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Fig.2 Electronic probe scanning curves running parallel to the
surface of rock varnish in an ice-free cirque

VRU=-1—2, Mn al.68mm
0 T Al T T

® VRU—1—12. Fe
T

150
L
oy poor )

A erdalh el !
VRU—1—2, M e
—F T T

RU—1—2. Si
o T T T
A00}- 4

. 'mJ—l—z.Ju:

YRU~2—2, Mn
—~—r —

15

VRU-—-3—-2, Mn
= T

VRU—3—~2. Fe
00

° L
VRU-—-3—2, M
200

VRU—3~-2 Ellﬁnﬂ: #Ei I&a!.' -
0.0 0.8 1.0 1.5 2.0
B3 R SEAFHETK B0 BT

JCEE T E
Fig.3 Electronic probe scanning curves running vertically to
the surface of rock varnish in an ice-free cirque
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Fig.4 Micromorphologies on the surface of rock varnish in an ice-free cirque (SEM images)
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Tab.1 Meteorologic data observed by the hydrology

station located in an ice-free cirque in the headwaters of the
Urumgi River during the period of 1986 —1998

F 4 FFHRE O FRAKE (mm) AR (%)

1986 -9 3816 64
1987 -12 3816 66
1988 —74 448.0 66
1989 —76 4488 69
1990 —6.1 3539 69
1991 —6.8 471.7 66
1992 —6.7 409.3 63
1993 —63 4437 70
1994 —6.5 4598 65
1995 -7.1 367.6 66
1996 -72 484.5 69
1997 —59 316.0 67
1998 —52 420.1 76
] —6.7 414.4 67
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Micromorphologies, Chemical Compositions and Genesis of the Rock Varnish

under Alpine Periglacial Environment in the Tianshan Mountains

FU Hai-rong, LIU Geng-nian, WEI Xia, ZHANG Xiao-yong
(College of Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: At the headwaters of the Urumqi River in the Tianshan Mountain, Mn-rich black rock varnish outcrops
are scattered in an ice-free cirque with an elevation above 3 800 m a.s.l. In this paper, a suite of rock varnish
samples which were cut into slices in the two directions that respectively runs parallel and vertically to the
varnish surface are collected in the field. Vertically to the surface, the electronic probe line scanning analysis is
applied to detect the contents of the major elements including Mn, Fe, Al, Ca, Mg, Si, etc. in the rock varnish. The
experiment reveals that the Mn/Fe ratio varies in a range of 3:1~6:1. The scanning lines are set running vertically
to the varnish surface to determine whether there is genetic relation between the rock varnish and the underlying
substrate, which reveals that the rock varnish is of external origin. It is found that on the vamnish-rock interface,
completely different contents of elements Mn, Fe, Al, Si, Mg are shown toward the orientation to the varnish and
to the bedrock. The typical varnish micromorphological continuum from lamellate pattern to semi-botryoidal and
botryoidal patterns was observed with scanning electronic microscopy (SEM). The outlines of the typical
botryoidal bodies are observed and described detailedly in the article. Distinct interface between the varnish and
the underlying crystal is present likewise. In addition, the clay minerals may play an important role in the
formation of the rock varnish. In the ice-free cirque, the factors affecting locally the growth of rock varnish, such
as the temperature, precipitation, sunshine, humidity, alkalinity, organic matter content, and level of ambient dusts,
appear to favor the formation of the Mn-rich black vamish. Alveolate caves carved on the varnish nodules ascribe
to presumedly the acidic erosion from the acidic contamination in the Houxia region where several industrial
factories are located. In the riverhead area of Urumqi River, pH value of the surface water and aerosol is neutral
to mildly alkaline, which could not offer the obligatory acidic environment to the chemic erosion on the vamish
surface. It is supposed that the atmospheric pollutants are transported to the headwaters of the Urumqi River

upstream along the valley and sunk onto the varnish surface with precipitation.
Key words: periglacial environment; headwaters of the Urumgi River; ice-free cirque; rock varnish



