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Jurassic age volcanic rocks of the Stonyford volcanic complex

(SFVC) comprise three distinct petrological groups based on their

whole-rock geochemistry: (1) oceanic tholeiites; (2) transitional

alkali basalts and glasses; (3) high-Al, low-Ti tholeiites. Major

and trace element, and Sr–Nd–Pb isotopic data indicate that the

oceanic tholeiites formed as low-degree partial melts of normal

mid-ocean ridge basalt (N-MORB)-source asthenosphere similar

in isotope composition to the East Pacific Rise today; the alkalic

lavas were derived from an enriched source similar to that of

E-MORB. The high-Al, low-Ti lavas resemble second-stage

melts of a depleted MORB-source asthenosphere that formed by

melting spinel lherzolite at low pressures. Trace element systematics

of the high-Al, low-Ti basalts show the influence of an enriched

component, which overprints generally depleted trace element char-

acteristics. Tectonic discrimination diagrams show that the oceanic

tholeiite and alkali suites are similar to present-day basalts generated

at mid-oceanic ridges. The high-Al, low-Ti suite resembles primitive

arc basalts with an enriched, alkali basalt-like overprint. Isotopic

data show the influence of recycled components in all three suites.

The SFVC was constructed on a substrate of normal Coast Range

ophiolite in an extensional forearc setting. The close juxtaposition of

the MORB-like olivine tholeiites with alkali and high-Al, low-Ti

basalts suggests derivation from a hybrid mantle source region that

included MORB-source asthenosphere, enriched oceanic astheno-

sphere, and the depleted supra-subduction zone mantle wedge. We

propose that the SFVC formed in response to collision of a mid-ocean

ridge spreading center with the Coast Range ophiolite subduction

zone. Formation of a slab window beneath the forearc during

collision allowed the influx of ridge-derived magmas or the mantle

source of these magmas. Continued melting of the previously depleted

mantle wedge above the now defunct subduction zone produced

strongly depleted high-Al, low-Ti basalts that were partially fertil-

ized with enriched, alkali basalt-type melts and slab-derived fluids.
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INTRODUCTION

Ophiolites have long been recognized as important ele-
ments of orogenic systems that indicate the formation and
subsequent closure of oceanic basins (e.g. Moores, 1982).
They are especially important in regions such as the
western Cordillera of North America, which comprises
in part a tectonic collage of accreted terranes, as well
as terranes formed by tectonic and magmatic processes
in situ along the continental margin (Saleeby, 1992).

The Coast Range ophiolite (CRO) of California is one
of the most extensive middle Jurassic ophiolite terranes in
North America and has long been central to our under-
standing of Jurassic Cordilleran tectonics (e.g. Saleeby,
1992; Fig. 1). None the less, its origin is controversial and
three primary hypotheses have been advanced: (1) forma-
tion at a mid-ocean ridge spreading center at low paleo-
latitudes, and its subsequent rapid drift northward
to collide with North America (Hopson et al., 1981;
Pessagno et al., 2000); (2) formation as a back-arc basin
above an east-facing volcanic arc that collided with North
America during the late Jurassic Nevadan orogeny
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Fig. 1. Geological sketch map of California showing the location of Stonyford and other Coast Range ophiolite localities. SAF, San Andreas fault;
SNF, Sur Nacimiento fault; SF, San Francisco; SV, Sacramento Valley; SJV, San Joaquin Valley. After Shervais et al. (2004).
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(Dickinson et al., 1996; Godfrey & Klemperer, 1998;
Ingersoll, 2000); (3) formation by forearc or intra-arc
rifting along the western margin of North America, in
response to nascent or renewed subduction of oceanic
plates beneath North America (Shervais & Kimbrough,
1985a, 1985b; Stern & Bloomer, 1992; Shervais, 2001). It
is clear that not all of these models can be correct,
although there may be elements of truth in each. Most
detailed studies of the CRO currently support the supra-
subduction zone (SSZ) model (Shervais & Kimbrough,
1985a, 1985b; Stern & Bloomer, 1992; Shervais et al.,
2004), but models based on back-arc basins and oceanic
spreading centers still persist.

The Stonyford volcanic complex (SFVC) is unique
within the CRO (Fig. 2). This seamount complex consists
almost entirely of volcanic flows (pillow lava, sheet flows)
with subordinate diabase, hyaloclastite breccia, and
minor sedimentary intercalations of chert and limestone
(Shervais & Kimbrough, 1987; Shervais & Hanan, 1989).
Other normal components of the ‘classic’ ophiolite series
(cumulate mafic and ultramafic rocks, isotropic gabbros
and diorites, and sheeted dike complex) are found only as
blocks in the serpentinite matrix mélange that underlies
the volcanic complex. Most of the SFVC volcanic rocks
show geochemical affinities to metavolcanic rocks of
the Franciscan assemblage and they are distinctly differ-
ent from the majority of CRO volcanics (Shervais &
Kimbrough, 1987; Shervais & Hanan, 1989; Shervais,
1990; Shervais et al., 2004, 2005).

In this paper we present field, petrological, geo-
chemical, and isotopic data for rocks of the SFVC that
establish its relationship to the CRO, and have impli-
cations for formation of the CRO and its subsequent
tectonic evolution. These data also illuminate processes
that may occur in active forearcs as a result of ridge–
trench interactions.

GEOLOGICAL RELATIONS

Overview

The Stonyford volcanic complex (SFVC) is located in
the northern Coast Ranges of California approximately
120 miles north of San Francisco and 35 miles south of
the Elder Creek ophiolite, near the western margin of
the Sacramento Valley (Fig. 1). The SFVC crops out
in portions of four USGS 7�50 quadrangles: Stonyford,
St. Johns Mountain, Fout Springs, and Gilmore Peak.
Mapping was conducted at a scale of 1:12 000 over two
field seasons, covering �15 km2 (Fig. 2).

The Stonyford area contains four main lithotectonic
elements: (1) the SFVC; (2) low- to medium-grade schists
of the Franciscan assemblage; (3) mudstone, greywacke,
and conglomerate of the Great Valley Series; (4) a sheared
serpentine-matrix mélange that separates metamorphic

rocks of the Franciscan assemblage from unmetamorph-
osed sediments of the Great Valley Series, and encom-
passes the arcuate outcrop belt of the SFVC (Fig. 2).

Franciscan schists in this area include metagreywacke
and argillite (quartz–albite–lawsonite schists), pale green
metavolcanic rocks, and minor chert. These rocks, which
correlate with the Yolla Bolly terrane of Blake et al.
(1987), overlie chaotically sheared shale-matrix mélange
of the Franciscan Central Belt to the north and SW.
The contact between the Franciscan schists and the
serpentinite-matrix mélange is generally a high-angle
fault except along the northern border, where outcrop
patterns imply a low-angle fault contact (Fig. 2).

The serpentine-matrix mélange may be a continuation
of the Round Mountain mélange, which extends north to
the Elder Creek remnant of Coast Range ophiolite ( Jayko
et al., 1987; Huot & Maury, 2002). The mélange matrix
consists of strongly sheared and foliated serpentinite
schist that crops out along ridge crests and in canyons
(Shervais et al., 2005b). Tectonic knockers include massive
harzburgite (up to 5 km · 2 km in size), unmetamorph-
osed sedimentary rocks (coarse lithic wackes, gritstones,
and conglomerates—all rich in volcanic detritus),
metasediments (foliated greywacke, argillite, gritstone),
pale green metavolcanics, high-grade blocks of amphibol-
ite and blueschist, fragments of the SFVC, and igneous
rocks derived from the Coast Range ophiolite (wehrlite,
clinopyroxenite, gabbro, diorite, quartz diorite, and ker-
atophyre). These blocks of CRO plutonic and volcanic
rocks are similar to those found near Elder Creek 60 km
north of this area (Shervais, 2001; Fig. 1).

The Great Valley Series here is a homoclinal sequence
of mudstone or argillite with minor intercalated grey-
wacke and micritic limestone overlain by a coarse basaltic
sandstone and the chert-rich Gravelly Ridge conglomer-
ate (Brown, 1964). Buchia piochii of late Tithonian age are
common throughout the section as high as the Gravelly
Ridge conglomerate (Simpson-Seymore, 1999). The con-
tact between the GVS and the serpentinite-matrix mél-
ange is a high-angle reverse fault that dips steeply to the
west and places serpentinite over sediments of the GVS.
High-angle faults within the GVS that trend NW and
west are probably tear-faults related to earlier west-
vergent thrusting of the GVS (e.g. Wentworth et al.,
1984; Glen, 1990).

Structural relationships

The SFVC is completely separated from metasediments
of the Franciscan complex, and from mudstones and
wackes of the Great Valley Series, by the serpentinite
mélange that both underlies and overlies the massif.
Nearly all contacts between the serpentinite mélange
and the adjacent units are high-angle faults that reflect
Neogene compression in the Coast Ranges.
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