stewart, 1998;
Gross et al., 2000; Stewart et al., 2001). Other Paleozoic
sandstones from the eugeoclinal and miogeoclinal succes-
sions of Sonora also yielded distinctive zircon populations.
Ordovician miogeoclinal and eugeoclinal strata yielded
zircons with ages that cluster at ~1.8 Ga, ~1.1 Ga and an
Archean peak at ~2.7 Ga (Gehrels and Stewart, 1998); the
Devonian and Permian miogeoclinal and eugeoclinal strata
yielded main age groups at ~1.9,~1.7-1.6,~1.4 and 1.1-1.0
Ga (Gehrels and Stewart, 1998; Poole et al., 2008). This
reference data set indicates that source areas for most of the
detrital sediments of the Neoproterozoic and Paleozoic strata

Sierra Los Y
Tanques  F>
N2

Puerto \m

\ D; Nogales . V Agua
\, Cerro o ¢ Prieta
- \‘{)Basum Cananea
= Sierra N .
S : NG Sierra
,,,,,,,,,,, . Magdalena L
< del\fllarrio‘ Caboorca%"‘“'“\'-qg Copercuiy /
- Barra 3y, Cerro e 9 Nacozari
Los Tanques Rajon o ‘TJ ucurpe ;
I:I Lily Formation (Middle ) p, o™ 4§ <, 7 S Basomart—
. K : : ~.,
Jurassic) Serna S. de Sani§ araécahm S~
Basomari Formation Rosa

(Lower Jurassic)

Barranca Group (Triassic-Lower,
Jurassic(?), inlcudes Arrayanes,
Santa Clara and Coyotes Fms)

El Antimonio Group (Upper Permians
Triassic-Lower Jurassic, inlcudes the
Antimonio, Rio Asuncion and Sierra de
Santa Rosa formations)

Triassic granitic rocks

150 km

Mexico S\vr\\f’/)

C. Carnerow
) a
S. Lopez -
HERMOSILL

303

of Sonora may be the Proterozoic basement of southwestern
USA and Sonora (e.g., Karlstrom et al., 1990, 2004; Gehrels
and Stewart, 1998; Stewart et al., 2001; Iriondo et al., 2004;
Anderson and Silver, 2005; Farmer et al., 2005; Nourse et
al.,2005; Amato et al., 2008a, Poole et al., 2008), although
Poole et al. (2008) have suggested that some detritus in the
Permian foredeep sequence may be derived from an evolv-
ing accretionary wedge to the south.

Previously published detrital zircon geochronology
for lower Mesozoic strata of Sonora is restricted to a few
sandstone samples of the Triassic and Lower Jurassic
Barranca and El Antimonio groups (Figure 1). Results of
detrital zircon analysis from three sandstone samples of the
El Antimonio Group were reported by Gonzalez-Leon ef al.
(2005) and the results of one sample from the Santa Clara
Formation of the Barranca Group were previously reported
by Gehrels and Stewart (1998). In this paper, we report new
data on detrital zircon geochronology from each of the six
representative formations that compose the Triassic-Lower
Jurassic Barranca and El Antimonio groups of central and
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Figure 1. Map of Sonora showing localities mentioned and main outcrops of rock units described in this work. Msm: proposed trace of the Mojave-Sonora

megashear (from Anderson and Silver, 1981).
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northwestern Sonora, respectively. We also report new data
obtained from one sample collected from the Lower Jurassic
Basomari Formation and from two samples of the Middle
Jurassic Lily Formation. These new analyses contribute to
a more complete data set on detrital zircon geochronology
for the Mesozoic stratigraphy of Sonora, which in turn
sheds light on the interpretation of detrital provenance of
these units. Our results provide a better understanding of the
Triassic and Jurassic paleogeography of Sonora and have
implications for the existence of major Mesozoic strike-slip
faulting in Sonora, especially in view of the fact that the
Barranca and El Antimonio groups are located south, and
the Basomari and Lily formations are located north of the
hypothetical trace of the Mojave-Sonora megashear (Silver
and Anderson, 1974).
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TRIASSIC AND JURASSIC STRATA

Triassic and Lower Jurassic strata present in
northwestern and central Sonora include the Barranca
(Alencaster, 1961a) and El Antimonio (Gonzélez-Ledn et
al., 2005) groups (Figure 1). The Barranca Group is divided
into the Arrayanes, Santa Clara and Coyotes formations
(Alencaster, 1961a) and the El Antimonio Group consists
of the Antimonio, Rio Asuncion and Sierra de Santa Rosa
formations (Hardy, 1981; Lucas and Estep, 1999; Gonzalez-
Ledn et al., 2005) (Figure 2). Strata of the Barranca Group
are estimated to be ~3.5 km thick and represent mostly
alluvial, fluvial, and transitional deltaic to shallow-marine
deposits. The lowermost Arrayanes Formation records flu-
vial deposition; Marzolf and Anderson (2005) assigned it a
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Figure 2. Stratigraphic columns and correlation of the El Antimonio and Barranca groups, and the Rancho Basomari and Lily formations. Stars and

numbers indicate stratigraphic position of dated samples.
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Middle to Late Triassic age based on tectono-sequence cor-
relations. The Santa Clara Formation is the only fossiliferous
unit of the group and includes fluvial, deltaic, and shallow-
marine terrigenous strata that have an abundant Late Triassic
(Carnian-Norian?) paleoflora (Weber, 1997, and references
therein) and uncommon marine fossils (Alencaster, 1961b).
Alluvial conglomerate of the Coyotes Formation uncon-
formably overlie the Santa Clara Formation and its age is
inferred to be Early Jurassic (Alencéaster, 1961a; Stewart
and Roldan-Quintana, 1991).

The El Antimonio Group (3.5 km thick) is divided
into 14 marine sequences in the Sierra del Alamo (Figures
1 and 2), the lowermost of which is Late Permian in age
(Gonzalez-Leon, 1997). The Triassic Antimonio Formation
comprises sequences Il to VI and spans the Dienerian(?),
Spathian, Anisian, Ladinian(?) and Carnian stages according
to paleontologic and paleomagnetic data (summarized in
Gonzalez-Leon ef al., 2005; Steiner et al., 2005). The Rio
Asuncion Formation includes sequences VII to IX (Norian
to Rhaetian). An erosional disconformity that overlies se-
quence IX separates the Lower Jurassic Sierra de Santa Rosa
Formation (sequences X to XIV) from the Triassic strata.
Partial outcrops of the Sierra de Santa Rosa Formation occur
at several other localities in northwestern Sonora, including
the hills south of Sierra Caracahui, Sierra Lopez (Gamefio
Formation of Poole et al., 2000) and Pozo de Serna (Figure
1), although the most complete section, besides Sierra del
Alamo, is at Sierra de Santa Rosa (Figures 1 and 2), where
the formation was defined and divided into lower, middle,
and upper members (Hardy, 1981).

Other Jurassic units in Sonora that pertain to this
study are the Basomari and Lily formations, which crop
out near Rancho Basomari, southwest of Cucurpe, and at
Sierra Copercuin, west of Nacozari, respectively (Figures
1 and 2). The Basomari Formation is ~750 m thick; its
lowermost 140 m comprises dark purple massive siltstone
with interbedded matrix-supported, poorly sorted, sub-
rounded to subangular, granule- to pebble-conglomerate
with local large olistolithic blocks of Paleozoic(?) limestone.
Upsection, a 340 m thick interval consists of granule sand-
stone with interbedded, lenticular, poorly sorted, subangu-
lar, massive, matrix- to clast-supported pebble to cobble
conglomerate in beds up to 10 m thick. The upper part of
this formation consists of thick massive sandstone (up to
50 m thick) with lenses of granule conglomerate, intervals
(up to 30 m thick) of massive siltstone and rhyolitic tuffs
in the uppermost part of this unit. Clasts in the conglomer-
ate are quartzite, porphyry granite, metamorphic rocks,
andesite, sandstone, basalt and chert. Its Early Jurassic
age is indicated by a rhyolite tuff in its upper part that
was dated at 189.2 + 1.1 Ma (U/Pb; Leggett et al., 2007).
This formation, which underlies the Rancho San Martin
Formation (Leggett ez al., 2005), is here interpreted as a flu-
vial and alluvial continental deposit based on lithology and
absence of fossils.

The Lily Formation (McAnulty, 1970) is a 500 m

thick succession composed in its lower part of interbedded
rhyolitic tuff and welded tuff, quartz-rich and arkosic fluvial
sandstone and polymictic pebble conglomerate. Its upper
part consists of quartzarenite, conglomerate (with clasts
of quartzarenite, andesite, rhyolite and granitic rocks) and
subordinate, lacustrine limestone beds. This unit crops out
in the western flanks of Sierras Copercuin and Cobriza in
northeastern Sonora (about 10 km west of Nacozari, Figures
1 and 2) where it is in fault contact with the Cambrian Bolsa
Quarzite and intruded by Laramide plutons. The age of this
unit is Middle Jurassic according to a U/Pb age of 174 Ma
obtained by Anderson et al. (2005) from a tuff collected
at Sierra Copercuin. This unit is considered correlative
with the Rancho San Martin Formation where Leggett et
al. (2007) reported a U/Pb age of 168.4 + 1.6 Ma from a
rhyolitic ash flow tuff.

DETRITAL ZIRCON GEOCHRONOLOGY

Mineral separations, and U-Pb geochronology on in-
dividual detrital zircon grains of the samples was conducted
by laser-ablation-multicollector inductively coupled plas-
ma-mass spectrometry (LA-MC-ICP-MS) at the Arizona
LaserChron Center in the Department of Geosciences,
University of Arizona using the procedures described by
Gehrels et al. (2006). Analytical data of the studied samples
are reported in the Table A1 (electronic supplement) and
their age probability curves are presented in relative prob-
ability distribution diagrams (Ludwig, 2003) in Figure 3.
The Pb/U concordia plots are presented in Figure 4. All age
errors are quoted at 16 (Ma) level, and errors for isotopic
ratios are quoted at 16 (%). All reported UTM sample loca-
tions utilize the World Geodetic System 1984 .

Samples 2000-1, 2000-0 and 2000-2 from the El
Antimonio Group (Figure 1) were first analyzed using
isotope dilution and thermal ionization mass spectrometry
(Gehrels, 2000) and results from 20 grains per sample were
reported in Gonzalez-Leon et al. (2005). For the present
study we reanalyzed ca. 100 grains from samples 2000-1
and 2000-0 of Triassic age and collected and analyzed a
new sample (4-5-08-1) from the Lower Jurassic sequence
XI in the Sierra del Alamo.

Sample 2000-1(UTM 12R: 347580E, 3402960N)
is from a medium-grained sandstone in the lower part of
Spathian sequence 3 of the Antimonio Formation. Eighty
percent of the total zircon grains are Proterozoic with ages
near 1.7, 1.4 and 1.1 Ga and a peak age at 1.7 Ga. Eight
grains yielded Permo-Triassic ages between 267 and 240 Ma
with a peak at ~254 Ma, five grains have ages between 640
and 420 Ma, and three grains yielded, although discordant,
ages between 2.7 and 2.6 Ga (Figures 3a and 4). Sample
2000-0, collected from a medium-grained, shallow marine
sandstone of the Norian sequence VII of the Rio Asuncion
Formation (UTM 12R: 351461E, 3399957N), yielded
mostly grains with Proterozoic ages (~90%) with a major
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Gonzalez-Leon et al. (2005). b: Samples from the Arrayanes, Santa Clara and Coyotes Formations of the Barranca Group. ¢) Samples from the Basomari
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peak at 1.7 Ga, and a small population of Triassic grains
(~10%) with a peak at 227 Ma (Figure 3a). Sample 4-5-08-1
was collected (UTM 12R: 351169E, 3399907N) from a bed
of medium-grained, fluvial sandstone that overlies a 20-m-
thick clast supported conglomerate (lower part of unit 17 in
Gonzalez-Leon, 1997) located at the base of sequence XI
of late Sinemurian age (Palfy and Gonzalez-Ledn, 2000;
Taylor et al., 2001). This sample yielded a zircon population
of Proterozoic grains (78% of the grains) with peaks at 1.7
and 1.1 Ga and a Triassic population (22% of the grains)
with a peak at 234 Ma (Figure 3a). Sample 2000-2 from the
younger (lower Pliensbachian, Palfy and Gonzélez-Leon,
2000) middle member of the Sierra de Santa Rosa Formation
at Sierra de Santa Rosa (Figure 2) was reported by Gonzalez-
Le6n et al. (2005) to contain Lower Jurassic grains with a
peak at 193 Ma (~55% of the grains) and Proterozoic grains
with a peak at ~1.1 Ga (Figure 3a).

Zircons were separated from sandstone samples
of the Arrayanes, Santa Clara and Coyotes formations
of the Barranca Group, yielding the next results (Figure
3b). An arkosic, medium-grained sandstone from the
Lower Member of the Arrayanes Formation (sample 7-

26-07-1) collected in the San Javier - La Barranca region
(Figures 1 and 2) (UTM 12R: 634347E, 3167294N) yielded
Proterozoic grains (~60%) with age peaks near 1.7, 1.6, 1.4
and 1.1 Ga, the largest peak at 1.4 Ga. 33% of the grains are
Triassic and Permian with ages between 288 and 239 Ma
and a peak at 250-254 Ma. Three grains (although two of
them are discordant) have ages between ~465 and ~300 Ma
and two others with ages between 2.8 and 2.6 Ga (Figure
3b). One quartzarenitic, coarse-grained sandstone from the
Santa Clara Formation collected in the locality of mina La
Lourdes area (UTM 12R: 549022E, 3163600N; Montijo
Contreras, 2007) yielded zircon grains with ages between
297 and 205 Ma (50% of the grains) with peak ages at 269,
245 and 231 Ma, and Proterozoic grains with a peak at 1.1
Ga and subordinate peak ages at 1.7 and 1.4 Ga (Figure 3b).
One pebble-sandstone sample from the Coyotes Formation
(sample 7-28-07-1) collected about 2.5 km south of the town
of San Javier (Figure 1), along the main road (UTM 12R:
622512E, 3162331N), yielded only Proterozoic grains in
two populations with peak ages near 1.4 Ga (~60% of the
grains) and 1.6 Ga (~30% of the grains) (Figure 3b).

A sandstone sample (WL01405Z) collected from the



Lower Mesozoic detrital zircon geochronology of Sonora, México 307

206Pb /238U

o
o

0.1}

0.0

0 4 8 12 16 20
207Pb /235U

206Pb /23 8U
S &

o

0 4 8 12 16 20
207Pb/235U

o e o
i n =N

206Pb /23 SU

0 4 8 12 16 20
207Pb /235U

Figure 4. U-Pb concordia plots for detrital zircons from (a) El Antimonio
Group, (b) Barranca Group, and (c) Basomari and Lily formations. Errors
are shown at the 2-sigma level.

lower part of the Basomari Formation (Figure 2) yielded
Early Jurassic grains (17%) with a major peak age near 190
Ma, Triassic and Permian grains (13%) with peaks near
243-257 Ma, Paleozoic and Neoproterozoic grains (20%)
with ages between 645 to 310 Ma, and Proterozoic grains
(~50%) with peaks near 1.7, 1.4, 1.1 and 1.0 Ga (Figure 3c).
Zircons from two different sandstone samples of the Lily
Formation collected from the southwestern flank of Sierra
Copercuin (sample Lily 1 located at UTM 12R 622131E,
3361530N; and sample Lily 2 at 621809E; 3362217N)
yielded a maximum late Middle Jurassic age for this unit.
Both samples yielded Jurassic zircons (25-43% of the total
grains) with ages between 195 and 160 Ma and peak ages
~164 and 160 Ma, respectively, Triassic and Permian grains
with ages between 300 and 200 Ma (<10% of the grains)
that show subordinate concentration of ages at 214 and 217
Ma, Paleozoic and Neoproterozoic grains (11-22% of the
grains) with ages between 954 and 385 Ma and concentra-
tions at 590-547 and 412422 Ma, and Proterozoic grains
(27% of the grains) with concentration of ages near 1.8, 1.4
and 1.0-1.2 Ga (Figure 3c¢).

DISCUSSION AND CONCLUSIONS
Zircon populations

The new detrital zircon geochronology data reported
herein from nine samples of Triassic and Lower and Middle
Jurassic strata permit new inferences regarding the early
Mesozoic provenance and paleogeography of Sonora. These
data also provide a maximum Early Triassic (IUGS-ICS
chart, 2007) depositional age for the previously undated
Arrayanes Formation, which according to its younger zircon
peak age it must be younger than about 250 Ma. This data
also indicate that the Arrayanes may be about the same age
as the Antimonio Formation, as both units share a common
detrital zircon peak age at ~254 Ma. On the other hand, all
of the zircons analyzed from the Coyotes Formation are
Proterozoic, and thus inconclusive with regard to its inferred
Early Jurassic age. The zircon population of this sample
may be biased to older age because it contains abundant
quartzarenite pebbles recycled from older strata.

The following distinctive zircon populations identi-
fied in the analyzed samples are described and discussed
according to their decreasing abundance. The first popu-
lation (Figure 3d) belongs to Proterozoic zircons whose
abundance varies between 30 and 100% in the analyzed
samples, and has peak ages around 1.8, 1.7, 1.6, 1.4, and 1.1
Ga. Proterozoic zircons are more abundant in the Triassic
samples where they compose 50-90% of the analyzed grains
but decrease in the Jurassic samples where they compose
30-50 % of the analyzed grains. The exception to this trend
is the Coyotes Formation which, as noted, may be biased
by the abundance of quarzarenite clasts that are recycled
from Proterozoic and/or Paleozoic sedimentary units in



308 Gonzalez-Leon et al.

Sonora, which have similar detrital-zircon age populations
(Gehrels and Stewart, 1998; Stewart et al., 2002) to this unit.
Proterozoic grains in the El Antimonio Group samples have
dominant peak ages near 1.7, 1.4 and 1.1 Ga, whereas those
of the Barranca Group have a dominant peak age near 1.4
Ga and subordinate peaks at ~1.7 and 1.1 Ga. The Jurassic
Basomari and Lily formations have dispersed Proterozoic
peaks near 1.8, 1.7, 1.2, and 1.0 Ga.

A second distinctive age population consists of
Permian and Triassic zircons that make up between 8% and
50% of the analyzed samples. This population is prominent
in the Triassic formations and its abundance decreases in
the Jurassic formations. The Permo-Triassic grains are more
abundant in the Barranca Group, in which they compose
up to 50% of the analyzed grains, than in the El Antimonio
Group in which they compose no more than 22% of the
analyzed grains. Permian grains dominate over the Triassic
grains in the Arrayanes and Santa Clara samples, and are
largely absent from the formations of the El Antimonio
Group except for uncommon grains in the Antimonio
Formation. Triassic grains in the E1 Antimonio Group in-
crease in abundance upsection from 3% in the Antimonio
Formation, 10% in the Rio Asuncién Formation and 22%
in the lower part of the Sierra de Santa Rosa Formation,
but are not present in the Middle Member of the Sierra de
Santa Rosa Formation (sample 2000-2 in Gonzalez-Leon
et al., 2005; Figure 3a). The Permo-Triassic grains in the
Basomari Formation make up nearly 13% of the analyzed
grains, but Triassic grains are scarce. This same population
composes about 10% of the total analyzed grains in the
Lily Formation.

The Permo-Triassic zircon grains of the Barranca
Group have peak ages near 284, 269, 254, ~246 and 231
Ma, peak ages near 254, 239, 234 and 227 Ma in the El
Antimonio Group, and peak ages near 257-243 Ma in
the Basomari Formation. A minor peak age at ~217 Ma is
present in the Lily Formation (Figure 3).

The third zircon population of Early Jurassic age
is present in the middle member of the Sierra de Santa
Rosa Formation and in the Basomari Formation. The mid-
dle member of the Sierra de Santa Rosa Formation has a
prominent Jurassic age population (55%) with a peak age
near 190 Ma, similar to the Basomari Formation that has
a population (17%) with a peak age at 190 Ma (Figure
3). It is also present, but subordinate (<10%), in the Lily
Formation and was not identified in the lower part of the
Sierra de Santa Rosa Formation (sample 4-5-08-1), where
a biostratigraphic late Sinemurian age is the same as the
geochronologic age (189.2 £ 1.1 Ma) of a tuff in the up-
per part of the Basomari Formation (Leggett ez al., 2007,
Figure 2). The fourth population is only present in the Lily
Formation and consists of Middle Jurassic zircons with age
peaks at 168 (sample Lily 1, Figure 3) and 162 Ma (sample
Lily 2, Figure 3) and has an abundance of ~30% of the total
analyzed grains.

A fifth population that consists of Neoproterozoic and

Paleozoic zircon grains is present in the Basomari and Lily
formations. The Paleozoic grains are Silurian and Devonian
in age and compose ~13% of the analyzed grains in the
Basomari Formation and ~10% of the grains in the Lily
Formation. The Basomari has peak ages at 433—-378 Ma
and the Lily shows concentrations of ages at 422—412 Ma.
The Neoproterozoic zircons compose up to 10% in the Lily
Formation, in which they show concentrations at 590547
Ma and they compose ~6% in the Basomari Formation,
in which they show a subordinate peak at 612 Ma (not
indicated in Figure 3c). Very scarce grains with scattered
ages between ~400 and ~1000 Ma occur in the Arrayanes
(n=1), Santa Clara (n=2), Asuncién (n=1) and Antimonio
formations (n=6). As many as three grains with Archean
ages between 2.8 and 2.6 Ga are present in each of the Lily,
Arrayanes and the Antimonio formations.

Provenance

The prominent population of detrital zircons with
Proterozoic ages with peaks near 1.7, 1.6, 1.4, and 1.1 Ga
was probably derived from Proterozoic igneous and meta-
morphic basement of the southwestern USA and Sonora.
This basement includes the Yavapai and Mazatzal provinces
and ~1.1 and ~1.4 Ga granitic plutons that intrude them (see
references cited above). The grains also may have been
recycled from Neoproterozoic and Paleozoic sandstones
that contain similar grain-age populations (references cited
above). The near absence of 1.8 Ga zircons that could
reflect provenance of the Mojave province, however, is
noteworthy; uncommon grains of that age occur only in
the Santa Clara and Lily formations. This could indicate
that the Proterozoic grains were mostly recycled from
Neoproterozoic and Paleozoic sedimentary rocks of Sonora
and the southwestern USA, in which grains older than ~1.7
Ga are nearly absent (Gehrels and Stewart, 1998; Gross et
al., 2000; Stewart et al., 2001).

Possible source areas for the Permo-Triassic zircon
population in the Barranca and El Antimonio groups are
more controversial and uncertain, but they include the most-
ly Triassic magmatic arc of the Mojave Desert in California
(Barth and Wooden, 2006) and the Permo-Triassic arc of
northern Mexico (Torres et al., 1999). The second region
was considered by Gehrels and Stewart (1998) to have been
the source of Permo-Triassic detrital zircons in the Barranca
Group and the first region was considered by Gonzélez-
Leon et al. (2005) as a source area for the El Antimonio
strata zircons. Permo-Triassic rocks of the Mojave Desert
are granitic plutons that range in age from ~210 Ma to
~260 Ma (Barth et al., 1990, Miller et al., 1995, Barth et
al., 1997, Barth et al., 2001; Walker et al., 2002; Barth and
Wooden, 2006), whereas the Permo-Triassic magmatic arc
of northern Mexico in the nearby states of Chihuahua and
Coahuila includes mostly granitic intrusives and rhyolitic
rocks with ages between 270 to 220 Ma (the published



Lower Mesozoic detrital zircon geochronology of Sonora, México

data are presented in Table 1, while four other K/Ar ages
between ~266 and ~250 Ma of granitic intrusives from that
region were reported by Torres ef al., 1999, as taken from
PEMEX internal reports). In addition, granitic clasts within
the San Marcos Formation in north-central Mexico are dated
between 225 and 213 Ma and were probably derived from
that arc (in McKee et al., 1990, McKee ef al., 1999). The
Permo-Triassic zircon population from the Barranca and El
Antimonio groups has peak ages near 269, ~250, ~240, ~234
and 227 Ma, some of which are common to both groups. The
Jurassic Basomari and Lily formations show close similar
peak ages at 257, 243, and ~217 Ma.

Upper Triassic strata in the western interior USA, for
example the Chinle Formation in Arizona and equivalent
Osobb Formation in Nevada, and Dockum Group and Santa
Rosa Formation in New Mexico and Texas, respectively,
yield similar Permo-Triassic populations of detrital zircons
(Gehrels and Dickinson; 1995; Riggs et al., 1996; Fox et al.,
2005; Fox et al., 2006). The Chinle and Dockum groups in
New Mexico and Texas have age peaks at 280-220 Ma (Fox
and Lehman, 2005) and 295-225 Ma (Fox et al., 2006); the
sources of detritus in these strata have been interpreted as the
magmatic arc of northeastern Mexico and the Cordilleran
magmatic arc in southwestern USA. Similarly, Triassic
detrital zircon populations in the Late Triassic formations of
the Luning and Pine Nut assemblages of southern Nevada
yield zircons with ages between 243 and 218 Ma and peak
probability ages at 231 Ma and 223 Ma (Manuszak et al.,
2000), whose provenance was assigned to arc-type related
magmatism of the Sierra-Klamath region in southwestern
USA (Manuszak et al., 2000).

The Early Jurassic zircon population (age peak near
190 Ma) is well represented in the Basomari and middle
member of the Sierra de Santa Rosa Formation (Figure 3a
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and 3c¢). This population is poorly represented in the Lily
Formation and is absent from the lowermost part of the
Sierra de Santa Rosa Formation (sample 4-5-08-1). This
population probably records the inception of the Jurassic
continental magmatic arc of southwestern North America,
whose oldest, although scarce, igneous record occurs
in southern Arizona and in the Mojave Desert regions
(Asmerom ef al., 1990; Riggs and Busby-Spera, 1990;
Riggs et al., 1993; Miller et al., 1995). The Middle Jurassic
zircon population is abundant in the Lily Formation and
is also considered to be derived from the Jurassic conti-
nental magmatic arc, which by Middle Jurassic time was
well developed in southwestern USA and northern Sonora
(Anderson et al., 2005).

The Neoproteozoic and Paleozoic zircon population
represented in the Basomari and Lily formations is nearly
absent in formations of the El Antimonio and Barranca
groups. Zircons of these ages were probably transported by
wind into the Jurassic magmatic arc (Riggs et al., 1993) of
Sonora from Jurassic eolian sand fields in Arizona (Wingate,
Navajo and Entrada sandstones), where grains of popula-
tion B of Dickinson and Gehrels (2003), with an age range
between 747 and 309 Ma, are well represented. The Lily
Formation records fluvial, alluvial and lacustrine deposition
concomitant with rhyolitic volcanism of the Cordilleran
volcanic arc, but the fluvial quartz-rich beds likely record
reworking of eolian deposits. Jurassic eolianite deposits
within this arc are present in northern Sonora within the
Rancho San Martin Formation (whose youngest detrital
zircons have ages near 169 + 6 Ma; Leggett et al., 2005), in
the Elenita Formation (Valentine, 1936) near Cananea and
in other localities like Sierra San Antonio, east of Nogales
(C.G-L. unpublished data), and at Planchas de Plata, west
of Nogales (Riggs and Busby-Spera, 1991).

Table 1. Permian and Triassic igneous rocks reported from northern Mexico.

Locality Rock Age (Ma) Reference
San Marcos(Ch) Gneiss clast in SMF 23043 (Rb/Sr) McKee et al. (1990)
Aldama (Ch) Granite 250+20 (K/Ar) in Torres et al. (1999)
Carrizalillo (Ch) Granite 267421 (K/Ar) in Torres et al. (1999)
Plomosas (Ch) Rhyolite 270+30 (Pb-a) deCserna et al. (1970)
Sierra Mojada (Co) Qmd clast in SMF 213+14 (Rb/Sr) McKee et al. (1990)
Sierra Mojada(Co) Qmd clast in SMF 215+2 (U/Pb) in McKee et al. (1999)
S. Los Remedios(Co) Tonalite 216 (Ar/Ar) Molina Garza (2005)
ca. 220 (U/Pb) Jones et al., 1995 (in Molina Garza, 2005)
El Coyote(Co) Granodiorite 220+4 (U/Pb) in McKee et al. (1999)
Pozo Mayran1(Co) Rhyolite 22242 (Rb/Sr) in Grajales-Nishimura ez al. (1992)
Sierra Mojada(Co) Qmd clast in SMF 22544 (Rb/Sr) McKee et al. (1990)
Pozo Pailal (Co) Ignimbrite 236+39 (Rb/Sr) in Grajales-Nishimura et al. (1992)
Potrero Mula(Co) Granite 238+2 (U/Pb) in McKee et al. (1999)
Las Delicias(Co) Granodiorite 256+20 (K/Ar) in Torres et al. (1999)
Las Delicias(Co) Dacite clast in LDF 268+6 (U/Pb) in McKee et al. (1999)
Pozo Tarahumara(Co) Andesite 272422 (?) Moreno et al. (2000)

Ch: Chihuahua, Co: Coahuila, Za: Zacatecas, Ta: Tamaulipas, SMF: San Marcos Formation (Lower Cretaceous), Qmd: Quartz monzodiorite,
LDF: Las Delicias Formation (Upper Permian in Molina-Garza, 2005).
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Detrital zircon ages and paleogeography

Alencaster (1961a) first proposed that the Barranca
Group in central Sonora was deposited in the San Marcial
basin that connected to the northwest with the El Antimonio
paleo-bay (“paleobahia del Antimonio”), where the El
Antimonio Group was deposited (Figure 5). Stewart and
Roldan-Quintana (1991) proposed that deposition of the
Barranca Group occurred by large fluvial systems in a
rift basin adjacent to high-relief uplifts in central Sonora.
Stewart et al. (1997) also proposed that the embayment con-
nection between the San Marcial basin and El Antimonio
paleo-bay was recorded by the Upper Triassic—Lower
Jurassic(?) succession of the Sierra Santa Teresa (Figures
1 and 5) that lithologically resembles strata of the Barranca
Group and contains strata and fossils of sequence VII of
the Rio Asuncion Formation (Goodwin, 1999). Based
on newly described sections of the Barranca Group in
central Sonora and on correlation with the El Antimonio
strata, Montijo-Contreras (2007) proposed that strata of the
Barranca Group were deposited in a large fluvio-deltaic and
shallow marine setting that graded southward and westward
into open marine environments (Figure 5). Previously,
Stanley and Gonzalez-Ledn (1995) considered that the El
Antimonio succession was deposited adjacent to southern
California, in the USA, later thrusted over its Cordilleran
miogeoclinal basement of the Caborca block, and subse-

quently translated southeastward to its present position
by the Mojave-Sonora megashear in Middle Jurassic time
(Silver and Anderson, 1974; Anderson and Silver, 2005).
Stanley and Gonzalez-Ledn (1995) also suggested that the
El Antimonio strata were deposited close to, and correlated
with Triassic strata of, southwestern USA, like the Luning
Formation of Nevada, based on paleontologic similarities.
Other authors, based on paleontologic and lithologic criteria
also correlated the Triassic strata between these two regions
(Lucas et al., 1997; Blodgett and Fryda, 2001; Gonzalez-
Ledn et al., 2005; Marzolf and Anderson, 2005; Blodgett
and Stanley, 2006; Scholz et al., 2008).

Following the Mojave-Sonora megashear hypothesis,
the El Antimonio and Barranca groups are located south of
the trace of this fault, while the Lower and Middle Jurassic
Basomari and Lily formations [along with other units in
northern Sonora like the Rancho San Martin (Leggett et
al., 2005) and the Elenita formations (Valentine, 1936)]
that record fluvial and eolian deposition associated with
silicic magmatism of the North America Jurassic volcanic
arc are located north of the fault (Figure 5). Alternatively,
if the Mojave-Sonora megashear did not exist, the Barranca
and El Antimonio groups record marginal marine to distal
marine facies of a basin that developed close to its present
position, south of where the Jurassic arc developed (Lucas
etal., 1999), although tectonic accretion of the E1 Antimonio
strata during Middle to Late Jurassic time is suggested by
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Figure 5. Inferred paleogeography of Sonora during Triassic and Early Jurassic time if displacement by the Mojave-Sonora megashear is not supported.
Arrows in inset map indicate inferred provenance for detrital zircons in the Triassic and Jurassic formations of Sonora, as discussed in the manuscript.
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paleomagnetic data (Molina-Garza and Geissman, 1996;
1999).

Detrital zircon data reported here indicate that the
Triassic and Lower Jurassic basins of Sonora were fed
abundantly with detritus derived from exposed Proterozoic
basement and/or from the Neoproterozoic and Paleozoic
strata succession of Sonora and southwestern USA. The
present geographic distribution of these basement prov-
inces, indicate that the sediment source areas were located
to the north of the basins, an inference also supported by
predominantly SW-directed paleocurrent directions avail-
able only for the Barranca Group (Stewart and Roldan-
Quintana, 1991). If a 12 to 50° Jurassic clockwise rotation
of the Caborca block (Molina-Garza and Geissman, 1996;
1999; Molina Garza and Iriondo, 2005) is restored, paleo-
currents indicate that the large river system that deposited
the Barranca Group would have flowed southward into
the San Marcial basin. Also, if marginal marine to shallow
marine deposition on a passive margin is considered for the
Triassic formations of Sonora (Gonzalez-Ledn et al., 2005),
then the San Marcial fluvial system was contemporaneous
with a large fluvial system that fed the Potosi submarine fan
in central Mexico (Centeno-Garcia, 2005). Both of these
fluvial systems drained interior North America. However,
the passive margin model is contradicted by evidence for
the development of a nearby Triassic continental magmatic
arc in southeastern California and southwestern Arizona
(Barth and Wooden, 2006) that extended into northwest-
ern Sonora, as indicated by the presence of a ~233 Ma
(U/Pb) granite in Sierra Los Tanques in northwestern
Sonora (Figure 1; Campbell and Anderson, 2003). Indeed,
conglomerate and sandstone of the El Antimonio Group’s
Triassic formations contain abundant igneous detritus
(Gonzalez-Ledn et al., 2005) that may be derived from the
active Triassic arc.

According to differences in sandstone petrography,
conglomerate clast composition and Permian zircons of the
Barranca and El Antimonio groups, different source areas
for sediments of the two successions are possible. Common
igneous grains and clasts in fluvial to shallow marine
sandstone and conglomerate of the El Antimonio Group
formations (Gonzalez-Leon et al., 2005) are absent from the
Barranca Group, where sandstone composition ranges from
subarkosic to quartz-rich and clasts in the conglomerate beds
are exclusively quartzarenite, chert and quartz (Stewart and
Roldan-Quintana, 1991; Cojan and Potter, 1991). Similarly,
Permian detrital zircons that are abundant in the Barranca
Group formations (up to 23% of the total grains) are absent
in the El Antimonio Group formations, although Triassic
grains in both groups occur in similar proportions. The
Permian detrital zircons in the Barranca Group more closely
resemble ages of the continental magmatic arc of northern
Mexico, where Permian ages (Table 1) are older than in
the Mojave arc. For this reason, the Permian-Triassic mag-
matic arc of northern Mexico is considered as the probable
source area for the Barranca Permian zircons. The Triassic

zircon population of the El Antimonio and Barranca groups
however, could have been derived from either the northern
Mexico or the California-Arizona magmatic arcs, whose
latest Permian-Triassic ages overlap. Although both arcs
are considered separate entities because igneous rocks
of Permian and Triassic ages have not been identified in
northern Sonora and southern Arizona, it could have been
a continuous arc that was obliterated by younger events like
the development of the Jurassic magmatic arc, or because
it is covered by younger rocks, or simply because its rocks
have not yet been dated.

The information provided by the new detrital zircon
data, however, do not conclusively support or reject left-
lateral displacement of the Triassic-Lower Jurassic forma-
tions of the Barranca and El Antimonio groups, either by the
Middle Jurassic Mojave-Sonora megashear (Anderson and
Silver, 2005) or the Permian-Triassic California-Coahuila
transform fault (Dickinson and Lawton, 2001), both models
requiring southeastward displacement of the Caborca block
by nearly 1,000 km. However, striking differences in zircon
populations are present in the Lower Jurassic formations
located on opposite sides of the proposed faults. While the
Lower Jurassic Basomari Formation located to the north
of the Mojave-Sonora megashear contains a significant
Paleozoic and Neoproterozoic detrital zircon population
that is also present in the Middle Jurassic Lily Formation,
that population is not present in the Lower Jurassic Sierra
de Santa Rosa Formation located to the south of the inferred
strike-slip fault. If the Neoproterozoic and early Paleozoic
age population records eolian transport into the Jurassic arc
of northern Sonora from sand seas in the Colorado Plateau as
herein inferred, these sands did not reach the El Antimonio
paleo-bay, possibly because of an intervening geographic
barrier or because the marine facies were deposited offshore,
far from the influence of those wind systems. In addition,
the Early Jurassic zircon population (peak at ~190 Ma)
that is present in the lower part of the Basomari Formation
and Middle Member (lower Pliensbachian) of the Sierra de
Santa Rosa Formation is not present in the lower strata of
the Sierra de Santa Rosa Formation (sample 4-5-08-1, late
Sinemurian), which could indicate that Jurassic magmatic
detritus did not reach the basin by that time, but rather ar-
rived somewhat later during deposition of the middle part
of the formation.

Further evidence that may indicate the El Antimonio
and Barranca groups were not displaced by the Mojave-
Sonora megashear comes from the Basomari Formation.
This unit is located 40 km north of the proposed trace of
this fault and U-Pb ages and Nd isotopic values obtained
form its granitic clasts indicate they share affinity with the
basement of the Caborca block (Amato et al., 2009). The
age and composition of these Proterozoic clasts suggested
to Amato et al. (2009) that the Caborca block must have
been located close to the Basomari basin in Sonora by
Early Jurassic time, a location not predicted by the previous
model (Silver and Anderson, 1974; Anderson and Silver,
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2005) postulating Middle Jurassic displacement along the
Mojave-Sonora megashear.
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APPENDIX A. SUPPLEMENTARY DATA

Table A1 can be found at the journal web site <http://
satori.geociencias.unam.mx/>, in the table of contents of
this issue (electronic supplement 26-2-01).

REFERENCES

Alencaster, G., 1961a, Estratigrafia del Triasico Superior de la parte central
del Estado de Sonora, in Alencaster, G. (ed.), Paleontologia del
Triasico Superior de Sonora: Universidad Nacional Autdnoma
de México, Instituto de Geologia, Paleontologia Mexicana, 11,
1-18.

Alencaster, G., 1961b, Fauna fosil de la Formacion Santa Clara (Cérnico)
del Estado de Sonora, in Alencaster, G. (ed.), Paleontologia del
Triasico Superior de Sonora: Universidad Nacional Autdnoma
de México, Instituto de Geologia, Paleontologia Mexicana, 11,
19-45.

Amato, J.M., Boullion, A.O., Serna, A.M., Sanders, A.E., Farmer, L.E.,
Gehrels, G.E., Wooden, J.L., 2008a, Evolution of Mazatzal prov-
ince and the timing of the Mazatzal orogeny: insights from U-Pb
geochronology and geochemistry of igneous and metasedimentary
rocks in southern New Mexico: Geological Society of America
Bulletin, 120, 328-346.

Amato, J., Lawton, T., Leggett, W., Mauel, D., Gonzalez-Leon, C., Heizler,
M., Farmer, G.L., 2008b, Caborcan Proterozoic basement in
the rancho La Lamina region, Sonora, Mexico: U-Pb ages, Nd
isotopic composition, 40Ar/39Ar thermochronology, and clast
provenance indicate pre-Early Jurassic arrival and Laramide
exhumation (abstract), in Cordilleran Section (104th Annual)
and Rocky Mountain Section (60th Annual) Joint Meeting,
19-21 March 2008: Geological Society of America, Abstracts
with Program, 40(1), 48.

Amato, J.M., Lawton, T.F., Mauel, D., Leggett, Gonzalez-Leon, C.M., W.,
Farmer, G.L., Wooden, J.L., 2009, Testing the Mojave-Sonora
megashear hypothesis: Evidence from Paleoproterozoic igneous
rocks and deformed Mesozoic strata in Sonora, Mexico: Geology
37(1), 75-78; doi: 10.1130/G25240A.1.

Anderson, T.H., Silver, L.T., 1981, An overview of Precambrian rocks in
Sonora: Universidad Nacional Autonoma de México, Revista del
Instituto de Geologia, 5(2), 131-139.

Anderson, T.H., Silver, L.T., 2005, The Mojave-Sonora megashear —field
and analytical studies leading to the conception and evolution of
the hypothesis, in Anderson, T.H., Nourse, J.A., McKee, J.W.,
Steiner, M.B. (eds.), The Mojave-Sonora Megashear Hypothesis:
development, assessment and alternatives: Geological Society of

America, Special Paper 393, 1-50. doi: 10.1130/2005.2393(02).

Anderson, T.H., Rodriguez-Castafieda, J.L., Silver, L., 2005, Jurassic Rocks
in Sonora, Mexico: relations to the Mojave-Sonora megashear
and its inferred northwestward extension, in Anderson, T.H.,
Nourse, J.A., McKee, J.W., Steiner, M.B. (eds.), The Mojave-
Sonora Megashear Hypothesis: development, assessment and
alternatives: Geological Society of America, Special Paper 393,
51-95.

Asmerom, Y., Zartman, R.E., Damon, P.E., Shafiqullah, M., 1990, Zircon
U-Th-Pb and whole-rock R-Sr age patterns of lower Mesozoic
igneous rocks in the Santa Rita Mountains, southeastern Arizona:
implications for Mesozoic magmatism and tectonics in south-
ern Cordillera: Geological Society of America Bulletin, 102,
961-968.

Barth, A.P., Wooden, J.L., 2006, Timing of magmatism following intial
convergence at a passive margin, southwestern U.S. Cordillera,
and ages of lower crustal magma sources: The Journal of Geology,
114, 231-245.

Barth, A.P., Tosdal, R.M., Wooden, J.L., 1990, A petrologic comparison
of Triassic plutonism in the San Gabriel and Mule Mountains,
southern California: Journal of Geophysical Research, 95,
20075-20096.

Barth, A.P., Tosdal, R.M., Wooden, J.L., Howard, K.A., 1997, Triassic plu-
tonism in southern California: southward younging of arc intiation
along a truncated continental margin: Tectonics, 16, 290-304.

Barth, A.P., Jacobson, C.E., Coleman, D.S., Wooden, J.L., 2001,
Construction and tectonic evolution of Cordilleran continental
crust: examples from the San Gabriel and San Bernardino
Mountains, in Dunne, G., Cooper, J. (comp.), Geologic Excursions
in the California Deserts and Adjacent Transverse Ranges:
Fullerton, CA, SEPM (Society for Sedimentary Geology), Pacific
Section, Book 88, 17-53.

Blodgett, R.B., Fryda, J., 2001, Upper Triassic gastropod biogeography
of western North America (abstract), in Geological Society
of America, Cordilleran Section, 97th Annual Meeting, and
American Association of Petroleum Geologists, Pacific Section:
Geological Society of America, Abstracts with Programs, 33(3),
A-53.

Blodgett, R.B., Stanley, G.D., 2006, Late Triassic gastropods faunas of
western North America —a useful tool in terrane analysis (abstract),
in 102nd Annual Meeting of the Cordilleran Section, Geological
Society of America; 81st Annual Meeting of the Pacific Section,
American Association of Petroleum Geologists, and the Western
Regional Meeting of the Alaska Section: Geological Society of
America, Abstract with Programs, 38(5), 81.

Campbell, P.A., Anderson, T.H., 2003, Structure and kinematics along a seg-
ment of the Mojave-Sonora megashear: a strike-slip fault that trun-
cates the Jurassic continental magmatic arc of southwestern North
America: Tectonics, 22(6), 1077, doi: 10.1029/2002TC1367.

Centeno-Garcia, E., 2005, Review of Upper Paleozoic and Lower Mesozoic
stratigraphy and depositional environments of central and west
Mexico: constraints on terrane analysis and paleogeography, in
Anderson, T.H., Nourse, J.A., McKee, J.W. Steiner, M.B.(eds.),
The Mojave-Sonora Megashear Hypothesis: development, assess-
ment and alternatives: Geological Society of America, Special
Paper 393, 233-258.

Cojan, 1., Potter, P.E., 1991, Depositional environments, petrology, and
provenance of the Santa Clara Formation, Upper Triassic Barranca
Group, eastern Sonora, Mexico, in Pérez-Segura, E., Jacques-
Ayala, C. (eds.), Studies in Sonoran Geology: Geological Society
of America, Special Paper 254, 37-50.

De Cserna, Z., Rincon-Orta, C., Solorio-Munguia, J., Schmitter-Villada,
E., 1970, Una edad radiométrica pérmica temprana de la region
de Placer de Guadalupe, noreste de Chihuahua: Boletin Sociedad
Geologica Mexicana, 31, 65-73.

Dickinson, W.R., Gehrels, G.E., 2003, U-Pb ages of detrital zircons from
Permian and Jurassic eolian sandstones of the Colorado Plateau,
USA: paleogeographic implications: Sedimentary Geology,
163, 29-66.

Dickinson, W.R., Lawton, T.F., 2001, Carboniferous to Cretaceous assem-


http://satori.geociencias.unam.mx/26-2/26-2-01.xls

Lower Mesozoic detrital zircon geochronology of Sonora, México 313

bly and fragmentation of Mexico: Geological Society of America
Bulletin, 113, 1142-1160.

Farmer, G.L., Bowring, S.A., Matzel, J., Espinosa-Maldonado, G., Fedo,
C., Wooden, J., 2005, Paleoproterozoic Mojave province in
northwestern Mexico? Isotopic and U-Pb zircon geochrono-
logic studies of Precambrian and Cambrian crystalline and
sedimentary rocks, Caborca, Sonora, in Anderson, T.H., Nourse,
J.A., McKee, J.W. Steiner, M.B. (eds.), The Mojave-Sonora
Megashear Hypothesis: development, assessment and alterna-
tives: Geological Society of America, Special Paper 393,259-282.
doi: 10.1130/2005.2393(5).

Fox, J., Stair, K.N., Lehman, T.M., 2005, Detrital zircons in Upper Triassic
strata of the Upper Chinle and Dockum Groups, New Mexico
and Texas (abstract), in 101st Annual Meeting of the Cordilleran
Section, Geological Society of America: Geological Society of
America, Abstract with Programs, 38(5), 10.

Fox, J.D., Anderson, C., Stair, K., Dickinson, W.R., 2006, Provenance
contrasts revealed by U-Pb age populations of detrital zircons
in Chinle sandstones of the four corners region, southwest US
(abstract), in 102nd Annual Meeting of the Cordilleran Section,
Geological Society of America; 81st Annual Meeting of the Pacific
Section, American Association of Petroleum Geologists, and the
Western Regional Meeting of the Alaska Section: Geological
Society of America, Abstracts with Programs, 37(4), 46.

Gehrels, G.E., 2000, Introduction to detrital zircon studies of Paleozoic
and Triassic strata in western Nevada and northern California,
in Soreghan, M.J., Gehrels, G.E. (eds.), Paleozoic and Triassic
Paleogeography and Tectonics of Western Nevada and Northern
California: Geological Society of America, Special Paper 347,
1-17.

Gebhrels, G.E., Dickinson, W.R., 1995, Detrital zircon provenance of
Cambrian to Triassic miogeoclinal and eugeoclinal strata in
Nevada: American Journal of Science, 295, 18-48.

Gehrels, G.E., Stewart, J.H., 1998, Detrital zircon U-Pb geochronology
of Cambrian to Triassic miogeoclinal strata of Sonora, Mexico:
Journal of Geophysical Research, 103, 2741-2487.

Gehrels, G., Valencia, V., Pullen, A., 2006, Detrital Zircon Geochronology by
Laser Ablation Multicollector ICPMS at the Arizona LaserChron
Center, in Olszewski, T. (ed.), Geochronology: Emerging
Opportunities: Paleontology Society Papers, 2, 67-76.

Gehrels, G.E., Valencia, V.A., Ruiz, J., 2008, Enhanced precision, ac-
curacy, efficiency, and spatial resolution of U-Pb ages by laser
ablation multicollector inductively coupled plasma mass spec-
trometry: Geochemical Geophysical Geosystems, 9, Q03017,
doi:10.1029/2007GC001805.

Gonzalez-Ledn, C., 1997, Sequence stratigraphy and paleogeographic set-
ting of the Antimonio Formation (Late Permian-Early Jurassic),
Sonora, Mexico: Revista Mexicana de Ciencias Geologicas,
14(2), 136-148.

Gonzalez-Leodn, C., Stanley, G.D., Gehrels, G.E., Centeno-Garcia, E.,
2005, New data on the lithostratigraphy, detrital zircon and
Nd isotope provenance, and paleogeographic setting of the El
Antimonio Group, Sonora, Mexico, in Anderson, T.H., Nourse,
J.A., McKee, J.W. Steiner, M.B. (eds.), The Mojave-Sonora
Megashear Hypothesis: development, assessment and alternati-
ves: Geological Society of America, Special Paper 393,259-282.
doi: 10.1130/2005.2393..

Goodwin, D.G., 1999, Paleontology, paleoecology, and depositional envi-
ronments within the Upper Triassic (Norian) carbonate strata of
the Antimonio Formation, northwest Sonora, Mexico: University
of Montana, M.Sc. thesis, 209 p.

Grajales-Nishimura, N., Terrell, D.J., Damon, P.E., 1992, Evidencias de
la prolongacion del arco magmatico cordillerano del Triasico
tardio-Jurasico en Chihuahua, Durango y Coahuila: Boletin de la
Asociacion Mexicana de Geologos Petroleros, 42, 1-18.

Gross, E.L., Stewart, J.H., Gehrels, G.E., 2000, Detrital zircon geochro-
nology of Neoproterozoic to Middle Cambrian miogeoclinal
and platformal strata: Northwest Sonora, Mexico: Geofisica
Internacional, 39, 295-308.

Hardy, L.R., 1981, Geology of the central Sierra de Santa Rosa, Sonora,

Mexico, in Ortlieb, L., Roldan-Quintana, J. (eds.), Geology of
Northwestern Mexico and Southern Arizona: Geological Society
of America, Cordilleran Section Annual Meeting, Field Guides
and Papers, 73-98.

International Comission on Stratigraphy-International Union of Geological
Sciences (ICS-IUGS), 2007, International Stratigraphic Chart:
Paris, UNESCO and International Union of Geological
Sciences.

Iriondo, A., Premo, W.R., Martinez-Torres, L.M., Budahn, J.R., Atkinson,
Jr., W.W., Siems, D.F., Guaras-Gonzalez, B., 2004, Isotopic,
geochemical and temporal characterization of Precambrian base-
ment rocks in the Quitovac region, northwestern Sonora, Mexico:
its implications for the tectonic reconstruction of southwestern
North America: Geological Society of America Bulletin, 116,
154-170.

Izaguirre-Pompa, A., Iriondo, A., 2007, Mesoproterozoic (~1.2 Ga) quar-
tzite and intruding anorthosite (~1.08 Ga) from Sierra Prieta,
NW Sonora: Mexican additions to the Precambrian history of
SW Laurentia (abstract), in Ores and Orogenesis; A symposium
honoring the career of William R. Dickinson: Tucson, Arizona,
Arizona Geological Society, Program with abstracts, 257.

Karlstrom, K.E., Doe, M.F., Wessels, R.L., Bowring, S.A., Dann, J.C.,
Williams, M.L., 1990, Juxtaposition of Proterozoic crustal bloc-
ks: 1.65-1.60 Mazatzal orogeny, in Gehrels, G.E., Spencer, J.E.
(eds.), Geologic Excursions through the Sonora Desert Region,
Arizona and Sonora: Arizona Geological Survey, Special Paper
7, 114-123.

Karlstrom, K. E., Amato, J. M., Williams, M.L., Heizler, M., Shaw, C.,
Read, A., Bauer, P., 2004, Proterozoic evolution of the New
Mexico region: A synthesis, in Mack, G. H., Giles, K.A. (eds.),
The Geology of New Mexico: A geologic history: New Mexico
Geological Society, Special Publication 11, 1-34.

Leggett, W., Lawton, T.F., Amato, J., Gonzalez-Leon, C., 2005, The Rancho
San Martin formation near Cucurpe, Sonora, Mexico: a record
of Middle Jurassic arc magmatism and continental deposition in
a rapidly subsiding basin: Geos, 25, 166.

Leggett, W.J., Lawton, T.F., Amato, J.M., Gonzalez-Leon, C.M., 2007, New
age constraints and geochemical data on Early to Middle Jurassic
strata near Cucurpe, Sonora, Mexico: A record of the Cordilleran-
Nazas arc in north-central Sonora: Ores and Orogenesis (abstract),
in Ores and Orogenesis; A symposium honoring the career of
William R. Dickinson: Tucson, Arizona, Arizona Geological
Society, Program with abstracts, 148.

Lucas, S.G., Estep, J.W., 1999, Permian, Triassic, and Jurassic stratigra-
phy, biostratigraphy, and sequence stratigraphy in the Sierra del
Alamo Muerto, Sonora, Mexico, in Bartolini, C., Wilson, J.L.,
Lawton, T.F. (eds.), Mesozoic Sedimentary and Tectonic History
of North-Central Mexico: Geological Society of America, Special
Paper 340, 271-286.

Lucas, S.G., Estep, J.W., Gonzalez-Leon, C., Paull, R.K., Silberling, N.J.,
Steiner, M.B., Marzolf, J.E., 1997, Early Triassic ammonites and
conodonts from Sonora, northwestern Mexico: Neues Jahrbuch fiir
Geologie und Paldontologie, Abhandlungen, 9, 562-574.

Lucas, S.G., Estep, J.W., Molina-Garza, R.S., 1999, Early Jurassic ammo-
nites at Cerro Pozos de Serna, Sonora, Mexico: Neues Jahrbuch
fiir Geologie und Paldontologie, Monatshefte, 6, 357-37 .

Ludwig, K.R., 2003, Isoplot/Ex 3.00: A geochronological toolkit for
Microsoft Excel: Berkeley Geochronology Center, Special
Publication 4.

Manuszak, J.D., Satterfield, J.I., Gehrels, G.E., 2000, Detrital zircon
geochronology of Upper Triassic strata in western Nevada, in
Soreghan, M.J., Gehrels, G.E. (eds.), Paleozoic and Triassic
Paleogeography and Tectonics of Western Nevada and Northern
California: Geological Society of America, Special Paper 347,
109-118.

Marzolf, J.E., Anderson, T.H., 2005, Lower Mesozoic facies and cross-
cutting sequence boundaries: constraints on displacement of the
Caborca terrane, in Anderson, T.H., Nourse, J.A., McKee, J.W.,
Steiner, M.B. (eds.), The Mojave-Sonora Megashear Hypothesis:
development, assessment and alternatives: Geological Society of



314 Gonzalez-Leon et al.

America, Special Paper 393, 283-308.

McAnulty, W., 1970, Geology of the northern Nacozari district, Sonora,
Mexico: Albuquerque, USA, The University of New Mexico,
Ph.D. thesis, 103 p.

McKee, J.W., Jones, N.W., Long, L.E., 1990, Stratigraphy and provenance
of strata along the San Marcos fault, central Coahuila, Mexico.
Geological Society of America Bulletin, 102, 593-614.

McKee, J.W., Jones, N.W., Anderson, T.H., 1999, Late Paleozoic and early
Mesozoic history of the Las Delicias terrane, Coahuila, México,
in Bartolini, C., Wilson, J.L., Lawton, T.F. (eds.), Mesozoic
Sedimentary and Tectonic History of North-Central Mexico:
Geological Society of America, Special Paper, 340, 161-189.

Miller, J.S., Glazner, A F., Walker, J.D., Martin, M.W., 1995, Geochronologic
and isotopic evidence for Triassic-Jurassic emplacement of the
eugeoclinal allochthon in the Mojave Desert region, California:
Geological Society of America Bulletin, 107, 1441-1547.

Molina-Garza, R.S., 2005, Paleomagnetic reconstruction of Coahuila
Mexico: the Late Triassic Acatita intrusives: Geofisica
Internacional, 44, 197-210.

Molina-Garza, R.S., Geissman, J.W., 1996, Timing of deformation and
accretion of the Antimonio terrane, Sonora, from paleomagnetic
data: Geology, 24, 1131-1134.

Molina-Garza, R.S., Iriondo, A., 2005, La Megacizalla Mojave-Sonora:
la hipétesis, la controversia y el estado actual de conocimiento:
Boletin de la Sociedad Geologica Mexicana, 57(1), 1-26.

Molina-Garza, R.S., Geissman, J.W., 1999, Paleomagnetic data from the
Caborca terrane, Mexico: Implications for the Cordilleran tecton-
ics and the Mojave-Sonora megashear hypothesis: Tectonics, 18,
293-325, doi:10.1029/1998TC900030.

Montijo-Contreras, O., 2007, Estratigrafia y depdsitos de grafito del Grupo
Barranca, area La Lourdes-La Cumbre; La Colorada, Sonora:
México, Universidad Nacional Auténoma de México, Posgrado
en Ciencias de la Tierra, M. Sc. Thesis, 83 p.

Moreno, F.A., Mickus, K.L., Keller, G.R., 2000, Crustal structure and loca-
tion of the Ouachita orogenic belt in northern Mexico: Geofisica
Internacional, 39, 229-246.

Nourse, J.A., Premo, W.R., Iriondo, A., Stahl, E.R., 2005, Constraining
Proterozoic basement complexes near the truncated margin of
Laurentia, northwestern Sonora-Arizona international border
region, in Anderson, T.H., Nourse, J.A., McKee, J.W. and Steiner,
M.B. (eds.), The Mojave-Sonora Megashear Hypothesis: develop-
ment, assessment and alternatives: Geological Society of America,
Special Paper 393, 123-182, doi: 10.1130/2005.2393.

Palfy, J., Gonzalez-Leodn, C., 2000, Lower Jurassic ammonoid biostratigra-
phy of the Antimonio terrane, Sonora, northwestern Mexico, in
Calmus, T., Pérez-Segura, E. (eds.), Cuarta Reunion sobre la
Geologia del Noroeste de México y Areas Adyacentes, Libro de
Restimenes: Instituto de Geologia, UNAM, Estacion Regional
del Noroeste, Publicaciones Ocasionales, 2, 87-88.

Poole, F.G., Amaya-Martinez, R., Page, W.R., 2000, Silurian and Devonian
carbonate-shelf rocks and Lower Jurassic sequence near Rancho
Placeritos, west-central Sonora: 4th Meeting on the Geology of
Northwest Mexico and Adjacent Areas, Field Trip 2, 24 p.

Poole, F.G., Gehrels, G.E., Stewart, J.H., 2008, Significance of detrital
zircons in Upper Devonian ocean-basin strata of the Sonora
allochthon and Lower Permian synorogenic strata of the Mina
México foredeep, central Sonora, México, in Blodgett, R.B.,
Stanley, G.D.Jr. (eds.), The Terrane Puzzle: New perspectives
on paleontology and stratigraphy from the North American
Cordillera: Geological Society of America, Special Paper 442,
121-131, doi: 10.1130/2008.442(08).

Riggs, N.R., Busby-Spera, C.J., 1990, Evolution of multi-vent vol-
canic complex within a subsiding arc graben depression: Mount
Wrightson Formation, Arizona: Geological Society of America
Bulletin, 102, 1114-1135.

Riggs, N.R., Busby-Spera, C.J., 1991, Facies analysis of an ancient,
dismembered, large caldera complex and implications for intra-
arc subsidence: Middle Jurassic strata of Cobre Ridge, southern
Arizona, USA: Sedimentary Geology, 74, 39-68.

Riggs, N.R., Mattison, J.M., Busby-Spera, C.J., 1993, Correlation of

Jurassic eolian strata between the magmatic arc and the Colorado
Plateau: new U-Pb geochronologic data from southern Arizona:
Geological Society of America Bulletin, 105, 1231-1246.

Riggs, N.R., Lehman, T.M., Gehrels, G.E. Dickinson, W.R., 1996, Detrital
zircon link between headwaters and terminus of the Upper Triassic
Chinle-Dockum paleoriver system: Science, 273, 97-100.

Scholz, A., Aberhan, M., Gonzalez-Ledén, C.M., 2008, Early Jurassic
bivalves of the Antimonio terrane (Sonora, NW Mexico):
Taxonomy, biogeography, and paleogeographic implications, in
Blodgett, R.B., Stanley, G.D. (eds.), The Terrane Puzzle: New
perspectives on paleontology and stratigraphy from the North
American Cordillera: Geological Society of America, Special
Paper 442, 267-310, doi: 10.1130/2008.442(14).

Silver, L.T., Anderson, T.H., 1974, Possible left-lateral early to Middle
Mesozoic disruption of the southwestern North American craton
margin: Geological Society of America, Abstracts with Programs,
6(7), 955-956.

Stanley, G.D.Jr., Gonzalez-Leon, C.M., 1995, Paleogeographic and tectonic
implications of Triassic fossils and strata from the Antimonio
Formation, northwestern Sonora: Geological Society of America,
Special Paper 301, 17-20.

Steiner, M.B., Pinos, O., Lucas, S.G., Marzolf, J.E., Estep, J.W., 2005,
Possible Early Triassic location of the Caborca block, in Anderson,
T.H., Nourse, J.A., McKee, J.W. Steiner, M.B. (eds.), The
Mojave-Sonora Megashear Hypothesis: development, assess-
ment and alternatives: Geological Society of America, Special,
Paper 393, 309-328.

Stewart, J.H., Roldan-Quintana, J., 1991, Upper Triassic Barranca Group;
nonmarine and shallow marine rift-basin deposits of northwest-
ern Mexico: Geological Society of America, Special Paper 254,
19-36.

Stewart, J.H., Amaya-Martinez, R., Stamm, R.G., Wardlaw, B.R., Stanley,
G.D., Stevens, C.H., 1997, Stratigraphy and regional signifi-
cance of Mississippian to Jurassic rocks in Sierra Santa Teresa,
Sonora, Mexico: Revista Mexicana de Ciencias Geologicas,
14(2), 115-135.

Stewart J.H., Gehrels, G.E., Barth, A.P., Link, P.K., Christie-Blick, N.,
Wrucke, C.T., 2001, Detrital zircon provenance of Mesoproterozoic
to Cambrian arenites in the western United States and north-
western Mexico: Geological Society of America Bulletin, 113,
1343-1356.

Stewart J.H., Amaya-Martinez, R., Palmer, A.R., 2002, Neoproterozoic and
Cambrian strata of Sonora, Mexico: Rodinian supercontinent to
Laurentian Cordilleran margin, in Barth, A. (ed.), Contributions
to crustal evolution of the southwestern United States: Geological
Society of America, Special Paper 365, 5-48.

Taylor, D.G., Guex, J., Rakus, M., 2001, Hettangian and Sinemurian am-
monoid zonation for the western Cordillera of North America:
Bulletin de Géologie Laussane, 350, 381-421.

Torres, R., Ruiz, J., Patchett, P.J., Grajales, J.M., 1999, Permo-Triassic
continental arc in eastern México: Tectonic implications, for
reconstructions of southern North America, in Bartolini, C.,
Wilson, J.L., Lawton, T.F. (eds.), Mesozoic Sedimentary and
Tectonic History of North-Central Mexico: Geological Society
of America, Special Paper 340, 191-196.

Valentine, W.G., 1936, Geology of the Cananea Mountains, Sonora,
Mexico: Geological Society of America Bulletin, 47, 53—86.

Walker, J.D., Martin, M.W., Glazner, A.F., 2002, Late Paleozoic to
Mesozoic development of the Mojave Desert and environs,
California, in Glazner, A.F., Walker, J.D., Bartley, J.M. (eds.),
Geologic Evolution of the Mojave Desert and Southwestern Basin
and Range: Geological Society of America, Memoir 195, 1-18.

Weber, R., 1997, How old is the Triassic flora of Sonora and Tamaulipas
and news on Leonardian floras in Puebla and Hidalgo, Mexico:
Revista Mexicana de Ciencias Geologicas, 14(2), 225-243.

Manuscript received: September 30, 2008
Corrected manuscript received: February 15, 2009
Manuscript accepted: February 17, 2009



