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iNTRODUCTiON 

~) Climate Forcing Functions at Millennial Time Sca~es 

• Orbital Parameters and Insolation 

i~} Climate Records of the Past 400,000 years (ky) from 
Southern Nevada 

O Devils Hole isotope Data 
O Owens Lake Fossil and Isotope Data 

ill) Multiproxy Climate Records from the Past Glacia~ 
Period <40 ky 

0 Packrat Middens 
0 Ostracodes 
0 Diatoms 
0 Molluscs 
0 Isotopes 

slide5wpd 



a' 

N N

,\ 
21 Dece 21 June 

Minimu~! Maximum 
distance distance 

Small tilt Small tilt 
S S 

O~ 



i '  

0°05 

0.045 

0°04 

-

i 

0 

A 
A 

5
• 

0°055 

OoO5 

0o025 
' 

0 

0 

A 
V 

00 0°02 
UJ 

0o015 
0o0,, 

0°005

01 
- 8 0 0  

:700 

I 

- 6 0 0  
=500 

- 4 0 0  
~500  

TIME KY BP 

i 

-200 
-100 

0 



p ,  ,' 

Z 
(9
W 
a 

560 

540 
-I Large range 

Small range 
= 
= 

elliptical orbit 
circular orbit 

O 
G~ 
A 

E 
d~ 

520 

Z 
O 

500 

<( 

O 
d~ 
Z 

480 

~J 
Z 
D 

460 

440 
-I 000 

U 

-600 
| 

-200 
I Jl 

200 
| 

6OO 1000 
-800 -400 0 o 400 800 

TIME KY BP (o) AP (+) o, 



~l  i ~ 

520 
=400 to °300 KY BP 

0 to 100 KY AP A 
Z 

o 5 1 0  
Ld 
rm 

o 50O 
w] 

Z Z V "  o ~ 490- \ 
<: ~ ~ 
__1 

z°°°480~ / / j  

\ 
! 

/ 
.% 

/ 

! 
I 

Ld z 470 
= 3  

460 

450 
-400 

-390 
-580 

-370 
-560 

-550 
TIME KY 

-540 

BPo 
-550 

-520 
-51 0 

-500 

0 t0 20 50 40 50 
TIME KY 

60 
AP 

70 80 90 100 

O~ 



:E 
5 

from: Wi~ograd, et alo, 1992 
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ESTIMATING FUTURE CLIMATE 

CHARACTERISTICS FROM 

PAST CLIMATE RECORDS 


I I  	 Devils Hole record shows So Nevada climate responds 
primarily to orbital (insolation) forcing functior~s on a 
millennial time scale° 

II 	 Orbital forcing functions may be calculated for the ~ext 
climate cycle and offer a genera~ guide fo~ futu:e 
climate change° 

t i  	 The regional effect of future climatic changes may be 
evaluated by study of long-term past climate and 
hydrological records° 

II 	 Future 400 ky insolation-climate cycles should be 
similar to past cycles just as the 800 to 400 ky cycle 
was similar to the last cycle° 

t i  	 Long term climatic forcing functions (tectonism, 
continental drift) will not change significantly in the ~ext 
400 kyo 
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OWENS LAKE CLIMATE RECORD 


RESPONSE OF OWENS LAKE HYDROLOGY TO 

CLIMATE CHANGE° 


O 	 PdmaG source of water for the take derived from snow 
and rain at high e~evation ir~ the surrot~r~ding 
mountains° Those waters are very di~uteo 

0 	 Primary source of salts and an important secondary 
source of water derived from spring discharge at !ow 
elevatio~o 

O 	 During very wet co~d climates the dilute river water 
completely dominates the lake resulting in a large, deep 
freshwater take. 

O 	 During very dry climates spring discharge dominates 
the ~ake resulting in a shallow, warm or cool saline takeo 

O 	 0ntermediate climates result in lakes with intermediate 
depths, thermal, and chemical characteristics° 

O 	 The volume, thermal, and chemical characteristics of 
past lakes may be interpreted from the fossil diatoms 
and ostracodes, transforming fossil data into climate 
data° 

Climate data derived from the fossils may then be 
compared with other records in the region like Devils 
Hole or with orbita~ parameters° 
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Owens Lake, California 
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CONCLUSIONS 


I I  	 C~imate change cycles between dry and wet modes° In 
southern Nevada wet modes have existed about 70 
percent of the time. 

t i  	 A ful~ climate cycle is about 400 ky long and contains 
roughly 100 ky subcydes each having glacial and 
interglacial conditions. 

a 

t i  	 Devils Hole shows the subcycles are < I00 ky early and 
are > I00 ky later in the 400 ky cycle. 

i i  	 C~imate cycles correlate with orbital parameters, which 
govern insolation; the key multi-millennial climate 
forcing function° 

I I  	 Past climate-driven hydrologic change sewes to 
estimate change in the future according to the known 
progression of future insolation cycles. 

t t  	 Present-day dry climates may begin changing towards 
wet climates in about t ky based on past records or 
sooner if global warming persists according to some 
model interpretations° 

t i  	 Current interpretation of Owens Lake data suggests the 
next wet period may not be as wet as the last (40 to 12 
ka) or penultimate glacial (175 to 140 ka) periods° 
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CONCLUSIONS, contd. 


O 	 During the last glaciat period, higher effective 
moisture produced a 100 m rise in the recjional water 
table near Yucca Mountain and supported wetlands 
and streams throughout the region° Drainage f;om ~ 
the Amargosa River helped to support a ~arge 
13ermanent lake in Death Valley. 

O 	 During the last gmacial within 100 miWes of YM, MAP 
likely varied from about 15 to more than 20 inches st 
some localities between 5 and 6 k feet with as yet 
unknown standard deviation and regional variabi~ityo 
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