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Located in the interior of the Asian conti­
nent, Mongolia lies at the northern limit of 
the Asian monsoon and occup ies the zone 
of highest seasonal c l imate contrast on 
Earth. Sediment cores from Mongolian 
lakes contain crucial information about pa-
leocl imat ic variability from a region that is 
poorly understood relative to continental 
margins and o c e a n basins. As the locus of 
four very large (M > 8 ) earthquakes during 
this century, Mongolia is also a natural labo­
ratory for studies of slip on active, intracon-
tinental faults [see Molnar and Prentice, 
1996] . 

Because sedimentation rates, sediment 
supply, and long-term climate change are all 
linked to tectonics, it is important that studies 
of paleoclimate and paleoseismicity proceed 
simultaneously. During August and Septem­
ber of 1996, an interdisciplinary group of six 
American and three Mongolian geoscientists 
conducted field reconnaissance in central 
and northern Mongolia (Figure 1) to assess 
the potential for cooperative paleoclimate re­
search and select optimal sites for coring pro­
jects and Global Positioning System (GPS) 
receivers. Preliminary analyses of lacustrine 
cores, equid teeth, and paleosols confirm 
that coordinated study of multiple proxies, in­
cluding palynomorphs, stable isotopes, and 
rock magnetics, is necessary to determine 
the relative contributions of temperature, pre­
cipitation, and wind to evolut ion of the ter­
restrial Asian c l ima t i c system. 

Changes in regional precipitation and 
temperature are recorded by variations in 
rock magnetic parameters and palynomorph 
assemblages from cores of Lake Hovsgol (see 
Figure 1). A quantitative paleotemperature 
proxy is available from oxygen isotopes of 
freshwater mollusk shells, and initial results 
suggest that this lacustrine temperature re­
cord can be supplemented by estimates of 
seasonality derived from 8 1 8 0 measurements 
of fossilized horse teeth. Particle size and 
rock magnetic analyses of soil/loess se­
quences suggest that Mongolia may be an im­
portant source of the thick eolian deposits on 
the Chinese Loess Plateau. Further studies of 
soils, loess, and paleosols are needed to de­
termine whether source materials in central 
Mongolia modulated the magnetic signature 
of Chinese dust deposits. 

Mongolian lakes can be expected to yield 
high-resolution records of central Asian cli­
mate change because they are located in the 
zone of overlap of two atmospheric systems. 

Mongolia Offers 
Climate 

The winter climate of Mongolia is dominated 
by the Siberian high, and summer climate by 
the Asian low. However, heavy rains brought 
by the Asian monsoon do not reach Mongo­
lia, and the climate is transitional between 
the monsoon belt of southern Asia and the 
subarctic climate of Siberia. 

A progressive decrease in precipitation 
from more than 400 mm/yr in the mountains 
of northern Mongolia to less than 100 mm/yr 
in the southern Gobi desert is reflected by the 
modern distribution of plant communities 
[Hilbig, 1995] . Northern mountain-steppe 
and forest-steppe complexes give way to 
steppe, desert steppe, and desert vegetation 
toward the south. The northern boundary of 
the forest-steppe vegetation zone lies just 
north of the Mongolian/Russian border. To 
the south, the Gobi desert marks the northern 
limit of modern C4 grasslands. Due to the dis­
tribution and proximity of these climatic 

zones and ecological boundaries, sediments 
and soils of Mongolia are likely to record tem­
poral variations in vegetation, stable isotopic 
composition, and pedogenesis associated 
with changes in the strength and geographic 
extent of the Asian monsoon. 

Mongolia also straddles a tec ton ic transi­
tion zone. Basins in northernmost Mongolia 
are part of the Baikal Rift Zone, a large, ac­
tive cont inental rift. Two of these basins, 
Darhad and Hovsgol, contain lakes with the 
potential to produce long pa leoc l imate re­
cords. In contrast to the extensional regime 
of northern Mongolia, compress ion in cen­
tral and southern Mongolia is a c c o m m o ­
dated by strike-slip and thrust faults, which 
were the loci of the four recent , very large 
earthquakes. The microtopography defin­
ing these surface ruptures is p ronounced , 
perhaps b e c a u s e the faults cut across do­
mains of frozen ground [Baljinnyam et al, 
1993] . Moreover, the dry c l imate and slow 
rates of erosion produced unusually well-
preserved fault scarps, which have b e e n the 
subject of recent multinational field studies 
[Ritzetal., 1995; Molnar and Prentice, 1996] . 
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Fig. 1. Route of the Mongolian field reconnaissance trip, showing topography, selected towns, 
lakes, and rivers, and locations of coring sites, paleosols, and proposed GPS stations. 

This page may be freely copied. 



Eos, Vol. 78, No. 31, August 5, 1997 

The principal goals of the field reconnais­
sance in Mongolia were to select sites for pro­
posed GPS receivers and col lect an initial 
suite of paleoclimate records throughout cen­
tral and northern Mongolia. Priorities in­
cluded a brief coring cruise on Lake Hovsgol, 
sampling surface sediments from multiple 
vegetation zones, and collecting soil samples 
from the Lake Baikal watershed. 

To this end, field work participants trav­
ersed approximately 2500 km of north central 
Mongolia (Figure 1), from the steppe surround­
ing Ulaan Baatar to the taiga of the northern 
Hangay Mountains and the forest-steppe south 
of Lake Hovsgol. A total of nine gravity cores 
were collected from four stations on Lake Hovs­
gol. In addition, 24 surface samples were taken 
for analysis of modern pollen rain, 50 horse 
teeth were collected for 5 1 3 C and 5 1 8 0 measure­
ments, and 13 soil/ loess profiles were sampled 
from exposed sections along the trip route. 

Three of the cores from Lake Hovsgol 
were left in Ulaan Baatar for study by Mon­
golian scientists. The remaining six cores 
were transported to the core repository at the 
University of Rhode Island, where they were 
split, described, and sampled for paleomag-
netic, palynological, and isotopic analyses. 
Due to the presence of Cambrian phos­
phorites and carbonates in the drainage, an 
initial accelerator mass spectrometry (AMS) 
date on bulk sediment is clearly too old. AMS 
dates of terrestrial plant fragments, including 
wood and pollen, are still pending, but pre­
liminary paleoclimate studies are promising. 
Laminated deposits of silt and clay, essential 
for high-resolution analysis of geomagnetic 
and palynological proxies, were recovered 
in most cores. Magnetic measurements of all 
six cores indicate that variations in magnetic 
concentration and mineralogy closely corre­
late to descriptions of lithologic composition 
and texture. Magnetic parameters may thus 
be used to provide insight on changes in sedi­
ment source, transport pathways, and paleo­
climate. 

Initial counts of pollen and spores reveal 
assemblages dominated by either Artemesia 
(sage) , which is indicative of forest-steppe 
vegetation, oxPinus sibirica (Siberian cedar) 
from the relatively cool and wet taiga. Migra­
tions of the forest-steppe/taiga boundary in 
response to changing temperature and pre­
cipitation can thus be reconstructed from the 
Hovsgol palynological record once AMS dat­
ing of terrestrial plant matter is completed. 

In addition to floral macrofossils, calcare­
ous mollusk, gastropod, and ostracod shells 
are present throughout the cores, indicating 
that Hovsgol has the potential to provide a 
long oxygen isotope record from central Asia. 
Sediment cores from nearby Lake Baikal (Fig­
ure 1) produced excellent records of many pa­
leoclimate proxies, including rock-magnetic 
properties, diatoms, palynomorphs, biogenic 
silica, and isotopes of organic carbon [BDP-93 
Members, 1997]. However, calcium carbonate is 

not preserved in the Baikal sediments be­
cause the lake is undersaturated with respect 
to carbonate. A long 8 1 8 0 record from bio­
genic carbonate of Lake Hovsgol would en­
hance understanding of terrestrial Asian 
climatic change and facilitate comparison of 
lacustrine data from Hovsgol with marine paleo­
climate records. 

In addition to the quantitative paleotem-
perature estimates from lacustrine proxies, 
fossilized mammal teeth may contain a re­
cord of past annual temperature variations. 
Currently, Mongolia has an extremely conti­
nental climate, with annual temperatures 
ranging from 15°C to -30°C in Tosontsengel 
(see Figure 1). Temperature is strongly corre­
lated with the stable isotopic composition of 
meteoric waters. 

Although there are no long-term stable iso­
tope records of meteoric waters in Mongolia, 
International Atomic Energy Agency data for 
Irkutsk, Siberia, and measurements of river, 
lake, and spring waters col lected during field-
work indicate that Mongolian precipitation 
has a 8 1 8 0 value of approximately -10 per mil 
in summer and -25 per mil in winter. A 5 per 
mil range in 8 1 8 0 of modern equid teeth 
likely reflects attenuation of the estimated 15 
per mil seasonal isotopic amplitude of sur­
face waters. Future measurements of 5 1 8 0 in 
the enamel of fossilized mammal teeth are ex­
pected to lead to approximations of paleosea-
sonality. 

Present dust-storm tracks suggest that the 
Mongolian Plateau may have been an impor­
tant source of eolian deposits on the Chinese 
Loess Plateau. Analysis of 13 soil profiles 
from sites along the trip route demonstrate 
that a vast area of central Mongolia is cov­
ered with silt- and clay-rich soils. Soil A hori­
zons (0 .5-1 .5 m thick) show enhancement of 
fine-grained magnetic particles and contain 
15-35% silt and clay. Bk horizons ( 1 - 2 m 
thick) are carbonate enriched, with lower 
magnetic concentrations, coarser magnetic 
grains sizes, and a greater proportion ( 3 0 -
55%) of dust particles. 

Bk horizons of Mongolian paleosols are 
thus a potential source of the ca rbonaceous 
Chinese loess deposits. If this proves to be the 
case, it is possible that the low magnetic con­
centration of the Chinese loess was inherited 
from parent material in Mongolia and does 
not relate directly to paleoclimate conditions 
on the Loess Plateau. 

Furthermore, a s equence of five paleosols 
exposed along the Tuul River (Figure 1) indi­
cates that the Gobi desert expanded and con­
tracted dramatically during the last 
glacial/interglacial cycle . Bulk 1 4 C dates 
place the ages of the four lower paleosols at 
approximately 24.5 kyr, 28.9 kyr, 30.7 kyr, 
and 34.4 kyr. Units containing 3 5 - 6 0 % eo­
lian silt attest to a r id i f i ca t ion b e t w e e n 
d e p o s i t i o n of the 28 .9 kyr and 30.7 kyr 
pa leoso l s . Vast changes in the areal extent of 
deserts would have altered the magnetic prop­

erties of soils, further modulating the mag­
netic signature of any loess deposits derived 
from the Mongolian Plateau. 

The success of future paleoclimate stud­
ies in Mongolia hinges upon the estab­
lishment of a modern baseline for multiple 
climate proxies. Therefore development of a 
Geographic Information Systems (GIS) data­
base for modern precipitation, temperature, 
vegetation, pollen rain, topography, and soil 
properties is strongly recommended. Mon­
golian researchers have already compiled 
data on climate, soils, and vegetation, which 
should be incorporated into the GIS data set 
and augmented by additional field col lec­
tions. The resulting database will provide a 
foundation for spatially distributed models of 
the impact of past and future climatic change 
on the vegetation and soils of Mongolia and 
facilitate calibration and interpretation of pa­
leoclimate records. 

Installation of six GPS receivers at sites 
throughout Mongolia would improve current 
estimates of slip on major faults. Three of 
these proposed sites lie on or near the trip 
route (Figure 1) in the extensional regime of 
northern Mongolia. Three additional stations 
are to lie in zones of compression to the 
south and west. Criteria for site selection in­
cluded evidence of bedrock outcrops and 
proximity to seismic stations or army bases to 
ensure proper monitoring and upkeep. Place­
ment of GPS receivers at these key locations 
would benefit multiple disciplines, because 
GPS technology can be used to acquire rela­
tively precise estimates of current fault mo­
tions, assess seismic hazards, and improve 
field location of climatic and ecological re­
search stations. 

A proposed bedrock-mounted GPS re­
ceiver with continuous monitoring near the 
Hatgal seismic station at the southern end of 
Lake Hovsgol (Figure 1) would advance 
other s c i ence objectives in the area by serv­
ing as a base station for transmitting differen­
tial GPS measurements to research stations 
on and around Lake Hovsgol. These measure­
ments would allow submeter sca le station lo­
cations, a substantial improvement over the 
hundred-meter level of resolution currently 
available. 

For more information regarding the 1996 
Workshop for Interdisciplinary Earth Sc i ence 
Investigations in Mongolia, including photos 
of coring stations and field sites, visit the web 
page: http://www.ldeo.columbia.edu/~sjf/ 
mongo.html. 

A c k n o w l e d g m e n t s 

Funding for the Workshop for Interdiscipli­
nary Earth Sc i ence Investigations in Mongo­
lia was provided by NSF EAR 96-30142. 
Thanks to the organizational efforts of the 
Mongolian Academy of Sc iences (MAS), the 
expertise and enthusiasm of participating 
Mongolian scientists P. Khosbayar, P. Galsan, 

This page may be freely copied. 

http://www.ldeo.columbia.edu/~sjf/


Eos, Vol. 78, No. 31, August 5, 1997 

and E. Ganbold, and the skillful diplomacy of 
our translator, O. Gonchig, field reconnais­
sance work was a tremendous success . We 
are particularly grateful to the General Scien­
tific Secretary of the MAS, T. Galbaatar, for as­
sistance with travel and meeting arrangements. 
The authors thank the following trip partici­
pants for contributing text and unpublished 
data to this article: Thure Ceding, Andrea 
Donnellan, Jordan Feng, and Bernard 
Hallet.—S. J . Fowell, Lamont-Doherty Earth 

Experiments to Study 
Our Atmospheric 
Environment 
PAGE 324 

Steven Businger, Prent ice Hall, Upper Saddle 
River, New Jersey, 190 pp., 1996, $30.67. 

The teacher of an introductory physics 
and chemistry course has many cho ices 
when it comes to laboratory manuals. Not so 
with atmospheric sc ience : texts devoted to 
learning the subject in a lab setting are lim­
ited in number and often in scope . A large 
portion of the available lab texts concentrate 
solely on exercises in synoptic analysis and 
forecasting skills, which while important do 
not convey the full range of the sc i ence and 
its applications. That is why Steven Businger's 
Experiments to Study Our Atmospheric Envi­
ronmentstands out among recent books de­
voted to teaching atmospheric s c i ence in the 
lab. 

Covering subjects ranging from atmos­
pheric optics to air pollution chemistry, this 
book presents a broad introduction to the at­
mosphere starting with fundamental physical 
principles. Not all of the book 's lab experi­
ments are equally inspiring, and in places the 
book may assume too much or too little so­
phistication on the part of the student. Never­
theless, Businger's new lab text is a well 
designed introduction to atmospheric sci­
e n c e that merits serious consideration by me­
teorology instructors. 

Experiments to Study Our Atmospheric En­
vironmentsets out, in the author's words, to 
"...give students of diverse academic back­
grounds an opportunity to explore and under­
stand the underlying physical principles of 
meteorology firsthand." The emphasis 
throughout is on the use of simple, inexpen-

Observatory, Palisades, N. Y.; and John Peck, 
Graduate School of Oceanography, University 
of Rhode Island, Narragansett, R.I. 
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cises, the primary emphasis of the book is on 
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The text is divided into nine sections cov­
ering atmospheric composition, pressure-
temperature relationships, solar radiation, 
water vapor properties, atmospheric optics, 
clouds and precipitation, the general circula­
tion, convective storms, and basic atmos­
pheric chemistry. Each section provides four 
to five pages of introductory material and 
two to five lab exercises. The exercises were 
selected to present key physical principles in 
straightforward ways, and by and large, they 
work. Most concepts are conveyed nicely in 
intuitive demonstrations. For example, the 
composition of the atmosphere is explored 
quantitatively using little more than a candle, 
a test tube, and a pan of water. Cloud forma­
tion and the role of cloud condensation nu­
clei is demonstrated neatly and effectively 
with a beaker of ice and a can of aerosol 
spray. 

Not all experiments are equally engaging 
and some could be developed better. A case 
in point is the lab activity on aerosols, which 
has the student passively col lect (by settling) 
large ambient particles for 48 hours and ex­
amine them with a magnifying glass. This ex­
ercise would be more valuable if geographic 
variations were included (sampling in sea 
shore, urban, and rural environments) and 
more ambitious apparatus were suggested 
(say, a vacuum cleaner inlet for sampling 

ing on Lake Ba ika l , Bugu lde ika s i te , south­
eas te rn S ibe r i a , Quat. Int., 37, 3 - 1 7 , 
1997. 

Hilbig, W., The Vegetation of Mongolia, SPB 
Academic Publishing, Amsterdam, 258 pp., 
1995. 

Molnar, P., and C. Prentice, International 
group examines earthquake rupture in Mon­
golia, Eos, Trans. AGU, 77, 35, 1996. 

Ritz, J . F., et al., Slip rates along active 
faults estimated with cosmic-ray exposure 
dates: Application to the Bogd fault, Gobi-Al­
tai, Mongolia, Geology, 23, 1019-1022 , 1995. 

and a microscope for viewing the impacted 
particles). The text could have related the 
captured particle amounts with ambient par­
ticle loadings, and a good instructor could 
then introduce the current debate about EPA 
particulate standards. Nonetheless, most of 
the experiments in the book demonstrate the 
author's c lear sense of which lab experi­
ences will connec t with a student in a brief 
lab session. 

The author suggests Experiments to Study 
Our Atmospheric Environment for an introduc­
tory atmospheric sc ience course, which is 
usually encountered at the undergraduate 
level. This is the level of the introductory ma­
terial for each section, which will probably re­
quire student preparation via lecture or lab 
instructor. On the other hand, many of the 
book's experiments strike the reader as 
rather elementary for a class of undergrads, 
particularly those entering with a reasonable 
high school sc i ence background. For exam­
ple, the lab experiments for the sunlight and 
climate topic involve temperature measure­
ments in front of heat lamps, while the intro­
ductory section assumes knowledge of 
blackbody radiation and the Stefan-
Boltzmann law. 

This seeming mismatch may work to the 
book's advantage, allowing it to be used by 
students at many levels: first-year meteorol­
ogy undergrads, nonsc ience majors looking 
for that s c i ence credit, and with appropriate 
classroom support, high school physics stu­
dents. Atmospheric sc ience is rarely offered 
at the secondary level, though it should be. 
Atmospheric phenomena present direct ex­
amples of the physical sc iences and could be 
used to introduce all manner of topics in a 
traditional high school physics or chemistry 
course. 

Experiments to Study Our Atmospheric En­
vironment provides instructors at several lev­
els with a valuable resource for courses in 
atmospheric, Earth, and/or basic physical sci­
ence . Its appealing approach and broad ap­
plicability make it a we lcome addition to the 
atmospheric sc i ence teaching literature.— 
James Marti, Aveka Inc., Woodbury, Minn. 
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