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CSUB Geosciences: Past, Present, and Future
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REGIONAL SETTINGS
qSoda Lake is a pluvial lake and 
located in the northwestcorner of 
the Carrizo Plain.
qCarrizo Plain is the only closed 
basin inCalifornia’s Southern 
Coast Ranges.
qCarrizo Plain has the largest 
accumulated post-early Miocene 
offset of the San Andreas Fault.

Modified from USGS by Rhodes et al. (2018)



Rhodes et al., 2018

Carrizo Plain and surrounding region Tectonic warping 
qseveral lines of 

evidence suggest a 
roughly 0.001 (1 m 
change in height 
over 1 km) 
southwestward tilt 
over the time of the 
development of the 
lake



Rhodes et al., 2018

Lunette
qClay dunes 

indicate sufficient 
drying of the lake 
floor to produce the 
lcay and silt 
aggregates to build 
the dune 



Slickspots
qpatches of barren 

soils, capped by a 
thin evaporate 
crust

qEnrichement of 
sodium in soils



Coring
q NSL1 and SL1



Analyses
q Luminescence 

dates
q Magnetic 

susceptibility
q Pollen
q Ostracods
q SEM and EDS



qA 14C date on charcoal from the upper reduced zone 
places the top of this zone at no older than 20.24-22.00
cal ka. This date is consistent with the OSL date on 
geomorphic features associated with a high stand 
above ~591 masl. 

qAssuming that reducing conditions correspond to 
deep water, the new 14C date suggests that the upper 
reduced zone represents a Stage 2 pluvial maximum 
lake in the Carrizo Plain. 



qPollen and ostracods from the reduced sediments 
indicate of a wetter and cooler climate relative to 
modern conditions capable of sustaining a lake with 
waters much less saline than that of the modern lake. 

qThe timing of the high stand (~20 ka) is consistent with 
the modified jet stream migration model of Oster et al. 
(2014) and not consistent with the tropical incursion 
model of Lyle et al. (2012).

qNortheast to southwest asymmetry across the lake floor 
may be consistent with southwestward tilting driven by 
Coast Range shortening normal to the orientation of the 
San Andreas Fault as is seen throughout the region.



PURPOSE OF STUDY

qImprove the understanding of the paleoclimatic
record found within the sediments in the Carrizo 
Plain.
qEvaluate the strength and weaknesses of 
minerals as a paleoclimate proxy.
qFurther investigating the paleoclimate changes in 
Western America since the Last Glacial Maxim 
(LGM).



MATERIALS AND METHODS

q BULK MINERALS

q CLAY-SIZE MINERALS



HIGH QUANTITIES IMPLY:
qLow depositional energy
qDeeper lake (high-stand)
qPossible change in lake 
morphology

BULK MINERALS
o Composite clay 
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HIGH QUANTITIES IMPLY:
qIncreased transport of 
source area sediments (wet 
period)
qNear-shore depositional 
environment
qShallower lake level (low-
stand)

BULK MINERALS
o Quartz



HIGH QUANTITIES 
IMPLY:
qIncreased transport 
of source area 
sediments
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BULK MINERALS
o Feldspar



OSTRACODS

RHOMBOHEDRAL CRYSTAL FORM

HIGH QUANTITIES IMPLY:
qIncreased lake productivity
qPossible evaporation
qPossible change in lake 
morphology

BULK MINERALS
o Calcite



BULK MINERALS
o Evaporite

qCalcite
qGypsum
qHalite
qPotassium salts



qGuilbert and Park, 1986



Deposition Model

qDry mudflats –crusts
qSaline mudflats -saltpan 
deposits
qEvaporites form when lake dries 
up – usually forming ‘Bulls Eye’ 
pattern of deposits

qleast soluble ppt first
qmost soluble last
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HIGH QUANTITIES IMPLY:
qWet and confined source 
environment
qEnriched in fine-size 
particle indicating increased 
sediment transport distance

CLAY-SIZE MINERALS
o Smectite



2:1 LAYER

POTASSIUM 
INTERLAYER

2:1 LAYER
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HIGH QUANTITIES IMPLY:
qPhysical weathering of 
source environment
qEnriched in relatively 
coarse fraction indicating 
relatively short transport 
distance

CLAY-SIZE MINERALS
o Illite



HIGH QUANTITIES IMPLY:
qKaolinite - chemical weathering, 
temperate, and leaching source 
environment
qChlorite - physical weathering of 
metamorphic parent rocks 
(chlorite) indicating cold physical 
weathering source environment.

KAOLINITE

CHLORITE
CLAY-SIZE MINERALS

o Kaolinite & Chlorite



BULK SAMPLE PREPARATION



CLAY-SIZE PREPARATION

qRemoval of organics 
using hydrogen peroxide.
qDeflocculating sample 
using sodium 
metaphosphate solution.
qMoore and Reynolds filter 
peel method



WASHED
BULK

58 cm 

CLAY-SIZE PREPARATION



X-RAY SOURCE X-RAY RECEIVER

BRAGG’S LAW: (nλ = 2dsinθ)



DATA REDUCTION
o Software MacDiff



RESULTS AND INTERPRETATION

22.3-23.3 cal ka BP
Stage II

Stage I

Stage III
Stage IV



SUMMARY

qMineralogy assemblages contain large portion of 
evaporites, including calcite, gypsum, and halite.
qMineralogy assemblages indicate four different 
climate intervals.
qAt Stage I, sediments oxidation suggests an 
ephemeral and shallow-water lake bed.
qSince Stage II, the lake level increased and reached 
the maximum at then end of Stage II and the beginning 
of State III



SUMMARY

qThe lake level remained relatively stable at Stage III.
qHigh muscovite content at Stage IV indicates 
sediments supply from a new source region.



Thank you for your time and attention…

Questions???


