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Figure 1.4. View of Hoffman Canyon and China Mountain in the Tobin Range, 
which is the type locality of the Sonoma Orogeny. Ferguson et al. (1952) noticed that 
the undeformed Koipato Formation rests on top of the highly deformed Golconda 
Allochthon with a marked angular unconformity. View to the north. Modified from 
Walter Snyder (per. comm.).  

Koipato late Triassic (possibly late Permian); high initial Sr and very negative eNd suggest this was on NAM crust when intruded/erupted.
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Kind of funny map as a lot of things are Mz (batholiths, for instance, and fold-and-thrust extent)
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Figure 11. Extent of Golconda and Black Rock-Jackson domains shown with Antler Overlap and Nolan Belt domains. Outcrops of Gol-
conda and Black Rock-Jackson terranes shown with places mentioned in text. The outcrops of the Home Ranch subterrane are those shown 
in gray in the far northern Independence Mountains, the Hot Springs Range, the Osgood Mountains, and the northwesternmost outcrops 
in the East Range.

Crafford, Geosphere, 2008

Crafford notes lower plate pretty undeformed, but upper plate hammered—in places relatively undeformed Tr on top.  Also discuss Nolan belt, which is 
defined by Crafford as having continental affinity but higher grade metamorphism and west-verging thrusting in pre-mid-Penn
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Figure. 3.4. εNd vs. 87Sr/86Sr plot showing the values of four samples (solid circles) 
from the Koipato Formation reported in this study and other Mesozoic and Tertiary 
samples from DePaolo (1981), Farmer and DePaolo (1983; 1984), Samson et al. 
(1989), and DePaolo and Daley (2000). Open circles = Triassic, open squares = 
Jurassic, open triangles = Cretaceous, and open diamonds = Tertiary. Arrow 
showing increased crustal contamination is taken from Farmer (1988). 
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So was Golconda emplaced on continental margin? Solid dots are from overlapping volcanics which seem exceptionally continental in origin. [Ideally should 
compare with Klamath/Sierra arc rocks]
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most northerly expression of Pennsylvanian–
Permian Ancestral Rocky Mountains (ARM) 
deformation (Ye et al., 1996; Kluth et al., 1998; 
Dickinson and Lawton, 2003), and on the south 
by a basin cluster (Keeler– Darwin–El Paso, 
K-D-EP, of Fig. 9) associated with deformation 
adjacent to the California-Coahuila transform 
(Dickinson, 2000), which truncated the con-
tinental margin southwest of the Great Basin 
(Fig. 2) between Pennsylvanian and Triassic 
time (Stevens et al., 1997, 2005; Stevens and 
Stone, 2007).

The Golconda allochthon of the Sonoma 
orogeny followed a linear path through the 
Great Basin at the time it was emplaced (Fig. 9). 
Geotectonic relations between the Havallah 
basin, telescoped during the Sonoma orog-

eny, and Permian arc assemblages still farther 
west remain uncertain (Miller et al., 1992), but 
the Permian arc system was developed upon a 
previously accreted Devonian island-arc sys-
tem including both a frontal Sierran arc and a 
remnant Klamath arc (Dickinson, 2000). The 
Sonoma foreland basin was largely blanketed 
by Triassic marine strata for 200–400 km east of 
the Golconda thrust front, and marine limestone 
tongues in the Lower Triassic marginal-marine 
and nonmarine Moenkopi Formation of the 
western Colorado Plateau extend to distances of 
400–500 km from the thrust front. The width 
of the Sonoma foreland basin was fully half 
that of the late Mesozoic southern Cordilleran 
foreland basin that developed east of the Sevier 
thrust front, indicating that geodynamic model-

ing is sorely needed to understand the downfl ex-
ure of the Sonoma foreland east of the Golconda 
allochthon (Lawton, 1994).

EARLY PALEOZOIC RELATIONS

The Roberts Mountains allochthon (Fig. 2), 
which was emplaced across the western fl ank of 
the Cordilleran miogeocline during the Devo-
nian–Mississippian Antler orogeny (Miller 
et al., 1992), formed a linear belt parallel to the 
Wasatch hinge line (Fig. 10), which marked 
the eastern limit of miogeoclinal sedimenta-
tion (Hintze and Kowallis, 2009). Curvature of 
the allochthon on the south where both it and 
the younger Golconda allochthon now trend 
westward into the fl ank of the Sierra Nevada 
batholith (Schweickert and Lahren, 1987) is 
an artifact of later Great Basin deformation. A 
fl exural foreland basin formed during the Antler 
orogeny with its depressed keel adjacent to the 
thrust load of the Roberts Mountains allochthon 
(Fig. 10), but the downfl exed distal fl ank of the 
Antler foreland basin extended much farther to 
the east (Dickinson, 2006).

Accreted Devonian arc assemblages west 
of the Roberts Mountains allochthon (Fig. 10) 
are exposed now in the northern Sierra Nevada 
and eastern Klamath Mountains. There has long 
been uncertainty as to whether they represent 
(1) a far-traveled, east-facing exotic arc system 
accreted to the Laurentian margin during the 
Antler orogeny (Dickinson, 2000), together with 
the Roberts Mountains allochthon as an associ-
ated subduction complex, or (2) a west-facing 
fringing arc erected not far offshore (Miller 
et al., 1992), with the Roberts Mountains alloch-
thon being the collapsed fi ll of a backarc basin. 
The option of an exotic accreted arc is favored 
by the U-Pb ages of detrital zircons in Klamath 
terranes, closely associated with the arc assem-
blage, which refl ect affi nity with Baltica in the 
Arctic region (Grove et al., 2008). That conclu-
sion is compatible with the regionally anoma-
lous U-Pb ages of detrital zircons from the 
Roberts Mountains allochthon and the closely 
related Shoo Fly Complex of the Sierra Nevada 
(Dickinson and Gehrels, 2000).

PRINCIPAL INSIGHTS

Systematic palinspastic reconstruction of 
paleotectonic and paleogeographic patterns for 
the Great Basin and adjacent regions through 
Phanerozoic time yields insights that are not 
apparent from the areal distribution of rock 
assemblages with respect to their present geog-
raphy. In general, pre-Neogene geotectonic belts 
formed initially as more linear features with 
less curvature than their present confi gurations  
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Figure 9. Mississippian to Early Triassic (325–245 Ma) tectonomagmatic relations across 
the intermountain region. Selected late Paleozoic depocenters: Oquirrh–Wood River basin 
(Geslin, 1998; Hintze and Kowallis, 2009); Keeler–Darwin–El Paso (K-D-EP) basin cluster 
(Stevens et al., 1997, 2005; Stevens and Stone, 2007). See Figure 1 for the states shown 
(boundaries distorted) and Figure 2 for the time span depicted.
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1998; Hintze and Kowallis, 2009); Keeler–Darwin–El Paso (K-D-EP) basin cluster (Stevens et al., 1997, 2005; Stevens and Stone, 2007). See Figure 1 for the states shown (boundaries 
distorted) and Figure 2 for the time span depicted.



Dickinson, Geosphere, 2013

Possible geometry 
of Triassic foreland

Dickinson

1392 Geosphere, October 2013

most northerly expression of Pennsylvanian–
Permian Ancestral Rocky Mountains (ARM) 
deformation (Ye et al., 1996; Kluth et al., 1998; 
Dickinson and Lawton, 2003), and on the south 
by a basin cluster (Keeler– Darwin–El Paso, 
K-D-EP, of Fig. 9) associated with deformation 
adjacent to the California-Coahuila transform 
(Dickinson, 2000), which truncated the con-
tinental margin southwest of the Great Basin 
(Fig. 2) between Pennsylvanian and Triassic 
time (Stevens et al., 1997, 2005; Stevens and 
Stone, 2007).

The Golconda allochthon of the Sonoma 
orogeny followed a linear path through the 
Great Basin at the time it was emplaced (Fig. 9). 
Geotectonic relations between the Havallah 
basin, telescoped during the Sonoma orog-

eny, and Permian arc assemblages still farther 
west remain uncertain (Miller et al., 1992), but 
the Permian arc system was developed upon a 
previously accreted Devonian island-arc sys-
tem including both a frontal Sierran arc and a 
remnant Klamath arc (Dickinson, 2000). The 
Sonoma foreland basin was largely blanketed 
by Triassic marine strata for 200–400 km east of 
the Golconda thrust front, and marine limestone 
tongues in the Lower Triassic marginal-marine 
and nonmarine Moenkopi Formation of the 
western Colorado Plateau extend to distances of 
400–500 km from the thrust front. The width 
of the Sonoma foreland basin was fully half 
that of the late Mesozoic southern Cordilleran 
foreland basin that developed east of the Sevier 
thrust front, indicating that geodynamic model-

ing is sorely needed to understand the downfl ex-
ure of the Sonoma foreland east of the Golconda 
allochthon (Lawton, 1994).
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The Roberts Mountains allochthon (Fig. 2), 
which was emplaced across the western fl ank of 
the Cordilleran miogeocline during the Devo-
nian–Mississippian Antler orogeny (Miller 
et al., 1992), formed a linear belt parallel to the 
Wasatch hinge line (Fig. 10), which marked 
the eastern limit of miogeoclinal sedimenta-
tion (Hintze and Kowallis, 2009). Curvature of 
the allochthon on the south where both it and 
the younger Golconda allochthon now trend 
westward into the fl ank of the Sierra Nevada 
batholith (Schweickert and Lahren, 1987) is 
an artifact of later Great Basin deformation. A 
fl exural foreland basin formed during the Antler 
orogeny with its depressed keel adjacent to the 
thrust load of the Roberts Mountains allochthon 
(Fig. 10), but the downfl exed distal fl ank of the 
Antler foreland basin extended much farther to 
the east (Dickinson, 2006).

Accreted Devonian arc assemblages west 
of the Roberts Mountains allochthon (Fig. 10) 
are exposed now in the northern Sierra Nevada 
and eastern Klamath Mountains. There has long 
been uncertainty as to whether they represent 
(1) a far-traveled, east-facing exotic arc system 
accreted to the Laurentian margin during the 
Antler orogeny (Dickinson, 2000), together with 
the Roberts Mountains allochthon as an associ-
ated subduction complex, or (2) a west-facing 
fringing arc erected not far offshore (Miller 
et al., 1992), with the Roberts Mountains alloch-
thon being the collapsed fi ll of a backarc basin. 
The option of an exotic accreted arc is favored 
by the U-Pb ages of detrital zircons in Klamath 
terranes, closely associated with the arc assem-
blage, which refl ect affi nity with Baltica in the 
Arctic region (Grove et al., 2008). That conclu-
sion is compatible with the regionally anoma-
lous U-Pb ages of detrital zircons from the 
Roberts Mountains allochthon and the closely 
related Shoo Fly Complex of the Sierra Nevada 
(Dickinson and Gehrels, 2000).

PRINCIPAL INSIGHTS

Systematic palinspastic reconstruction of 
paleotectonic and paleogeographic patterns for 
the Great Basin and adjacent regions through 
Phanerozoic time yields insights that are not 
apparent from the areal distribution of rock 
assemblages with respect to their present geog-
raphy. In general, pre-Neogene geotectonic belts 
formed initially as more linear features with 
less curvature than their present confi gurations  
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Figure 9. Mississippian to Early Triassic (325–245 Ma) tectonomagmatic relations across 
the intermountain region. Selected late Paleozoic depocenters: Oquirrh–Wood River basin 
(Geslin, 1998; Hintze and Kowallis, 2009); Keeler–Darwin–El Paso (K-D-EP) basin cluster 
(Stevens et al., 1997, 2005; Stevens and Stone, 2007). See Figure 1 for the states shown 
(boundaries distorted) and Figure 2 for the time span depicted.
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Figure 7. (Colour online) Map representing the present-day location of the studied sections (dots) and their reconstructed position
(open circles) obtained after retrodeformation. Positions of balanced cross-sections (a) and (b) illustrated in Figure 6 are also indicated.
The present-day Sevier Thrust-and-Fold Belt (TFB; after Yonkee et al. 2014) is the main structural element responsible for tectonic
transport during post-Triassic times. Black arrows represent the retrodeformation values applied from the present-day location of the
studied sections. Seven sectors of similar estimated tectonic transport are delimited by dashed lines (see Table 1). Sector 1: Sevier
foreland; Sector 2: Wyoming salient, northern part; Sector 3: Wyoming salient, central part; Sector 4: Wyoming salient, southern part;
Sector 5: Central Utah salient, northern part; Sector 6: Central Utah salient, southern part; Sector 7: Sevier hinterland.

used to restore the initial thickness of a sedimentary
column (Angevine, Heller & Paola, 1990; Allen &
Allen, 2005). Lithological compositions and palaeo-
bathymetries have been checked using facies analysis
(online Supplementary Table S1) or literature data (see
analysed sections in Fig. 3b and online Supplementary
Table S2). Porosity was quantified by comparison with
experimental data (e.g. Van Hinte, 1978; Sclater &
Christie, 1980) and represents an important proxy for
compaction analysis. Additionally, Chevalier et al.
(2003) and Lachkar et al. (2009) showed that a highly
resolved biostratigraphic control is useful to define
and quantify variations in subsidence at a fine spatio-
temporal scale as it yields accurate subsidence rates.
For the Early Triassic Sonoma Foreland Basin, the
high-resolution ammonoid zonation by Brayard et al.
(2013) serves as the main timeframe. Complementary
absolute time lines were obtained from radiometric
ages published from coeval beds in South China
(Galfetti et al. 2007; Burgess, Bowring & Shen, 2014),
whereas the duration of the studied intervals was

interpolated from ammonoid biozone duration (after
Brühwiler et al. 2010 and Ware et al. 2015). Palaeo-
sea level curve is based on data from Haq, Hardenbol
& Vail (1988), providing a quantitative representation
of the reconstructed Early Triassic sea level.

We chose to not use the flexural backstripping
method (Allen & Allen, 2005) due to the lack of ap-
propriate data needed for such model (e.g. flexural ri-
gidity data, regional distribution of the sedimentary
load). Instead, we calculated the total and tectonic sub-
sidence curves using the one-dimensional (1D) local
isostatic approach of Steckler & Watts (1978). In ad-
dition, this method emphasizes the tectonic subsidence
as ‘a way of normalizing subsidence in different basins
that have undergone very different sedimentation his-
tories’ (Xie & Heller, 2009). Our results for the tec-
tonic subsidence history in the SFB can therefore be
compared to the compilation of Xie & Heller (2009).
Subsidence analyses were performed on four sections
(Fig. 3b) using the OSXBackstrip software perform-
ing 1D Airy backstripping (after Watts, 2001; Allen
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Figure 9. Mississippian to Early Triassic (325–245 Ma) tectonomagmatic relations across the intermountain region. Selected late Paleozoic depocenters: Oquirrh–Wood River basin (Geslin, 
1998; Hintze and Kowallis, 2009); Keeler–Darwin–El Paso (K-D-EP) basin cluster (Stevens et al., 1997, 2005; Stevens and Stone, 2007). See Figure 1 for the states shown (boundaries 
distorted) and Figure 2 for the time span depicted.
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Figure 8. (Colour online) Isopach map of the sedimentary
thicknesses recorded for the PTU-Smithian interval, showing
marked differences in sedimentary thicknesses between north-
ern and southern Sonoma Foreland Basin. The studied sections
are shown at their palaeolocation (Fig. 7). The reconstructed
Golconda Allochthon Thrust Front during the PTU-Smithian
studied interval is also indicated (modified from Dickinson,
2013; see also Fig. 12). The position of the wedge-top is based
on variations in the sedimentary thicknesses and on geophysical
data (Fig. 10).

thicknesses over a large surface (c. 500 km from east
to west). The thickness ranges from a few tenths of
metres in south and SE Utah, up to 250 m around
Salt Lake City. The westernmost area (NE Nevada) is
also characterized by low thicknesses (˂100 m thick).
Conversely, the northern part of the basin exhibits a
marked transition with thickness values broadly in-
creasing from east to west. The easternmost area of
the northern part (west Wyoming) shows sedimentary
thicknesses similar to that of the southern part (˂300 m
thick; Fig. 8). The west-central area records the thick-
est succession of the SFB (up to c. 550 m thick), and is
centred on present-day south-central Idaho. The west-
ernmost area (west-central Idaho) shows similar thick-
nesses (up to c. 300 m thick; Fig. 8).

The subsidence analysis (Fig. 9) also shows a clear
distinction between the northern and southern parts of
the basin. Confusion Range (CR, Fig. 9a) and Pahvant
Range (PR, Fig. 9b) sections exhibit relatively low
subsidence curves during the studied interval, whereas
Sheep Creek (SC, Fig. 9c) and Hot Springs (HS,
Fig. 9d) sections show a high subsidence profile. The
total and tectonic subsidence curves are similar and the
tectonic subsidence is here a major component of the
total subsidence, accounting for at least two-thirds of
the total subsidence, if not more (e.g. in CR, Fig. 9a).

When looking at the dominant lithologies (Fig. 9e),
the sections from the southern part of the basin display
a sedimentary succession dominated by coarse con-
glomerates and sandstones and microbial limestones of
the Moenkopi Group and the limestones/shales of the
Thaynes Group (Figs 3, 4, 9e), while the total subsid-
ence is low. By contrast, the sections from the north-
ern part of the SFB are dominated by fine siltstones
(Figs 3, 4, 9e) with an important subsidence.

Finally, the tectonic subsidence appears as a critical
diagnostic feature for the basin (Fig. 9f). A marked dif-
ference exists between mean tectonic subsidence rates
in the southern and northern parts of the basin (c.
100 m Ma–1 v. c. 500 m Ma–1, respectively). The south-
ern sections show a low-rate tectonic subsidence (50–
200 m Ma–1; Fig. 9e). Nevertheless, a marked increase
in subsidence rate is recorded during early Spathian
time for these sections (150–600 m Ma–1; Fig. 9e).
Conversely, the northern sections show a higher rate
of tectonic subsidence during the PTU-Smithian inter-
val (450–650 m Ma–1; Fig. 9e), whereas early Spathian
time is characterized by a decrease in subsidence rate
(100–250 m Ma–1; Fig. 9e).

4.b. Basement characterization

On the gravimetric anomaly map shown on Figure 10a,
black lines outline the geophysical features that may
represent traces of crustal/lithospheric faults or hetero-
geneities in the basement (Lowrie, 2007). The lowest
Bouguer anomaly values (<150 mGal, Fig. 10a) sug-
gest the presence of a thick crust, whereas moderate
negative anomalies (between –65 and –135 mGal;
white outlines) point towards a thinner crust and/or
the presence of lower-crustal high-density bodies (e.g.
Gilbert, Velasco & Zandt, 2007; Lowrie, 2007). The
Snake River Plain (SRP in Fig. 10a) is a Yellowstone
hotspot track-related basaltic province. This young
(of Neogene age) structure influences neither the geo-
metry nor the properties of the basement (Dickinson,
2013). The Farmington Anomaly (FA on Fig. 10a),
located in the centre of the study area, may result
from the presence of lower-crustal high-density mafic
and/or ultramafic material emplaced during a thermal
event dated at c. 1.64 Ga (Mueller et al. 2011). Al-
ternatively, it can have originated from a more recent
thermal event and/or the presence of a thin lithospheric
crust (e.g. Gilbert, Velasco & Zandt, 2007; Lowrie,
2007). Remnants of an important thermal metamorph-
ism including partial melting (c. 1.67 Ga) can also be
observed in this area (red dots in Fig. 10c; Mueller
et al. 2011). The Southern Anomaly (SA on Fig. 10a)
is poorly documented and may result from variations
in the crustal thickness of the terrane (e.g. Gilbert,
Velasco & Zandt, 2007; Lowrie, 2007), possibly linked
to the Ancestral Rocky Mountains orogeny or to the
more recent Laramide orogeny and the building of the
Rocky Mountains (Ye et al. 1996; Dickerson, 2003).

The aeromagnetic anomaly map presented
in Figure 10b discriminates areas of contrasted
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Figure 7. (Colour online) Map representing the present-day location of the studied sections (dots) and their reconstructed position
(open circles) obtained after retrodeformation. Positions of balanced cross-sections (a) and (b) illustrated in Figure 6 are also indicated.
The present-day Sevier Thrust-and-Fold Belt (TFB; after Yonkee et al. 2014) is the main structural element responsible for tectonic
transport during post-Triassic times. Black arrows represent the retrodeformation values applied from the present-day location of the
studied sections. Seven sectors of similar estimated tectonic transport are delimited by dashed lines (see Table 1). Sector 1: Sevier
foreland; Sector 2: Wyoming salient, northern part; Sector 3: Wyoming salient, central part; Sector 4: Wyoming salient, southern part;
Sector 5: Central Utah salient, northern part; Sector 6: Central Utah salient, southern part; Sector 7: Sevier hinterland.

used to restore the initial thickness of a sedimentary
column (Angevine, Heller & Paola, 1990; Allen &
Allen, 2005). Lithological compositions and palaeo-
bathymetries have been checked using facies analysis
(online Supplementary Table S1) or literature data (see
analysed sections in Fig. 3b and online Supplementary
Table S2). Porosity was quantified by comparison with
experimental data (e.g. Van Hinte, 1978; Sclater &
Christie, 1980) and represents an important proxy for
compaction analysis. Additionally, Chevalier et al.
(2003) and Lachkar et al. (2009) showed that a highly
resolved biostratigraphic control is useful to define
and quantify variations in subsidence at a fine spatio-
temporal scale as it yields accurate subsidence rates.
For the Early Triassic Sonoma Foreland Basin, the
high-resolution ammonoid zonation by Brayard et al.
(2013) serves as the main timeframe. Complementary
absolute time lines were obtained from radiometric
ages published from coeval beds in South China
(Galfetti et al. 2007; Burgess, Bowring & Shen, 2014),
whereas the duration of the studied intervals was

interpolated from ammonoid biozone duration (after
Brühwiler et al. 2010 and Ware et al. 2015). Palaeo-
sea level curve is based on data from Haq, Hardenbol
& Vail (1988), providing a quantitative representation
of the reconstructed Early Triassic sea level.

We chose to not use the flexural backstripping
method (Allen & Allen, 2005) due to the lack of ap-
propriate data needed for such model (e.g. flexural ri-
gidity data, regional distribution of the sedimentary
load). Instead, we calculated the total and tectonic sub-
sidence curves using the one-dimensional (1D) local
isostatic approach of Steckler & Watts (1978). In ad-
dition, this method emphasizes the tectonic subsidence
as ‘a way of normalizing subsidence in different basins
that have undergone very different sedimentation his-
tories’ (Xie & Heller, 2009). Our results for the tec-
tonic subsidence history in the SFB can therefore be
compared to the compilation of Xie & Heller (2009).
Subsidence analyses were performed on four sections
(Fig. 3b) using the OSXBackstrip software perform-
ing 1D Airy backstripping (after Watts, 2001; Allen
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Couple strange things here.  One is that subsidence is highest north of where GA is known.  Another is that this is quite far out from the GA front. 
However, if this is foredeep (which some literature says doesn’t exist), this is both time and space control.
Figure 8. (Color online) Isopach map of the sedimentary thicknesses recorded for the PTU-Smithian interval, showing marked differences in sedimentary thicknesses between 
northern and southern Sonoma Foreland Basin. The studied sections are shown at their paleolocation (Fig. 7). The reconstructed Golconda Allochthon Thrust Front during the PTU-
Smithian studied interval is also indicated (modified from Dickinson, 2013; see also Fig. 12). The position of the wedge-top is based on variations in the sedimentary thicknesses 
and on geophysical data (Fig. 10).
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Figure 8. (Colour online) Isopach map of the sedimentary
thicknesses recorded for the PTU-Smithian interval, showing
marked differences in sedimentary thicknesses between north-
ern and southern Sonoma Foreland Basin. The studied sections
are shown at their palaeolocation (Fig. 7). The reconstructed
Golconda Allochthon Thrust Front during the PTU-Smithian
studied interval is also indicated (modified from Dickinson,
2013; see also Fig. 12). The position of the wedge-top is based
on variations in the sedimentary thicknesses and on geophysical
data (Fig. 10).

thicknesses over a large surface (c. 500 km from east
to west). The thickness ranges from a few tenths of
metres in south and SE Utah, up to 250 m around
Salt Lake City. The westernmost area (NE Nevada) is
also characterized by low thicknesses (˂100 m thick).
Conversely, the northern part of the basin exhibits a
marked transition with thickness values broadly in-
creasing from east to west. The easternmost area of
the northern part (west Wyoming) shows sedimentary
thicknesses similar to that of the southern part (˂300 m
thick; Fig. 8). The west-central area records the thick-
est succession of the SFB (up to c. 550 m thick), and is
centred on present-day south-central Idaho. The west-
ernmost area (west-central Idaho) shows similar thick-
nesses (up to c. 300 m thick; Fig. 8).

The subsidence analysis (Fig. 9) also shows a clear
distinction between the northern and southern parts of
the basin. Confusion Range (CR, Fig. 9a) and Pahvant
Range (PR, Fig. 9b) sections exhibit relatively low
subsidence curves during the studied interval, whereas
Sheep Creek (SC, Fig. 9c) and Hot Springs (HS,
Fig. 9d) sections show a high subsidence profile. The
total and tectonic subsidence curves are similar and the
tectonic subsidence is here a major component of the
total subsidence, accounting for at least two-thirds of
the total subsidence, if not more (e.g. in CR, Fig. 9a).

When looking at the dominant lithologies (Fig. 9e),
the sections from the southern part of the basin display
a sedimentary succession dominated by coarse con-
glomerates and sandstones and microbial limestones of
the Moenkopi Group and the limestones/shales of the
Thaynes Group (Figs 3, 4, 9e), while the total subsid-
ence is low. By contrast, the sections from the north-
ern part of the SFB are dominated by fine siltstones
(Figs 3, 4, 9e) with an important subsidence.

Finally, the tectonic subsidence appears as a critical
diagnostic feature for the basin (Fig. 9f). A marked dif-
ference exists between mean tectonic subsidence rates
in the southern and northern parts of the basin (c.
100 m Ma–1 v. c. 500 m Ma–1, respectively). The south-
ern sections show a low-rate tectonic subsidence (50–
200 m Ma–1; Fig. 9e). Nevertheless, a marked increase
in subsidence rate is recorded during early Spathian
time for these sections (150–600 m Ma–1; Fig. 9e).
Conversely, the northern sections show a higher rate
of tectonic subsidence during the PTU-Smithian inter-
val (450–650 m Ma–1; Fig. 9e), whereas early Spathian
time is characterized by a decrease in subsidence rate
(100–250 m Ma–1; Fig. 9e).

4.b. Basement characterization

On the gravimetric anomaly map shown on Figure 10a,
black lines outline the geophysical features that may
represent traces of crustal/lithospheric faults or hetero-
geneities in the basement (Lowrie, 2007). The lowest
Bouguer anomaly values (<150 mGal, Fig. 10a) sug-
gest the presence of a thick crust, whereas moderate
negative anomalies (between –65 and –135 mGal;
white outlines) point towards a thinner crust and/or
the presence of lower-crustal high-density bodies (e.g.
Gilbert, Velasco & Zandt, 2007; Lowrie, 2007). The
Snake River Plain (SRP in Fig. 10a) is a Yellowstone
hotspot track-related basaltic province. This young
(of Neogene age) structure influences neither the geo-
metry nor the properties of the basement (Dickinson,
2013). The Farmington Anomaly (FA on Fig. 10a),
located in the centre of the study area, may result
from the presence of lower-crustal high-density mafic
and/or ultramafic material emplaced during a thermal
event dated at c. 1.64 Ga (Mueller et al. 2011). Al-
ternatively, it can have originated from a more recent
thermal event and/or the presence of a thin lithospheric
crust (e.g. Gilbert, Velasco & Zandt, 2007; Lowrie,
2007). Remnants of an important thermal metamorph-
ism including partial melting (c. 1.67 Ga) can also be
observed in this area (red dots in Fig. 10c; Mueller
et al. 2011). The Southern Anomaly (SA on Fig. 10a)
is poorly documented and may result from variations
in the crustal thickness of the terrane (e.g. Gilbert,
Velasco & Zandt, 2007; Lowrie, 2007), possibly linked
to the Ancestral Rocky Mountains orogeny or to the
more recent Laramide orogeny and the building of the
Rocky Mountains (Ye et al. 1996; Dickerson, 2003).

The aeromagnetic anomaly map presented
in Figure 10b discriminates areas of contrasted
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Figure 9. (Colour online) Subsidence analysis results obtained for the PTU-Smithian interval and early Spathian time using 1D
backstripping (Steckler & Watts, 1978; Van Hinte, 1978; Allen & Allen, 2005). Locations of sections are given in Figure 3b. Ages for
the bottom and top boundaries of the Smithian are interpolated from ammonoid biozone durations (after Brühwiler et al. 2010). Sea-
level curve after Haq, Hardenbol & Vail (1988). Ana.: Anasibirites beds; Col.: Columbites beds. Radiometric ages from (1) Burgess,
Bowring & Shen (2014); (2) and (3) Galfetti et al. (2007). Subsidence analysis for: (a) Confusion Range (CR) section; (b) Pahvant
Range (PR) section; (c) Sheep Creek (SC) section; (d) Hot Springs (HS) section. (e) Total subsidence curves for all the CR, PR, SC and
HS sections and associated dominant lithologies are indicated for each subinterval. (f) Tectonic subsidence curves for the CR, PR, SC
and HS sections and associated mean tectonic subsidence rates. (e) and (f) allow two distinct subsidence dynamics to be discriminated
between the southern and northern parts of the SFB.
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Tectonic subsidence curves in the south…not too much. HAs that convex-up shape like foredeep with a moving load.
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Figure 8. (Colour online) Isopach map of the sedimentary
thicknesses recorded for the PTU-Smithian interval, showing
marked differences in sedimentary thicknesses between north-
ern and southern Sonoma Foreland Basin. The studied sections
are shown at their palaeolocation (Fig. 7). The reconstructed
Golconda Allochthon Thrust Front during the PTU-Smithian
studied interval is also indicated (modified from Dickinson,
2013; see also Fig. 12). The position of the wedge-top is based
on variations in the sedimentary thicknesses and on geophysical
data (Fig. 10).

thicknesses over a large surface (c. 500 km from east
to west). The thickness ranges from a few tenths of
metres in south and SE Utah, up to 250 m around
Salt Lake City. The westernmost area (NE Nevada) is
also characterized by low thicknesses (˂100 m thick).
Conversely, the northern part of the basin exhibits a
marked transition with thickness values broadly in-
creasing from east to west. The easternmost area of
the northern part (west Wyoming) shows sedimentary
thicknesses similar to that of the southern part (˂300 m
thick; Fig. 8). The west-central area records the thick-
est succession of the SFB (up to c. 550 m thick), and is
centred on present-day south-central Idaho. The west-
ernmost area (west-central Idaho) shows similar thick-
nesses (up to c. 300 m thick; Fig. 8).

The subsidence analysis (Fig. 9) also shows a clear
distinction between the northern and southern parts of
the basin. Confusion Range (CR, Fig. 9a) and Pahvant
Range (PR, Fig. 9b) sections exhibit relatively low
subsidence curves during the studied interval, whereas
Sheep Creek (SC, Fig. 9c) and Hot Springs (HS,
Fig. 9d) sections show a high subsidence profile. The
total and tectonic subsidence curves are similar and the
tectonic subsidence is here a major component of the
total subsidence, accounting for at least two-thirds of
the total subsidence, if not more (e.g. in CR, Fig. 9a).

When looking at the dominant lithologies (Fig. 9e),
the sections from the southern part of the basin display
a sedimentary succession dominated by coarse con-
glomerates and sandstones and microbial limestones of
the Moenkopi Group and the limestones/shales of the
Thaynes Group (Figs 3, 4, 9e), while the total subsid-
ence is low. By contrast, the sections from the north-
ern part of the SFB are dominated by fine siltstones
(Figs 3, 4, 9e) with an important subsidence.

Finally, the tectonic subsidence appears as a critical
diagnostic feature for the basin (Fig. 9f). A marked dif-
ference exists between mean tectonic subsidence rates
in the southern and northern parts of the basin (c.
100 m Ma–1 v. c. 500 m Ma–1, respectively). The south-
ern sections show a low-rate tectonic subsidence (50–
200 m Ma–1; Fig. 9e). Nevertheless, a marked increase
in subsidence rate is recorded during early Spathian
time for these sections (150–600 m Ma–1; Fig. 9e).
Conversely, the northern sections show a higher rate
of tectonic subsidence during the PTU-Smithian inter-
val (450–650 m Ma–1; Fig. 9e), whereas early Spathian
time is characterized by a decrease in subsidence rate
(100–250 m Ma–1; Fig. 9e).

4.b. Basement characterization

On the gravimetric anomaly map shown on Figure 10a,
black lines outline the geophysical features that may
represent traces of crustal/lithospheric faults or hetero-
geneities in the basement (Lowrie, 2007). The lowest
Bouguer anomaly values (<150 mGal, Fig. 10a) sug-
gest the presence of a thick crust, whereas moderate
negative anomalies (between –65 and –135 mGal;
white outlines) point towards a thinner crust and/or
the presence of lower-crustal high-density bodies (e.g.
Gilbert, Velasco & Zandt, 2007; Lowrie, 2007). The
Snake River Plain (SRP in Fig. 10a) is a Yellowstone
hotspot track-related basaltic province. This young
(of Neogene age) structure influences neither the geo-
metry nor the properties of the basement (Dickinson,
2013). The Farmington Anomaly (FA on Fig. 10a),
located in the centre of the study area, may result
from the presence of lower-crustal high-density mafic
and/or ultramafic material emplaced during a thermal
event dated at c. 1.64 Ga (Mueller et al. 2011). Al-
ternatively, it can have originated from a more recent
thermal event and/or the presence of a thin lithospheric
crust (e.g. Gilbert, Velasco & Zandt, 2007; Lowrie,
2007). Remnants of an important thermal metamorph-
ism including partial melting (c. 1.67 Ga) can also be
observed in this area (red dots in Fig. 10c; Mueller
et al. 2011). The Southern Anomaly (SA on Fig. 10a)
is poorly documented and may result from variations
in the crustal thickness of the terrane (e.g. Gilbert,
Velasco & Zandt, 2007; Lowrie, 2007), possibly linked
to the Ancestral Rocky Mountains orogeny or to the
more recent Laramide orogeny and the building of the
Rocky Mountains (Ye et al. 1996; Dickerson, 2003).

The aeromagnetic anomaly map presented
in Figure 10b discriminates areas of contrasted
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Figure 9. (Colour online) Subsidence analysis results obtained for the PTU-Smithian interval and early Spathian time using 1D
backstripping (Steckler & Watts, 1978; Van Hinte, 1978; Allen & Allen, 2005). Locations of sections are given in Figure 3b. Ages for
the bottom and top boundaries of the Smithian are interpolated from ammonoid biozone durations (after Brühwiler et al. 2010). Sea-
level curve after Haq, Hardenbol & Vail (1988). Ana.: Anasibirites beds; Col.: Columbites beds. Radiometric ages from (1) Burgess,
Bowring & Shen (2014); (2) and (3) Galfetti et al. (2007). Subsidence analysis for: (a) Confusion Range (CR) section; (b) Pahvant
Range (PR) section; (c) Sheep Creek (SC) section; (d) Hot Springs (HS) section. (e) Total subsidence curves for all the CR, PR, SC and
HS sections and associated dominant lithologies are indicated for each subinterval. (f) Tectonic subsidence curves for the CR, PR, SC
and HS sections and associated mean tectonic subsidence rates. (e) and (f) allow two distinct subsidence dynamics to be discriminated
between the southern and northern parts of the SFB.
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Tectonic subsidence curves in the north—lots more (unclear how this progressed, though)
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Figure 8. (Colour online) Isopach map of the sedimentary
thicknesses recorded for the PTU-Smithian interval, showing
marked differences in sedimentary thicknesses between north-
ern and southern Sonoma Foreland Basin. The studied sections
are shown at their palaeolocation (Fig. 7). The reconstructed
Golconda Allochthon Thrust Front during the PTU-Smithian
studied interval is also indicated (modified from Dickinson,
2013; see also Fig. 12). The position of the wedge-top is based
on variations in the sedimentary thicknesses and on geophysical
data (Fig. 10).

thicknesses over a large surface (c. 500 km from east
to west). The thickness ranges from a few tenths of
metres in south and SE Utah, up to 250 m around
Salt Lake City. The westernmost area (NE Nevada) is
also characterized by low thicknesses (˂100 m thick).
Conversely, the northern part of the basin exhibits a
marked transition with thickness values broadly in-
creasing from east to west. The easternmost area of
the northern part (west Wyoming) shows sedimentary
thicknesses similar to that of the southern part (˂300 m
thick; Fig. 8). The west-central area records the thick-
est succession of the SFB (up to c. 550 m thick), and is
centred on present-day south-central Idaho. The west-
ernmost area (west-central Idaho) shows similar thick-
nesses (up to c. 300 m thick; Fig. 8).

The subsidence analysis (Fig. 9) also shows a clear
distinction between the northern and southern parts of
the basin. Confusion Range (CR, Fig. 9a) and Pahvant
Range (PR, Fig. 9b) sections exhibit relatively low
subsidence curves during the studied interval, whereas
Sheep Creek (SC, Fig. 9c) and Hot Springs (HS,
Fig. 9d) sections show a high subsidence profile. The
total and tectonic subsidence curves are similar and the
tectonic subsidence is here a major component of the
total subsidence, accounting for at least two-thirds of
the total subsidence, if not more (e.g. in CR, Fig. 9a).

When looking at the dominant lithologies (Fig. 9e),
the sections from the southern part of the basin display
a sedimentary succession dominated by coarse con-
glomerates and sandstones and microbial limestones of
the Moenkopi Group and the limestones/shales of the
Thaynes Group (Figs 3, 4, 9e), while the total subsid-
ence is low. By contrast, the sections from the north-
ern part of the SFB are dominated by fine siltstones
(Figs 3, 4, 9e) with an important subsidence.

Finally, the tectonic subsidence appears as a critical
diagnostic feature for the basin (Fig. 9f). A marked dif-
ference exists between mean tectonic subsidence rates
in the southern and northern parts of the basin (c.
100 m Ma–1 v. c. 500 m Ma–1, respectively). The south-
ern sections show a low-rate tectonic subsidence (50–
200 m Ma–1; Fig. 9e). Nevertheless, a marked increase
in subsidence rate is recorded during early Spathian
time for these sections (150–600 m Ma–1; Fig. 9e).
Conversely, the northern sections show a higher rate
of tectonic subsidence during the PTU-Smithian inter-
val (450–650 m Ma–1; Fig. 9e), whereas early Spathian
time is characterized by a decrease in subsidence rate
(100–250 m Ma–1; Fig. 9e).

4.b. Basement characterization

On the gravimetric anomaly map shown on Figure 10a,
black lines outline the geophysical features that may
represent traces of crustal/lithospheric faults or hetero-
geneities in the basement (Lowrie, 2007). The lowest
Bouguer anomaly values (<150 mGal, Fig. 10a) sug-
gest the presence of a thick crust, whereas moderate
negative anomalies (between –65 and –135 mGal;
white outlines) point towards a thinner crust and/or
the presence of lower-crustal high-density bodies (e.g.
Gilbert, Velasco & Zandt, 2007; Lowrie, 2007). The
Snake River Plain (SRP in Fig. 10a) is a Yellowstone
hotspot track-related basaltic province. This young
(of Neogene age) structure influences neither the geo-
metry nor the properties of the basement (Dickinson,
2013). The Farmington Anomaly (FA on Fig. 10a),
located in the centre of the study area, may result
from the presence of lower-crustal high-density mafic
and/or ultramafic material emplaced during a thermal
event dated at c. 1.64 Ga (Mueller et al. 2011). Al-
ternatively, it can have originated from a more recent
thermal event and/or the presence of a thin lithospheric
crust (e.g. Gilbert, Velasco & Zandt, 2007; Lowrie,
2007). Remnants of an important thermal metamorph-
ism including partial melting (c. 1.67 Ga) can also be
observed in this area (red dots in Fig. 10c; Mueller
et al. 2011). The Southern Anomaly (SA on Fig. 10a)
is poorly documented and may result from variations
in the crustal thickness of the terrane (e.g. Gilbert,
Velasco & Zandt, 2007; Lowrie, 2007), possibly linked
to the Ancestral Rocky Mountains orogeny or to the
more recent Laramide orogeny and the building of the
Rocky Mountains (Ye et al. 1996; Dickerson, 2003).

The aeromagnetic anomaly map presented
in Figure 10b discriminates areas of contrasted
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Figure 15. (Colour online) Cross-sections of the Sonoma Foreland Basin (SFB) illustrating variations in the subsidence and sedi-
mentary accumulation pattern during the PTU-Smithian interval. The Golconda Allochthon (GA) is the main topographic load on the
lithosphere (Dickinson, 2006, 2013; Marzolf, 1993); the postulated wedge-top is also represented. (AA’) W–E cross-section in the
northern part of the basin exhibiting a narrow foreland with a high-rate tectonic subsidence with a developed silty and limestone sed-
imentation over the Mesoproterozoic ‘thermally attenuated weak’ Farmington Terrane (FT). (BB’) W–E cross-section in the southern
part of the Sonoma Foreland Basin showing a wide foreland with a low-rate tectonic subsidence, forming a reduced deposition of
mainly terrigenous clastic series upon the Palaeoproterozoic ‘strong’ Mojave Terrane (MT). A barely expressed forebulge borders this
part of the SFB. (CC’). S–N cross-section of the basin, highlighting the differences between southern and northern parts of the SFB in
terms of subsidence, sedimentation and geometry of the basin. The transition between these two parts is situated close to the terranes
boundary between MT and FT. This area is postulated to be a basement topographic highland, as supported by the transition between
southern terrigenous clastic series and northern silty sedimentation.

The heterogeneity in the allochthon is introduced in
the form of a c. 100 km wide recess (i.e. a lateral ramp)
along its front. The foreland basin shows a larger area
(λ2 ≈ 180 km) in front of the lateral ramp compared
to the northern and southern parts (λ1 ≈ 110 km).
Moreover, a N–S transect (bb’ in Fig. 14b) shows that
the narrow northern part of the basin is deeper than in
front of the recess. An important relief is also formed
in the corners of the allochthon on both lateral borders
of the recess. This is in agreement with SFB observa-

tions. However, the overall shape of the foreland basin
is rather concave and penetrates significantly into the
recessed area. Even if the morphology of the alloch-
thon plays a role in the development of the foreland
basin, this numerical scenario shows marked differ-
ences with the SFB.

The third scenario combines both previously tested
heterogeneities (Fig. 14c). The graphic output exhib-
its a wider foreland (λ2 ≈ 350 km) emplaced above
the ‘strong’ lithosphere in front of the recess, and a
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A-A’ is through the deeper foredeep, B-B’ to the south. On a simple note, seems the forebulge should be a lot farther west in A-A’ than B-B’. GA is Golconda Allochthon, GCB 
Grouse Creek Block, WT Wyoming craton, MT Mojave terrain.
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Figure 8. (Colour online) Isopach map of the sedimentary
thicknesses recorded for the PTU-Smithian interval, showing
marked differences in sedimentary thicknesses between north-
ern and southern Sonoma Foreland Basin. The studied sections
are shown at their palaeolocation (Fig. 7). The reconstructed
Golconda Allochthon Thrust Front during the PTU-Smithian
studied interval is also indicated (modified from Dickinson,
2013; see also Fig. 12). The position of the wedge-top is based
on variations in the sedimentary thicknesses and on geophysical
data (Fig. 10).

thicknesses over a large surface (c. 500 km from east
to west). The thickness ranges from a few tenths of
metres in south and SE Utah, up to 250 m around
Salt Lake City. The westernmost area (NE Nevada) is
also characterized by low thicknesses (˂100 m thick).
Conversely, the northern part of the basin exhibits a
marked transition with thickness values broadly in-
creasing from east to west. The easternmost area of
the northern part (west Wyoming) shows sedimentary
thicknesses similar to that of the southern part (˂300 m
thick; Fig. 8). The west-central area records the thick-
est succession of the SFB (up to c. 550 m thick), and is
centred on present-day south-central Idaho. The west-
ernmost area (west-central Idaho) shows similar thick-
nesses (up to c. 300 m thick; Fig. 8).

The subsidence analysis (Fig. 9) also shows a clear
distinction between the northern and southern parts of
the basin. Confusion Range (CR, Fig. 9a) and Pahvant
Range (PR, Fig. 9b) sections exhibit relatively low
subsidence curves during the studied interval, whereas
Sheep Creek (SC, Fig. 9c) and Hot Springs (HS,
Fig. 9d) sections show a high subsidence profile. The
total and tectonic subsidence curves are similar and the
tectonic subsidence is here a major component of the
total subsidence, accounting for at least two-thirds of
the total subsidence, if not more (e.g. in CR, Fig. 9a).

When looking at the dominant lithologies (Fig. 9e),
the sections from the southern part of the basin display
a sedimentary succession dominated by coarse con-
glomerates and sandstones and microbial limestones of
the Moenkopi Group and the limestones/shales of the
Thaynes Group (Figs 3, 4, 9e), while the total subsid-
ence is low. By contrast, the sections from the north-
ern part of the SFB are dominated by fine siltstones
(Figs 3, 4, 9e) with an important subsidence.

Finally, the tectonic subsidence appears as a critical
diagnostic feature for the basin (Fig. 9f). A marked dif-
ference exists between mean tectonic subsidence rates
in the southern and northern parts of the basin (c.
100 m Ma–1 v. c. 500 m Ma–1, respectively). The south-
ern sections show a low-rate tectonic subsidence (50–
200 m Ma–1; Fig. 9e). Nevertheless, a marked increase
in subsidence rate is recorded during early Spathian
time for these sections (150–600 m Ma–1; Fig. 9e).
Conversely, the northern sections show a higher rate
of tectonic subsidence during the PTU-Smithian inter-
val (450–650 m Ma–1; Fig. 9e), whereas early Spathian
time is characterized by a decrease in subsidence rate
(100–250 m Ma–1; Fig. 9e).

4.b. Basement characterization

On the gravimetric anomaly map shown on Figure 10a,
black lines outline the geophysical features that may
represent traces of crustal/lithospheric faults or hetero-
geneities in the basement (Lowrie, 2007). The lowest
Bouguer anomaly values (<150 mGal, Fig. 10a) sug-
gest the presence of a thick crust, whereas moderate
negative anomalies (between –65 and –135 mGal;
white outlines) point towards a thinner crust and/or
the presence of lower-crustal high-density bodies (e.g.
Gilbert, Velasco & Zandt, 2007; Lowrie, 2007). The
Snake River Plain (SRP in Fig. 10a) is a Yellowstone
hotspot track-related basaltic province. This young
(of Neogene age) structure influences neither the geo-
metry nor the properties of the basement (Dickinson,
2013). The Farmington Anomaly (FA on Fig. 10a),
located in the centre of the study area, may result
from the presence of lower-crustal high-density mafic
and/or ultramafic material emplaced during a thermal
event dated at c. 1.64 Ga (Mueller et al. 2011). Al-
ternatively, it can have originated from a more recent
thermal event and/or the presence of a thin lithospheric
crust (e.g. Gilbert, Velasco & Zandt, 2007; Lowrie,
2007). Remnants of an important thermal metamorph-
ism including partial melting (c. 1.67 Ga) can also be
observed in this area (red dots in Fig. 10c; Mueller
et al. 2011). The Southern Anomaly (SA on Fig. 10a)
is poorly documented and may result from variations
in the crustal thickness of the terrane (e.g. Gilbert,
Velasco & Zandt, 2007; Lowrie, 2007), possibly linked
to the Ancestral Rocky Mountains orogeny or to the
more recent Laramide orogeny and the building of the
Rocky Mountains (Ye et al. 1996; Dickerson, 2003).

The aeromagnetic anomaly map presented
in Figure 10b discriminates areas of contrasted

CC B FFF 42 3 :586 8 4 6 C6 B CC B 5 : 8  0
. F 2565 7 CC B FFF 42 3 :586 8 4 6 1 : 6 B:C 7 25 , D 56 /63 2C BD3 64C C C 6 2 3 :586 6 C6 B 7 DB6 2 2: 23 6 2C

Isopachs Sonoma 
foredeep (lower 

Triassic)

Control of subsidence in the Sonoma Foreland Basin 1321

Figure 13. (Colour online) Numerical model of the SFB after the reconstructed palaeogeography and terranes map (cf. Figs 11, 12)
with an heterogeneous basement (‘strong’ v. ‘thermally attenuated weak’ lithospheres) and an heterogeneous allochthon (recessed area
in central part of the front). (a) Simulated map of the SFB. Thin black lines indicate the position of the 2D profiles; red lines indicate
limits of the basement terranes (cf. Fig 10d). (b) 2D W–E profile of the northern part of the SFB model. The narrow foredeep is
emplaced upon the ‘thermally attenuated weak’ FT and is bordered by a well expressed forebulge. (c) 2D W–E profile of the southern
part of the SFB model. The wider foredeep is emplaced upon the ‘strong’ MT, and is bordered by a barely expressed forebulge. (d)
2D S–N profile of the SFB model. The two northern and southern parts of the basin are individualized with a limit near the MT/FT
boundary.

part of the foreland is set upon ‘strong’ lithospheres
(MT and YT) in front of the smallest and recessed parts
of the GA (Fig. 13a, c). The foredeep in this part of the
model is larger, with λ ≈ 320 km, and its profile (YY’
in Fig. 13c) also exhibits a weaker topography than in
the northern part. We also notice the presence of a
barely expressed forebulge in this area (Fig. 13a, c).

The dichotomy between the northern and southern
parts is especially obvious on a S–N transect (ZZ’ in
Fig. 13d). A shallow southern sub-basin with a gentle
northwards dip (< c. 250 m deep) is identified, as
well as a northern deeper basin with steep borders
(c. 600 m deep). The limit between the northern and
southern parts appears relatively close to the MT/FT
boundary (Fig. 13d), suggesting a significant role for
lithospheric boundaries in the differential flexuration
of the SFB. This N–S differentiation is found not
only in the foreland, but also within the allochthon it-
self as its simulated elevation is not continuous along
its front (Fig. 13a). Two areas of important elevations
(>1200 m) can be observed on both the northern and
southern sides of the GA recess. This positive relief

could have contributed as a significant source of terri-
genous material, then being deposited in the proximal
foreland.

5. Discussion

Our results highlight the spatial differences in subsid-
ence within the SFB, especially between its northern
and southern parts (Figs 8, 9). This differential subsid-
ence is underlined by variations in the sedimentary re-
cord (Figs 4, 5). In addition, a highland was probably
present in the central SFB and could physically have
partly separated these two parts of the basin.

5.a. Evidence for a foreland basin

The convex ‘lozenge shape’ (sensu Miall, 2010) of
the isopach map (Fig. 8) and the westwards-thickening
pattern of the sedimentary record are in agreement
with the common asymmetric geometry of foreland
basins (Fig. 8; DeCelles & Giles, 1996; Miall, 2010).
Additionally, the observed high-rate subsidence values

CC B FFF 42 3 :586 8 4 6 C6 B CC B 5 : 8  0
. F 2565 7 CC B FFF 42 3 :586 8 4 6 1 : 6 B:C 7 25 , D 56 /63 2C BD3 64C C C 6 2 3 :586 6 C6 B 7 DB6 2 2: 23 6 2C

…But their numerical analysis suggests that the complex variation of strength could make this work (FT is Farmington Terrane, thought to be Mesoproterozoic and weak (30km 
Te), other areas older and stiffer (90km Te)). Load edge is brown line and is constant within that boundary

Figure 13. (Colour online) Numerical model of the SFB after the reconstructed palaeogeography and terranes map (cf. Figs 11, 12) with an heterogeneous basement (‘strong’ v. ‘thermally attenuated weak’ lithospheres) and an heterogeneous allochthon (recessed 
area in central part of the front). (a) Simulated map of the SFB. Thin black lines indicate the position of the 2D profiles; red lines indicate limits of the basement terranes (cf. Fig 10d). (b) 2D W–E profile of the northern part of the SFB model. The narrow foredeep is 
emplaced upon the ‘thermally attenuated weak’ FT and is bordered by a well expressed forebulge. (c) 2D W–E profile of the southern part of the SFB model. The wider foredeep is emplaced upon the ‘strong’ MT, and is bordered by a barely expressed forebulge. (d) 
2D S–N profile of the SFB model. The two northern and southern parts of the basin are individualized with a limit near the MT/FT boundary.
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FIG. 16.—Stratigraphic columns for Antler overlap sequence (AOS) and Golconda terrane at Edna Mountain and the AOS in the northern Osgood Mountains (see Fig. 1). Stratigraphic

positions of continental-margin unconformities C3 through TR1 are on the right (see Fig. 3). Data for the Golconda allochthon based on Erickson and Marsh (1974a, 1974b),
Snyder (unpublished); for Edna Mountain AOS, Villa (2007); and AOS in the northern Osgood Mountains, Siebenaler (2010). The labeled phases of deformation (D1 through D5)
are renumbered from Villa (2007) and Siebenaler (2010), so the numbering coincides. See text for discussion.
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sandstone interbeds. The Trenton unit is composed mainly of
chert and shale. In other exposures of the Havallah sequence, the
uppermost unit is the Mill Canyon Member, which includes
interbedded turbidites, chert, and shale (Miller et al., 1982).
Sandstones from the Middle Pennsylvanian–Lower Permian Jory
unit and the Lower Permian Pumpernickel unit were analyzed
during this study (Fig. 4).

In general, the monotonous lithology and structural com-
plexity of the Havallah and Schoonover sequences preclude a full
understanding of the structure of the Golconda allochthon. Both
units are multiply deformed in most exposures, and structures
include boudins, mullions, and open to tight folds. During pro-
gressive deformation of the Golconda allochthon, bedding was
disrupted and thrust faults imbricated all rock types. According to
a number of workers (e.g., Miller et al., 1982; Snyder and
Brueckner, 1983; Babaie, 1987), a significant amount of the
deformation occurred prior to emplacement of the allochthon
onto the continental margin, as the subjacent autochthon is not as
pervasively deformed as the Golconda allochthon.

A first-order problem in Cordilleran tectonics concerns the pre-
emplacement position of the Golconda allochthon with respect to
nearby terranes as well as North America. One model suggests that
strata of the Golconda allochthon were deposited in a relatively
wide basin and were subsequently incorporated into an accretionary
prism built along the inboard margin of a magmatic arc that faced
eastward, or toward the North American continent (Speed, 1979;
Schweickert and Snyder, 1981; Speed and Sleep, 1982; Snyder and
Brueckner, 1983; Dickinson et al., 1983; Brueckner and Snyder,
1985; Babaie, 1987). An opposing view asserts that the strata were
deposited within a relatively narrow basin separating the North
American margin from an outboard, west-facing magmatic arc
(Burchfiel and Davis, 1972, 1975; Silberling, 1973; Miller et al.,
1984, 1992; Harwood and Murchey, 1990; Burchfiel and Royden,
1991; Burchfiel et al., 1992). In addition, the possibility exists that
strata within the allochthon accumulated a great distance from their
present position and are far traveled (Coney et al., 1980). 

U-Pb detrital zircon geochronology of the Golconda allochthon, Nevada 67

Figure 3. Map of central Nevada showing general outcrop patterns of
main units of Golconda allochthon (from Stewart and Carlson, 1978). 

Figure 4. Generalized stratigraphic
columns for Havallah and Schoonover
sequences of Golconda allochthon.
Schoonover sequence shown is middle
thrust plate of Miller et al. (1984). Mod-
ified from Miller et al. (1984, 1992). 

Riley et al., GSA SP 347, 2000

Both of these are Golconda allocthon sections.  Independence Mtns in NE Nevada



Snyder et al., SEPM vol. 113, 2022

FIG. 4.—Summary stratigraphic columns for the Golconda allochthon. Names of local map units on columns generally correspond to the lithologic groups denoted by the patterns (see
inset). The Dry Hills subterrane (Farrel Canyon Formation) of Jones (1991) and Jones and Jones (1990) has a distinctive clastic component as illustrated by dot pattern. Home
Ranch subterrane (Goughs Canyon Formation) is unpatterned because of its distinctive combination of basaltic, andesitic volcanics, limestones, spiculitic chert, volcanic breccias
and debris flows that are interpreted as reflecting deposition on and around a seamount (Jones and Jones 1990, Jones 1991, Sando 1993). Stratigraphic positions of the continental
margin unconformities, C1 through P5, are on right and tracked through stratigraphic columns; AO marks beginning of Antler orogeny; SO marks beginning of classic Sonoma
orogeny. Data for Battle Mountain/Antler Peak: Miller et al. (1982), Murchey (1990), Doebrich (1992); Hoffman Canyon and northern Tobin Range, Stewart et al. (1977, 1986),
Snyder (unpublished); Mount Tobin, Tomlinson (1990); Edna Mountain, Erickson and Marsh (1974a, 1974b), Snyder (unpublished); Northern Hot Spring Range, Jones (1991,
1997); Osgood Mountains, Jones (1991, 1997), Jones and Jones (1990); Northern Independence Mountains, Miller et al. (1984), Whiteford (1990); Johnson (1986); Bull Run
Mountains, Johnson (1986); New Pass Range, MacMillan (1972), Tomlinson (1990); Toquima Range, Laule et al. (1981).
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laterally among the structural units and relies heavily on the
interpretation of how the age range of paleontologic fauna equates
with the vertical stratigraphic stacking of sedimentary rocks within the
structural units. There are two inherent problems with interpretation of
the biostratigraphic data. First, samples that return long-ranging
assemblages must be assessed carefully. They do not imply that
deposition of a certain lithologic or lithotectonic unit spans the entire
age range of the recovered fossil assemblage. Rather, in a single
sample, they may reflect the low age resolution of that particular
assemblage. In addition, some samples may contain intermixed
reworked specimens, which is a potential problem for conodonts, but
not likely for radiolaria. Finally, mappable lithotectonic units may
comprise smaller-scale thrust packages that structurally interlayer
older and younger units, giving a false impression of the age range of
a map unit.

For example, at Hoffman Canyon and Antler Peak (see below) the
structural interleaving of disparate units can occur at scales of a few to
few tens of meters. Thus, an age can be assigned to a mappable
tectonostratigraphic unit from such a small tectonic ‘‘packet,’’ but this
age does not reflect the depositional age of the majority of the larger
unit. Figure 5 illustrates the problem. Here, map-scale unit A
comprises chert–shale interlayered with mixed carbonate–siliciclastics
(unit A), and unit B is a chert–greenstone unit that is clearly older and
overlies unit A along a thrust fault. Within unit A, the contacts
between the chert–shale and clastic horizons can be mapped, but the
nature of the contact is difficult to discern. For unit A with only
limited paleontologic data available (shown in italics and underlined),
a false interpretation could be reached that unit A consists of a
continuous stratigraphic succession where chert–shale deposition was
interrupted by periods of clastic influx. More detailed mapping and
paleontologic sampling may reveal that thrust faults repeat a single
unit composed of Pennsylvanian chert–shale overlain by Permian
clastics; however, even in this case, and even with all the paleontologic
data available, an interpretation of more or less continuous deposition
spanning the late Early Pennsylvanian through the Early Permian
could be incorrectly inferred. Finally, if the structure of the chert–shale
units were studied as well as a detailed examination of the contact with
the overlying clastics, then an interpretation could be that the thrust-
repeated unit is composed of folded upper Lower to Middle
Pennsylvanian chert–shale unconformably overlain by unfolded

Lower Permian clastics, and that the deformation of the chert–shale
preceded the deposition of the clastics. This is the case for the
Hoffman Canyon section.

Figure 5 and the discussion above summarize the difficulty of
reassessing all published data on the Golconda allochthon. Combined
biostratigraphic and structural data are sparse in most localities.
Careful reassessment of what data are available relative to a geologic
map is key, but the detail provided by the geologic maps varies. The
schematic stratigraphic columns presented in Figure 4 represent an
attempt to reevaluate available data, but clearly will need to be revised
if additional biostratigraphic, stratigraphic, and structural data for the
Golconda allochthon emerge.

Clastic Provenance

The debate about provenance for clastic detritus in the Havallah
basin revolves around detecting an eastern, continental (i.e., the Antler
orogenic belt) source for this debris, versus a western, arc-related
origin (e.g., the northern Sierra–Klamath arc, Fig. 2). Note that
‘‘eastern’’ and ‘‘western’’ does not imply orthogonal coordinates, nor
the actual paleogeographic directions, but rather the present-day
terrane configurations.

Figure 6 summarizes petrologic point count data from the
Golconda allochthon arenites using the monocrystalline quartz, total
feldspar, total lithics (QmFLt) ternary plot of Dickinson (1985). In
general, there are two petrofacies groups with several subfacies. One
group represents the recycled orogenic clastics that vary in
composition from quartz arenite to quartzose–lithic to lithic clastics
and stretches from the Qm to Lt corners in Figure 6. The other
centers on the magmatic arc fields and includes volcaniclastic,
feldspathic, and chert–lithic clastics (Fig. 6). These two petrofacies
overlap at the lithic corner of the diagram where it is difficult to
distinguish between detritus from an orogenic belt containing chert
and related older orogenic rocks from that of the subduction complex
of an active magmatic arc.

The quartz to quartzose–lithic to lithic clastics (2a to 2c, Fig. 6)
reflect a recycled orogenic source, which has been presumed to be the
Roberts Mountains allochthon of the Antler highlands (e.g., Dick-
inson et al. 1983, and others). However, the Lower Paleozoic
basement of the Klamath–Northern Sierra arc contains nearly identical

FIG. 5.—Schematic diagram illustrating challenges of interpreting paleontologic data within a complex tectonostratigraphic terrane such as the
Golconda allochthon. See text for discussion.
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Snyder et al., SEPM vol. 113, 2022involved along with the Upper Paleozoic allochthons, but not when
the Mesozoic strata are not present. It is emphasized here, as it was by
Stahl (1989), that the extent of Mesozoic deformation within regions
lacking Mesozoic rocks is difficult to assess. Clearly, Paleozoic rocks
of both the Roberts Mountains and Golconda allochthons are involved
in the Mesozoic shortening, and this deformation may have extended
well east of the outcrop belt of Triassic and Jurassic rocks.

REVISED PALEOGEOGRAPHIC SCENARIOS

The discussions presented herein underscore the difficulty of
developing a reasonable history for the paleogeography of the
Havallah basin and the tectonics that created the Golconda allochthon
and thrust. Was it truly a single basin, or is the Golconda allochthon an
amalgamation of pieces from paleogeographically close, but different,
settings? Was there a series of phases for the Havallah basin that
included an early Late Devonian through earliest Pennsylvanian
phase, a Late Pennsylvanian to largely Early Permian phase, and then
a late Early to Middle Permian phase?

Two innovative approaches to interpreting the paleogeography and
tectonics of the Havallah basin were presented by Tomlinson (1990)
and Jones (1991). Tomlinson still supported late stage, back-arc
thrusting to close the Havallah basin, but his new paleontologic and
petrologic data forced him to invoke a more tectonically active basin,
one tied to the continental margin to the east via clastic provenance,
and sometimes to magmatic arc sources to the west. Jones (1991)
reworked existing data and, coupled with her own studies, envisioned
a paleogeographic setting where most of the Havallah basin was
sufficiently distant from the continental margin to reflect open ocean,
deeper-water environments and associated seamount development
throughout the life of the basin. However, the eastern part of the basin
bordered the continental margin and received recycled orogenic clastic
sediment from a periodically reactivated Antler highlands. To explain
this juxtaposition, Jones (1991) concluded that Havallah basin

tectonostratigraphy reflected a long-lived, episodic, transpressive
transform regime.

The first step in reconstructing the history of the Havallah basin is
to envision the paleogeographic components of tectonostratigraphic
units within the Golconda allochthon. Following our previous work
(Snyder and Brueckner 1983, Brueckner and Snyder 1985), and that
of Tomlinson (1990) and Jones (1991), as well as the scenarios
presented by Miller et al. (1981, 1982, 1984, 1992), Babaie (1987),
Murchey (1990), and Whiteford (1990), Figure 19 provides a
composite snapshot of those components, but does not represent a
depiction of the basin at any one time. The coordinates of Figure 19
are listed as W/NW to E/SE to reflect that the original configuration
could have been oblique to the present-day orientation of the
Golconda allochthon. The offshore arc-trench system, which could
have been the Klamath–Northern Sierra arc terrane, is drawn as both a
west- and east-facing arc. The west-facing arc could have been extant
for most of the history of the basin, with the east-facing arc
subsequently starting the closure of the basin. Conversely, the west-
facing scenario may have existed for the entire life of the basin, with
closure of a relatively narrow basin and the Sonoma orogeny being
driven by back-arc thrusting. The Upper Paleozoic continental margin
consisted of, from east to west, a shallow-water shelf, dominated by
carbonate deposition, tectonically controlled basins in the Antler
foreland (e.g., those of Fig. 3), and the Antler highland with the Antler
overlap sequence deposited upon it. The carbonate–siliciclastic facies
of the Golconda allochthon, reflecting continental North American
source rocks, is depicted as having been deposited mainly on the
eastern side of the Havallah basin, part of a rejuvenated Antler
orogenic highland, where they were deposited on deformed, older
Havallah basin units adjacent to the Antler orogenic belt. The
volcaniclastic-lithic sandstone facies presumably was derived from the
magmatic arc source terrane, and hence the majority of this lithofacies
association would have been deposited in the western portion of the
Havallah basin. Some of the older Late Devonian and Early
Mississippian volcaniclastic debris could have been derived from

FIG. 19.—Schematic depiction of paleogeographic components of the Havallah basin. This is not a time-specific depiction, rather a visualization
of what portions of the basin may have looked like at various times during the life of the basin. See text for discussion.
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Timing: Devonian

• ARM: Shallow limestones

• Shelf: Carbonate shelf

• RMA: Slaven Chert

• Havallah Basin: initial deposits

• SE CA: 

• Sonora alloc.: Los Pazos Frm (turbidites etc)



Timing: Early Mississippian

• ARM: Leadville ls

• Shelf: Initial RMA debris

• RMA: erosion and deformation

• Havallah Basin: basalts, cherts

• SE CA: NE-trending shelf-slope facies belts

• Sonora alloc.: Unconformity



Timing: Middle Mississippian

• ARM: Leadville ls

• Shelf: Foreland basin and unconformity

• RMA: erosion and deformation

• Havallah Basin: basalts, cherts

• SE CA: Shelf deposits (NE trending facies)

• Sonora alloc.: Unconformity; start of orogeny



Timing: Late Mississippian

• ARM: Subsidence Oquirrh basin; minimal elsewhere

• Shelf: Antler overlap clastics

• RMA: erosion (and deformation?)

• Havallah Basin: cherts (mainly, +volcaniclastics)

• SE CA: Shelf deposits

• Sonora alloc.: Unconformity; orogenic deposits



Timing: Early Pennsylvanian

• ARM: Molas Frm, then initial orogenic deposits

• Shelf:  Ely ls

• RMA: erosion, limited deposition

• Havallah Basin: cherts, several unconformities

• SE CA: Shelf deposits (Bird Spring Frm)-disruption NE?

• Sonora alloc.: Orogenic deposits



Timing: Middle Pennsylvanian

• ARM: Ancestral Rockies orogeny

• Shelf:  Folds and thrusts

• RMA: erosion, limited deposition, deformation

• Havallah Basin: cherts, several unconformities

• SE CA: Keeler Basin (NNW trends; truncation fault?)

• Sonora alloc.: Orogenic deposits



Timing: Late Pennsylvanian

• ARM: Ancestral Rockies orogeny fading

• Shelf:  Folds and thrusts

• RMA: erosion, limited deposition, deformation

• Havallah Basin: cherts, several unconformities

• SE CA: Keeler Basin, erosion (truncation fault?)

• Sonora alloc.: Orogenic deposits



Timing: Early Permian

• ARM: Ancestral Rockies orogeny fading

• Shelf:  Folds and thrusts

• RMA: limestones, unconformities

• Havallah Basin: cherts, several unconformities, deep ls

• SE CA: Darwin Basin, Last Chance thrust

• Sonora alloc.: Orogenic deposits



Timing: Middle Permian

• ARM: Ancestral Rockies orogeny fading

• Shelf:  quieter

• RMA: limited deposition

• Havallah Basin: limited deposition (likely deformation)

• SE CA: Subsidence, initial arc magmatism

• Sonora alloc.: unconformity



Timing: Late Permian

• ARM: Ancestral Rockies sinking in sediment

• Shelf:  quieter

• RMA: Deformation (Sonoman orogeny?)

• Havallah Basin: deformation, emplaced as Golconda A.

• SE CA: rebounding elevation, arc magmatism

• Sonora alloc.: unconformity



implicating tectonism along the western, rather than southern,

boundary of Laurentia (Sturmer et al. 2018). Detrital zircon studies

identify the provenance of basin deposits, thus constraining the

location of the basin at the time of deposition, with implications for

subsequent tectonic translation (e.g., Gehrels et al. 2000; Linde et al.

2016, 2017; Lawton et al. 2017). Structures truncated by known

unconformities record the kinematics and timing of subsequent

deformation (e.g., McFarlane 1997, Trexler et al. 2004, Cashman et al.

2011). Such structural studies throughout Nevada document that the

initiation of late Paleozoic (post-Antler) deformation in Nevada

occurred in the middle Mississippian in the north and in the Early
Permian in the south (Cashman et al. 2016) (Fig. 1).

This study focused on paradoxical geological relationships at Edna
Mountain and concentrated in particular on its eastern flank, south of
Iron Point. First, Ordovician units are exposed at Iron Point, whereas
approximately 1 km to the west, Pennsylvanian rocks directly overlie
the Cambrian Preble Formation (Erickson and Marsh 1974a) (Fig. 2).
Second, analogous to this stratigraphic mismatch, several mapped
structural features cannot be readily correlated to the Iron Point area
from the rest of Edna Mountain. Several sets of structures, including
folds of opposite vergence, were documented in maps and associated

FIG. 1.—Stars represent distribution of late Paleozoic structures documented by several studies throughout Nevada. Colored for age of the
structures, they suggest that the initiation of deformation was later in the southern part of the state. Purple stars: mid-Mississippian; blue
stars: mid-Pennsylvanian; green stars: Early Permian. Modified from Cashman et al. (2016). (1) Snake Mountains (McFarlane 1997); (2)
Tuscarora Mountains (Berger et al. 2001); (3) Dry Hills (Siebenaler 2010); (4) Central Pequop Mountains (Sweet and Snyder 2002); (5–7)
Adobe Range/Carlin Canyon (Trexler et al. 2004); (8–9) Ferdelford Canyon, Pinon Range (Trexler et al. 2003); (10) Diamond Mountains
(Linde 2010); (11) Buck Mountain (Whitmore et al. 2020); (12) Illipah Reservoir (Sturmer et al. 2018); (13) Hot Creek Range (McHugh
2006); (14) Timpahute Range (Russo 2013); (15) Nevada Test Site (Nevada National Security Site) (Cole and Cashman 1999); (16)
Mountain Springs Pass (Sturmer et al. 2018); (17) Southern Inyo Mountains (Stevens and Stone 1988).
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Purple: Mid-
Mississippian

Blue: Mid-
Pennsylvanian

Green: 
Early Permian

Suggesting deformation was north to south [but there was stuff in SE CA]
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Figure 15 (Continued on facing page). Plate-tectonic reconstruction for (A–F) late Paleozoic–Middle Jurassic time for the 
southern Cordillera (modifi ed after Davis et al., 1978; Saleeby, 1981, 2011; May and Butler, 1986; Busby-Spera, 1988; Miller 
et al., 1992; Saleeby et al., 1992; Saleeby and Harper, 1993).

Significance of Sonoman orogen: Seems to reflect the collapse of some marginal oceanic belt between Sierran-Klamath arc to west and Roberts Mtn stuff to 
east. But there seem to be issues at the early end of the spectrum…
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hosted the highly endemic fauna of the McCloud limestone 
(Ross and Ross, 1983; Stevens, 2009; Colpron et al., 2007), 
leading to the term McCloud arc. In Figure 14B, we present 
a paleogeographic-paleobathymetric model for the western 
terminus of the McCloud arc and the adjacent SW Cordillera 
passive margin, fashioned after the Scotia arc, South Sandwich 
transform, and adjacent back-arc region extending into the 
Antarctic passive margin (modifi ed after the British Antarctic 
Survey, 1985). We depict the primary positions of the El Paso 
and Kernville terranes, and Shoo Fly complex in relation to 
the transform terminus of the McCloud arc, and to other early 
Paleozoic elements of the Cordillera, such as the primary posi-
tion of the Roberts Mountain allochthon, the eastern Klamath 
arc terrane, and the Cordilleran passive margin. Early Paleozoic 
abyssal lithosphere of Panthalassa lay in a variety of positions in 
the offshore region, including that actively subducting beneath 
the McCloud arc, that trapped both in the forearc and back-arc 
basins of the arc, and that fi xed along the initial rift-boundary 
transform system of the shelf edge. The principal transform that 

bounded the arc and partitioned Panthalassa lithosphere into 
subducting and fi xed domains was the genesis site of the Foot-
hills ophiolite belt.

Offshore facies strata of the Roberts Mountains allochthon 
that appear correlative with the El Paso terrane were thrust onto 
part of the SW Cordilleran shelf, defi ning the early Mississippian 
Antler orogeny. Many workers have assumed that this “orogeny” 
was driven by a Devonian–Mississippian polarity reversal of the 
fringing arc. However, there is little more than the geometry of 
this isolated thrust belt to support this view. Alternatively, a failed 
attempt at spontaneous subduction initiation driven by sediment 
loading of aged Panthalassa lithosphere that formed proximal to 
the Cordilleran passive margin during its Neoproterozoic–Early 
Cambrian rift to drift phase is geodynamically highly  plausible—
given that such lithosphere was ~200 m.y. in age and highly 
loaded with sediment by Antler time. We again draw attention 
to the importance of highly aged Panthalassa lithosphere lying 
in vast regions offshore of the Cordilleran margin through Paleo-
zoic and into early Mesozoic time.
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Figure 14. (A) Map showing paleogeographic and plate-tectonic setting of Cordilleran passive margin and composite Pa-
leozoic (Pz) fringing arc (superterrane 1) referred to as McCloud arc system in Permian time for regional overlap of Mc-
Cloud Limestone (after Davis et al., 1978; Rubin et al., 1990; Ross and Ross, 1983; Colpron et al., 2007; Stevens, 2009; 
Saleeby, 2011). Major arc segments that formed the McCloud arc are differentiated by terrane names. (B) Paleobathy-
metric model for SW terminus of Cordilleran passive margin, McCloud arc system, and bounding transform– subducting 
trench system adapted from southern Scotia arc and South Sandwich transform (after British Antarctic Survey, 1981). 
Superimposed on bathymetry are hypothetical primary positions of Sierran metamorphic framework terranes, as indi-
cated by span of respective arrows, and main elements of passive margin shelf as discussed in text.


