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Underwater Dendrochronology of Sierra Nevada Lakes

Franco Biondi, John A. Kleppe, and Scotty Strachan

Abstract

Submenged, apparently rocted traes found in Lake Tanoe, Falen Lesf Lake, and otner Slerma
Nevada Iskes indicate the possibity of larpe-magnitude, rapidiy-occuming but long lasting Prvmite bk (s nci i oo Gaode o0 B o)
changes In jake ievel. These changes have usualy been awrbuted 10 exiended pericds of very Adionsh oitianas o magi-dmghis b $6 Sl
cry condiions duwing e mid and iate Holocens, with the most recent mega-droughts . o
Rappening curing Medieval Smes. Given the reievance of this hypothesis for susianabie waser S e s e MenSu Ay S
mansgement In the Lake Tahce Basin 3nd surrounding areas, It Is then necessary 1o answer
the question “Are submerped trees indicators of past mega-droughts, or were they transporied
into she jakes Dy past siops movements caused Dy QEOMOrERIC of selsmic events™ Tree-ring
sampies coliected from the submerged ees and crossdated 8gainsi exising and mewsy
ceveioped jong chronologies, can provide a clear map of he historic pariods when irees now
endermater wese aive. in 2005, three wood sampies were retrieved fom submerped trees In
Falen Leaf Lake. For dendrochronoiogics! dating, we developed 8 wesiem Juniper (Juniperus
occidentals) reference chronoiogy that spans the period from AD 543 30 2003, One undenwater
sampie, |.e. a branch cross seciion cut fom 3 standing Yee, was crossdsiad with the master
chronoiogy for the period AD 1085-1153. This Inial resuk shows that, whie it is feasibie 10
cate underwater frees, many more wood sampies are needed to distinguish Detween climatic
vs. non-cimatic crigin (and sipniSicance) of suomerged trees in the Slera Nevaca.
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Bulletin of the Ssismological Society of America, Vol. 99, No. 2A, pp. 499-519, April 20009, doi: 10.178501200800135

New Constraints on Deformation, Slip Rate, and Timing of the Most

Recent Earthquake on the West Tahoe—Dollar Point Fault,
Lake Tahoe Basin, California

by Daniel S. Brothers, Graham M. Kent, Neal W. Driscoll, Shane B. Smith, Robert Karlin,
Jeffrey A. Dingler, Alistair J. Harding, Gordon G. Seitz, and Jefirey M. Babcock

Abstract High-resolution seismic compressed high intensity Radar pulse (CHIRP)
data and piston cores acquired in Fallen Leaf Lake (FLL) and Lake Tahoe provide new
paleoseismic constraints on the West Tahoe—Dollar Point fault (WTDPF), the westermn-
most normal fault in the Lake Tahoe Basin, Califormia. Paleoearthquake records along
three sections of the WTDPF are investigated to determine the magnitude and recency
of coseismic slip. CHIRP profiles image vertically offset and folded strata along the
southemn and central sections that record deformation associated with the most recent
event (MRE) on the WTDPF. Three faults are imaged beneath FLL, and the maximum
vertical offset observed across the primary trace of the WTDPF is ~3.7 m. Coregis-
tered piston cores in FLL recovered sediment and organic material above and below
the MRE horizon. Radiocarbon dating of organic material constrained the age of the
MRE to be between 3.6 and 4.9 ky. B.P, with a preferred age of 4.1-4.5k.y. BP. In
Lake Tahoe near Rubicon Point, approximately 2.0 m of vertical offset is observed
across the WTDPF. Based on nearby core data, the timing of this offset occurred be-
tween ~3-10 k.y. B.P,, which is consistent with the MRE age in FLL. Offset of Tioga-
aged glacial deposits provides a long-term record of vertical deformation on the
WTDPF since ~13-14 k.y. B.P, yielding a slip rate of 0.4-0.8 mm/yr. In summary,
the slip rate and earthquake potential along the WTDPF 1s comparable to the nearby
Genoa fault, making it the most active and potentially hazardous fault in the Lake
Tahoe Basin.




Offset:

a-a' -28m
b-b' ~3.7m
c-c’~05m

Travelime (s)

Two-way

tArea of
enlargement

Two-way Traveltime (s)

Recessional Moraines

.
H
.
.
Ll
.
.
.
.
.
.
.
.
.
.
.
v
.
.
.
.
-

\ WTOPF

T T T
1400 2100 2800
Distance Along Track (m)

Figure 5. (a) Northeast-southwest tending CHIRP profile spanning over two-thirds of FLL. The WTDPF is seen toward the southem
end, adjacent to a steep, fault-parallel escarpment. (b) Enlarged section of the two splays of the WTDPF (dashed box in 5a). Off'set across
both faults creates anticlinal folding in the sediments. A divergent bed labeled “slide™ thickens into the fault and infills accommodation
created during the MRE. The slide is an important marker bed that is seen in the seismic stratigraphy and in four of the piston cores (Fig. 4)
throughout most of the southern lake. Piercing points (white arrows) on the footwall were selected near the apex of the anticline; beds are
assumed to have been deposited approximately horizontal, then were subsequenty folded and offset during the MRE. Offset increases with
depth from ~2.8 m across the MRE horizon (aa’) to ~3.7 m across horizon bb’ due to increased compaction and dewatering with depth (all
travel time to depth conversions assume 1500 m/sec velocity). Piston core PC5 is ~40 m to the west of this profile. (¢) Hummocky topog-
raphy in the acoustic basement (AB) is seen in several profiles. This type of morphology is typical for moraines formed at glacier fronts by
temporary still stands or readvancements during an overall glacial retreat. Similar morphology is observed as a series of arcuate recessional
moraines between FLL and Lake Tahoe (Saucedo, 2005). The relief toward the southem end of the profile, adjacent to the WTDPF, may be
formed by a combination of glacial and tectonic processes, much like a roche moutonée. but glacial plucking may have been facilitated by the
location of the fault.
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Duration and severity of Medieval drought in the Lake Tahoe Basin
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Droughts in the western U.S. in the past 200 years are small compared to several megadroughts that
occurred during Medieval times. We reconstruct duration and magnitude of extreme droughts in the
northern Sierra MNevada from hydroclimatic conditions in Fallen Leaf Lake, Califormia. Stands of
submerged trees rooted in situ below the lake surface were imaged with sidescan sonar and radiocarbon
analysis yields an age estimate of ~1250 AD. Tree-ring records and submerged paleoshoreline
geomorphology suggest a Medieval low-stand of Fallen Leaf Lake lasted more than 220 years. Over eighty
more trees were found lying on the lake floor at various elevations above the paleoshoreline. Water-
balance calculations suggest annual precipitation was less than 60% normal from late 10th century to
early 13th century AD. Hence, the lake's shoreline dropped 40—60 m below its modern elevation. Stands
of pre-Medieval trees in this lake and in Lake Tahoe suggest the region experienced severe drought at
least every 650—1150 years during the mid- and late-Holocene. These observations quantify paleo-
precipitation and recurrence of prolonged drought in the northem Sierra Nevada.

Published by Elsevier Ltd.




We compute a water balance for the FLL watershed that includes

terms for evapotranspiration, evaporation, groundwater flow and
change in stage:

P(y) = Rr(y) + GW(y) + AS(y) + Er(y) + E(y) (1)

y = water year over the USGS data period 1969-1992,
P(y) = precipitation over watershed (including lake surface), AS(y)
= change in stage of FLL, Ex{y) = Evapotranspiration over FLL
watershed, E(y) = Evaporation from FLL surface, Ry{y) = Streamflow
down Taylor Creek, GW(y) = Net groundwater flow into and out of
the lake

A complete representation of the FLL basin yield (FLY) is found by
including additional terms:

FLY(y) = Rr(y) — AGW(y) + AS(y) (3)

FLY(y) = 10.19x — 5.86 (4)
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Gray et al.: SOLAR INFLUENCE ON CLIMATE
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Figure 20. Schematic overview showing various climate forcings of the Earth’s atmosphere, with fac-
tors that influence the forcing associated with solar variability (irradiance and corpuscular radiation)
shown in more detail on the left-hand side, as discussed in section 2.
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SOLAR INFLUENCES ON CLIMATE

L. ). Gray,” ). Beer,” M. Gellerf ). D. Haigh,5 M. Lockwood,”” K. Matthes,”” U. Cubasch,”
D. Fleitmann,'*"" G. Harrison,"* L. Hood, " J. Luterbacher,"* G. A. Meehl,"” D. Shindell,"®

B. van Geel,'” and W. White'®

Received 5 January 2009; revised 23 April 2010; accepted 24 May 2010; published 30 October 2010.

[1] Understanding the influence of solar variability on the
Earth’s climate requires knowledge of solar variability,
solar-terrestrial interactions, and the mechanisms determin-
ing the response of the Earth’s climate system. We provide
a summary of our current understanding in each of these
three areas. Observations and mechanisms for the Sun’s var-
iability are described, including solar irradiance variations
on both decadal and centennial time scales and their relation
to galactic cosmic rays. Corresponding observations of var-
iations of the Earth’s climate on associated time scales are

described, including variations in ozone, temperatures,
winds, clouds, precipitation, and regional modes of variabil-
ity such as the monsoons and the North Atlantic Oscillation.
A discussion of the available solar and climate proxies is
provided. Mechanisms proposed to explain these climate
observations are described, including the effects of varia-
tions in solar irradiance and of charged particles. Finally,
the contributions of solar variations to recent observations
of global climate change are discussed.

Citation: Gray, L. J., et al. (2010), Solar influences on climate, Rev. Geophys., 48, RG4001, doi:10.10292009RG000282,
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several weeks.

The last Mega Drought was between
900 and 1200 AD.



problem NERGE

solution(s), to assess the risks, and
finally to implement plans to
mitigate the Mega Drought(s).






