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ABSTRACT

Salinia is an out-of-place granitic ter-
rane in central coastal California whose
debated origin is critical to understanding
the tectonic history of southwestern North
America. Salinian metasedimentary and
sedimentary rocks that respectively host and
cover its predominant arc rocks should con-
tribute important data about its origin and
kinematic history, but pervasive intrusion,
high-grade metamorphism and Cenozoic
erosion of the Salinian block have inhibited
their widespread characterization and cor-
relation. To further address these problems,
we report 605 U-Pb detrital-zircon geo-
chronologic ages collected by laser-ablation
multi-collector inductively coupled plasma
mass spectrometry (LA-MC-ICP-MS) from
seven Salinian metasedimentary framework
(Sur Series) and sedimentary cover samples.
Samples collected from the Sur Series con-
tain Late Archean (2.5-2.9 Ga), late Paleo-
proterozoic (1.6-1.9 Ga), Mesoproterozoic
(0.9-1.5 Ga), Neoproterozoic (0.65-0.8 Ga),
Paleozoic (250—450 Ma), and possibly Meso-
zoic U-Pb detrital-zircon ages. Samples col-
lected from Upper Cretaceous cover units
have various age-peak distributions, which
collectively include late Paleoproterozoic
(1.6-1.8 Ga), early Mesoproterozoic (1.35—
1.55 Ga), Permo-Triassic (220-290 Ma), and
Jurassic-Cretaceous (80-190 Ma) peaks.
From these data, several interpretations are
made. (1) Maximum depositional ages of
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the Sur Series and cover intervals are 280—
360 Ma and 78-90 Ma, respectively. (2) The
presence of Late Archean, early Paleopro-
terozoic, and Neoproterozoic zircons in
Salinian metasedimentary rocks suggest that
uplift and erosion of adjacent basins recy-
cled sediment onto Salinia. (3) The abundant
pre-Mesoproterozoic detrital-zircon ages in
Sur Series and cover units preclude the pos-
sibility that Salinia originated in southern
Mexico, as has been previously suggested.
(4) Five of six key detrital-zircon age peaks
identified in Salinian basement and cover
units are nowhere more closely arranged
than in the Mojave Desert—Peninsular
Ranges region of Baja and southern Alta
California. (5) Paleozoic and early Mesozoic
detrital zircons in Sur Series and cover units
match the ages of several plutonic events
that occurred along the western margin of
North America—however, Permian ages
favor a Mojave Desert origin over other can-
didates. Collectively, these and other data
suggest that Salinia resided in the Mojave
Desert—Peninsular Ranges region from the
late Paleozoic until the Late Cretaceous,
after which it was rapidly exhumed, depos-
ited upon, and then translated outboard and
northward to its current position.

Keywords: tectonics, Cordillera, California,
provenance, Sur Series, depositional age.

INTRODUCTION

Salinia is an enigmatic granitic terrane that
interrupts the classic juxtaposition of arc,
forearc, and accretionary wedge tectonostrati-
graphic domains that are otherwise typical of

the Mesozoic Cordilleran subduction system
in California (Dickinson, 1981). In its current
location adjacent to outcrops of the low-tem-
perature, high-pressure Franciscan complex
and strata of the Great Valley Group (Fig. 1),
Salinia is not contiguous with the associated
metamorphic and igneous terranes characteris-
tic of arc volcanism. Some of this anomalous
juxtaposition can be attributed to 300-350 km
of dextral offset that occurred along the San
Andreas transform system during the late Ceno-
zoic (Matthews, 1976; Graham et al., 1989;
Powell, 1993; Dickinson and Wernicke, 1997).
However, restoration of this deformation does
not return Salinia to an intra-arc position, and
as a result, its origin and pre-Neogene transport
history have been widely debated.

In general, three models compete to explain
the origin of Salinia. (1) Continental strontium-
isotope signatures (Kistler, 1978; Kistler and
Champion, 2001) and geologic relationships
(Page, 1970; Page, 1981; Hall, 1991; Saleeby,
2003; Barth et al., 2003) suggest that top-to-
the-west thrusting of eastern California arc
rocks over forearc and accretionary wedge
tectonostratigraphic domains may have brought
Salinia into its anomalous outboard position.
(2) Paleomagnetic data collected from coastal
and Baja California have been interpreted to
indicate long-distance northward translation of
terranes exotic to the Farallon-Pacific margin of
the United States and suggest that Salinia may
have originated near southern Mexico (Cham-
pion et al., 1984; Hagstrum et al., 1985; Debi-
che et al., 1987). However, this model has been
largely undermined by studies that suggest plu-
ton-tilt and sedimentary compaction-shallowing
of remnant magnetizations may be responsible
for the interpreted discordance between coastal
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and Baja California paleolatitudes and the North
American apparent polar wander path (Butler et
al., 1991; Dickinson and Butler, 1998; Whidden
etal., 1998; Kodama and Ward, 2001). (3) Mod-
erate distance (<3° latitude) lateral-translation
models (e.g., Dickinson, 1983) are consistent
with the reevaluated paleomagnetic data and
are bolstered by geometric and geologic argu-
ments that tie Salinia to portions of the Mojave
Desert and eastern Peninsular Ranges regions
(Ross, 1984; Silver and Mattinson, 1986; Hall,
1991). Enduring interest and research into the
possibility of long-distance transport of Salinia
and other Pacific-Farallon margin terranes
(Umbhoefer and Schiarizza, 1996; Cowan et
al.,, 1997; Housen and Beck, 1999; Hollister
and Andronicos, 1997; Mahoney et al., 1999;
Butler et al., 2001; Trop et al., 2002; Cowan,
2003), however, indicate that this debate is not
yet resolved.

Metasedimentary and sedimentary rocks that
respectively host and cover Salinia’s predominant
arc rocks should contribute important data about
its origin and kinematic history. However, several
factors inhibit the widespread characterization
and correlation of these framework and cover
rocks. Pervasive intrusion of Cretaceous gran-
itoids throughout Salinia has left few and dis-
continuous exposures of host rocks. Of the sedi-
mentary septa, pendants, and rafts that remain,
high-grade metamorphism has largely obscured
faunal assemblages and stratigraphic and cross-
cutting relationships. Further, Cenozoic erosion
of the Salinian block has removed original
depositional and stratigraphic relationships in
the Upper Cretaceous—Quaternary cover. This is
exacerbated by the poorly dated nature of sparse
but important Upper Cretaceous strata. The high
closure temperature of zircon, however, provides
an opportunity to circumvent these impediments
through U-Pb geochronology.

To further address the debated origin of Salinia
and to better characterize the enigmatic Salin-
ian basement and cover rocks, we report U-Pb
detrital-zircon age data acquired by laser-ablation
multi-collector inductively coupled plasma mass
spectrometry (LA-MC-ICP-MS) from seven
sandstone and quartzite samples collected in the
western, central, and eastern blocks of northern
Salinia (Fig. 2; Table 1). Comparison of detrital-
zircon age spectra from Salinian basement and
cover units with possible sources and other North
American detrital-zircon age spectra allows us
to assess the Mojave Desert, eastern Peninsular
Ranges, and southern Mexico origins proposed
for Salinia. Moreover, this study contributes to
the growing body of zircon age data collected
from California tectonostratigraphic domains
and places maximum depositional ages on Salin-
ian framework and cover rocks.
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Figure 1. Location map for Salinia and study area. Salinia is bounded to the east by the San
Andreas fault (SAF), to the west by the Sur-Nacimiento fault (SNF) and to the south by the
Big Pine fault (BPF). Cretaceous granitoids are shown in gray. PRB—Peninsular Ranges
batholith. SNB—Sierra Nevada batholith. GF—Garlock fault. The location of Figure 2
(study area) is shown by box. Modified from Kidder et al. (2003).

GEOLOGIC SETTING

Salinia is a fault-bounded crustal block in
the central coast of California (Figs. 1 and 2).
It is bounded to the west by the Sur-Nacimiento
fault, the east by the San Andreas fault, and the
south by the Big Pine fault. The Palo Colorado—
Coast Ridge and Reliz-Rinconada fault systems
further subdivide Salinia into western, central,
and eastern blocks (Fig.2 inset). Salinia is
composed of four tectonostratigraphic units, the
timing and conditions of genesis of which are
each constrained to varying degrees: (1) Creta-
ceous granitoids and associated igneous rocks,
(2) the ‘Sur Series’ suite of metamorphosed
sedimentary and igneous framework rocks into
which Cretaceous magmatic rocks intruded,
(3) the Upper Cretaceous schist of the Sierra de
Salinas that structurally underlies the Sur Series,
but likely is not intruded by Salinian granitoids
(Barth et al., 2003), and (4) Upper Cretaceous
to Quaternary sedimentary units that locally
overlie the framework and igneous units (e.g.,
Page et al., 1998). A summary of the tectonic,
magmatic, and sedimentary events that have
been documented in the Salinian block is shown
in Figure 3 and is described below.

Magmatism in Salinia occurred between
~130 and 70 Ma (James and Mattinson, 1988;
Mattinson, 1990; Kistler and Champion, 2001;
Barth et al., 2003) but was most intense between
93 and 81 Ma (Kidder et al., 2003), coincident
with the second of two Mesozoic magmatic
flare-ups common to the Sierra Nevada and
Peninsular Ranges batholiths to the east and
south, respectively (Coleman and Glazner,
1998; Ducea, 2001). This magmatic accumula-
tion doubled the thickness of Salinian crust from
93 to 80 Ma (Kidder et al., 2003). The isotopic
signatures of Salinian granitoids are consistent
with arc magmatism that occurred along a
cratonic margin and are similar to those found
in the eastern (interior) parts of the California
arc (Ross, 1977; Kidder et al., 2001; Kistler and
Champion, 2001).

The Sur Series (Trask, 1926) is a succession
of heterolithic gneisses, schists, marbles, and
quartzites that host the Cretaceous granitoids
and that reached metamorphic grades in the
upper amphibolite and granulite facies at ca.
81-76 Ma, although foliation development and
ductile deformation occurred from 93 to 76 Ma
(Kidder et al., 2003). Whereas the Sur Series
protolith was originally believed to comprise
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Figure 2. Map of study area in northern Salinia indicating locations of Sur Series (black stars) and Upper Cretaceous cover unit (white
stars) samples relative to Franciscan complex, Cretaceous granitoids, and sedimentary units of central coastal California.

DETRITAL-ZIRCON SAMPLES I

TABLE 1. SALINIA DETRITAL ZIRCON SAMPLES: FORMATIONS AND LOCATIONS UTM ZONE 10 S,
NAD27 CONUS DATUM

Sample Unit Block Elevation Easting Northing Latitude Longitude
(m) (N) (W)

Creta Sur Series Western 914 0639984 3985700 36°0020.6” 121°26'48.4”
Cone Sur Series Western N/A 0638034 3987071 36°01'12.6” 121°2805.4”
Rojo Upper Cretaceous cover Western 650 0629183 3991667 36°03'39.6” 121°33'56.2”
Esalen Upper Cretaceous cover Western N/A 0622963 3998202 36°07'21.1” 121°3801.1”
Seco Sur Series Central 630 0635458 4010973 36°1402.9” 121°29'33.5”
Rocky point Upper Cretaceous cover Central 57 0597809 4029193 36°24'10.5” 121°5433.2”
Fremont Sur Series Eastern 675 0634285 4069145 36°45'37.4” 121°29'44.1”
platformal Paleozoic-Mesozoic sedimentary lateral discontinuity and degree of metamor-

units (Ross, 1977; Mattinson, 1990), the relative
abundance of gneissic material having calcic
tonalite modal compositions and isotopic signa-
tures indistinguishable from associated intrusive
rocks (Kidder et al., 2001, 2003) now suggest
that much more of the Sur Series may have an
igneous protolith than previously thought. The

phism of the Sur Series limits biostratigraphic
and sequence stratigraphic constraints on the
depositional age of its metasedimentary com-
ponents. However, inherited and detrital zircons
recovered from the Cone Peak diorite (Kidder
et al., 2003) and framework metasedimentary
quartzites (this study), respectively, suggest that

the maximum age of parts of the Sur Series is
late Paleozoic and perhaps even Mesozoic.
Upper Cretaceous—Paleocene (Gilbert, 1973;
Howell and Vedder, 1978; Vedder et al., 1983;
Grove, 1993), Eocene and Oligocene—Miocene
(Graham, 1976; Vedder et al., 1983; Hall, 1991)
marine-dominated sedimentary  successions
are intervened by regional unconformities and
overlie the intrusive rocks and Sur Series of
the Salinian block (Fig. 3). Integrated biostrati-
graphic, paleobathymetric (Grove, 1993), and
pressure-temperature-time constraints (Ducea
et al., 2003a; Kidder et al., 2003) suggest that
exhumation of the Salinian arc from ~25 km
depth to the surface occurred over a very short
interval between the cessation of high- and mid-
T metamorphism around 80 Ma and deposition
of marine rocks in the Campanian (?) or Maas-
trichtian, ca. 75-65 Ma (Vedder et al., 1983).
Calculated late Cretaceous exhumation rates of

Geological Society of America Bulletin, March/April 2005 3



B25496 page 4 of 16

BARBEAU et al.

Apmys sty ur sajdures 19400 pue SILIIG ING IY) WOIJ PIIIA0III SUOIIIZ JSISUNOA IY) JO SIGE Y} 0) 303dsax YPIIM eruI[eS JO A10)SIY
Areyuauurpas pue dnjdrowre)dw Oruoinid yo Arewrwng :soq Y3y (1861 95t d) uoneyudwWIpas eds-daap pajenosse pue suonjd uLIUI[ES JO UOISOId pue UonNIISSIP—SYH (€007 “T&
13 3A015)) SISTYIS de[d 13mof Jo sage [euonisodap—HDS (€661 “A0ID (066 T ‘PUBLIDYING €L6T ‘TL6T IIIQIID) SHUN 1IA0D BUl[eS Jo 95k [euonisodap—)S (€007 “T& 19 9A015)) ISPy
JBIMSIIAIN Suofe ISIYIS e1d0d0.1() Jo Bjep gk JuIj00d Iy/Iy PpUuB U0IIZ-[EILIP qd-N—N (€00Z “T€ 19 9A015)) SUIBIUNOTA] dWO(] d[)se)) Ul ISIYIS eidodoI( Jo ejep d5e uIj00d
AV/1V pue uodz-[e)1iap qd-N—o2 (€007 “I¢ 39 3401D) SIA 03I, ul Is1ydS e1dod0(Q Jo eyep 23 ur[00d IY/IY PUE UOIZ-[BILIIP qd-1—ISO (00T “[& 19 9401D) S[[TY UB[IALD)
ul )s1yds erdodoaQ jo ejep Ige JuIj00d ay/Iy puB uodz-[BILnadp qd-N—-sS0O (€007 “T8 19 9A015)) UOISI MI10] ISB Ul ISIYIS BUO[IJ JO B)ep I3e SUI[00d AV/IV PUB UOIIZ-[B)LI)IP
qd-N—3Sd ‘(€007 “Te 19 dA019) *S)IA BId0d0.1Q Ul ISIYIS e1d0d01(Q JO BIEp AR SUI[00I IY/IY PUB UOIIZ-[BILIIP qd-1—O0SO (€007 “I€ 19 9A015)) BUO[I] B.LIJIS UI ISIYIS BUOIJ JO
e)ep Ige SUI[00d Iy/Iy PUB UOINZ-[BILIAP qJ-N—SSd $(€00T “T8 19 9A015)) *SIJA] puey pue ISPrY [B)I04 Ul ISIYIS PuBy Jo B)ep e Fur00d Iy/Iy pue UodIzZ-[e3ndp qd-1—SA
$(€007 “Te 39 Yhaeg) Seur[es dp SBLIIIS Y} JO ISIYIS WOIJ B)ep 35k SUIj00d Iy/Iy pue U0IZ-[EILNIP qJ-N—SPS (€007 “T& 19 9A01D)) sdguey OIpSIUy UBS Ul JSIYIS puey] wo.j
BJRp 33k SUI[00) IV/IY PUB UOIZ-[RILDIP qd-N—23SA (€0027) Te 1° Yr1eg pue (996]) uoydwo) wouy aae uogAjod paydey Ajjeuogerp Aq umoys e suoynjd ueruifes jo sage sul
-[002 Xy/IV PUe Iv/3] (€007 “T& 39 JPPI]) UOISAL B du0)) Ul $)oures dneuraunpsod Jo ([PA0I5—d {(q€00T “[& 19 N £00T “I¥ 13 1PPIY]) Wdap uny )¢—S7 & uoIsa sjedq
AU0D— (€007 T8 19 19PPI) UOI3dI B duo)) 3y} ul uonerjo} dyd.rowrejdur Jo JudwrdopPAdp—AadD (ST ‘SOWRL PUB UOSUNIBA]) WISTU0)II) SNOIIBIII)) AQ PIULIOJIP jou suoinjd
uerurfes Jo judwddeidud—Jqn ((UIdYy) SIIUAIIYII pue ‘g7 “Ie 39 YrIeg) wsnewdeuwr AJ[[eA Seul[eS—AS ((S86] ‘SOwef pue UOSUNIEIA) WISHeWSew ueIui[eS—SV (U1
SIIUAIIYAI PUE ‘€07 “T& 19 Yiaeg) wsnewsew dguey uefiqen)—yo (Apnjs SIy}) sjun JI3A0d BIUIeS snoddear) Jaddn woay paIsAeddl SUIIZ [BILIIP ISASUN0A—AQD {(ApmIs
SIY) VLAY d[dures SILIdG NS WOy PAIIA0IAL SUOINZ ISISUNOA—Y LA {(Apnis siypy) ANQ)D ddures saLIdg Ing woay paIdA0ddI SU0INZ 3SAIZUunoA—magNOD (€007 “T& 19 yreq)
PI03oad seur[es Ip SB.LIAIS JO ISIYIS Jo 35k [euonisodap—Sps :X0q 19U (4661 “T& 19 UOS[OYIIN) SASUBY ISIIASURLL, JO UONBIOI—Y L {(F66T “T8 39 UOS[OYIIN (LGT “TILMIY)
yneq sedaapuy ueS—AVS (1661 ‘IIEH ‘1861 98ed €L6T ‘TIL6T HIqIID) UOYIYIO[[E BIUIOJE)) UIIYINOS JO JUIWDIAOW pue Judwdde[duwd—yIS {(H00T SAPDIA) VSN IoL1d)ul
WII)SIM UI SISAUAZ0.10 Iprurere T—IARLT (00T “T8 39 9A01D) YS[] WINSIMYINOS 0 SISIYIS dje[d 1amo] Jo uonadde pue upe(ddpun—) Iy (€861 ‘UOSUDI() I}[NE] 0JUINWIIEN
—AN ‘(6L61 ‘Uewrydeq ‘7L6T 98ed ‘€L6T TL6T QIO $0L6T ISUIF) d3e[qUIISSE AT8U01)IIIIE UBISIOURII— ] (2007 “Te 19 ss9[dInS-Jjeeand() uiseq d.1ed.10) AJ[BA JBIID—AD)
{(100T “8adn( (8661 “IPUZE[D) PUR UBWI[0D)) PI[OYIB( BPBAIN BLIIIS—NS :X0q JJIT "SUOISI dJE BIWLIOJ[E)) PUE BIUI[ES 10} JIeyd dnewdun| pue dgdeidnensouoty) ¢ 3.angiy

N
axIAh ©
ONINILYOHS =

ONILINYL dITS-INIYLS —=
SNODYIZ hﬁﬂwﬁ I P ozhm_www D NOILVLINIWIAIS [oictersts WSIHdYOWYLIW

NOILVINIWIA3S

(Apnis siyy)
WSIHd4OWVLIW
SNODHIZ WSILYWOVW
2| fost
* b
\\ MM m)
@ [ \\\ °d ko <=
N " = m °dfe —~
N ol L >
3 Vg sv N o e o toot
T TWe =097 ~J I I S R 22 WS
L m W > I o
o) AN o] o c
m% z| = I PIRIE clo
m * o N \ o1 I°e -
= ¥ e 1 ZIBKIE
I o bl
o <u&o_>_5 o 25
—[¢omss)| =- - - - 1 - - —1-4-- - -9 - - &=
suoduIZ _.W: o) 3 pos
3s9bunoA = ° A
= - p
= u4 -
- - - -9~ - - - 1 e P
= g5
e . . ST T T T =
o
dL n
vs | Q )
I e T I T 0
AIYIWWNS VINITYS NOIS3d IAVIOW-VINITVS NOID3d D4V VINJO4ITVD e

Geological Society of America Bulletin, March/April 2005



>2-3 mm/yr (Kidder et al., 2003) require a sig-
nificant component of extensional exhumation,
which is congruent with Grove’s (1993) model
of a unified Upper Cretaceous transtensional
forearc basin offshore from the Salinian arc.
Discrete dextral transform motion along the
western plate margin began in the middle Mio-
cene (Fig. 3) and developed a series of disjointed
transtensional marine basins along the Salinian
margin (Graham, 1978; Graham et al., 1989;
Hall, 1991; Grove, 1993; Page et al., 1998). A
second pulse of rapid exhumation occurred at
ca. 8 Ma, associated with a change in the rela-
tive plate motion vector between the Pacific and
North American plates (Ducea et al., 2003a).

SAMPLES

Seven detrital-zircon samples (Table 1) were
collected from the quartzites and sandstones
that respectively host and cover the Cretaceous
intrusive suite of which Salinia is primarily
composed (Fig.2). Four samples come from
metasedimentary components of the Sur Series
(CRETA, CONE, SECO, and FREMONT) and
three from the Upper Cretaceous sedimentary
cover units (ROJO, ESALEN, and ROCKY
POINT). Four of the samples belong to the
western block (CRETA, CONE, ROJO, and
ESALEN), whereas two belong to the central
block (ROCKY POINT and SECO), and one
belongs to the eastern block (FREMONT).

Sur Series Samples

This study reports detrital-zircon age data
from quartzites of the pre-Late Cretaceous
Sur Series. The Sur Series’ heterogeneity,
amphibolite-granulite facies metamorphism,
and pervasive intrusion by Cretaceous granit-
oids has largely inhibited its subdivision into
lithostratigraphic members. As a result, little
is known about the structural orientation and
stratigraphic architecture of the Salinian base-
ment and the sense of displacement on its many
intraterrane faults (e.g., Fig. 2). In the southern
Santa Lucia Mountains, however, the Sur Series
has a predominant foliation that dips ~30° NE,
as well as a northeastward decrease of regional
metamorphic grade. In the context of this north-
eastward tilt, higher concentrations of layered
granofels, amphibolites, and marbles occupy
the lower part of the succession, whereas dis-
organized meta-igneous rocks define the upper
(Kidder et al., 2003). In the southern Santa
Lucia Mountains, quartzites are relatively rare
and thin but are more common in the lower Sur
Series (e.g., CONE and CRETA) than the upper.
Quartzites sampled in the more northeastern
parts of the study area (SECO and FREMONT)

DETRITAL-ZIRCON GEOCHRONOLOGY OF SALINIA

may represent rare preservation of sedimentary
protolith in the upper Sur Series or may help
define the nature of displacement between the
eastern, central, and western Salinian blocks.

CONE comes from a relatively thick quartz-
rich metasedimentary Sur Series unit in the
southern Santa Lucia Mountains (Fig. 2). It
weathers brown and displays a subtle sub-
horizontal metamorphic foliation. CONE is
composed predominantly of quartz (96%) with
subordinate plagioclase and potassium feldspars
(4% total), although sparse biotite helps reveal
its foliation. Minor and accessory minerals
include garnet and opaque Fe-Ti oxides. Thin
sections reveal grains with moderately elon-
gated habits, sutured grain boundaries, and
undulose extinction. Grain aspect ratios are ~3.3
in quartz and ~1.75 in feldspars.

CRETA was sampled from a thin metasedi-
mentary succession in the southern Santa Lucia
Mountains of the western Salinian block, not
far from CONE (Fig. 2). CRETA is the south-
ernmost sample collected in this study. In out-
crop, CRETA is a white-brown quartzite with
abundant microfractures, some of which are
filled with quartz to form veinlets. Thin-section
analysis reveals a quartz (78%), potassium-feld-
spar (19%), and plagioclase (~2%) composition.
Sutured grain boundaries and grain elongation
are prominent (aspect ratio = 3.0) and moderate
(aspect ratio = 1.7) in quartz and feldspar, respec-
tively, with the unit’s mylonitic texture revealed
by many of the potassium-feldspar grains.

SECO is a gray quartzite from a small mixed
metasedimentary pod within abundant meta-
granitoids on the eastern flank of the Santa Lucia
Mountains of the central Salinian block (Fig. 2).
SECO is composed of quartz (80%) and plagio-
clase feldspar (20%), as well as trace amounts of
garnet, muscovite, and biotite. SECO displays
significant degrees of foliation, quartz undulose
extinction, sutured grain boundaries, and grain
elongation (aspect ratio = 2.1).

FREMONT was sampled from a thick
metasedimentary succession near Fremont Peak
in the Gabilan Range of the eastern Salinian
block (Fig.2). It is the northernmost sample
collected in this study. In outcrop, Fremont is
a purple medium-grained mica schist. Thin-
section analysis reveals that FREMONT is
composed of quartz (68%), plagioclase (19%),
biotite (8%), muscovite (4%), and rare garnet.
FREMONT has well-developed foliation and
prominent grain elongation in quartz and feld-
spar (aspect ratio = 2.4-2.6).

Sedimentary Cover Samples

This study also reports detrital-zircon age data
collected from Upper Cretaceous—Paleocene
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marine and associated sandstones exposed in
the western and central Salinian blocks (Fig. 2).
In the vicinity of the study area, these strata have
been locally and variably named the Merle, Dip
Creek, Atascadero, and Asunciéon Formations,
although unnamed members and formations
have also been described (Ross, 1977; Ruetz,
1979; Vedder et al., 1983; Grove, 1986).

The Upper Cretaceous—Paleocene strata
of Salinia have generally been interpreted to
result from a submarine-fan depositional system
(Howell and Vedder, 1978; Ruetz, 1979; Vedder
et al., 1983). Whereas this interpretation charac-
terizes their dominant stratigraphic architecture,
interbedded and laterally equivalent fluvial, fan-
delta, and shallow-marine lithofacies (Grove,
1986, 1993) suggest that high-frequency base-
level changes also affected the succession.
In general, the Upper Cretaceous—Paleocene
strata of Salinia depict an up-section deepen-
ing and retrogradation of facies (Grove, 1986),
which is further supported by the recognized
northeastward onlap of progressively younger
strata within the Upper Cretaceous—Paleocene
succession (Ruetz, 1979; Grove, 1993). Ages
of the lowermost exposed Salinian strata are
controversial—whereas some have reported
late Campanian macrofossils (Hall et al., 1959;
Vedder et al., 1983; Saul, 1983), others suggest
that robust biostratigraphic markers such as
foraminifera are limited to the Maastrichtian
faunal zones (Almgren and Reay, 1977; Saul,
1983; Sliter, 1986). Indeed, if the lowermost
Upper Cretaceous strata are Campanian, Salin-
ian plutons that were at 25 km depth at 76 Ma
(Kidder et al., 2003) would need to be exhumed
at geologically unrealistic rates of >5 mm/yr.

The stratigraphic architecture and tec-
tonic and geologic setting of Upper Creta-
ceous—Paleocene Salinian sedimentary cover
rocks suggest that they were deposited within
a forearc basin (Page, 1970; Graham, 1978;
Grove, 1993). The presence of associated deep-
water and terrestrial units within short (<10 km)
lateral distances require a steep basin margin,
which led Grove (1986, 1993) to suggest that
these strata accumulated in an intraforearc gra-
ben that developed within rocks once part of the
eastern and central parts of the California arc.

ROCKY POINT was sampled from an Upper
Cretaceous sandstone in the eastern portion of the
western Salinian block (Fig. 2). It is the northern-
most sedimentary sample collected in this study.
In outcrop, the unit from which ROCKY POINT
was sampled is a succession of dark brown,
lenticularly bedded sandstones and mudstones.
Thin sections of ROCKY POINT display angular
to subrounded, moderately sorted lower fine to
upper very coarse sand grains (+3.0 to —1.0d.
ROCKY POINT is a lithic arkose, composed of
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quartz (41%), feldspar (33%), and microlitic and
felsitic volcanic lithic grains (26%). The feldspar
population is evenly split between potassium-
feldspar and plagioclase grains. The volcanolithic
arkose composition of ROCKY POINT suggests
it was derived from a dissected-arc terrane (Dick-
inson et al., 1983).

ROJO was sampled from a poorly exposed
succession of coarse-grained litharenites and
arkoses in the southern Santa Lucia Mountains
(Fig. 2). ROJO is the southernmost sedimentary
sample collected in this study. In outcrop, ROJO
is a porous, friable red-brown sandstone with
moderate-poor sorting of angular-subrounded
lower fine to upper very coarse grains (+2.5 to
—0.5®). In thin section, ROJO is a feldspathic
litharenite, with quartz (45%), lithic (28%), and
feldspar (27%) grains. The lithic fraction is dom-
inated by volcanic clasts, with near equal modal
abundances of microlitic, vitric, and felsitic tex-
tures, with subordinate lathwork volcaniclastic
and shale sedimentary grains. Plagioclase grains
in ROJO greatly outnumber potassium-feldspar
grains, which, with the abundance of vitric and
lathic textures, suggest a more mafic sediment
source. However, like ROCKY POINT, ROJO
falls within the dissected-arc provenance field of
Dickinson et al. (1983).

ESALEN comes from an Upper Cretaceous
arkose in the coastal Santa Lucia Mountains
(Fig. 2). It is sampled from a well-bedded,
well-sorted, gray sandstone interval associated
with clast-supported conglomerates. Thin-sec-
tion analysis reveals angular to subangular
feldspar (55%), quartz (36%), and lithic (9%)
grains, between upper middle and upper very
coarse sand (+1.5 to —1.0 @) in size. Volca-
niclastic grains with microlitic and felsitic
textures dominate the lithic clast population,
although some sedimentary, chlorite, musco-
vite, and clinopyroxene lithic grains are also
present. Plagioclase-feldspar grains greatly
outnumber potassium-feldspar grains, and
quartz grains are entirely monocrystalline.
ESALEN plots on the border of the basement-
uplift continental block and dissected mag-
matic arc fields (Dickinson et al., 1983).

METHODS

Approximately 10-15 kg of fresh material
was collected from a single ~1-m-thick succes-
sion of medium- to coarse-grained quartzite or
sandstone for each of the seven samples. Special
attention was paid to avoid dikelets and other
small intrusive igneous bodies that are common
throughout the Salinian block and would con-
taminate a detrital signal.

The samples were processed with standard
crushing and pulverizing procedures followed
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by density and magnetic separations. The
remaining heavy minerals were mounted in
2.5 cm epoxy mounts and were analyzed by LA-
MC-ICP-MS. Each sample’s analysis involves
ablation of 100 randomly selected zircon grains
with a New Wave DUV 193 Excimer laser, oper-
ating with a wavelength of 193 nm and a spot
diameter of 35-50 microns. Each grain analysis
consists of a single 20-second integration on iso-
tope peaks without laser firing to obtain on-peak
background levels, 20 one-second integrations
with the laser firing at the center of each grain,
followed finally by a 30-second purge with no
laser firing to deliver the remaining evacuated
sample. Hg contributions to 2*Pb were removed
by taking on-peak backgrounds. Each excava-
tion pit is ~20 microns in depth.

The ablated material is carried via argon gas
into a Micromass Isoprobe, which is equipped
with a flight tube of sufficient width that U and
Pb isotopes are measured simultaneously. The
measurements are made in static mode, using
Faraday detectors for U, »2Th, 2%2Pb, and
an ion-counting channel for 2*Pb. Ton yields
are ~1 millivolt per ppm. Common Pb correc-
tions are made by using the measured **Pb and
assuming initial Pb compositions from Stacey
and Kramers (1975). Analyses of zircon grains
of known isotopic and U-Pb composition were
conducted in most cases after each set of five
or ten unknown measurements to correct for
elemental isotopic fractionation. In some cases,
the standard analyses were sufficiently stable to
measure ten unknowns between standards.

Our seven samples were analyzed during four
sessions, each with separate operating condi-
tions. The CONE and ESALEN samples were
analyzed in separate sessions in hard extraction
mode, which yielded higher and more variable
Pb/U fractionation. The **Pb*/?*U values for
the standards were corrected for an average of
15.3% (£2.6%) and 27.2% (£3.0%) fraction-
ation (uncertainties at 26 standard deviation
of ~20 analyses), respectively, for these two
samples. CRETA, SECO, ROJO, and ROCKY
POINT were analyzed during a single session in
soft extraction mode, with average fractionation
factors of 10.3% =+ 2.6%, 10.0% + 2.4%, 10.5%
+ 1.8%, and 11.3% + 2.7%, respectively. FRE-
MONT was analyzed during a separate session
in soft extraction mode, with an average frac-
tionation factor of 10.6% =+ 2.2%. 2"Pb*/2*Pb*
ratios for all samples were corrected for 2%—5%
+ ~3% fractionation.

The analytical data are presented in an asso-
ciated Data Repository (Table DR1)'. Unless
otherwise noted, the ages used for provenance
interpretation are 2*Pb*/3%U ages for grains less
than 800 Ma and *"Pb*/**Pb* ages for grains
greater than 800 Ma. Analyses that have greater
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than 10% uncertainty or are more than 30% dis-
cordant or 5% reverse discordant are excluded
from further consideration. Concordia diagrams
(Fig. 4) and age-probability diagrams (Figs. 5,
6, and 7) are presented for each sample using
the plotting programs of Ludwig (2001). The
age-probability diagrams depict each age and its
uncertainty as a normal distribution and sum all
ages in a sample or set of samples into a single
curve. The curves are then divided by the num-
ber of constituent grains, such that each curve
on a diagram contains the same area.

RESULTS
Sur Series Quartzites

The four Sur Series metasedimentary
quartzite samples (CONE, CRETA, SECO,
and FREMONT) yielded a total of 310 ages
that are of sufficient concordance (Fig. 4A)
and precision to provide reliable provenance
information. As a whole, age spectra from
the Sur Series samples reveal grains with ages
from every Era between the Mesozoic and
Middle Archean (Figs. 5 and 6; Table DR1).
The largest peaks from Sur Series samples
have Mesoproterozoic, Paleoproterozoic, Late
Archean, and late Mesozoic ages. Lesser peaks
have Paleozoic and Neoproterozoic ages.

CONE yielded 80 grains sufficient for prov-
enance analysis. Dominant age groups are 96—
130 Ma, scattered ages between 250 and 810 Ma,
1070-1310 Ma, 14101480 Ma, and 1760—
1940 Ma. SECO yielded 78 grains sufficient for
provenance analysis. SECO age groups include
~320-480 Ma, 670-790 Ma, 1090-1340 Ma,
1380-1450 Ma, 1700-1830 Ma, and 2520-
2640 Ma. CRETA yielded 86 grains sufficient
for provenance analysis. CRETA ages primarily
include those between 80 and 130 Ma, with sub-
ordinate groups at 270-518 Ma, 650-805 Ma,
1030-1210 Ma, 1310-1490 Ma, 1680—1790 Ma,
and 2630-2730 Ma. FREMONT yielded 66
grains sufficient for provenance analysis. FRE-
MONT contains scattered ages between 190 and
765 Ma and significant peaks at 940-1175 Ma,
1380-1950 Ma, 2550-2750 Ma, and 3050 Ma.

Upper Cretaceous Sedimentary Cover

The three Upper Cretaceous sandstone
samples (ESALEN, ROCKY POINT, ROJO)
yielded a total of 295 ages that are of sufficient

!GSA Data Repository item 2005xxx, Salinian
basement and cover rock U-Pb detrital-zircon geo-
chronology analyses, is available on the Web at http:
/lwww.geosociety.org/pubs/ft2005.htm.  Requests
may also be sent to editing@geosociety.org.
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Figure 4. A. U/Pb concordia plots for Salinian basement (Sur Series) samples. B. U/Pb con-
cordia plots for Salinian cover samples. Ellipses depict 26 error margins.

concordance (Fig. 4B) and precision to provide
reliable provenance information. Age spectra
from the Upper Cretaceous samples reveal a
dramatic variation between the different strati-
graphic units, and all are different from the Sur
Series samples (Figs. 5, 6 and 7; Table DR1).
ESALEN yielded 104 grains sufficient for
provenance analysis. ESALEN is dominated by
Mesozoic ages, with main clusters between 85
and 165 Ma (age-probability peaks at 95 and

135 Ma) and between 230 and 295 Ma (age-
probability peak at 265 Ma). ESALEN also con-
tains two grains with ages of ~1430 Ma. ROCKY
POINT yielded 89 grains sufficient for prov-
enance analysis. ROCKY POINT has subequal
proportions of Mesozoic and Proterozoic ages,
with main clusters at 90-125 (peak at ~100 Ma),
155-200 Ma (peak at ~177 Ma), 220-350 Ma
(peak at ~235Ma), 1355-1470 Ma (peak at
1435 Ma), and 1635-1700 Ma (peaks at 1655
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and 1675 Ma). ROJO yielded 79 grains sufficient
for provenance analysis. ROJO contains a distri-
bution similar to that seen in ROCKY POINT,
with main age groups of 80-110 Ma (peak at
~100 Ma), 135-250 Ma (peak at 145 Ma), and
1625-1810 Ma (peak at 1740 Ma).

INTERPRETATIONS AND DISCUSSION

Constraints on Depositional Ages and
Sediment Pathways

Detrital-zircon geochronology studies are a
useful means to provide maximum depositional
ages on stratigraphic units that are deformed and
recrystallized by metamorphism or are other-
wise poorly dated, because primary components
of a stratigraphic unit cannot be younger than
the strata themselves. However, two important
caveats to consider when using zircon geochro-
nology to bracket depositional ages in metasedi-
mentary units and/or units that predate proximal
intrusives are: (a) the growth of primary zircon
during metamorphism, and (b) dikelet contami-
nation. Both of these possibilities are concerns
for Sur Series zircon geochronology.

Thin-section and hand-sample analysis
reveals quartz-rich veinlets of unknown origin
in CRETA and none in CONE or SECO, sug-
gesting that some Sur Series samples may be
contaminated by microscale intrusives not vis-
ible in the outcrop scale. This suspicion is con-
firmed by detrital-zircon data recovered from
CONE and CRETA, which both contain sev-
eral zircons with ages <100 Ma and as young
as 81 Ma. Paleobarometric data (Kidder et al.,
2003) from tonalites and host rocks of the
Cone Peak region (where CONE and CRETA
were collected) suggest that the western block
of Salinia was at 25-30 km depth from 93 to
77 Ma, which with widespread evidence of
magmatism from 120 to 75 Ma throughout
Salinia (Mattinson and James, 1985; Kistler
and Champion, 2001; Kidder et al., 2003;
Barth et al., 2003), precludes post-Neocomian
Sur Series zircons from being detrital. Whereas
the U/Th ratios of the youngest zircons recov-
ered from Sur Series samples CONE and
CRETA are generally greater than those of the
samples’ older zircons, these values are typi-
cally too low to have been formed as a result of
regional metamorphism associated with Salin-
ian plutonism (Williams, 2001). Therefore, it
is most likely that Late Cretaceous zircons
recovered from Sur Series samples result from
igneous contamination by dikelets.

Such contamination may call into question
the accuracy of detrital-zircon age spectra from
any Sur Series sample. However, subtraction
of the SECO age spectrum from the spectra
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<

Figure 5. Comparison of the U-Pb detrital-zircon relative probability plots of the seven samples analyzed in this study and global (upper
third of figure) and North American (lower third of figure) orogenic events. Upper third: Diagonally hatched polygons indicate time peri-
ods during which the western and/or southern North American margins were adjacent to different terranes. Grey polygons highlight six
key pre-Mesozoic age peaks important for determining provenance of Salinian cover and basement units. ROSS—crustal accretion and
granitoid magmatism associated with Pan-African and Ross Orogenies; MAUD—Mesoproterozoic granulite facies metamorphism in
Dronning Maud Land; SHKLTN—granulite facies metamorphism and isotope resetting in the Shackleton Range; MAUD LAND—Middle-
Late Archean granulite facies metamorphism in Dronning Maud Land; ARUNTA INLIERS—granitoid emplacement and metamorphism
associated with repeated deformation of southern margin of North Australian craton; MSGRV—felsic and mafic plutonism, granulite
facies metamorphism in Mugrave Block; GWLR/ISA—voluminous felsic and bimodal volcanism in Gawler Range Volcanics and Mt. Isa
Orogeny; N AUST—assembly of craton from separate fragments during Barramundi orogeny in North Australian craton; GWLR—gran-
itoid emplacement associated with generation and accretion of Gawler craton in the Gawler Range; PAN—granitoid emplacement and
juvenile crustal generation associated with amalgamation of Africa in the Pan-African Orogeny and Damaran event; KORAS-SIN-
GHANZI—bimodal volcanic rocks associated with fragmentation prior to Pan-African amalgamation in Koras, Sinclair, and Ghanzi
rifts; NAMAQUA—plutonism and metamorphism associated with accretion of Namaqua terrane to Kalahari craton; RCHTVD—volcano-
plutonic Richtersveld domain associated with consolidation of Kalahari craton; BSHVD—mafic intrusives of Bushveld Complex; ZIM-
BABWE—granitoid and associated plutonism and metamorphism in Zimbabwe Craton associated with early consolidation of Kalahari
craton; KAAPVAAL—tonalite and granitoid intrusions and metamorphism associated with cratonic consolidation of Kaapvaal Craton;
AND—arc volcanism and metamorphism associated with B-type subduction of the Andean Orogeny; BRSLO—granitoid emplacement
and juvenile crust generation associated with consolidation of South America in the Brasiliano Orogeny; JARI—granitoid plutonism and
accretion to Guiana and Brazilian Shields in the Jari-Balsino Orogeny; TRN-AMZ—granitoid plutonism associated with Trans-Amazonian
Orogeny; JEQUIE—granulite metamorphism associated with Archean shield consolidation in Jequie Orogeny; IMATACA—metamor-
phism associated with Archean shield consolidation in the Imataca Complex; CORDILLERAN—polyphase arc magmatism and accretion
associated with Cordilleran Orogeny; AOG—anorogenic granitoid magmatism; GRENVILLE—arc magmatism, metamorphism, and
extension associated with cratonic accretion during Grenville Orogeny; Y-M—anorogenic anorthosite and granitic batholiths associated
with consolidation of Yavapai-Mazatzal Provinces; ARCH ACC—accretion of Archean blocks into composite North American craton;
MOJAVE—possible crustal generation event in the Mojave Desert Region; WYO—amphibolite, migmatite, granitoid batholiths, and ultra-
mafic complexes generated in Wyoming Province; SUPR—granitoids, metavolcanics, and migmatites generated in the Superior Province;
MRTN—migmatitic tonalites of Mortonian Orogeny. Data used for this compilation shown in the upper third come largely from Goodwin
(1991), Burchfiel et al. (1992), Hoffman (1989a, 1989b), Nance and Murphy (1996), and Friedl et al. (2000), and references therein. Lower
third: MBi—igneous units from Maria Belt, southeast California (Boettcher et al., 2002); IDS—U-Pb zircon and sphene ages from the
Independence Dike Swarm (Chen and Moore, 1979; James, 1989; Coleman et al., 2000); EPM—U-PDb zircon ages from granodiorites and
gneissic quartz monzodiorites in El Paso Mts., Mojave Desert (Carr et al., 1984; Cox and Morton, 1980; Miller et al., 1995); OMi, OMsi—
granitoids and amphibolite-grade metasedimentary units in Orocopia Mts., eastern Peninsular Ranges, California (Silver, 1971; Armstrong
and Suppe, 1973); CM—granodiorite from Chocolate Mountains correlated to dated Lowe granodiorite (Silver, 1971); MD—metamor-
phic and igneous rocks from Mojave Desert (Walker et al., 2002); PRi—batholithic tonalites of Peninsular Ranges (Krummenacher et al.,
1975); EPRBi—inherited zircons in Eastern Peninsular Ranges batholithic rocks (Gastil, 1993); PBz—detrital zircons in prebatholithic
strata of Peninsular Ranges (Gastil, 1993); LPP—La Posta pluton (Gastil et al., 1991); PRmi, PRsmi—sedimentary, metamorphic, and
igneous rocks of Peninsular Ranges (Gastil, 1993); AFv—Alisitos Formation volcanics (from Frizzell, 1984); Zmims—metamorphic, igne-
ous, and metasedimentary units of Zapateco terrane, southern Mexico (Sedlock et al., 1993); XPAi, XPAz—primary and inherited zircons
(respectively) in Xolapa complex units of Puerto Escondido (Ducea et al., 2004); XPEi, XPEz—primary and inherited zircons (respectively)
in Xolapa complex units of Puerto Angel (Ducea et al., 2004); OTz—detrital zircons from Tinu Formation of Oaxaca (Gillis et al., 2001);
Olz—detrital zircons from Ixtaltepec Formation of Oaxaca (Gillis et al., 2001); CTz—detrital zircons from Chatino Terrane, southern
Mexico (Sedlock et al., 1993); MT—U/Pb detrital-zircon and granitoid ages from Mixteco terrane (Sedlock et al., 1993).
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Figure 7. Comparison of the U-Pb
detrital-zircon relative probability plots
collected as part of this study and others
compiled from the literature. Grey poly-
gons highlight six key pre-Mesozoic age
peaks important for determining prov-
enance of Salinian cover and basement
units. Data comes from various sources:
MIOGEOCLINE—Neoproterozoic and
Cambrian sandstones and quartzites of
western United States miogeocline from
Stewart et al. (2001). NEVADA—Fore-
land basin and overlap assemblages
associated with Paleozoic and Triassic
orogenic events in central and western
Nevada, as well as data from Nevada
miogeocline from Gehrels and Dickin-
son (2000), Riley et al. (2000), Darby et
al. (2000), Gehrels et al. (2000a, 2000b).
Sierra Nevada: sandstones and quartz-
ites from accreted terranes and overlap
assemblages in Klamath Mountains and
northern Sierra Nevada from Harding et
al. (2000), Wallin et al. (2000), Spurlin
et al. (2000), Gehrels and Miller (2000),
and Gehrels et al. (2000b). GVS—strata
from Great Valley forearc assemblage of
central California, from DeGraaff-Surp-
less et al. (2002). Southern NAM—sand-
stones and quartzites from various loca-
tions along the southern margin of the
United States from Gillis et al. (2001),
Kidder et al. (2003), Gehrels (2000),
Gleason et al. (2002). CP—Jurassic and
Permian eolian quartzarenites from the
Colorado Plateau, from Dickinson and
Gehrels (2003). SAL—inherited zircons
from Cone Peak Diorite of Salinia, from
Kidder et al. (2003).
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of CRETA and CONE reveals that the only
significant remaining peaks are Late Creta-
ceous in age. Because SECO comes from a
lesser depth than the western block from which
CONE and CRETA were sampled (Ducea et al.,
2003b), and because it shows no other evidence
of igneous or metamorphic contamination, we
interpret all of the significant pre-Late Creta-
ceous Sur Series zircon age peaks as detrital
and representative of the U/Pb geochronology
of their source terranes.

By excluding the Late Cretaceous zircons
from the interpreted detrital population, the
maximum depositional ages for CRETA, CONE,
FREMONT, and SECO are 115, 125, 190, and
332 Ma, respectively (Fig.3). However, in
CRETA, CONE, and FREMONT there are few
Mesozoic grains that fall within 50 million years
of their most proximal neighbor, which does not
preclude the possibility that individual grains
result from minor lead loss or the partial sam-
pling of zoned rims. Therefore, a more conserva-
tive estimate of maximum depositional ages for
CRETA, FREMONT, and CONE would be 280,
325, and 360 Ma, respectively, wherein the first
multigrain peaks cluster within 50-million-year
bins. We discuss the implications of these differ-
ent maximum depositional ages in the context of
provenance and tectonic interpretations in the
following section.

The maximum depositional ages of Salinian
cover units are 78-90 Ma based on the young-
est detrital zircons recovered from samples
ESALEN, ROCKY POINT, and ROJO (Fig. 3),
and are consistent with previous biostratigraphic
studies that ascribe Maastrichtian ages to similar
Salinian strata (Grove, 1993).

Provenance and Tectonic Implications

Several lines of evidence have suggested
that Salinia is not exotic to the North American
continent (Dickinson, 1983; Butler et al., 1991;
Whidden et al., 1998; Dickinson and Butler,
1998). Detrital-zircon geochronologic data
reported herein also support a North American
provenance and further suggest that Salinia
was more likely derived from the southwestern
United States and/or northwestern Mexico than
southern Mexico, where others have suggested
Salinia originated (Champion et al., 1984; Hag-
strum et al., 1985, Debiche et al., 1987).

Whereas no single continent is known to have
sources for all of the detrital zircons recovered
from Sur Series and Salinian cover samples, the
western United States contains primary sources
for five of the six major age peaks between the
Early Archean and late Paleozoic (Fig. 5). No
other continent accounts for more than one-half
of the six pre-Mesozoic age peaks.

BARBEAU et al.

Accepting above, the Wyoming Province of
the northeastern quadrant of the U.S. Cordillera
is the closest source for Late Archean zircons
that are present in the Sur Series samples and
abundant in SECO and FREMONT. How-
ever, previous to the late Mesozoic—Cenozoic
Sevier and Laramide orogenies, when a large
topographic front would also have inhibited
westward sediment dispersal (DeCelles, 2004),
post-Proterozoic exposure of the Wyoming
Province was limited to a brief period and small
area during the late Paleozoic Ancestral Rocky
Mountain orogenic event (Sloss, 1988; Miller et
al., 1992). In light of the conservative Sur Series
maximum depositional ages mentioned above
and the presence of a wide and disjointed late
Paleozoic western margin (Dickinson, 2000), it
is unlikely that Late Archean zircons recovered
from the Sur Series are first-generation detrital
zircons from the Wyoming Province. The pres-
ence of Late Archean detrital zircons in Cordil-
leran miogeoclinal and Paleozoic sediments of
Nevadan terranes (Fig. 7; Gehrels and Dickin-
son, 2000; Riley et al., 2000; Darby et al., 2000;
Gehrels et al., 2000a, 2000b; Stewart et al.,
2001) suggests that those units may have been a
source of second-generation Wyoming Province
zircons when uplifted during the protracted his-
tory of orogenesis that has affected the western
Cordillera since the mid-Paleozoic. It is also
possible that Archean zircons and other detritus
were transferred to western North American
miogeoclinal and orogenic basins when the
eastern Australian, southern African, and/or
southern South American cratons (Hoffman,
1989a; Goodwin, 1991; Nance and Murphy,
1996; Friedl et al., 2000) were proximal to
the western United States during the assembly
and dispersal of the Rodinian, Pannotian, and
Pangean supercontinents and their component
pieces (Fig. 5). Subsequent uplift and erosion
of these Cordilleran strata during any of sev-
eral Phanerozoic orogenies in western North
America may then have provided Late Archean
(and other) zircons to the Sur Series.

The Sur Series and Salinian cover units
contain three Paleo- and Mesoproterozoic age
peaks that coincide with the key episodes of the
billion year history (2.0-1.0 Ga) of amalgama-
tion and anorogenic magmatism associated with
the Rodinian supercontinent (Hoffman, 1989a).
Whereas several modern continents were part
of this supercontinent accretion event, no
post-Pangean continent contains as thorough a
record of the polyphase construction of Rodinia
as North America (Fig. 5). Anorogenic granitoid
magmatism, accretion of Archean cratons, and
Yavapai-Mazatzal terrane magmatism between
1.9 and 1.6 Ga overlap with the age of Paleo-
proterozoic detrital zircons present in all four
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Sur Series samples as well as latest Paleopro-
terozoic zircons in cover samples ROJO and
ROCKY POINT. The second phase of Rodinian
anorogenic magmatism from 1.45 to 1.35 Ga
roughly coincides with broad detrital-zircon age
peaks in CONE, SECO, and ROCKY POINT
as well as lesser peaks in CRETA, FREMONT,
ESALEN, and ROJO. The 1.3-0.95 Ga Gren-
ville orogeny was the culmination of Rodinian
amalgamation and is recorded in the detrital zir-
cons of all four Sur Series samples. In no part of
North America are these terranes more closely
distributed than the southwestern United States
and northwestern Mexico (Hoffman, 1989a;
Burchfiel et al., 1992), thereby favoring tectonic
models that derive Salinia from the Mojave Des-
ert and/or Eastern Peninsular Range regions.
Moreover, Rodinia-aged zircons from plutons
and sedimentary basins in southern Mexico are
all younger than 1.5 Ga (Figs. 5 and 7; Gillis et
al., 2001), further excluding the possibility that
Salinia originated at such latitudes.

This study’s only broad pre-Mesozoic detri-
tal-zircon age peak not contemporaneous with
known magmatism on the North American con-
tinent is Neoproterozoic in age and coincides
with the Brasiliano orogeny (Fig.5). These
anomalous ages do not appear to result from
lead loss from Grenville-aged zircons, given
their relative concordance in comparison to
those of other Sur Series zircons (Fig. 4A). The
presence of these grains in Sur Series samples
(e.g., SECO) and the absence of Neoprotero-
zoic orogenies on other continents suggest that
detritus was transferred from South American
cratonic blocks to the North American miogeo-
cline during their juxtaposition in the Neopro-
terozoic and Phanerozoic. The absence of such
Neoproterozoic grains in other strata of western
North America (Fig. 7) offers the possibility that
the Sur Series were accumulated in a marginal
position during the Neoproterozoic or mid-late
Paleozoic when South American terranes were
believed to be in proximity. Such a tectonic
setting may have inhibited sediment transport
to inboard depocenters, leading to the scarcity
of Neoproterozoic zircons in thus sampled units
further toward the craton (Fig. 7). However, it is
also possible that marginal and/or miogeoclinal
rocks containing Neoproterozoic peaks like
those in SECO have not yet been sampled, and
that both Neoproterozoic and Archean zircons
may have been transferred from other continents
to the western North American miogeocline for
possible later recycling into Sur Series samples.

The presence of several Phanerozoic detri-
tal-zircon age peaks supports a western North
American origin for Salinia, but does little for
resolving its latitude, as subduction-related pro-
cesses have dominated the length of the western
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margin (and associated outboard terranes) of
North America since at least the Carbonifer-
ous (Fig. 6; Coney, 1987; Miller et al., 1992;
Sedlock et al., 1993; Coney and Evenchick,
1994; Dickinson, 2000; Dickinson and Lawton,
2001; DeCelles, 2004). The presence of early
and middle Paleozoic detrital zircons in Salin-
ian samples suggest that Salinia was more likely
derived from the U.S. portion of the margin,
as sources for such zircons are not well docu-
mented in Mexico (Fig. 6; Sedlock et al., 1993).
However, the relative paucity of such grains and
the low amplitudes of their occurrence prob-
abilities do not preclude the possibility that lead
loss or rim-sampling contributed to their inclu-
sion in the reported age spectra.

Late Paleozoic and early Mesozoic age peaks
in the Salinian cover samples eliminate neither a
Mexican nor a southwestern U.S. origin, although
the prominent Permo-Triassic peak in ESALEN
coincides with protracted magmatism reported
from the El Paso Mountains of the Mojave Des-
ert (Figs. 5 and 6; Cox and Morton, 1980; Carr et
al., 1984; Miller et al., 1995; Barth et al., 1997)
and only slightly overlaps with magmatism in the
eastern Peninsular Ranges and the Xolapa terrane
of Oaxaca (Ducea et al., 2004). If Salinian cover
units acquired their Permo-Triassic zircons from
the northern Mojave Desert, these data suggest
that northward translation of Salinia from that
region postdated the Upper Cretaceous, as is sup-
ported by cover unit biostratigraphic data (Grove,
1993) and maximum depositional ages inferred
by detrital-zircon age spectra.

Middle-late Mesozoic zircon age peaks in
Salinian cover samples indicate detrital deriva-
tion from the Jurassic-Cretaceous California
and/or Guerrero arcs (Fig. 6) that ran the length
of the North American western margin from
18° to 40° N latitude (modern values) and from
where the plutons of Salinia were likely trans-
lated to their current position outboard of the
Sierra Nevada Batholith. As previously men-
tioned, it is possible that Jurassic and early Cre-
taceous zircons in Sur Series samples CRETA,
CONE, and FREMONT are detrital, but
paleobarometric and chronologic data from the
nearby Cone Peak region (Kidder et al., 2003)
require that middle-Late Cretaceous zircons are
igneous or metamorphic contaminants.

In summary, detrital-zircon age peaks from
Salinian basement and cover units best corre-
late with the age of candidate source terranes in
western North America. Moreover, the presence
of Late Archean and Paleoproterozoic detrital
zircons in Sur Series samples precludes the pos-
sibility of a southern Mexico origin. Therefore,
the proximity of several needed zircon sources in
the southwestern United States and northwestern
Mexico suggest that the Mojave Desert and the

Eastern Peninsular Ranges are the strongest
candidates for Salinia’s origin. These data urge
focus, evaluation, and refinement of kinematic
models that derive Salinia from those regions
(e.g., Dickinson, 1983; Ross, 1984; Mattinson and
James, 1985; Saleeby, 2003; Barth et al., 2003).

Contributions of this study toward that goal
include the recognition that: (1) Salinia was
positioned in the southwestern United States or
northwestern Mexico from the Late Paleozoic
through the latest Cretaceous as indicated by
provenance links and maximum depositional
ages of Sur Series and cover units. (2) Salinia
was specifically positioned in the Mojave Des-
ert region in the Late Cretaceous, when Permian
zircons from the El Paso Mountains were sup-
plied to supracrustal Salinia. (3) The maximum
depositional ages of Salinia’s cover units are
coeval with thrust emplacement of schist com-
plexes beneath the California arc (Fig. 3; Barth
et al., 2003; Grove et al., 2003) and the growth
of post-kinematic garnets in Salinian plutons at
25-30 km depth (Kidder et al., 2003; Ducea et
al., 2003b) onto which the late Cretaceous cover
units were deposited. Whereas the former two
contributions put constraints on the kinematic
paths and history of Salinia, the latter supports
interpretations that the first generation of Salin-
ian rock uplift occurred over a very short period
in the latest Cretaceous, and that sedimentation,
accretion, and metamorphic events affecting the
southwestern United States in the Late Creta-
ceous were time-transgressive (Fig. 3).

CONCLUSIONS

1. Comparison of U-Pb detrital-zircon geo-
chronology of metasedimentary framework (Sur
Series) and upper Cretaceous cover units with (a)
global sources of zircons, and (b) other detrital-
zircons relative probability curves, suggests that
Salinia most likely originated along the southern
and/or western margins of North America.

2. The abundance of Late Archean and
Paleoproterozoic detrital zircons in Salinian
framework units eliminates the possibility that
Salinia originated in southern Mexico, as earlier
models have proposed. Moreover, the collection
of zircons from several different source terranes
in individual and collective Sur Series and Salin-
ian cover unit samples suggests that the Mojave
Desert and Peninsular Ranges are the best candi-
dates for Salinia’s origin, given the close proxim-
ity of several diverse terranes in that region.

3. The maximum depositional ages of three
Salinian framework units (Sur Series) are late
Paleozoic (280-360 Ma), although low-ampli-
tude early Mesozoic peaks do not eliminate the
possibility of younger depositional ages. The
maximum depositional ages of Salinian cover
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units are Late Cretaceous (78-90 Ma). One such
cover unit contains a well-defined detrital-zir-
con age peak of 240-280 Ma that overlaps with
plutonism in the El Paso Mountains, suggesting
that Salinia did not depart the Mojave Desert
until at least latest Cretaceous time, after uplift
and exhumation of lower-crustal plutons.

4. The abundance of Neoproterozoic detrital
zircons in Salinian framework samples suggests
that detritus was transferred to North America
from Brasiliano orogenic terranes when South
American cratonic blocks were proximal to the
southwestern North American miogeocline in
the late Neoproterozoic and/or mid-Paleozoic—
early Mesozoic supercontinent configurations.
The presence of Late Archean and Neopro-
terozoic detrital zircons in Sur Series samples
suggests that uplift and dissection of miogeocli-
nal rocks during Phanerozoic orogenic events
recycled this detritus and supplied it to outboard
positions of the western Cordillera.

5. The small number and narrow range of
U-Pb detrital-zircon age peaks in two Salinian
cover units suggest that sediment delivered to
some upper Cretaceous Salinian basins was
derived from small, local, zircon source terranes.
However, the presence of abundant volcaniclas-
tic detritus in one sample (ROJO) with a partic-
ularly old (1.7 Ga) and unimodal age spectrum
suggests that the exposure gate of these basins’
source areas may be more heterolithic than their
detrital-zircon populations reveal.

6. Temporal overlap of cover unit maximum
depositional ages, post-kinematic garnet growth
in deep portions of Salinian plutons, and under-
plating, accretion, and metamorphism of out-
board sedimentary terranes suggests Salinia was
rapidly exhumed during the latest Cretaceous,
and that tectonosedimentary processes were
time-transgressive.
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