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The Sierra Nevada consists of four major tectonic belts, the Smartville (or
Western) Belt, the Central Belt, the Feather River Peridotite, and Eastern Belt (Figure 1).
All these belts contain ophiolitic rocks, and all have been tectonically juxtaposed against
one another.

Figure 1 The four major tectonic belts of the Northern Sierra Nevada Range.

Figure 2 is a more detailed geologic map of the Central Belt and the Smartville Complex
which includes the radiometric ages of key features (from Day and Bickford, 2006)
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Figure 2 Geologic sketch map of the Northern Sierra Nevada Range showing the various terrains
and key radiometric dates.

SMARTVILLE COMPLEX
The Smartville complex is a remarkably well-preserved section of a complex
ophiolitic sequence that includes from top to bottom, minor epiclastic sediments, a thick
volcaniclastic sequence, pillow lavas, massive diabase, mafic and silicic plutonic rocks
all intruded by a sheeted dike complex. A schematic geologic column of the Smartville
Complex is shown in Figure 3.
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Figure 3 Schematic geologic column for the Smartville Complex.

Small outcrops of serpentinized peridotite and layered gabbro are present in a few places.
Fossil and radiometric ages indicate that it formed in Jurassic time, approximately 160-70
Ma (see Day and Bickford, 2004). Structure within the complex and along its eastern
side indicates that it lies tectonically over the rocks of the Central Belt. However, dikes
also cut Central Belt Rocks, and thus the actual relationships are complex. A series of
three to four faults is present, the oldest of which is a west to SW-dipping thrust fault,
and the youngest of which is a series of NE-dipping high angle reverse faults (Day et al.,
1985). Volcaniclastics and pillow lavas appear to have been folded prior to the intrusion
of the sheeted dikes. The complex cannot be a typical ophiolite. It may have developed
in situ with some subsequent tectonic dislocation. It may be an ophiolitic complex
developed within the former forearc of a reversed island arc or within the backarc of a
colliding arc in the Central Belt.
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CENTRAL BELT
This is a complex series of rocks, dominated by a chert-argillite sequence that
contains sparse Triassic and Permian fossils. Limestone blocks contain Carboniferous
and Permian coals and fusulinids. Ophiolitic lithologies include the Slate Creek, Lake
Combie, and Lost Creek sequences that generally display a stratigraphy, from top to
bottom, of volcaniclastic sediments, pillow lavas and massive flows, massive diabase,
mafic-silicic plutonic rock and serpentinized peridotite. In the northern extremity of the
Sierra, the Jarbo Gap ophiolitic sequence contains metavolcanics, metagabbro and
peridotite that may have formed in a fracture zone. Radiometric ages from these rocks
indicate that they are somewhat older than the Smartville complex (Saleeby et al., 1989,
Day and Bickford, 2004).
FEATHER RIVER PERIDOTITE BELT
This is a 150 km long belt of partially serpentinized peridotite and associated
mafic rocks. Radiometric ages on this belt are as old as 380 Ma. It contains an early
mantle fabric overprinted by a crustal fabric. In places it contains a talc-tremoliteanthophyllite assemblage. Associated metagabbro and metavolcanic rocks in the Devil's
Gate region may be the upper part of an ophiolitic sequence. These rocks may be the
most highly metamorphosed in the northern Sierra.
EASTERN BELT
It consists of an extensive sequence of rocks, from bottom to top:
1. A lower Paleozoic (?) quartz-rich sandstone and phyllite, the Shoo Fly
complex, and associated early Paleozoic or late Precambrian serpentine and
associated albitite (Saleeby, personal communication, 1986). The thickness of
this sequence is unknown; its substrate was probably oceanic, but this is
uncertain. Zircon populations suggest that it formed in a location exotic to
western North America, perhaps on the margin of Africa (Wright and Wyld,
2006).
2. A Devonian-lower Carboniferous oceanic island arc assemblage of quartz
keratophyre, basaltic andesite, and minor latite, overlain by a thin tuffaceous
manganiferous chert unit that spans an 80 Ma time interval from lower
Carboniferous to lower Permian;
3. A Permian-Triassic island arc-sediment sequence that seems also to be
oceanic in composition;
4. A later Triassic sedimentary-volcanic sequence;
5. An early-mid Jurassic andesite-dacite sequence with abundant shallow water
fossils.
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STRUCTURE
A series of steep faults and isoclinal folds characterize the northern Sierra. The
Eastern belt exhibits east-vergent structures that pass westward into west-vergent ones.
Shoo Fly rocks are multiply folded, with SE and/or SW vergent pre-late Devonian folds
refolded by Jurassic structures. The Feather River belt is fault bounded and dips steeply
eastward. The Central belt contains major fault zones that dip steeply eastward. The
faults underlying the ophiolites appear to be themselves isoclinally folded. The steep
faults apparently were active subsequent to ophiolite emplacement.
At least one west-dipping island arc sequence has collided with rocks to the east.
A series of as many as seven sutures may be present across the Sierra Nevada (Moores,
2009). The series of structural and stratigraphic events are reminiscent of features in the
Alps and the present-day western Pacific (Moores 2008a, 2008b).
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ROAD LOG
1. Pleasant Hill to Davis. Take I-80 to SR 113 Woodland. Go north on 113 to third exit
for Covell Blvd. Go right at Covell and then immediately turn left into Marketplace
Shopping Center. Big 5 Sporting Goods is on right (SE) corner of shopping center. Turn
into first parking area. People will be waiting there.
MILEAGE (ALL MILEAGE FROM MARKETPLACE S.C. DAVIS).
0.0
STOP 1. 37°39.704N , 121° 45.925' W. Parking lot on SE corner of Marketplace
Shopping Center, Davis, 1411 W. Covell Blvd. Return to Covell Blvd going west.
0.25

Turn right on ramp for 113 N to Woodland.

As we drive along, one can see the Coast Ranges to left. Brown hills at 10 o'clok are
Rumsey Hills, where Cretaceous rocks are thrust westward over Plio-Pleistocene fluvial
gravels and interbedded sands and tuffs coming from the Coast Ranges. If clear, Sierra
are in distance to right. Here and there rolls and swales in valley mostly result from
active folding. Charles Darwin noticed that in the Pampas of Argentina, if the horizon is
close, the surface ahead is convex; if the horizon is far away, the surface ahead is
concave. This method works well for seeing the form of the Valley surface. The slope of
the valley from Sacramento to Redding is about the same as the flank of a mid-oceanic
ridge.
7.85 Woodland city limit.
7.9
Exit right for Main Street, I-5 South.
8.3
Turn right on Main Street.
8.5
Onramp for I-5 south.
12.3 Causeway over Yolo Bypass, a flood control feature protecting Sacramento.
Fields are of rice. Berms are surved in on 2 inch contours. Sacramento Skyline at 2
o'clock.
15.8 Passing over Sacramento River on bridge.
16.6 Sacramento Airport exit. Continue east.
19.0 Exit right for Yuba City/Marysville. Take SR 99 North. As we drive north,
Sierra crest and western slope to right. Houses are in the so-called Natomas Basin, part
of the Sacramento River floodplain.
22.6 Elverta Road. Continue north. Sutter Buttes at 11 o'clock. They are 1-3 Ma
volcanic rocks, thought by Brian Hausback of CSUS to represent the last bit of Cascade
subduction-related volcanism at this latitude. Sierra Buttes at 3 o'clock--high peak of
Devonian oceanic andesite topping east in Eastern Belt of Sierra Nevada.
31.2
40.4
43.6
43.6
right.

Approach split of SR's 99 and 70. Stay right towards Marysville.
Yuba County Line.
Exit for Plumas Lake Blvd. Recent development in floodplain.
Good views of Sutter Buttes at 9-10 o'clock, and of western Slope of Sierra to
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49.8 Entering Linda. Subject to substantial flooding in 1997.
51.9 Entering Marysville. Stay in right lane for upcoming right turn.
52.4 Crossing Yuba River. Approximately 50% of debris from hydraulic mining in the
Sierra in 1860-84 came down the Yuba.
53.2 Follow signs for SR 20E.
53.35 Turn right. Stay in right lane. Follow signs for "20 Grass Valley".
53.6. Turn left. Stay in right lane.
53.9 Turn right on SR 20. Drive out of town on levee on N side of Yuba River.
Foothills underlain by Smartville complex straight ahead. Pleistocene sediments lap onto
Smartville rocks.
(subtract 6.75)
65.1 Possible stop in upper volcanic unit along Hwy 20. 39°10.591'N, 121°35.310 W.
Pyroxene andesite. Some breccia. Possible pillows.
65.3 Marysville Road to left. Continue east on Hwy 20. Roadcuts of upper volcanic
unit of pyroxene andesite breccia and sediments of the upper volcanic unit.
67.0 "Tombstone rocks" in fields are of sheared upper volcanic unit rocks.
68.0 Peoria Road. Road to UC Sierra Field Station.
69.25 Sicard Flat Road.
69.75 Possible turnoff for exposures on north side of river.
70.0 Bridge over Yuba River. Note high gravel terraces--the product of hydraulic
mining.
70.5 Junction on east side of bridge. Turn right on side road (formerly Timbuctoo
Road). Park in shade under bridge.
STOP 2. 39°10.143'N, 121°20.335'W. Pillow lavas of lower volcanic unit and a few
sedimentary intercalations of upper volcanic unit are well exposed here, dipping steeply
west. Pillows are of principally island arc basalt. Quarry in pillow lava across river have
also MORB, "suprasubduction" (ssz) compositions.
70.7 Return to SR 20. Turn left, heading west.
75.0 Marysville Road. Turn right towards La Porte.
75.6 Browns Valley.
79.7 Quartz-rich intrusive plug on skyline about 11 o'clock.
83.6 Pillow Lavas in roadcut.
83.7 Loma Rica Road. Keep on Marysville road.
84.7 Collins Lake Road. STOP 3. SHEETED DIKES. (there is room for the bus to
park just before the turnoff). 39°20.620'N, 120° 19.659' W. These are the best preserved
sheeted dikes in the west, perhaps in North America. These were the object of Dan Day's
MS thesis at UCD Geology (1977). A complex sequence of 5 intrusive stages is
recorded: 1. Half-dikes of quartz albitite, diabase and plagioclase-phyric basalt; 2. Dikes
of diabase, basaltic andesite, andesite, and dacite; 3. Complete diabase dikes; 4. Nonporphyritic basalt dikes; 5 one dike of rhyolite porphyry. Continue N on Marysville
Road. Dikes crop out in roadcuts.
86.2. Willow Glen. Turn right on Marysville Road.
86.5 STOP 4. DIKES AND SCREENS. 39°.21.708' N, 121°.19.190' W. Diabase,
andesite, and sodium rhyolite dikes cutting screens of plagiogranite and coarse
varitextured gabbro. Continue E. on Marysville Road. Drive over intrusive rocks of
massive diabase and some tonalite and granodiorite.
90.3 Townlimit of Dobbins. Main town about 4 mi. east.
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94.5. STOP 5. LAYERED GABBRO. Rhythmic layers of two-pyroxene, highly
calcic plagioclase gabbro. Approximately horizontal in place. Continue east on
Marysville Road.
96.9 Oregon Hill Road. Red soils on hill may be related to fact that it was a positive
feature during late Eocene tropical weathering.
98.0 STOP 6. 39°.22.984'N, 121°.09.993' W. Quarry in epidotized massive diabase.
99.4 STOP 7. 39°23.666' N, 121°08.759' W. Steeply dipping sediments with a few
dikes. Part of Upper Volcanic Unit, but highly epidotized. Pit Stop. Lunch Stop.
99.6 Return to Marysville Road, turn left. Cross Bullards Bar Dam. Wolf Creek fault
zone mapped just east of dam between Smartville rocks and Yuba Rivers Pluton. Red
soils also appear here.
105.7 Intersection with State Route 49. Turn right. Road travels through Yuba Rivers
Pluton, consisting of biotite-hornblende tonalite and granodiorite. The western margin of
the pluton is strongly defomed, but contact relations are preserved (Day and Bickford,
2004).
109.2 Middle Yuba River. Nevada County Boundary.
112.7 STOP 8 North San Juan, a town prominent during the hydraulic mine period.
115.4 Malakoff Diggings Road
119.0 South Yuba River
121.2 Olivine cumulates in road cuts here. Interpreted as lower part of Smartville
complex.
122.4 Newtown Road. Go right.
123.0 STOP 9 Serpentinized peridotite. Textures are highly altered, but they look like
mantle tectonites. Interpreted as basement of Smartville Complex.
123.6 Return to SR 49. Go right.
125.7 Nevada City city limits.
127.0 Intersection with SR 20. Go right on 20/49.
131.0 Pass through Grass Valley.
131.3 Sign for SR 20 W. Stay on SR 49.
138.9 Lime Kiln Road. On this road to west, there used to be exposures of a flat
tectonic contact between Smartville rocks and Tethyan limestone-block mélange of the
Fiddle Creek complex of the Central Belt. The gentrification of this region has obscured
to geologic relations.
146.0 Placer County Line.
154.0 Pass under I-80.
154.4 Intersection with Auburn-Folsom Road. Turn right.
154.9 Left on Pacific Avenue for "American River Overlook", formerly "Auburn Dam
Overlook".
155.7 STOP 10. AMERICAN RIVER (EX-AUBURN DAM) OVERLOOK. 38°
53.370' N, 121° 04.144'
Return to I-80 via Auburn-Folsom Road, follow signs for I-80 W.
157.9 Foliated sheeted dikes in road cuts on Ophir road off- and on-ramps. Continue
west on I-80.
204.6 SR 113 interesection. Go right.
207.2 Covell Blvd intersection. Go right to Marketplace Shopping Center. Stop 1
revisited.
Return to Pleasant Hill.
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Stop 2

PILLOW LAVAS. Pillow lavas of lower volcanic unit and a few sedimentary
intercalations of upper volcanic unit are well exposed here, dipping steeply west.
Pillows are principally island arc basalt.

Stop 3

SHEETED DIKES. These are the best preserved sheeted dikes in the west,
perhaps in North America. A complex sequence of 5 intrusive stages is recorded:
1. Half-dikes of quartz albitite, diabase and plagioclase-phyric basalt; 2. Dikes of
diabase, basaltic andesite, andesite, and dacite; 3. Complete diabase dikes; 4. Nonporphyritic basalt dikes; 5. One massive dike of rhyolite porphyry.

Stop 4

DIKES AND SCREENS. Diabase, andesite, and sodium rhyolite dikes cutting
screens of plagiogranite and coarse varitextured gabbro

Stop 5

LAYERED GABBRO. Rhythmic layers of two-pyroxene, highly calcic plagioclase
gabbro. Approximately horizontal in place.

Stop 6

Quarry in epidotized massive diabase

Stop 7.

Steeply dipping sediments with a few dikes. Part of Upper Volcanic
Unit, but highly epidotized.

Stop 8.

Lower part of Smartville Complex. Olivine cumulates exposed in
roadcuts.

Stop 9.

Serpentinized peridotite. Textures are highly altered, but they look like
mantle tectonites. Interpreted as basement of Smartville Complex.

Stop 10.

American River (ex-Auburn Dam) Overlook

