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Mound permafrost is common to the mountains of Altai, Kazakhstan, Mongolia, and China. Natural 
mounds in terrains affected Ьу seasonal and perennial cryogenesis are often hard to tell from manmade burial 
sites. Mounds in northwestern Mongolia have been found out to lie over ice-rich sediments that differ in color 
and structure and over standing Ьlocks, а setting typical of ancient tombs. The culturally undisturbed rocks 
beneath the mounds have lost their natural colors and structures as а consequence of frost heaving and weath­
ering. The high ice contents of cryogenically eroded bedrocks, as well as intense frost shattering and sorting of 
debris result from local flooding of the active layer under the mound. The periglacial processes appear to have 
acted for 3000 years after the burial mound had been put up. 

Archaeological sites in cold regions of the Earth 
(Arctic, West and East Siberia, highland Mongolia 
and China) often lie within past or present perma­
frost. The international multidisciplinary archaeo­
logical expedition of 2006, with permafrost scientists 
in the team, opened а new page in joint studies of the 
Earth's history [Molodin and Parzinger, 2006]. For ar­
chaeologists, who search for cultural objects and trac­
es of human activity, the natural environment is а 
substrate to act upon while permafrost is а mean of 
conservation and, besides, something that poses prob­
lems to excavation. For cryologists, however, perma­
frost is an ages-long record of natural and шan-caused 
events that took place during and after the burial. 
The Mongolia-2006joint team faced the challenge of 
identifying whether cryogenic structures in the vicin­
ity of mounds were of natural or cultural origin. 

The northern highlands of Mongolia, including 
the southern slope of the Sailyugem Range, belong to 
an area of dry continental climate and to а zone of 
permafrost [Melnikov, 1974] subject to related sea­
sonal thawing and frost shattering, heaving, and sort­
ing of rock debris. Polygonal patterns with soil wedg­
es, flat pentagonal mounds, dome-shaped heaves, 
rings and bands of debris, and standing stones resem­
Ьle manmade structures Ьу their geometry. The Sail­
yugem Range is known to Ье а place where several 
Bronze and Iroп Age burial sites with flat or uпder­
ground graves ( 4-0.1 kyr ВС) were found [ Polosmak, 
2001]. 

Geophysical surveys [Epov et а!., 2006] detected 
an ice lens and geometrical objects similar to burial 
chambers at depth to 2.5 m underneath Ulan-Daba-1 

mound (Fig. 1). The objectives of the project includ­
ed looking into the ice formation mechanism and 
checking the hypotheses of natural or manmade ori­
gin of geological heterogeneity, bearing in mind that 
there were cases of stepped multiple tombs. 

The mound of the Ulan-Daba Pass is located in 
the right-hand side of the Shetk-Oigor-Gol valley at 
the elevation 2577 m and rests upon an alluvial fan 
overlying the exarated surface of jointed schists. The 
fan (subaerial delta of а side tributary) apparently 
formed after glacier retreat in the second half of the 
Holocene, possiЬly, in а cold and dry climate [Dorofe­
nyuk, 2008]. Undisturbed rocks near Ulan-Daba-1 
mound comprise (Fig. 2, trench 1) (i) Ыасk modern 
and brown fossil stony soils, with relic holes of lem­
mings and mice; (ii) stratified talus and alluvial red­
dish-brown debris with sand and clay matrix and car­
bonate or iron-hydroxide coats. The sediments have 
low water contents (7.2-9.7 %). They were deposited 
in а subaerial environment, the deposition being ac­
companied Ьу shattering, debris sorting, soil forma­
tion, and repeated freezing of the active layer. The 
present active layer in the mound vicinity (southern 
side of а narrow valley) is 1.8- 2.0 m thick and lies 
over permafrost with the water content 9.2 % 
(Fig. 2). 

Prior to the excavations, Ulan-Daba-1 mound 
was а flat hill 15 m in diameter, rising 0.5 m above the 
ground surface, buried under modern soil with tilted 
schist Ыocks exposed at the center. The mound struc­
ture consisted of (i) а cover of clean small (under 
0.2 m) plate-like schist реЬЫеs and angular stones; 
(ii) а fence and an armor of clay-cemented round 
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Fig. 1. Excavation at Ulan-Daba-1 mound: 
ф- fragments of dismounted stone annor ( white dash line ); Ф- schist Ыocks, tomb remnants (yellow dash line ); ® - quadrangular 
contour of the false grave under the mound filled with whitish rocks (red dash line). 

boulders; (iii) а bank and large (0.5-1.1 rn) elongate 
Ьlocks which are fragrnents of а stone burial charnber 
at the center. The burial charnber collapsed and the 
depression becarne filled with schist реЬЫеs. The ex­
posed tops of the Ыocks looked eroded Ьу wind and 
thaw water while the lower parts were fixed with 
brown debris-bearing loarny sand, debris, and rnodern 
soil. Underneath there were pieces of hurnan bones 
with а 14С age of (2982 + 23) yr ВР (KIA31153) 1. 

The bank in the forrn of а flat hurnrnock was corn­
posed of loose debris with thin schist plates. Judging 
Ьу abraded carbonate crusts on the debris, the bank 
was built with the use of reddish soil and rocks picked 
inside the fence. The bank rnaterial showed higher 
water contents (16.5-29.0 %) than the rocks around 
the rnound (Fig. 2). 

Below the arrnor and the bank, there was а rect­
angular outcrop of unconsolidated light gray rocks 
including in situ debris and colorless schist plates. 
The rocks had no analogs arnong the local reddish­
brown deposits and were encircled with large stand­
ing schist Ыocks , which rnade thern looking like а 
filled gгave. The excavation section displayed а rect­
angular 1.5-1. 7 rn wide pit that crosscut stratified 

reddish-brown sedirnents and holes of soil-dwelling 
anirnals to а depth of 1.7 rn (Fig. 2). That was the ac­
tive layer with а depthward increase in water content 
frorn 5.5 to 15.5 %, containing rnore sand and less 
coarse deposits relative to the surrounding ground 
(Fig. 2). The pit floor was bounded fгorn below Ьу 
frozen coarse rocks. The pit was called а "false grave" 
as no burial was found on the floor. 

Further down the section (to the depth 2 rn) 
there followed coarse frozen ground cornposed of flat 
schist Ьlocks positioned tile-like one upon another 
and cemented with reddish sand and debris-bearing 
loamy sand with thin lens-type and reticulate cryo­
structures (water content 16.8 %). Note that tile pat­
terns are also typical of cultural structures. 

At the depth 2.0-2.5 rn there appeared the geo­
metric objects predicted Ьу geophysical surveys: stan­
ding flat schist Ьlocks with their juxtaposed narrow 
sides making up two adjacent angular-oval chambers 
(1.0 х 1.5 m) within the excavated area. The space in­
side and between the Ьlocks was filled with ice-bear­
ing debris loarn and sand upon а fractured basal layer, 
with water content 30-61 % (Fig. 2). Glassy ice 
formed up to 10 crn thick crusts around the Ьlocks 

1 Dated at Leibniz Laboratory for Radiometric Dating and StaЬle Isotope Research, Christian Albrecht University, Кiel, 
Germany. 

57 



U
1

 
0

0
 

о
 

N
W

 

IA
I 
~
 

G
ra

in
 s

iz
e 

co
m

p
o

si
tio

n
 a

nd
 w

a
te

r c
o

n
te

n
t o

f f
ill

in
g 

E
xc

av
at

ed
 m

o
u

n
d

 
T

re
nc

h 
1 

10
 

50
 

9
0

%
 W

, 
%

 
10

 
50

 
,.L

c
. 

.1
 ..
..

 11
\1

в 
25

. 5 
се

' 
.
.
.
.
 l

 
9

0
%

 W
,%

 
9

.7
 

9
.3

 

5
.5

 
1
"
~

-:
. 

f :-
>'1

1111
1§

 7
.2

 
7

.5
 

8.
8 

1
"
~

.-
: T

A
!ll

lll
§ 

9
.2

 
1

5
.5

 
2

1 
l
~

-:
-:

-т
:-

:-
:1

111
m 

16
.8

 
61

.3
 

m
 

r
.L

L
_

 
~1

 
.
.
.
 
ll
lR

 
3

0
.9

 

о
 

E
xc

av
at

io
n 

o
f U

la
n-

D
ab

a-
1 

m
o

u
n

d
 

5 
10

 

~
1
 
~
2
 

С
Е
]
з
 
~
4
 

1~
 ·:·

, l
 s 

а
 

Ь 

~
9
 
~
1
0
 

l:I
IIJ

 11
 

IS
Z2

j 
12

 
1 

'6
 

l 1
з 

а
 
Ь 

1 
-1

17
 
~
1
8
 
[
Ш
1
9
 

119
.3%

12
0 

1.
А.

 1
21

 

1:::
::::

J 2
s 

ll!
llJ

 26
 
~

27
 
[
Ш
]
2
в
 

Fi
g.

 2
. 

C
ro

ss
 s

ec
ti

on
 o

f U
la

n-
D

ab
a-

1 
m

ou
nd

 a
nd

 a
ll

uv
iu

m
 in

 S
he

tk
-O

ig
or

-G
ol

 v
al

le
y,

 S
ai

ly
ug

em
 R

an
ge

. 

1
5

m
 

so
 

о
 

2 3 m
 

~
6
 

. 
[JI

I2
17

 
IZ
ZJ
в 

. 
а
 

Ь 

Ш
Ш
J

14
 
Е
З
1
s
 
~
1
6
 

c
r
:J

2
2

 
l
~
l
2
з
 
~
2
4
 

N
at

ur
al

 e
nv
ir
on
me
пt
: 

1 
-

m
od

er
n 
Ь\
ас
k 

so
il;

 2
 -

fo
ss

il 
br

ow
n 

so
il;

 З
 

pl
an

t r
oo

ts
 b

ur
ie

d 
in

 s
itu

; 4
 -

bo
ul

de
rs

, Ы
oc
ks
, 

pl
at

es
; 5

 -
ro

ck
 d

eb
ri

s 
an

d 
an

nu
la

r s
tr

uc
tu

re
s;

 6
 -

sa
nd

, g
ra

ve
l;

 
7 

-
sa

nd
y 

lo
am

y 
sa

nd
; 8

-
lo

am
y 

sa
nd

; 
9 

-
sa

nd
y 

lo
am

; 
10

-
be

dr
oc

k 
(s

ch
is

t,
 s

il
ts

to
ne

, s
an

ds
to

ne
);

 1
1

-
so

il 
w

ed
ge

s 
(а
),
 b

ur
ro

w
 h

ol
es

 (
Ь)
; 

12
 -

m
ad

e 
gr

ou
nd

; 
13

 -
hu

m
an

 b
on

es
. 

C
ry

og
en

ic
 f

ea
tu

re
s:

 1
4 

-
fa

ls
e 

gr
av

e,
 z

on
e 

of
 fr

os
t 

w
ea

th
er

in
g;

 1
5 

-
pe

rm
af

ro
st

 b
ou

nd
ar

y;
 1

6
-2

0
 -

cr
yo

st
ru

ct
ur

e:
 1

6 
-

m
as

si
ve

 (
а)
, 

cr
us

t-
li

ke
 (
Ь)

, 
17

 -
le

ns
-t

yp
e,

 1
8 

-
re

ti
cu

la
te

 
(а

),
 b

as
al

 (
Ь)

, 
1

9
-
Ыо
сk
у,
 2

0
-

w
at

er
 c

on
te

nt
 (w

t.
 %

);
 2

1
-

su
rf

ac
e 

si
gn

at
ur

e 
of

 fr
os

t h
ea

vi
ng

; 2
2

-
su

rf
ac

e 
si

gn
at

ur
e 

of
 fr

os
t s

ha
tte

ri
ng

; 2
3

-
su

rf
ac

e 
re

m
na

nt
 p

ol
yg

on
; 2

4
-2

7
-

gr
ai

n 
si

ze
co

m
po

si
ti

on
:2

4 
-

20
.0

-2
.0

 m
m

,2
5 

-
2.

0-
0.

05
 m

m
,2

6
-

0.
05

-
0.

00
5 

m
m

, 2
7

-
le

ss
 t

ha
n 

0.
00

5 
m

m
. N

um
er

al
s 

in
 c

ir
cl

es
m

ar
km

an
m

ad
e 

st
ru

ct
ur

es
 (

m
ou

nd
 e
le
me

nt
s)
:Ф

-
st

on
e 

co
ve

r;
 С
2)

 -
st

on
e 

ar
m

or
; ®

-
de

pr
es

si
on

 m
ad

e 
Ь
у
 c

ol
la

ps
ed

 t
om

b 
st

o
n

es
;@

-
ba

nk
; (

5)
 -

fe
nc

e.
 

~ ~
 

:i
. 

с;
')
 ~ t:j :i

. 
~
 



PERIGLACJAL PHENOMENA IN ТНЕ ALTAI MOUNDS, MONGOLIA 

and enclosed thin layers of the host loam. The ice was 
found out to have nitrate-calcium-sodic major-ele­
ment chemistry with high contents of sulfates 
(21 mg/l) and magnesium (14.5 mg/l), and а trace­
element composition with V, Ti, Мо, W, В, Se, and Sr 
higher than in snow and ice fields, etc. 2 

The coarse deposits were underlain Ьу а shat­
tered surface of schists with eluvium (ice-filled verti­
cal cracks more than 0.5 m high and up to 0.05 m 
wide). 

The reported data indicate that the pit and the 
structure underneath the mound were not manmade, 
and the talus and fan deposits did not undergo later 
cultural perturbation. The schist Ыocks collapsed af­
ter the tomb had been looted and have survived till 
today making а depression which can retain snow. 
The light-gray rocks of the false grave were deposited 
in а subaerial delta and experienced post-depositional 
frost weathering and heaving in the active layer after 
the burial mound had been put up. 

The water content pattern, high ice percentage, 
and the anomalous chemistry of ice and eluvium im­
ply percolation of water enriched in organic and 
bronze particles, as well as local flooding of the active 
layer beneath the mound. The geometric structure of 
standing Ьlocks was produced Ьу sorting and emer­
gence during deposition and seasonal and syngenetic 
ground freezing. Snow retention upon the mound 
provided additional moisture supply to the perma­
frost surface and the formation of an ice-rich zone in 
alluvial fan deposits and in cryogenic eluvium. 

The structure of the culturally undisturbed and 
naturally altered rocks beneath Ulan-Daba-1 mound 
records the following sequence of events for the past 
12 kyr after the retreat of the Pleistocene ice sheet in 
that part of the Sailyugem Range: 

1. Frost weathering and formation of eluvium in 
the uppermost gray schist; 

2. Burial of eluvium on the side of the Shetk­
Oigor-Gol valley under subaerial alluvium of а tribu­
tary delta, about 8-4 kyr ВР, at а high stand of mo­
raine damlakes. The alluvium deposition was atten­
dant with seasonal and syngenetic freezing and 
formation of circular systems of standing stones simi­
lar to burial structures in their shapes and sizes; 

3. А stone armor, а bank, and а surface burial 
chamber were built about 3 kyr ВР; the collapse of 
the burial chamber caused snow retention in the de­
pression and ensuing local wetting of the active layer 
under Ulan-Daba-1 mound. That event was respon­
siЬle for the formation, in the upper permafrost, of 
segregated ice with its chemistry and high content 
unusual for the arid climate of the area; 

4. А discolored local rectangular zone formed for 
the past 3 kyr after the burial as а result of erosion 
and intense frost shattering of original dark deposits. 
Abundant sand particles and а relatively low content 
of silt at the site indicates incomplete frost weather­
ing [Konishchev et al., 2005]. 

Therefore, new evidence has been obtained that 
rocks within geometric zones beneath burial mounds 
can loose their natural properties as а result of local 
frost weathering. Thus, till nowadays, the works of 
ancient people influence natural periglacial processes 
and upper permafrost. 

The study was carried out as part of Basic Re­
search Programs of the Presidium of the Russian 
Academy of Sciences (20.7) and the RAS Earth Sci­
ence Department (11.4). 

References 

Dorofenyuk N.I., 2008. Paleogeographic Reconstructions for 
Last Glacial and Holocene Inner Asia [in Russian]. Author's 
Abstract, Doctor Thesis, Moscow, 49 рр. 

Epov М.1., Manshtein А.К., Manshtein Yu.A., et al., 2006. 
Resistivity surveys for frozen Pazyryk tombs in Altai, in: 
ProЬ!ems of Archaeology, Ethnography, and Anthropology of 
Siberia and. Adjacent Areas [in Russian]. IAET SO RAN, 
Novosiblrsk, XII (1), 510-515. 

Konishchev V.N., Lebedeva-Verba М.Р., Rogov V.V., et al., 
2005. Cryogenesis of Holocene and Late Pleistocene Deposits 
in the Altai and Periglacial Regions of Europe [in Russian]. 
GEOS, Moscow, 133 рр. 

Melnikov Р.1. (Ed.), 1974. Geocryology of Mongolia [in 
Russian]. Nauka, Moscow, 200 рр. 

Molodin V.I., Parzinger Н., 2007. An international team of 
scientists investigates а tomb of an Altai nomad. National 
Geographic Russia, 6. 

Polosmak N.V., 2001. Ukok Riders [in Russian]. INFOLIO­
press, Novosiblrsk, 336 рр. 

Received 
7 February 2011 

2 Analyzed at Limnological Institute, Irkutsk, Ьу Prof. T.V. Khodzher and Dr. L.P. Golobokova. 

59 


