MONTANA

STATE UNIVERSITY

Four-dimensional model of Cretaceous
depositional geometry and sediment flux in
the northern Great Valley forearc, California

Authors: Devon A. Orme and Stephan A. Graham

This is a postprint of an book chapter that originally appeared in GSA Special Papers. The final
version can be found at https://dx.doi.org/10.1130/2018.2540(18).

Orme, Devon A., and Stephan A. Graham. "Four-dimensional model of Cretaceous depositional
geometry and sediment flux in the northern Great Valley forearc, California." GSA Special Papers
540. DOI: 10.1130/2018.2540(18).

Made available through Montana State University’s ScholarWorks
scholarworks.montana.edu



http://scholarworks.montana.edu/
http://scholarworks.montana.edu/
https://dx.doi.org/10.1130/2018.2540(18)
https://pubs.geoscienceworld.org/gsa/pages/special-papers

Four-dimensional model of Cretaceous depositional geometry and
sediment fluxinthenorthernGreatV

Devon A. Orme

alley forearc, California

Department of Earth Sciences, Montana State University, Bozeman, Montana 59717, USA, and

Department of Geological Sciences, Stanford University, Stanford, California 94305, USA

Stephan A. Graham
Department of Geological Sciences, Stanford University, Stanford, California 94305, USA

ABSTRACT

The Great Valley forearc basin records Jurassic(?)-Eocene sedimentation along
the western margin of North America during eastward subduction of the Farallon
plate and development of the Sierra Nevada magmatic arc. The four-dimensional
(4-D) basin model of the northern Great Valley forearc presented here was designed
to reconstruct its depositional history from Tithonian through Maastrichtian time.
Based on >1200 boreholes, the tops of 13 formations produce isopach maps and cross
sections that highlight the spatial and temporal variability of sediment accumulation
along and across the basin. The model shows the southward migration of depocenters
within the basin during the Cretaceous and eastward lapping of basin strata onto
Sierra Nevada basement. In addition, the model presents the first basement map of
the entire Sacramento subbasin, highlighting its topography at the onset of deposi-
tion of the Great Valley Group. Minimum volume estimates for sedimentary basin fill
reveal variable periods of flux, with peak sedimentation corresponding to deposition
of the Sites Sandstone during Turonian to Coniacian time. Comparison of these results
with flux estimates from magmatic source regions shows a slight lag in the timing of
peak sedimentation, likely reflecting the residence time from pluton emplacement to
erosion. This model provides the foundation for the first three-dimensional subsid-
ence analysis on an ancient forearc basin, which will yield insight into the mechanisms
driving development of accommodation along convergent margins.

INTRODUCTION

Forearc basins record the erosional history of convergent
margins during subduction. Developing between a magmatic arc
and oceanic trench, strata deposited within a forearc basin pro-
vide information on the tectonic evolution of the upper plate in
response to changes in subduction (e.g., convergence rate or sub-

duction angle) and evolution of the arc. Many modern forearcs
are erosive and contain thin (<3 km) sedimentary successions
(Clift and Vannucchi, 2004). In contrast, forearc basins that
develop along accretionary margins, landward of an accretion-
ary wedge, may develop thick (>6 km) sedimentary sequences
recording the evolution of a margin over tens of millions of years.
Many ancient forearc basins were destroyed by erosion or were



highly deformed as they were incorporated into fold-and-thrust
belts of collisional orogens (e.g., Midland Valley basin, Indus
basin, Xigaze forearc; Ingersoll, 2012). However, if subduction
is supplanted by a transform system (e.g., Tamworth Trough,
Hokonui basin), a forearc basin may be preserved with relatively
little deformation and thus provide an opportunity to study the
evolution of that ancient convergent margin.

The Great Valley forearc basin of California is one of the
best-studied ancient forearc basins, with over 100 yr of scientific
and petroleum exploration (Fig. 1). The forearc developed along
the west coast of North America as part of a series of forearc
basins that evolved during eastward subduction of the Farallon
plate between the Jurassic and Paleogene (Dickinson and Seely,
1979). Sedimentary strata within the Great Valley are >13 km
thick and preserve a >100 m.y. record of convergent-margin
processes. The basin is divided into two subbasins separated by
the Cenozoic Stockton arch, namely, the Sacramento Basin in
the north and the San Joaquin Basin in the south (Fig. 1). In
the Sacramento basin, extensive work to understand the bio-
stratigraphy, depositional history, and provenance of the Great
Valley has contributed greatly to understanding these tectonic
settings (e.g., Goudkoff, 1945; Hackel, 1966; Morrison et al.,
1971; Ingersoll, 1978; Dickinson and Seely, 1979; Graham,
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Figure 1. Generalized geologic map of California, after Williams and
Graham (2013) and Dickinson (1995). Sacramento Basin study area
is outlined by bold black line. SAF—San Andreas fault; SGF—San
Gregorio fault; OR—Oregon; CA—California.

1981; Almgren and Hacker, 1984; Moxon, 1988; Williams,
1997). Much of our knowledge of this basin derives from appli-
cation of sedimentary facies analysis, sandstone petrography,
and detrital-zircon geochronology to the western margin of the
basin, where Jurassic(?)-Campanian forearc strata are exposed
as an eastward-dipping homoclinal belt. Resulting interpreta-
tions (e.g., Ingersoll, 1979; Moxon, 1988; DeGraaft-Surpless et
al., 2002; Surpless et al., 2006; Sharman et al., 2014) led to the
recognition that many forearc basins preserve upward-shoaling
sequences from deep-marine turbidite-fan to fluvial-deltaic
deposits derived from unroofing of neighboring magmatic-arc
systems (e.g., Dickinson and Rich, 1972; Dickinson and Seely,
1979; Dickinson, 1995).

Unlike many forearc basins, the Great Valley is petroleum
bearing, and since the late 1800s, subsurface exploration has
led to extensive oil and gas production (Graham, 1987). Most
seismic-reflection surveys of the Great Valley are proprietary,
but limited published seismic-reflection lines have yielded great
insight into the stratigraphic architecture of the basin fill, includ-
ing its relationship with underlying basement and wedge-type
geometry (e.g., Constenius et al., 2000; Mitchell et al., 2010;
Williams and Graham, 2013). In addition, production of oil
from the southern part of the Great Valley basin has resulted
in numerous petroleum-systems models (e.g., Scheirer, 2013).
In contrast, the primarily gas-producing northern part of the
forearc lacks a complete basin model that incorporates the entire
Mesozoic stratigraphy, notwithstanding the compilation work of
Scheirer et al. (2007).

In this study, we used data from >1200 boreholes to con-
struct the first four-dimensional (4-D) basin model of the north-
ern Great Valley forearc. The study focuses on the northern part
of the forearc, the Sacramento Basin, an area of ~25,000 km?,
bounded on its northern and southern boundaries by the Klamath
Mountains and Stockton arch, respectively (Fig. 1). The purpose
of the model is to (1) reconstruct the primary depositional-basin
architecture, (2) produce structural-contour and isopach maps for
the entire Cretaceous basin fill, and (3) perform a quantitative
minimum-volume analysis of basin fill. Ultimately, this model is
an effort to provide the foundations upon which to develop more
detailed petroleum-system models for the Sacramento Basin
and to investigate the mechanisms that drove the development
of accommodation in one of the world’s thickest forearc-basin
sediment accumulations. This work builds upon the contributions
of William R. Dickinson, a pioneer of California geology and
forearc basins. Through development of sandstone petrographic
methods, which sought to explain the tectonic settings of sedi-
mentary basins, and extensive field work on the western outcrop
belt, Dickinson and his students were the first to define the evolu-
tion of the Great Valley forearc in the context of plate tectonics
(e.g., Dickinson, 1970, 1995; Dickinson and Rich, 1972; Dickin-
son and Seely, 1979; Dickinson et al., 1979, 1987). In this paper,
we build upon Dickinson’s legacy and seek to honor him by con-
tinuing his quest to understand the relationships between forearc
basins and their magmatic source regions.



GEOLOGIC SETTING

The Jurassic(?)-Eocene Great Valley forearc developed as
an elongate trough between the Franciscan subduction complex
to the west and Sierra Nevada magmatic arc to the east (Dickin-
son and Rich, 1972; Dickinson, 1995). The Franciscan complex,
comprising diverse petrotectonic elements, including mélange
containing blueschist-facies tectonic blocks, accreted westward,
beginning ca. 150 Ma (Ernst, 1970; Dumitru et al., 2010; Waka-
bayashi, 2015). A period of high-flux magmatism between 125
and 85 Ma characterized the Sierra Nevada arc before magma-
tism and deformation stepped into the continental interior during
a period of flat-slab subduction (Dickinson and Snyder, 1978;
Ducea, 2001; DeCelles, 2004; DeCelles and Graham, 2015). The
forearc primarily developed atop Jurassic ophiolitic basement,
termed the Coast Range (or Great Valley) ophiolite, in the cen-
tral and western parts of the basin; Paleozoic—Mesozoic Sierra
Nevada metamorphic and igneous rocks in the east; and accreted
Triassic—Jurassic intraoceanic island arc terranes in the Klamath
Mountains to the north (Fig. 1).

The northeast-trending Stockton arch subdivides the Great
Valley forearc into the Sacramento and San Joaquin Basins
(Fig. 1). This study focuses on the Sacramento Basin, which pre-
serves a longer record of forearc sedimentation from the latest
Jurassic(?) to Quaternary (<13 km thick; Fig. 2; Ingersoll, 1976;
Moxon, 1990; Williams and Graham, 2013). Jurassic(?)-Lower
Cretaceous (Berriasian—Albian) strata are exposed along the
homoclinal western outcrop belt, and in the subsurface, in the
northwest part of the current basin area. Importantly, the west-
ern outcrop belt represents strata deposited in the middle of the
basin, as structural deformation and uplift shortened the width of
the basin in the Cenozoic (Ingersoll, 1976, 1979; Dickinson and
Seely, 1979); remnants of strata originally deposited along the
western flank are found structurally atop the Franciscan complex
in parts of the Coast Ranges. The Sacramento Basin currently
averages 72 km in width and 323 km in length, approximately
two thirds the likely width of the basin in the Late Cretaceous,
based on comparisons with modern continental forearc basins
(Williams and Graham, 2013).

We summarize Cretaceous stratigraphy in Figure 2, follow-
ing age assignments of Williams and Graham (2013) and Almgren
(1984), which were based on benthic zones from Almgren (1986)
and Berry (1974). The age of the basement varies across the
basin, but the top of the Coast Range ophiolite is Kimmeridg-
ian (Ingersoll, 1982; Shervais et al., 2005), between ca. 153 Ma
and ca. 150 Ma, following the Geological Society of America
2012 Time Scale (Walker et al., 2012). The basal units deposited
unconformably atop basement are the Stony Creek and Lodoga
Formations (Fig. 2). These strata record the transition from
Tithonian(?)-Berriasian volcaniclastic, ophiolitic, and pelagic
sediments directly atop the ophiolite to Valanginian—Albian mud-
stone and conglomerate (Fig. 2; Ingersoll, 1976, 1982). Locally,
there is a discontinuity between the two formations, which most
researchers interpret to be a product of syndepositional faulting

and a hiatus in forearc sedimentation (Constenius et al., 2000).
The precise age of the basal Stony Creek Formation is uncertain,
as fossil assemblages are interpreted as Tithonian (e.g., Jones
et al., 1969), but more recent work documented the presence of
Berriasian—Hauterivian detrital zircon, suggesting a Cretaceous
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Figure 2. Upper Jurassic(?) to Maastrichtian stratigraphy of the
Sacramento Basin, after Williams and Graham (2013), DeGraaff-
Surpless et al. (2002), and Almgren (1984). Fm—Formation;
Cgl—Conglomerate.



age (Surpless et al., 2006). Therefore, we applied a “?” to the
age to highlight this age uncertainty. The Aptian—Albian Lodoga
Formation underlies the Cenomanian Boxer Formation.

The Cenomanian to earliest Campanian was a period of
rapid sedimentation, with deposition of the Venado, Yolo, Sites,
Funks, Guinda, and Dobbins units (Fig. 2; Moxon, 1990). The
central part of the basin, now exposed along the west-side out-
crops, records a north-to-south sequence of Cenomanian slope
and slope-channel deposits, Turonian—Coniacian inner-fan
facies, Santonian midfan facies, and Lower Campanian basin-
plain deposits (Ingersoll, 1976; Moxon, 1990; Nilsen, 1990). This
sequence is consistent with the subsurface observations of east-
ward onlapping and transgressive sequences preserved along the
east side of the basin (Haggart and Ward, 1984; Williams, 1997;
Williams and Graham, 2013). Southward, bathymetric deepen-
ing of the basin is also evidenced by the north-to-south transition
from slope mudstone to midfan channel to distal deep-marine
turbidite fan lobe facies of the Venado Sandstone (Ingersoll,
1976). By the middle Santonian, Williams submarine canyon had
incised at least 1.5 km into forearc strata and subsequently been
filled with the Upper Santonian—Lower Campanian Dobbins and
Forbes Shales (Williams, 1997; Williams et al., 1998). Recogni-
tion of this paleocanyon is important for stratigraphic correlation
and understanding the role of tectonics as the primary control
versus eustasy on the basin’s history.

Middle to late Campanian southward delta progradation
yielded the neritic Kione deltaic succession, the Forbes delta-
slope and basin-floor facies, and bathyal Sacramento Shale
(Fig. 2), likely fed by rivers draining the Sevier retroarc hinter-
land in Idaho (Dumitru et al., 2015). By the late Campanian, the
northern Sacramento Basin filled and served as a zone of sedi-
ment bypass. The southern Sacramento Basin began filling in the
latest Maastrichtian during deposition of the Starkey Sandstone
and Mokelumne River Formation. The filling of the Sacramento
Basin was coeval with an increase in plate convergence rates
(120-150 km/m.y.) and initiation of flat-slab subduction between
80 and 74 Ma, and the Laramide orogeny of the retroforeland
(Dickinson and Snyder, 1978; DeCelles and Graham, 2015).

A change in the geometry of basin deposition driven by
localized faulting and submarine-canyon incision occurred in the
Paleogene. In the southern part of the basin, fault-bounded dep-
ocenters evolved during periods of active slip (e.g., Midland and
Kirby Hills faults). By the mid-Paleocene, the down-to-the-north
Stockton fault had developed, separating the Great Valley into the
Sacramento and San Joaquin subbasins (Almgren, 1984). Inter-
play of tectonics and eustatic sea-level changes characterized the
Sacramento Basin during this period, as evidenced by develop-
ment of submarine canyons and cycles of deposition of bathyal
shale and sandstone versus estuarine and fluvial sandstone
(Almgren, 1984; Dickinson et al., 1979). Much of the Oligo-
cene and Miocene record was lost to a basin-wide unconformity,
which coincides with the change from convergent to transform
motion along the plate boundary (e.g., Dickinson et al., 1979;
Graham et al., 1989).

The Sacramento Basin is primarily a gas-producing region,
with minor oil-producing fields. The major gas systems are the
Dobbins-Forbes and the Winters-Domengine (Scheirer et al.,
2007). The source rocks for these systems are primarily shale
in the Dobbins, Forbes, Sacramento, and Winters units (Gra-
ham, 1987). The burial-history analysis of Zieglar and Spotts
(1978) suggests gas generation likely occurred from the Late
Cretaceous (ca. 80—70 Ma) to the late Miocene (ca. 10 Ma). A
complete summary of the role of gas generation and migration in
the Sacramento Basin is beyond the scope of this study, but our
4-D basin model provides the foundation for future petroleum-
system modeling.

METHODS
Database Construction

This study primarily used boreholes from the California Divi-
sion of Oil, Gas, and Geothermal Resources (DOGGR) database
to reconstruct basin geometry and stratigraphic thicknesses of
the Sacramento Basin. The database consists of 1205 boreholes,
from which we chose 13 horizons corresponding to the tops of
formations. The 13 horizons included the top of the underlying
basement (n = 148 boreholes) and 12 formations deposited from
the Late Jurassic(?)—-Aptian through Maastrichtian (Figs. 2 and 3).
The formations, with the number of boreholes used to construct
each surface, included the following: (1) Stony Creek Formation
(n=9), (2) Lodoga Formation (n = 10), (3) Venado Formation
(n = 21), (4) Yolo Formation (n = 17), (5) Sites Sandstone
(n = 21), (6) Guinda Shale (n = 112), (7) Dobbins Shale (n =
257), (8) Forbes Shale (n = 356), (9) Sacramento Shale (n =260),
(10) Winters Formation (n = 194), (11) Starkey Sandstone
(n =287), and (12) Mokelumne River Formation (n = 129). The
smaller number of data points for older strata reflects limited deep
borehole penetration.

With the aid of 36 previously interpreted boreholes from
Williams (1997), we identified the formation tops within indi-
vidual boreholes based on our interpretation of sandstone versus
shale, inferred from sharp changes in spontaneous potential (SP)
and resistivity. For example, formations dominated by sand-
stone, such as the Starkey Sandstone or Sites Sandstone, show
an abrupt increase in SP and resistivity compared with shale.
No borehole penetrated all 13 horizons; the resistivity log from
Mobil Glide-Court #65-10, which was first drilled and sampled
in 1955 and again in 2005, is reproduced in Data Repository
Supplementary Material I as an example.' In some cases, identi-
fication of every formation within a drill core was not possible,
either due to poor quality of borehole logs or lack of a clear

'GSA Data Repository Item 2018262, Supplementary Materials I-IV: Example
of borehole resistivity log, isopach maps, data tables of all borehole locations,
and depth picks for all 13 stratigraphic horizons, is available at www.geosociety
.org/datarepository/2018/, or on request from editing @ geosociety.org or Docu-
ments Secretary, GSA, P.O. Box 9140, Boulder, CO 80301-9140, USA.



change in the SP or resistivity patterns. The database contains
the depths to the top of each formation from borehole records
where formation top identification was possible (Supplementary
Material IV [see footnote 1]). The elevation of the kelly bushing
(KB) was used as a datum to determine the true vertical depth
(TVD) below sea level to the top of each formation. All spatial
positions used North American Datum 1927, as >90% of bore-
hole records are in this reference frame.

Borehole penetration of the Jurassic igneous and meta-
morphic basement is limited in the Sacramento Basin, but we
used 147 boreholes to reconstruct its geometry. We incorporated
the picks from 29 basement-penetrating boreholes compiled
by Brabb (2011). In addition, we compared our picks with an
east-west—trending seismic-reflection line (Line 3, AYD-3) and
corresponding velocity survey from Constenius et al. (2000)
to confirm the depth to the top of basement, top of the Stony
Creek Formation, and the Cretaceous—Paleocene unconformity
in the northernmost Sacramento Basin. Unfortunately, three-
dimensional (3-D) seismic-reflection surveys from this part of
the basin are proprietary and thus were not available for incor-
poration into the model.
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Figure 3. Outline of Sacramento Basin with locations of bore-
holes (n = 1205) and outcrop sections (n = 7). Location of outcrop
stratigraphy is outlined by stippled pattern.

In the Great Valley forearc, stratigraphic interpretation
must address the structural overprint of Cenozoic deformation
(e.g., Constenius et al., 2000; Williams and Graham, 2013).
This primarily affects the west side of the basin, which is
exposed within an east-dipping homocline. We subscribe to the
widely held view that the homocline represents a continuum
of late Mesozoic sedimentation, but we recognize that Unruh
et al. (1995) placed several west-vergent back thrusts within
the homocline. Even if correct, their cross sections suggest lit-
tle duplication or omission of strata resulting in distortions of
original thickness, at least for Upper Cretaceous strata. Moxon
(1988) and Williams (1997) reconstructed paleo—water depths
during deposition and stratigraphic thicknesses of the western
margin of the basin by flattening the Sacramento Shale, which
is interpreted as having near-original horizontality, as a refer-
ence for primary architecture. In this study, we incorporated
the paleodepth values from seven outcrop localities studied
by Moxon (1988) and Williams (1997) as “pseudo-boreholes”
within the basin model (Fig. 3).

Model Construction

Following the selection of formation tops from resistivity
logs, we imported the data set into ArcMap™ 10.5 (ESRI, 2016)
for initial quality control. This allowed visualization of the depth to
the top of each formation, as well as comparison of the individual
borehole picks for a specific unit with neighboring boreholes and
with formations above and below each pick. Visualization of the
data highlighted the need for “pseudo-picks” in the southern part of
the basin, as most boreholes did not penetrate deeper than the top
of the Campanian Sacramento Shale. As a result, deeper horizons
(i.e., Guinda, Dobbins and Forbes) lacked the data necessary to
construct a surface below that of the younger horizons (i.e., Sacra-
mento Shale, Winters Shale, Starkey Sandstone, and Mokelumne
River Formation). Therefore, 16 boreholes that only penetrated to
the Sacramento Shale were chosen and assigned pseudo-tops for
the formations deposited atop basement, but prior to deposition of
the Sacramento Shale, namely, the Guinda, Dobbins, and Forbes
formations (Supplementary Material IV [see footnote 1]). The
depth to the top of these pseudo-picks was based on the nearest
penetrating borehole, and the thickness between formations was
maintained. As the boreholes in the DOGGR database are in feet,
all depths were converted to meters within ArcMap™.

Structural surfaces of each formation were constructed in
Move™ (granted by Midland Valley’s Academic Software Ini-
tiative). Surfaces for each formation were generated using the
inverse distance weighted (IDW) interpolation method, which
determines cell values using a linearly weighted combination
of a set of sample points, whereby the weight is a function of
the inverse distance (Shepard, 1968). This method was chosen
over other interpolation methods such as Delaunay triangulation
because the density of borehole picks for each formation varied
across the area. The basement surface was generated first and
extended to the edges of the Sacramento Basin outline (Fig. 4).
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depth of ~11,582 m west of Williams. (B) General lithologic map of basement underlying Sacramento Basin, based on borehole
records from on-site geologists. Basement is divided into three lithologic units: Sierra Nevada igneous and metamorphic rocks in the
east, Coast Range ophiolite in the west, and igneous and metamorphic rocks of the Klamath Mountains to the north.

The surfaces for each of the 12 sedimentary formations were
extended to the basin outline and split by the basement surface
(Fig. 5). The shallowest four formations (Sacramento, Winters,
Starkey, and Mokelumne) occupy the southern half of the basin
and were not extended beyond the areal extent of their data
(Fig. 5). In some cases, the contrast in the density of borehole
picks between formations required manual adjustment of the
surfaces. For example, the high number of boreholes that pen-
etrated the Guinda Shale (n = 112) in the southern part of the
basin resulted in the Guinda surface projecting below the Sites
Sandstone surface. In cases such as this, the underlying surface
was adjusted by using the nearest borehole picks as a guide and
maintaining thicknesses. All surfaces are shown with locations of
their respective borehole picks to highlight where the density of
data affected the surface interpolations (Fig. 5).

To study spatio-temporal changes in sediment thickness
(e.g., Scheck and Bayer, 1999; Posamentier et al., 2007), isopach
maps for each formation were constructed by subtracting the
depth of a surface from its underlying surface in order to calcu-
late its thickness over its areal extent (Table 1; Supplementary

Material II [see footnote 1]). In many cases, the “top” surface
had multiple underlying surfaces, such as the Lodoga Forma-
tion, which was deposited atop the Stony Creek Formation and
basement. To account for this, the surface geometry function in
Move™ accepts multiple inputs for the target “bottom” surface
and calculates a thickness between the surface of interest and its
underlying units. The volume of each formation was calculated
using the tetravolume function in Move™ (Fig. 6; Table 1). This
function uses tops and bottoms of surfaces as inputs and divides
intervening areas into tetrahedra (cell size = 500 m) that take into
account changes in area with depth. Although these volumes are
minimum estimates, as they are derived from compacted thick-
nesses, they are useful for comparative purposes, and future work
will use this model as the foundation for decompacting strata in
the Sacramento Basin. Biostratigraphic data from Moxon (1988)
and Williams (1997) were used to assign horizon ages and allow
for temporal comparison of stratal volumes (Table 1). In addi-
tion, cross sections were generated to capture basin architecture.
Two north-south and four east-west sections were constructed
(Fig. 7). Due to variability in stratigraphic thickness, east-west
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TABLE 1. FORMATION TOPS, SACRAMENTO BASIN

Formation name Surface age Mean thickness Volume Sediment accumulation rate  Number of borehole picks
(Ma) (m) (km?3) (km®/m.y.)
Mokelumne River 65.0 170 3267 1307 129
Starkey 67.5 223 6308 1147 287
Winters 73.0 188 4009 1002 194
Sacramento/Kione 77.0 332 6566 4377 260
Forbes 78.5 252 20,639 5160 356
Dobbins 825 254 13,455 8970 257
Guinda/Funks 84.0 258 14,119 5883 112
Sites 86.4 411 17,453 15,866 21
Yolo 87.5 426 15,894 4541 17
Venado/Fiske Creek 91.0 709 23,434 2343 21
Lodoga 101.0 1028 30,057 1503 10
Stony Creek 121.0 998 17,208 717 9
Basement 153.0 N/A N/A N/A 147

and north-south cross sections are shown at 2x and 10x vertical
exaggeration, respectively.

Model Limitations

Our 4-D basin model cannot capture every geologic or geo-
metric detail of Sacramento Basin stratigraphy due to the range
of spatial and temporal scales. First, the spatial distribution of
borehole picks from Aptian—Coniacian stratigraphy is highly
variable. For example, the Sites Sandstone has very few pene-
trating boreholes in the north and at the latitude of Sacramento
(Fig. 5). In contrast, units deposited during the Santonian and
Maastrichtian have a more even distribution of borehole picks
that cover their interpolated area well (Fig. 5). Thus, regions of
surfaces from the older stratigraphic units that lack borehole
picks are heavily dependent on the IDW interpolation method.

Second, division of strata into discrete formations resulted in
several formations not being included as separate surfaces where
it was problematic to identify them within borehole records or
where they are very thin (<100 m). Specifically, very few bore-
holes penetrated the Fiske Creek Shale or Salt Creek Conglomer-
ate (Fig. 2) because of their limited extent or thickness, respec-
tively. Therefore, the stratigraphy represented by the top of the
Venado Sandstone may include rocks deposited as part of Salt
Creek and Fiske Creek stratigraphy; these ambiguities are minor
compared to the scale of the model. In addition, incorporation of
the Kione deltaic system (i.e., Kione sandstone; Fig. 2) proved
challenging due its limited spatial extent and lack of preserva-
tion due to incision by the Cenozoic Princeton submarine canyon
(Dickinson et al., 1979; Almgren and Hacker, 1984). The Kione
system is time-transgressive through the Campanian and over-
lies the Forbes Shale in the north but interfingers with basinal
and submarine-fan sandstone of the Forbes Shale to the west and
south (Graham, 1981). Inclusion of the Kione delta stratigraphy
is important for future refinement of our model, but these details
are beneath the scale of this study. Exclusion of these strati-
graphic units results in some formations spanning greater depo-
sitional time than implied by their names. For example, the time

interval between deposition of the Sites Sandstone and the top
of the Guinda Shale (86.4-84.0 Ma) does not include a separate
surface for the top of the Funks Shale, as its shale is difficult to
distinguish from Guinda Shale (Fig. 2). Thus, the volume of rock
accumulated during this time interval is accurate, but the surface
name (i.e., Guinda) does not reflect the inclusion of Funks stra-
tigraphy (Table 1). In the future, this database will provide the
foundation for petroleum-systems modeling of smaller regions
of the basin, as the density of boreholes in certain areas allows
for correlation of individual lithofacies, but incorporation of gas
plays such as the Kione-Forbes or resolving individual sandstone
bodies within formations are beyond the scope of this study.
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Figure 6. Oblique view of Cretaceous stratigraphy of Sacramento Ba-
sin, highlighting variability in stratal thicknesses and shift of primary
depositional center in southern part of basin during Campanian—
Maastrichtian. Black circles are towns shown in Figure 3.



Several geologic features were not included in the model,
namely, Cenozoic paleo—submarine canyons, major faults,
and western contacts with the Franciscan Complex (Supple-
mentary Material III [see footnote 1]). In the south, thalwegs
of the Paleogene Martinez, Meganos, and Markley submarine
canyons incise into Maastrichtian (Meganos) and Campanian

(Markley and Martinez) strata (Almgren and Hacker, 1984).
In the north, the Princeton submarine canyon incises into
Coniacian/Santonian strata (Dickinson et al., 1979). As inci-
sion and infilling of these canyons occurred in the Cenozoic,
they are not important for construction of primary depositional
geometries in the Cretaceous (e.g., Almgren and Hacker, 1984).
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Figure 7. Cross sections of Sacramento Basin, highlighting architecture during Cretaceous deposition. (A-D) West-
east cross sections document eastward stratal onlapping onto underlying Coast Range ophiolite, and metamorphic and
igneous terranes of Sierra Nevada. (E-F) North-south cross sections show migration of primary depocenter southward
through time, with section F highlighting southward offlap of oldest strata. Locations of boundaries between basement
terranes are based on lithologic differences of samples from borehole records and are consistent with gravity surveys, and

reflection- and refraction-seismic lines.



The Santonian Williams canyon (Williams et al., 1998), which
incised into Turonian—Santonian strata along the western margin
of the basin, was filled by the Dobbins and Forbes Shales and
is not included in the model. Therefore, volume estimates for
the Venado-Guinda units are minimum estimates, as they were
partially eroded during canyon incision.

No faults were incorporated into the model, because they
are, for the most part, Cenozoic and primarily restricted to the
southern part of the basin (e.g., Kirby Hills or Midland fault sys-
tems). The model was constructed for areas north of the Stockton
arch, although we emphasize that any correlation with the San
Joaquin Basin in the future must account for offsets along this
fault system. In addition, the model is unable to resolve faults
that may have slipped during the Late Cretaceous and localized
deposition of units such as the Winters Sandstone (e.g., Cher-
ven, 1983; Moxon, 1990). In the northwestern part of the basin,
west of Red Bluff, syndepositional normal faults are observed
along the outcrop belt and in the subsurface (Moxon, 1988; Con-
stenius et al., 2000). Our borehole distribution in this region was
not sufficient to resolve and input these faults to the model, but
we discuss their possible effects on stratigraphy later herein.
The model does not consider possible translational faults (e.g.,
Wright and Wyld, 2007), as we interpret the Great Valley forearc
to be autochthonous, following most workers (e.g., Dickinson
and Seely, 1979; Ingersoll, 1979, 1982; Constenius et al., 2000;
DeGraaff-Surpless et al., 2002). Incorporating contacts between
the Franciscan Complex and Great Valley Group is beyond
the scope of this study. This primarily faulted contact is time-
transgressive along the strike of the outcrop belt (Ingersoll and
Dickinson, 1981) and is not preserved in most areas, precluding
our ability to resolve the western basin margin (Fig. 7).

RESULTS
Sacramento Basin Surfaces

A key component of our basin model is a series of struc-
tural contour maps of the surfaces of the 13 formations, from the
top of basement (Jurassic) to the top of the Mokelumne River
Formation (Maastrichtian; Figs. 4 and 5). Crystalline basement
extends continuously from the Sierra Nevada to the outcrop
belt exposed in the Coast Ranges along the western margin of
the basin (Fig. 4). The depth to basement increases from east
to west across the basin with a broad “shelf-like” geometry
east of the longitude of Red Bluff and Sacramento, before dip-
ping off sharply to the west to a maximum depth of ~11,582 m
(38,000 ft) east of Williams (Fig. 4A). This sharp increase in
the depth to basement is also observed in seismic-reflection line
AYD-3 from Constenius et al. (2000). There are few basement-
penetrating boreholes in the southwestern part of the basin, but
our interpolation from the few available is consistent with a
previous study for the southern part of the Sacramento Basin
and interpolations from the northern San Joaquin Basin (e.g.,
Wentworth et al., 1995; Brabb, 2011; Scheirer, 2013). We also

include a lithological map of the basement based on descrip-
tions of basement lithology from borehole and outcrop records
(Fig. 4B). Although these lithologic calls are dependent on inter-
pretations of numerous well-site geologists, we divide the base-
ment into three units: Coast Range ophiolite in the west, Sierra
Nevada metamorphic belt and batholith in the east, and Klam-
ath terrane to the north (Fig. 4B). The location of the boundary
between the Coast Range ophiolite and Sierra Nevada metamor-
phic or igneous rocks is not well defined by our data set, but it is
consistent with previous modeling derived from gravity anoma-
lies, and reflection- and refraction-seismic lines, which suggest
the boundary is located in the center to east-of-center part of the
basin (Cady, 1975; Godfrey et al., 1997; Williams and Graham,
2013). In cross section, we draw the contact between Sierra
Nevadan basement and the Coast Range ophiolite as dipping to
the west, based on the crustal model of Cady (1975).

Preservation of Jurassic(?)-Lower Cretaceous strata (Stony
Creek and Lodoga Formations) is limited to the western part of
the basin (Fig. 5). In the subsurface, these units are found west
of the town of Red Bluff or 122.5°W longitude, but these likely
extended farther west during deposition based on remnants of
forearc basin strata atop the Franciscan Complex (Dickinson and
Rich, 1972; Dickinson and Seely, 1979; Ingersoll, 1982). In cross
section, the northernmost surface of the Stony Creek Formation
(Figs. 7A and 7F) appears parallel to subparallel with basement
but rolls over at its eastern terminus. Farther south, the Stony
Creek and Lodoga Formations appear to lap onto basement, but
the lack of borehole data from this region prohibits a thorough
geometric reconstruction.

Most of the preserved Great Valley Group accumulated dur-
ing the Late Cretaceous between ca. 93 and 65 Ma; the 10 horizon
maps document deposition during this time period (Fig. 5). The
surfaces for the Venado, Yolo, and Sites formations (Turonian—
Lower Coniacian) were generated from a spatially limited data
set (n < 21 boreholes), but they show the greatest accumulation
in the south. These formations are underlain by the Coast Range
ophiolite in outcrop, but they show eastward lapping onto Sierra
Nevada basement (Fig. 7). In the northernmost part of the basin,
deposition of these units occurred atop Klamath basement, which,
along with the northernmost Coast Range ophiolite, appears to be
much deeper than the average depth to basement throughout the
center of the basin at the location of this cross section (Fig. 7F).
Importantly, the surface of the Venado Sandstone includes under-
lying Boxer Formation because the spatial limitations of the latter
preclude its own surface construction.

The Guinda through Winters (Upper Coniacian-Campanian)
surfaces show the development of an elongate, narrow (<25 km)
trough in the southern part of the basin (Fig. 5). The northern
part of the Sacramento Basin appears to have filled during depo-
sition of the Kione-Forbes-Sacramento units in the Campanian,
and the westernmost margin may have been above sea level
(Moxon, 1988). Isopach maps indicate that within the elon-
gate trough, maximum thicknesses of the sandstone-dominated
Guinda, Forbes, and Starkey units exceeded ~600 m during



this time interval (Supplementary Material II [see footnote 1]).
Between the late Coniacian and Maastrichtian, >2200 m of sedi-
ments accumulated within this depositional center; coeval strata
are absent in the north, where Eocene strata are unconformable
on Campanian Kione-Forbes-Sacramento strata.

Sacramento Basin Sediment Accumulation

The mean thicknesses and volumes of each formation are
summarized in Table 1. We emphasize that these are minimum
values, since they were derived from compacted thicknesses,
and they also do not account for the now-eroded western part
of the basin. Deposited between 121 and 101 Ma, the Lodoga
Formation is the thickest unit, with a mean thickness of 1028 m
and a volume of 30,057 km®. In contrast, the thinnest unit is the
Mokelumne River Formation, with a mean thickness of 170 m
and a volume of 3267 km®. The volumetric sediment accumula-
tion rate is variable, with rates being <2000 km*/m.y. prior to the
early Turonian and between 6000 and 17,000 km*/m.y. from the
late Turonian through the middle Campanian (Fig. 8). The Sites
Sandstone saw the highest sediment accumulation rates, with
15,866 km*/m.y. deposited between 86.4 and 84.0 Ma. Sediment
accumulation rates during the final stages of Cretaceous deposi-
tion remained relatively constant at ~1100 km*/m.y.

DISCUSSION
Basin Architecture

This first 4-D basin model of the Sacramento segment of the
larger Great Valley forearc basin captures its first-order geom-
etry and sediment flux during Cretaceous deposition. The recon-
structed basement surface is consistent with structural trends in
the basement maps of Wentworth et al. (1995) and Scheirer et
al. (2007) for the San Joaquin Basin and southern Sacramento
Basin. Our surface map and cross sections show that the base-
ment is deepest west of the town of Williams and in the northwest
part of the basin. In cross section (Fig. 7A) and seismic-reflection
line AYD-3 (Constenius et al., 2000), the Jurassic(?)—Lower Cre-
taceous Stony Creek Formation is parallel to subparallel to base-
ment, suggesting deposition was primarily on a relatively pla-
nar basement surface. Resolving the precise angularity of onlap
between the Stony Creek Formation and basement is beyond the
scale of this model, but based on reflection-seismic data, Wil-
liams and Graham (2013) noted that the angularity of the non-
conformity between the Great Valley Group and basement at
deposition was 3°-5°, similar to modern continental slopes. The
westernmost north-south cross section highlights changes in the
depth to basement and thickness of Stony Creek and Lodoga

Figure 8. Comparison of accretionary his-
tory of Franciscan Complex (Dumitru et al.,
2010), minimum sediment accumulation
rates for Sacramento Basin (this study),
and apparent magmatic flux of Sierra Ne-
vada (Paterson and Ducea, 2015) and Idaho
batholiths (Gaschnig et al., 2017). Increase
in sediment accumulation rates in forearc

region correlates with proposed change in
Franciscan wedge from nonaccretionary to
accretionary and peak in arc magmatism in
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strata (Fig. 7F). These changes may reflect displacements along
the Paskenta, Elder Creek, and Cold Fork fault zones, which are
interpreted by most workers as syndepositional normal faults
that omit and thicken the basal stratigraphy (Jones et al., 1969;
Ingersoll, 1982; Moxon, 1988; Constenius et al., 2000). Whether
these fault systems are responsible for the thickened Yolo Shale
in cross section (Fig. 7F) is unclear, but we stress the thickness of
the Yolo Shale at this location is controlled by one borehole pick
and is not robust. Incorporating the Paskenta—Elder Creek—Cold
Fork faults into the model to investigate this region further will
require high-resolution seismic-reflection data, which may be
available in the future.

Although there are limited borehole data in the northern and
western edges of the basin, relative to central parts, construction
of the model revealed some details in these regions. Along the
western margin of the basin, reconstructed paleodepths of out-
crop strata by Moxon (1988, 1990) and Williams (1997, 1998)
suggested development of a topographic/bathymetric “ridge”
initiating as early as the Turonian—Coniacian and fully develop-
ing by the late Campanian (Fig. 5). This topographic feature is
suggested by the shallow depths (blue color) along the western
margin of the basin, defined best by the Campanian Dobbins and
Forbes surfaces (Fig. 5). This ridge, which is also controlled by
borehole picks from this study just east of the outcrop belt, forms
a linear feature in the northern part of the basin. Observed in
cross section (Fig. 7B), it appears that Forbes, Dobbins, Guinda,
and Sites strata are uplifted and dipping eastward from this fea-
ture, albeit subtly at the scale of the model. Overlying units have
variable thicknesses locally east of this feature. Although we
limit our interpretation of this feature based on the few borehole
picks available from this region, seismic-reflection lines restored
to Cretaceous configuration from Constenius et al. (2000) high-
light Cretaceous reflections with eastward dip (e.g., figure 8 in
Constenius et al. 2000). Therefore, it is plausible that this feature
represents backtilting of forearc strata during growth of the Fran-
ciscan accretionary wedge. This type of geometry is observed
along seaward margins of other forearc basins, such as offshore
Chile and Alaska (Williams and Graham, 2013; Noda, 2016).

Our model shows the overall southward migration of the pri-
mary depositional center along the partially preserved western
limit and central part of the basin (Fig. 7), a feature previously
noted by Moxon (1990). These results are consistent with paleo-
current data from the western outcrop belt that show southerly
and westerly paleoflow directions (Ingersoll, 1979). In addition,
the basin-filling pattern is consistent with outcrop stratigraphy,
which shows southward deepening from upper-slope mudstone
through slope channels to thick-bedded incised midfan and
unconfined-fan-lobe deposits during the Turonian to early Cam-
panian (Ingersoll, 1976). The margins of the southern deposi-
tional center, commonly referred to as the Delta depositional cen-
ter (Zieglar and Spotts, 1978), are difficult to reconstruct owing
to the presence of the Cenozoic Kirby Hills and Midland fault
zones along the western margin of the basin (Fig. 5). Accom-
modation during deposition of the Winters, Starkey, and Moke-

lumne River units was likely controlled by local faulting along
the western terminus of the trough (Cherven, 1983; Moxon,
1990). However, the scale of the model prohibits individual well
correlations, which are necessary to define the western margin of
these units. Future work will seek to incorporate these faults, as
well as overlying Cenozoic strata that contain easily identifiable
shale horizons, to quantify the effects of Cenozoic motion along
trough-bounding faults on primary basin geometry.

Geometric relationships along the east side of the basin
show onlap of Sierra Nevada basement, the dip of which appears
to steepen from horizontal in the north to 5°-10° for Santo-
nian—Maastrichtian (Guinda—-Mokelumne) strata in the south
(Figs. 7A=7D). This onlap architecture is consistent with paleo-
bathymetric profiles from the middle Turonian to Santonian,
which show overall eastward retrogradation (e.g., Williams,
1997). Previous work on subsurface stratigraphy along the east-
ern margin of the basin detailed transgressive sequences, with
deposition occurring in sublittoral to outer-neritic zones (e.g.,
Haggart and Ward, 1984). Paleobathymetric studies also support
our conclusion that the northern Sacramento Basin filled by early
Campanian time (i.e., Forbes-Kione deposition), whereas the
southern part of the basin retained marine to deltaic depositional
environments until the latest Maastrichtian (Williams, 1997).

Forearc Basin Sediment Flux

Sediment fluxes were variable in the Great Valley forearc
basin during the Cretaceous, as noted by Williams and Graham
(2013) and DeCelles and Graham (2015), with deposition of the
Sites Sandstone marking a drastic change in sediment input in
the Turonian to Coniacian. Importantly, these rates are based on
minimum volume determinations, as strata have not been decom-
pacted. These minimum volumes and rates will be rectified in
our future work, which will use this model as the foundation for
a geohistory analysis. In addition, the rates are a function of our
age assignments (Fig. 2). This is especially important for calcula-
tion of sediment flux for the Stony Creek Formation at the initia-
tion of forearc deposition. We assign an age of ca. 153 Ma for the
start of deposition, based on the general age assignment of Kim-
meridgian for the basement (e.g., Shervais et al., 2005). However,
the age of the basement varies along strike, as it does in many
forearc systems (e.g., Noda, 2016; Orme and Laskowski, 2016),
and the age of the basal Stony Creek is uncertain (Surpless et al.,
2006). If the initial depositional age is as young as Valanginian—
Hauterivian (Surpless et al., 2006), then it could increase sedi-
mentation rates by an order of magnitude. Regardless of these
uncertainties, much of the Stony Creek Formation was presum-
ably removed during Cenozoic shortening (Dickinson and Seely,
1979; Ingersoll and Dickinson, 1981; Ingersoll, 1982), and flux
estimates are therefore minima. In addition, the volume estimate
for deposition ca. 78-77 Ma is a minimum, because it does not
include the stratigraphy of the Kione delta. Nevertheless, sedi-
mentation rates from this study are consistent with average rates
from detailed work on the western outcrop, where accumulation



rates peaked in the Turonian and Coniacian, followed by a gen-
eral decrease through the remainder of the Cretaceous (Ingersoll,
1979). Peak sedimentation rates occurred prior to the estimated
time of gas generation in the Sacramento Basin, with the first
period of thermal maturation occurring at 80—70 Ma (Zieglar and
Spotts, 1978). Previous work interpreted the decrease in sedimen-
tation rates following Turonian time to reflect wider dispersal of
available sediment as the basin increased in dimension (Ingersoll,
1979) and an overall decrease in sediment supply during Late
Cretaceous time as volcanic and plutonic activity in magmatic
source regions lessened (Ingersoll, 1978, 1982).

Sediment accumulation rates correlate well with the appar-
ent flux of magmatic activity in the Sierra Nevada magmatic arc
(Fig. 8). During deposition of Cretaceous forearc basin strata, the
Sierra Nevada arc experienced high-flux magmatism between
125 and 85 Ma, with the peak being between 100 and 90 Ma
(Paterson and Ducea, 2015). The peak in sedimentation within
the forearc is slightly younger (ca. 86—78 Ma), likely reflecting
the residence time from pluton emplacement to deposition in the
neighboring forearc basin (Fig. 8). This result is consistent with
the short lag times between U-Pb crystallization ages and depo-
sitional ages in the Great Valley forearc, which yield unroofing
rates of the southern and western Sierra Nevada of 0.35—-1 mm/yr
(DeGraaff-Surpless et al., 2002) and high average erosion rates
of 0.4-0.7 mm/yr (Ague and Brimhall, 1988) during the Creta-
ceous. Similarly, exhumation rates of 0.5—-1 mm/yr of the central
Sierra Nevada (Vermeesch et al., 2006) and uplift rates of the
southern Sierra Nevada of 0.5-1.2 mm/yr (Sams and Saleeby,
1988; Pickett and Saleeby, 1993) are consistent with short lag
times between pluton emplacement and deposition. The observed
flux in peak magmatism of the Idaho batholith (Gaschnig et al.,
2017) does not show a strong correlation with the Cretaceous flux
curve from the Sacramento Basin. However, detrital-zircon prov-
enance studies of Eocene Great Valley forearc strata show that
the Idaho batholith was a significant source of material from 57
to 53 Ma (Dumitru et al., 2012). Therefore, we hypothesize that
expansion of our model into the Cenozoic might reveal a second
peak in sediment accumulation related to a period of high-flux
magmatism and erosion of the Idaho batholith.

Sediment accumulation rates in the Sacramento Basin cor-
relate to phases of activity in the Franciscan Complex (Fig. 8).
Dumitru et al. (2010) and DeCelles and Graham (2015) argued
for the transition from a nonaccretionary forearc margin to an
accretionary margin at ca. 123 Ma. This was based primarily
on geochronologic ages from the South Fork Mountain Schist,
which is interpreted as the first unit of significant size to accrete
into the Franciscan wedge (Dumitru et al., 2010). This time
period corresponds to the end of deposition of the Stony Creek
Formation and a steady increase in sediment accumulation
rates thereafter. We suggest that prior to the Franciscan Com-
plex becoming truly accretionary, there was no outer forearc
high to trap significant volumes of sediment in the Great Valley
forearc region (Ingersoll, 1982). Any sediment that accumulated
along the margin during the interpreted nonaccretionary period

was likely subducted. The mechanism driving the change from
nonaccretionary to accretionary margin, which coincided with
an increase in sediment accumulation rates in the Great Valley
forearc, is poorly understood. As this work reports, the increase
in sedimentation rates correlates with a magmatic flare-up of
the Sierra magmatic arc, which may have resulted in increased
erosion rates to the forearc region (cf., DeCelles and Graham,
2015). Dumitru et al. (2012) hypothesized that a change in
drainage systems of major rivers, similar to the modern Casca-
dia forearc, may have increased sediment supply to the trench
and forearc. DeGraaff-Surpless et al. (2002) demonstrated that
the Sites Sandstone was derived locally from the western Sierra
metamorphic belt, which formed a drainage divide in the mid-
Cretaceous. Therefore, unlike some Cenozoic river systems
sourced from the continental interior that crosscut the Sierra
Nevada batholith to deliver sediment to the Great Valley forearc
(e.g., Cassel et al., 2012), the increase in sediment supply to the
Great Valley from rivers in the Cretaceous reflects a response to
local changes in erosion rate along the west side of the arc drain-
age divide (Linn, 1991; Linn et al., 1991).

The minimum sediment accumulation rates determined in
this study are similar to un-decompacted sedimentation rates cal-
culated for other forearc basins. Direct comparison of sedimen-
tation rates of basal forearc sedimentary sequences is challeng-
ing because they range widely, from <15 m/m.y. to >800 m/m.y.
(e.g., Underwood et al., 1995). However, comparison of peak
sedimentation rates between forearc basins reveals some inter-
esting similarities. Sedimentation rates in the intraoceanic Izu-
Bonin forearc basin were 100-300 m/m.y. in Oligocene time, i.e.,
less than the peak rates calculated in this study (Turonian Sites
Sandstone, 475 m/m.y.) and from the Great Valley forearc outcrop
belt (425 m/m.y.; Ingersoll, 1979). As discussed in Underwood
et al. (1995), similar rates between intraoceanic and continental
forearc systems are surprising, considering major differences in
the grain size of basal forearc fill, sandstone bed thickness, and
stratigraphic architecture of turbidite-fan systems. In addition,
many forearc basins, regardless of whether they develop along
a continental margin or in an intraoceanic setting, record rapid
rates of sedimentation early in their histories, followed by a gen-
eral decrease through time (e.g., Underwood et al., 1995). This
is observed in systems such as, but not limited to, the [zu-Bonin
intraoceanic forearc system (Underwood et al., 1995), the Xigaze
forearc basin system in southern Tibet (Orme et al., 2015), and
the Tonga forearc basin (Underwood et al., 1995). Similar to the
Great Valley forearc basin, sedimentation rates from the Xigaze
and Tonga forearc basins show strong correlation with mag-
matic flux, whereby periods of high-flux magmatism correspond
to periods of rapid sediment accumulation, and periods of low
sedimentation correspond to a decrease or lull in arc magmatism
(Underwood et al., 1995; Orme et al., 2015). Future decompac-
tion analyses will allow for direct comparison of the Great Val-
ley forearc with other forearc basins, but the correlation between
sedimentation rate and magmatic flux appears to be a first-order
feature of forearc basin systems.



CONCLUSIONS

This study presents the first 4-D model of the northern Great
Valley forearc basin, including the first complete map of forearc
basement throughout the Sacramento Basin. The model captures
the southward migration of the locus of deposition during the
Cretaceous, as well as the eastward lap out of strata onto Sierran
arc basement, reflecting an overall eastward shoreline transgres-
sion. The use of this model for petroleum-systems modeling must
incorporate deformation related to Cenozoic faults, and erosion
and filling of paleocanyons, but it provides the foundation for
more detailed modeling of subregions of the basin. This quantifi-
cation of the changes in sediment accumulation through time and
space provides the foundation with which to investigate controls
on basin subsidence in four dimensions, which will be the focus
of future research.
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