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Abstract  Located on the centre of ice drainage range, the highest Dome Argus (Dome A) of East Antarctic Ice Sheet (EAIS), 

could be represented as an ideal site for deep ice cores drilling containing oldest paleo-climate records. To select a suitable drilling 

site for deep ice core, it needs gather all information pertaining to the local meteorology, ice sheet landforms, ice thickness, subgla-

cial topography of bed rocks, ice velocity, internal structures of ice sheet, etc. Based on the International Partnerships in Ice Core

Sciences (IPICS), we present recent achievement of glaciological research and its perspective at Dome A in this paper. We system-

atically discussed the merits and possible ventures of potential drilling sites around Dome A. Among all the candidates, we find

that the Chinese Antarctic Kunlun Station is the best site for carrying out the first deep ice core drilling campaign. We emphasize 

and assess further the possibility to obtain a replicate core for studying dynamics and evolution of climate change. 
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0  Introduction* 

One of the hot issues on the Earth's climatic dynamics is 

whether the primary driving force of climate change comes 

from one hemisphere, or due to the coupling of both the 

northern and southern hemispheres. Deep sea drilling pro-

vided insight to resolve such problem. Marine sediment 

data covered millions of years of global climate change. 

Other sophisticated method to characterize the process of 

climatic change is deep ice core data. The ice core record of 

the northern hemisphere reaches back the past 150 000 a, 

while that of the southern hemisphere dates back over past 

800 000 a. Vostok ice core data from the Antarctic conti-

nent extends back over 420 000 a and clearly shows the last 

4 glacial-interglacial cycles[1]. Data from the European 

Project for Ice Coring in Antarctica (EPICA) in Dome 

Concord (Dome C), which is about 350 km from Vostok 

Station, covers the eight glacial cycles during the past   

800 000 a[2-4]. At Dome Fuji (Dome F), Japan has drilled 

two ice cores; the first (1995—1996) contains climate re-

cords extending over the past 320 000 a[5], the second (2003
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—2007) dates back to 720 000 a BP[6]. The comparison of 

such ice core data from the East Antarctic Ice Sheet (EAIS) 

provided us abundant knowledge, coupled with the geo-

chemistry and paleontology data of deep sea sediments, 

advanced effectively the new knowledge of the global cli-

matic evolution. 

The Taylor Dome ice core has strongly indicated the 

presence of a “Greenland type” of climate change, such as 

its rapid warming during the last glacial period, implying a 

non-synchronous climate change between the two hemi-

spheres[7]. A comparison of ice cores from the Siple Dome 

and Taylor Dome suggests that climate change is not uni-

form even in the Antarctic continent. However, most ice 

core records from different locations show that there are 

similarities in climate information, for example, the com-

parison between the data from EPICA Dome C and that 

from the Vostok ice core. Based on the Dome F ice core 

record, Watanabe et al.[5] found that the EAIS experienced 

three continuous periods of glacier retreat, which is very 

similar with the classical record in Vostok. Taking into ac-

count that the distance between Dome F and Vostok station 

is about 1 500 km, this indicates that Vostok/Dome F ice 

core records seem to be a good representative of the surface 

temperature change in whole southern hemisphere scale. 

Regarding to the contradict data between Siple Dome and 
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Taylor Dome, it could be either a glaciological illusion or a 

local phenomenon. In addition, the oxygen isotopic data of 

marine sediment indicated that the youngest climate cycles 

of 40 000 year appeared between only 1.3 Ma to 1.2 Ma 

ago. Given the facts, depending on the boundary conditions 

(such as greenhouse gas concentrations and ice volumes) as 

inputs, the numbers of digital climate models can easily 

simulate some characteristics of the present climate system, 

but they cannot obtain the multiple features if they use only 

the planet orbit factors. Humans are still unable to effec-

tively simulate climate evolution, or even the mechanisms 

behind the corresponding climate change[8]. Specifically, it 

is still unclear why the 100 000 year climate cycles to be-

come dominant during last 0.8 Ma, and why the earth still 

remains in the Holocene interglacial cycle. To better under-

stand the details of the Earth’s climatic behavior and its 

evolution, it is necessary to find an ice core record extend-

ing through over the past 1.5 Ma. According to the regular 

synthetic observations in the Dome Argus (Dome A) region 

by Chinese National Antarctic Research Expedition (CHI-

NARE), the oldest ice core records might be located in the 

center of Dome A of the East Antarctic interior (Figure 

1)[9-10]. Because the reconstruction (inversion) of paleocli-

matological information should be influenced not only by 

temperature but also by precipitation, moisture transport, 

deposition, ice flow and other complex environmental fac-

tors, the discussion of the environmental conditions in the 

suggested ice core drilling locations before the drilling en-

gineering is necessary. This article summarizes the results 

of glaciological research and discusses the developments in 

near future of the deep ice core plan at Dome A. 

 

Figure 1  Dome A and other deep ice core sites in Antarctic Ice 

Sheet (Datasets from BEDMAP and MODIS Mosaic of Antarctica 

Image Map). 

1  Dome A and its environmental characteris-

tics 

Dome A, located at the top of the Gamburtsev mountains of 

EAIS, is the ice divide that is highest and farthest away 

from the Antarctic coastline[11]. In glaciology, Dome A is 

considered to be a likely site for searching testimony of the 

origin and early evolution of the ice sheet, the history of ice 

flow, and for testing simulation results from ice sheet mod-

els.  

Since the twenty-first Chinese National Antarctica 

Research Expedition (the 21st CHINARE) first reached 

Dome A by ground-based travel in the 2004/2005 season 

and conducted a systematic survey, China has carried out 

three surveys at Dome A, in 2007/2008 (the 24th CHI-

NARE), 2008/2009 (the 25th CHINARE), and 2009/2010 

(the 26th CHINARE), respectively. A number of data was 

obtained. In particular, during the 25th CHINARE, the 

Chinese established an Antarctic inland station—Chinese 

Antarctic Kunlun Station (80°25.02'S, 77°06.97'E), which 

further strengthened the ability to make direct observations 

in the Dome A region. By analyzing and researching the 

datasets, it has been found that Dome A, where many 

unique environmental characteristics exist, is likely to be an 

ideal location for deep ice core drilling. Satellite data show 

that around the center of Dome A, the strike of the region is 

northeast- southwest with a width of 10—15 km, length  

60 km, and a total area of about 800 km2. In 2005, the 21st 

CHINARE found, using GPS, that the exact location of 

Dome A was located at coordinates (80°22'01.63"S, 

77°22'22.90"E). The elevation is 4 092.46 m above sea 

level, about 1 228 km away from Zhongshan Station[12-14].  

In 2005—2006, a continuous temperature record at a 

depth of 10 m by an automated weather station shown that 

the annual mean air temperature of the region is about  

-58.3℃. The temperature measured is lower than that of the 

domes in the EAIS, such as Dome C, Dome F, Dome B, 

and also lower than that of the Vostok station. Therefore, 

this is the lowest annual mean air temperature that has been 

recorded on the surface of the planet[14]. With regards to 

precipitation patterns, based on the horizon of β activity and 

ice core density profiles, Hou et al.[15] calculated recent 

accumulation rates at Dome A over recent 40 years. They 

found that the average annual accumulation rate was 23 mm 

water equivalent. This value is comparable to that measured 

at the other inland sites of Antarctica, such as Dome C with 

30 mm water equivalent, Vostok with 23 mm water 

equivalent, Dome B with 38 mm water equivalent, and 

Dome F with 32 mm water equivalent. They also confirmed 

that clear-sky precipitation is the dominant mechanism in 

the Dome A region. The results reported by Xiao et al. [14], 

based on the changes in elevation of the snow surface in 

2005 and 2006, showed that the total snow accumulation 

recorded was about 0.01—0.02 m in water equivalent per 

year. This implies that Dome A experienced extreme 

drought and the lowest snow accumulation rates in the East 

Antarctic Plateau. Model results also indicated that the sur-

face energy balance at Dome A was compensated by nega-

tive net radiation and positive sensible fluxes, and that the 

sensible heat was, on average, transported from the atmos-

phere to the snow[16]. 
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2  Shallow ice core 

Drilling shallow ice cores would greatly improve the accu-

racy of site selection in the deep ice core plan. By using a 

109.91 m long recovered ice core in 2004/2005, Hou     

et al.[17] found that the termination depth of the bubbles was 

about 102.0 m with an ice age of about 4 200 a. Their study 

also showed that Dome A is a highly significant hub for the 

Antarctic deuterium excess, with an increasing trend, which 

may reflect the overall migration effect of the moisture 

sources towards the equator during the late Holocene. 

Combining the information obtained from stable isotopes in 

the ice cores from the EAIS inland, it can be derived that 

the climatic conditions of the Late Holocene were more 

stable in the East Antarctic interior. 

3  Ice flow 

Understanding the state of ice flow around drilling site is 

particularly important in ice core drilling plans. Near the 

location  of  the  ice  dome,   the  horizontal  component  of  ice 

velocity is negligible when compared to the vertical com-

ponent, in theory, and can be ignored. This is a critical rea-

son for drilling deep ice cores in the vicinity of the ice 

domes[18]. According to recent observations by GPS, the 

horizontal velocity of the ice at distances from Dome A of 

150 km and 230 km is 1.3 m·a-1 and 3 m·a-1 respectively, 

and within Dome A, the velocity is close to zero[19]. At a 

radius of 300 km from Dome A, the flow rate is less     

10 m·a-1. Preliminary simulation results, obtained by Huy-

brechts from a three dimensional ice sheet dynamics 

model[20], also showed that the mean velocity of the ice is 

close to zero within the Dome A region, where the tem-

perature of the ice base is the lowest within the EAIS (Fig-

ure 2). In addition, Li et al.[21] constructed a two-parameter 

roughness index of the bedrock elevation to describe the 

subglacial landscape. Using the calculated results of the 

roughness index from the base of Dome A, they found that 

the features of the subglacial topography of Dome A corre-

sponded to lower rates of deposition from erosion, indicat-

ing that the bottom has a colder and slower ice flow. These 

results reinforce the conclusion that the ice velocity at the 

bottom of Dome A is low. 

 

Figure 2  Vertical mean velocity and basal temperature of Antarctic Ice Sheet by a three dimensional ice model[20]. 

An effective way of reconstructing the ice flow within 

the ice sheet is to combine all the information from the 

Crystal Orientation Fabric (COF) of ice. By analyzing the 

relationships between the characteristics of radar reflection 

and the COF types from the Dome A region, it can be 

shown that the COF type from this area is predominantly 

elongated single-pole, and there are remarkable differences 

among the various COF at the orientation of the principal 

axis. This may reveal the deviatory clockwise changes of 

the ice flow orientations at different depths within the ice 

sheet[22]. 

4  Electromagnetic properties of ice 

To understand the dynamics of the ice sheets and therefore 

its current evolution, there are essential factors that need to 

be studied in order to obtain the temporal and spatial dis-

tribution of the stress and strain rates within the ice sheet. 

The differences among the stress and strain rates of the ice 

directly initiate the corresponding changes in the COF. 

Changes of COF can result in the presence of anisotropic 

dielectric conductivity, which is expressed by the 

dual-reflections and the anisotropic reflections of the elec-

tromagnetic waves within the ice sheet. Results from a 

three dimensional electromagnetic finite difference model 

simulation showed that the reflection power of the ice at 

different depths and different directions, at Dome A, are 

significantly different. Furthermore, at less than 800 m in 

depth, there also exist differences in the phase, which is 

derived from the change of dielectric constant and related 
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ice density variations in the shallow ice sheet. Above 800 m 

in depth, the reflection phases are similar[23]. Based on 

datasets from a dual-frequency radar (60 MHz and 179 

MHz) echo detection along the Zhongshan Station—Dome 

A transect of the Antarctic ice sheet, Jiang et al.[24] found 

that the electromagnetic scattering characteristics of ice: 

radar echo energy attenuation of a 60 MHz antenna is faster 

than that of a 179 MHz antenna, at a depth of 100—700 m, 

and consequently, the radar-reflecting layer formed is due to 

variations in density of the ice. 

5  Ice thickness and surface elevation 

Knowledge of ice thickness is of great importance, not only 

for knowing how deep to drill, but also for determing partly 

the dynamics of the ice flow by the ice thickness distribu-

tion in the vicinity of the observed area. The maximal ice 

thickness of Dome A, obtained by the radar survey during 

the 21st CHINARE, is more than 3 000 m (Figure 3). 

 

Figure 3  Internal layers and bed topography at Dome A from ice 

radargram. 

BEDMAP provides a coarse, gridded dataset of the ice 

thickness of East Antarctic Plateau, including a low-resolu-

tion map of the ice thickness in the Dome region by inter-

polation methods[25]. Currently, a new and high-resolution 

digitized map of the ice thickness and subglacial topogra-

phy, around the central region of Dome A, has been ob-

tained. By mapping the data from the two ground-based ice 

radar surveys during the 21st CHINARE and the 24th 

CHINARE, Cui et al.[26] generated a three dimensional rep-

resentation of the ice thickness distribution as well as a 

subglacial topography Digital Elevation Model (DEM), 

covering the central 30 km×30 km region at Dome A, with 

a 140.5 m × 140.5 m grid resolution. The map indicates that 

the average ice thickness in the Dome A central area is up 

to 2 200 m, with a minimum of 1 618 m and a maximum of 

3 139 m around Kunlun Station (Figure 4). New research 

shows that 24% of the base in the Dome A region is fro-

zen-on ice. The maximum thickness of frozen-on ice is 1 

100 m. In some locations, up to 50% of the ice thickness 

has been contributed from basal[27]. The subglacial topog-

raphy, with elevation from 949 to 2 445 m above sea level, 

is sharp, and the elevation of the relatively flat ice surface is 

between 4 070 m and 4 090 m. 

 

Figure 4  The distribution of ice thickness with a contour inter-

val of 200 m in the central 30 km×30 km region at Dome A[12] . 

6  Subglacial landscape 

The Radar information from the 21st CHINARE revealed 

the subglacial landscape of the Gamburtsev mountains be-

neath Dome A. The landscape showed that, beneath the ice, 

there exists a U-shaped valley with a vertical drop of 432 m 

and an area of 562 km2 (Figure 5). The geometry implies 

that the subglacial landscape is due to the superposition on 

and exploitation of the previous fluvial topography, and 

erosion from subsequent valley glaciations. The formation 

process of U-shaped valleys may undergo three phases of 

glaciations[28]. This landscape form has also been found in 

other places of the planet where there have been periods of 

glaciation. Figure 5 provides an example of U-shaped val-

ley from Wales, which experienced glaciation when the 

region was covered by the Scandinavian ice sheet. The gla-

cial landform suggests that the Gamburtsev mountains be-

neath Dome A are probably older than 34 Ma and is a main 

centre for ice sheet growth[28]. 

Recently, the AGAP (Antarctica’s Gamburstev Prov-

ince Project) expedition imaged the internal structure of the 

entire Gamburtsev mountains range by airborne radar sur-

vey. The survey showed that there is complex structure at 

Dome A. Besides surface accumulation, another primary 

mechanism for growth of the ice sheet is a large amount of 

frozen-on ice accumulating from the base. This phenome-

non can be explained by the mechanical processes of con-

ductive cooling and glaciohydraulic supercooling of sub-

glacial water[27]. Such results illustrate that the fundamental 

structure of the ice sheet has changed through basal accre-

tion with freeze-on ice. This will damage the climate re-

cords contained in the ice and influence the future drilling.  

7  Internal layering structure 

Radar profiles are used to image the internal layering ar-
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chitecture in ice sheets. The internal layers are known as 

“isochrones”[29]. It is believed to characterize the changes in 

dielectric permittivity of the ice. There are three mecha-

nisms that lead to differences in the dielectric properties: 

changes in density of the shallower ice sheet, acidity, and 

COF of the deeper layers (>500 m)[30]. An important appli-

cation of isochrones is to compare the sites with existing 

deep ice core drilling operations and potential candidate 

sites for drilling, and therefore the corresponding depth-age 

relationship of the candidate sites can be obtained. Further, 

through subsequent dating of ice, the past accumulation 

rates of ice can be estimated by numerical models[31-33]. 

There are other realistic applications for the internal isoch-

rones: (1) to assess the ice deformation, and calculate the 

spatial distribution of the ice velocity field[34]; (2) to discuss 

the stability of the ice sheet[35]; (3) to investigate the proc-

esses of the ice flow disturbances by using the internal lay-

ers and subglacial topography[36]; (4) to analyze the correla-

tion between COF of ice and echo-free zones[37]. For site 

selection for deep ice core drilling, collecting all available 

data on the internal layering structure around the proposed 

site is a critical step. In general, to ensure that a continuous 

depth-age curve of the ice core record is obtained, the loca-

tion of deep ice core drilling should be selected in the vi-

cinity of a ridge or a dome, with flat and smooth isochrones 

shown in the relevant radar profiles[38-39]. 

Based on the radar information from Dome A by the 

21st CHINARE，Tang et al.[40] mapped the spatial distribu-

tion of the internal layers along a radar profile with length 

~200 km, and analyzed the structure and the deformation of 

the layers (Figure 6). Several sites were selected as candi-

dates to drill deep ice cores. Their main findings were that 

the shallower layers are compact and flat, and there exist 

some typical synclines and anticlines in local regions as 

well as some continuous bright layers in the middle ice 

sheet. The results also showed that the internal layers are 

asymptotic, parallel to the subglacial topography, if the 

basal topographic wavelengths are equivalent to the ice thi- 

  

Figure 5  Ice surface and subglacial topography at Dome A. a, Ice surface and three dimensional subglacial topography in the 30 km×  

30 km region with the center point Kunlun Station[12]. b, Two dimensional subglacial topography DEM[28]. c, A U-shape valley at Wales 

(This photo is provided by Siegert M J). 

 

Figure 6  A Z-scope and A-scope radargram with frequency 60 Hz at Dome A（left: Z-scope; right: A-scope corresponding to the ver-

tical red line in Z-scope). 
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ckness. There exist also some discontinuous layers or 

echo-free zones in the bottom of the ice. Recently, Bell et 

al.[27] imaged the internal reflectors within the echo-free 

zones near the base. The imaging shown that there are two 

populations of reflectors in proximity to each other, one 

found adjacent to the high ridges of the Gamburtsev Moun-

tains, and another found along the steep valley walls be-

neath the Kunlun Station.  

8  Discussion 

Based on the aforementioned summary of the environ-

mental factors at Dome A, we have been able to initially 

identify that Dome A should represent a potential deep ice 

core drilling site. More detailed analysis should be carried 

out when we analyze the complexity of drilling preparation 

work. 

The deep ice core drilling program is expected to ob-

tain an Antarctic ice core record covering at least the past 

1.3 Ma (the ideal situation is that of 1.5 Ma) and containing 

several 40 000 year climate cycles. The main reason is that 

the transition of the climate cycles from the 40 000 year 

periodicity to 100 000 year periodicity occurred in the last 

1.3 to 1.2 Ma ago[8]. A convenient way of selecting drilling 

locations is to compare the drilled site of deep ice cores and 

Dome A by tracing the radar profiles. The current view is 

that the best way of obtaining a reliable and continuous ice 

core record is to obtain ice samples with larger geometric 

lengths. Of interest in the site selection is the number of the 

continuous internal layers traced. Obviously, the older ice 

core records will be at the bottom of the ice sheet, where 

there is lower accumulation at its ice surface. However, the 

lower accumulation rate is always involved in the risk of 

flow disturbance and layer distortion. Layer distortion may 

lead to the failure of restoring climate records in the ice. 

The most effective method of assuring the integrity of the 

deep ice core record is to obtain at least two deep ice cores 

around similar sites, such as that of GRIP, Dome F and 

Dome C. Therefore, we suggest that the goal of the drilling 

program should be to obtain at least two ice cores in differ-

ent locations around Dome A. 

   From the environmental information about Dome A in 

the preceding discussion, it is known that there exist some 

sites, with high ice thickness, lower ice accumulation rates, 

small flow velocity, and flat and smooth internal layers, 

satisfying the preconditions for drilling for older ice cores. 

To limit the site selection, it is essential to search for those 

sites with small flow disturbances, relatively flat ice bases, 

and low ablation. In addition, according to the conclusions 

by Bell et al.[27], widespread freeze-on ice area was found at 

the base of Dome A, which will likely change the ice 

rheology and the ice flow. Thus, the freeze-on ice area 

should be first identified and eliminated. Radar images can 

be used to discriminate areas with obvious rough bedrock 

and basal freeze-on ice. However, Dome A, because of the 

possible presence of complex basal processes, it might not 

be one of the locations with the oldest ice in Antarctica.  

To comprehend all the information from the interior of 

the ice sheet and the ice flow of the subglacial ice/rock in-

terface, numerical ice models should be developed. Al-

though accurate ice flow models for depicting Dome A have 

not yet been completed, there have been favorable condi-

tions for supporting model development. First, the ice 

thickness, the elevation, and the subglacial topography of 

Dome A have been obtained. Second, the data from recent 

ice surface velocities and surface accumulation rates have 

also been collected (primarily in some sparse observational 

positions).Third, the internal layers revealed in radar pro-

files were recently traced by comparing the Vostok ice core 

with Dome A; this will be used to date the shallow and in-

termediate layers of the ice sheet (another important aspect 

of the simulation work is to estimate that age of deep inter-

nal layers and the temperature of the base, as well as to in-

fer the dynamics history of ice flow ). 

   There are two major applications in the plans for future 

ice cores: (1) establishing a chronology of the deep ice 

cores at any depth; (2) designing algorithms for the paleo-

climatic proxies contained in the ice cores in order to infer 

temperature, ice accumulation rates, and other climate fac-

tors. Because many uncertain elements are involved in the 

process of dating ice cores, it is necessary to additionally 

discuss such issues in the planned deep ice core program at 

Dome A. Historically, the accuracy of ice core dating has 

been gradually improved through the high-resolution iden-

tification of annual ice layers. Greenland ice core dating 

reaches back to over the past 100 000 a. However, the reso-

lution of ice core dating, by visually counting annual ice 

layers, is low in the EAIS because of its lower precipitation. 

Parrenin et al.[41] estimated the uncertainty of the Vostok 

timescale to be ±15 000 a. The dating procedures for Ant-

arctic ice cores are so complex that it is difficult to clarify 

what conjectures should be used. The dating of ice cores 

from Dome F was also determined by the method of Par-

renin et al.[41], which involved the use of orbital tuning such 

that it can be used to determine the conjunction points of 

the curves of the Dome F proxies and Vostok proxies. Par-

renin et al.[42] established a new chronology for Dome C by 

using a combination of various age markers and an ice flow 

model, which involved the use of independent age markers, 

inverse methods, synchronization, and correlation methods. 

Based on a stratigraphic link between Dronning Maud Land 

(DML) and Dome C that consists of 322 volcanic match 

points, and a transfer of data using the link between the two 

cores through the information from a glaciological model at 

Dome C, a chronology for the deep ice core from DML was 

developed by Ruth et al.[43]. Their results implied a complex 

ice flow history for the entire depth of the DML ice core. 

However, all dating methods have advantages and short-

comings[41]. We can predict that similar problems to those 

already mentioned will appear in the chronological study at 

Dome A in different degrees. For this reason, special meas-

ures should be aimed at rectifying these problems before 

the drilling commences. 

Before selecting the drilling sites, detailed ground- 
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based and airborne radar investigations would be required. 

At present, the Chinese Inland Traverse Expedition (CITE) 

has obtained a ground-based gridded radar profile with an 

area of 900 km2 around Dome A. Other inland traverse pro-

jects using airborne radar surveys were also carried out to 

cover the Dome A region, such as IPY TASTE-IDEA 

(International Polar Year, Trans-Antarctic Scientific Trav-

erses Expeditions—Ice Divide of East Antarctica)[44], 

DOCO (Dome Connection East Antarctica) plans of Alfred 

Wegener Institute[45], and AGAP project[27]. These surveys 

will greatly improve the ability to acquire suitable drilling 

sites. 

9  Summary 

Integrating the climatic and environmental information in 

the Dome A region, at the location of Kunlun Station 

(80°25.02'S, 77°06.97'E), there is higher ice thickness, low 

estimated basal temperature and basal ice velocity, low sur-

face ice velocity and surface temperature, flat bed and 

smooth internal layers, and low snow accumulation rates, 

satisfying the necessary conditions of finding older ice and 

investigating the past and future stability of the Antarctic 

Ice Sheet. Thickness of the ice samples from the Kunlun 

Station might contain long and highly detailed climate re-

cords as well as speleothems, environmental records. For 

contributing to understand the mechanisms behind the ini-

tiation of deglaciation, the freeze-on ice accumulating 

process and the subglacial environmental conditions, the 

first deep ice core drilling campaign should be made, even 

though its core record is unlikely to be longer than the re-

cords from Dome C, DML, Vostok and Dome F. In order to 

obtain the best possible climate record, ice core information 

that includes water isotopes, COF, volcanic eruptions, pre-

cipitation patterns, trapped gases (carbon dioxide, methane), 

and biological materials should be satisfied. A replicate 

coring program will be necessary after the first drilling 

campaign near the Kunlun Station. 
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