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Abstract. The Karadala groundwater field in southeastern Kazakhstan is an important source of fresh confined groundwa-
ter and a potential low-temperature geothermal resource. This study aimed to characterize its hydrogeological setting and tem-
perature heterogeneity within a defined study area on the left bank of the Ili River using archival records from 1968-1971 and
hydrogeological survey materials from 2022-2024. A dataset comprising 15 wells located within the study-area polygon was
analysed using descriptive statistics, Pearson and Spearman correlation analyses, and ordinary least-squares regression to as-
sess the relationship between reported well depth and groundwater temperature. Well depths ranged from 420 to 663.5 m,
while groundwater temperatures ranged from 22.0 to 42.4°C. A moderate positive relationship was observed between depth
and temperature (Pearson’s = 0.554, p =0.032; Spearman’s p = 0.666, p =0.007; R?=0.307), together with pronounced
temperature differences among wells of similar depths. The results indicate that well depth explains only part of the observed
temperature variability and that the potential effects of localized groundwater flow, aquifer mixing, screened intervals, and
tectonic controls require further investigation through standardized monitoring, static temperature logging, hydrochemical
analysis, and environmental-tracer techniques.
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1. Introduction

Groundwater is a major source of domestic and agricul-
tural water supply in southeastern Kazakhstan, particularly in
arid regions and irrigated farming areas [1,2]. Thermal
groundwater resources of the Ili and Zharkent basins are also
used for water supply, recreation, and balneological purposes
and have potential for direct geothermal applications [2, 3].
The eastern part of the Ili artesian basin, commonly referred
to as the Zharkent Basin, contains substantial reserves of
low-mineralized thermal groundwater and is locally charac-
terized by elevated geothermal gradients [2].

The Karadala groundwater field is an important hydroge-
ological unit in the southeastern part of the Ili artesian basin.
It extends approximately 100 km eastward from the town of
Shonzhy (Chundzha) and comprises Quaternary, Neogene,
Cretaceous, and Jurassic aquifer systems [4, 5]. The Middle—
Upper Pliocene and Upper Cretaceous aquifers are of the
greatest practical importance. Exploration of the field began
in the late 1960s, followed by detailed drilling and aquifer
testing in 1970-1971 [4, 6].

Despite several decades of groundwater abstraction, the
origin, recharge mechanisms, and renewal conditions of the
Karadala thermal groundwater system remain poorly under-
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stood [2,4,5]. In particular, limited direct information is
available on groundwater age, residence time, the proportion
of modern recharge, and the flow pathways connecting moun-
tain recharge areas with production wells. These uncertainties
are important because groundwater resources characterized by
slow recharge may experience long-term piezometric-head
decline if abstraction exceeds natural replenishment.

The Zharkent Basin is an intermontane sedimentary basin
bounded by the Ketmen Range to the south and by the Kal-
kan and Katutau ranges and the Dzungarian Alatau to the
north and northeast. Eastward, it continues into the Yili Ba-
sin in China. The basin comprises a Paleozoic basement
composed predominantly of volcanic rocks overlain by Mes-
ozoic and Cenozoic basin-fill deposits [2]. Recent regional
interpretations suggest that the basin developed under exten-
sional and strike-slip tectonic conditions and was subse-
quently modified by strike-slip and oblique faulting. These
tectonic processes may have influenced sediment thickness,
regional heat flow, and groundwater circulation [2].

Regional geothermal gradients are generally approxi-
mately 40°C/km and locally reach about 55°C/km within the
Shonzhy—Dobyn geothermal anomaly [3]. Kan [6] provided
one of the earliest descriptions of the spatial and temporal
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variability of groundwater temperature in the Ili Depression.
Subsequent studies of the Karadala area linked the recharge
and thermal characteristics of the Upper Cretaceous aquifer
to deep groundwater circulation and potentially to structural-
ly controlled groundwater flow and discharge [2, 8].

Groundwater from the Upper Cretaceous aquifer has re-
ported temperatures of approximately 20-60°C at depths of
several hundred metres, while its total dissolved solids con-
centration is generally below 1 g/L [2, 4, 8]. These character-
istics are favourable for direct low-temperature geothermal
applications. However, a reliable assessment of the geother-
mal resource requires information on formation tempera-
tures, sustainable yields, hydrochemical compatibility, and
the long-term hydraulic response of the aquifer [2, 9-12].
Studies of other low- and medium-temperature geothermal
systems demonstrate the importance of integrating geological
structure, hydrochemistry, isotope composition, geother-
mometry, water-rock interactions, and regional groundwater-
flow analysis [9-12].

The Karadala hydrogeological succession forms a multi-
layered artesian system. Across much of the field, a Miocene
clay aquitard separates the Middle—Upper Pliocene sandy
and gravelly deposits from the Upper Cretaceous sands and
sandstones [4, 8]. Nevertheless, archival drilling records
suggest that hydraulic windows may occur near the mountain
front, potentially allowing hydraulic connections between
these aquifer units [4]. Reported discharge rates from the
Pliocene aquifer range from 6.9 to 40 L/s at drawdowns of
4.6-10 m. Wells completed in the Upper Cretaceous aquifer
have reported discharge rates of 14.6-191 L/s at drawdowns
of 12.8-71.5 m. Piezometric heads range from approximately
14.7 to 111 m above ground level, while total dissolved sol-
ids concentrations generally range from 0.2 to 0.8 g/L [4, 5].
A recent hydrogeological reassessment supplemented the
archival information with field observations and well docu-
mentation collected during 2022-2024 [5].

The most recent evidence concerning the possible origin of
recharge is provided by regional hydrochemical and stable-
isotope studies [2, 3, 13]. Groundwater in the Upper Cretaceous
aquifer is characterized by depleted 8'®0 and 8°H values, which
may indicate high-elevation recharge derived primarily from
precipitation and snowmelt, with a possible contribution from
glacial meltwater [2]. Potential recharge pathways include
infiltration along the mountain front and subsurface flow
through fractured bedrock in the surrounding mountain ranges
[2]. A recent hydrogeochemical investigation of Cretaceous
geothermal groundwater in the Zharkunak zone further charac-
terized the regional hydrochemical signature of the thermal
groundwater system in the eastern Ili Depression [3].

Although these regional findings provide a preliminary
conceptual model for the Karadala field, they cannot replace
site-specific measurements. Stable isotopes, particularly §'%0
and 8°H, can help identify groundwater recharge sources and
mixing processes [13-15], whereas tritium (*H) and radiocar-
bon ('*C) can constrain different groundwater-age ranges
[14, 15]. When applied together, these environmental tracers
can help distinguish modern and older groundwater compo-
nents and determine whether current abstraction induces
recharge into the deep aquifer system. However, the absence
of detectable tritium alone does not demonstrate that
groundwater is fossil, because the result may also reflect
analytical detection limits, radioactive decay, sampling pro-
cedures, or mixing with older groundwater [14, 15].

56

Consequently, site-specific measurements of §'%0, 5°H, 3H,
and *C in the Karadala groundwater field should be combined
with standardized hydraulic monitoring, hydrochemical anal-
yses, static temperature logging, and groundwater-flow model-
ling [2,9-12, 14, 15]. Such an integrated approach would
improve understanding of recharge pathways and groundwater
residence-time distributions and provide a more reliable basis
for assessing the sustainability of long-term groundwater ab-
straction and geothermal utilization.

This study aims to characterize the hydrogeological
framework and groundwater-temperature heterogeneity of
the left-bank part of the Karadala groundwater field using
archival exploration records and hydrogeological survey data
collected during 2022-2024. The specific objectives are to:

— systematize the available aquifer and well parameters;

—analyse the relationship between reported total well
depth and groundwater temperature for 15 wells located
within the defined study area;

— evaluate the limitations affecting the comparability of
historical and recent groundwater observations;

— identify priorities for standardized monitoring and fur-
ther hydrogeological and geothermal investigation.

2. Materials and methods

2.1. Study area

The Karadala groundwater field is located in the eastern
part of the Ili artesian basin. It extends approximately 100 km
eastward from the village of Shonzhy (Chundzha) towards
the national border with China. In the north-south direction,
the study area extends approximately 20 km northward from
the foothills of the Ketmen Range [4, 5] (Figure 1).

Regionally, the study area belongs to the Zharkent Basin,
which is bounded by the Ketmen Range to the south and by
the Kalkan and Katutau ranges and the Dzungarian Alatau to
the north and northeast. Eastward, the depression continues
into China as the Yili Basin [32]. The landscape is character-
ized by a gently undulating piedmont plain that slopes
northward towards the Ili River valley. Permanent surface
watercourses are limited, and groundwater recharge is in-
ferred to be associated mainly with runoff from the northern
slope of the Ketmen Range and the infiltration of precipita-
tion and snowmelt [2,4]. During 2019-2023, the annual
mean air temperature recorded at nearby meteorological
stations ranged from 10.64 to 11.84°C. Annual precipitation
at the Zharkent meteorological station ranged from 156.1 to
206.7 mm during the same period [5].

The geological succession comprises Paleozoic, Mesozo-
ic, and Cenozoic formations. The mountainous margins and
basement of the depression consist predominantly of Paleo-
zoic volcanic and sedimentary rocks. The sedimentary cover
comprises Jurassic, Upper Cretaceous, Miocene, Middle—
Upper Pliocene, and Quaternary deposits [2, 4] (Figure 2).

The Upper Cretaceous succession consists mainly of
quartz sands of variable grain size, sandstones, clays, and
mudstones. The Middle—Upper Pliocene deposits of the Ili
Formation comprise sands, gravel-pebble sediments, and
clay interbeds. The principal hydrogeological characteristics
of these aquifer systems, including their lithology, thickness,
well discharge, drawdown, and groundwater mineralization,
are summarized in Table 1. A regionally extensive Miocene
clay aquitard separates the Pliocene and Upper Cretaceous
aquifer systems across much of the study area.
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Table 1. Summary of the principal aquifer systems based on archival and reassessment data [4, 5]

Aquifer unit WaFer-bearmg Thickness, Discharge and drawdown Total dissolved solids,
lithology m g/L
Middle—Upper Pliocene Sands and gravel-pebble 112-223; permeable inter- 6.9-40 L/s 0.2-0.7
aquifer system deposits layers 1-70 at §=4.6-10 m e
. Variably grained sands and 14.6-191 L/s
Upper Cretaceous aquifer sandstones 81-175 atS=128-71.5m 0.2-0.8

Undifferentiated Quaternary deposits. Boulder—pebble deposits, gravel, sands
and sandy loams (deluvio-eluvial, proluvial)

Holocene deposits. Alluvial-proluvial and deluvial deposits.

Pebbles and sands

Upper Pleistocene—Holocene deposits. Alluvial-proluvial deposits

Middle-Upper Pleistocene deposits. Alluvial-proluvial and deluvial-proluvial deposits

Middle-Upper Miocene. Boulders, pebble deposits, loess-like sandy loams
and conglomerates

Faults and inferred faults

Alluvial-proluvial and deluvial-proluvial deposits

2.2. Data sources and well selection

This study used three principal sources of information:

—archival documentation of groundwater exploration
conducted in 1968-1971, including drilling records, geo-
physical well logs, aquifer tests, groundwater-level observa-
tions, and temperature measurements [4];
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Sandstone and shale horizons

Effusive rock horizons

Quartz and quartz-barite veins

Tectonic—contact lines: 1) confirmed; 2) inferred; 3) confirmed and overlain
by younger formations

Lithological boundaries within rock units
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Figure 2. Fragment of the geological map at a scale of 1:200000 (the boundary of the study area of the Karadala groundwater field)

—(2) the hydrogeological reassessment report for map
sheets K-44-11 and K-44-111 (Figure 3), based on field inves-
tigations conducted in 2022-2024 [8];

— (3) published regional studies of the hydrogeology and
geothermal conditions of the Zharkent Basin [2, 3].



R. Amanzholova et al. (2026). Engineering Journal of Satbayev University, 148(5), 55-63

160, 26 4025
5 07
20 50 g 18 S ..
< i +31 a
¥ s X 3.
x S 138 P :
o @03 el
N i 5 - 155- i 8- lillf
il gy 027 02 e o s §
of e’ : P4 rise e R i
754, a2 - 1 ' X
2) i - Lo 8}
N Sl il 168N
1T 135 ) 2865
el . e, 8
%i5® " lz.g'ﬁi}? s
K| |
E 1 g 1001
ey
! 197, N

Figure 3. Hydrogeological map fragment of the Karadala groundwater field based on the 202202024 reassessment (scale 1:200000)

The quantitative analysis included 15 wells located on the
left bank of the Ili River. This area represents the part of the
Karadala groundwater field selected for the present study.
All 15 wells had available well identifiers, coordinates, re-
ported total depths, and groundwater-temperature values.
Their locations were checked against the boundary provided
in the Study area Karadala KMZ file, and all wells were locat-
ed within the study-area polygon. Archival data were used to
describe the hydrogeological structure, historical groundwa-
ter conditions, and earlier temperature observations. The
statistical analysis was conducted only for the selected da-
taset of 15 wells. This separation reduced the risk of combin-
ing historical and recent measurements obtained using differ-
ent methods and under different operating conditions.

2.3. Field measurements and spatial data

According to the 2022-2024 reassessment report, the re-
gional field investigation was conducted at a scale of 1:200000
and included hydrogeological routes, inspection of flowing
and non-flowing wells, groundwater observations, water
sampling, and office-based data processing [5]. Field loca-
tions were determined using Garmin GPS receivers. Topo-
graphic maps and satellite and aerial images were also used to
plan the field routes and interpret hydrogeological conditions.

Water temperature was measured using a TS-7-M1 liquid
thermometer with a reported accuracy of 0.1°C. During
measurement, the sensing part of the thermometer was sub-
merged in water for approximately 2-3 minutes [5]. For flow-
ing artesian wells, the recorded value represents the water
temperature measured at the discharge point rather than an
equilibrium formation temperature at depth.

The reported total well depth was used as the depth varia-
ble because the exact depth of temperature measurement and
the centre of the screened interval were not consistently avail-
able. Consequently, total well depth was not interpreted as the
precise depth from which the measured water entered the well.

2.4. Data harmonization and quality control

Well identifiers were standardized across the available
sources. Coordinates recorded in degrees, minutes, and sec-
onds were converted to decimal degrees. Decimal commas
were replaced by decimal points, and the units of depth,
temperature, and discharge were standardized as metres,
degrees Celsius, and litres per second, respectively.

The coordinates of the 15 wells were plotted and checked
against the study-area boundary. Records with unresolved
identifiers or conflicting information were not merged. His-
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torical and recent temperature observations were considered
directly comparable only when the well identity, reported
depth, measurement conditions, and measurement method
could be established. No correction for mean annual ground-
surface temperature was applied, and the measured water
temperatures were not converted to equilibrium bottom-hole
temperatures. The archival records include point measure-
ments at the outlets of flowing wells (Figure 4) as well as
temperature measurements obtained at different depths in
selected deep wells [4]. Therefore, the complete collection of
historical and recent temperature records was treated as a
methodologically heterogeneous dataset.

Figure 4. Flowing thermal wells (t = 42.4°C)

Spatial interpolation was not performed because the da-
taset contained only 15 wells and their spatial distribution
was uneven. Temperature differences were therefore inter-
preted only for the observed well locations.

2.5. Statistical analysis

Descriptive statistics were calculated for reported total well
depth and groundwater temperature, including the minimum,
maximum, mean, median, and sample standard deviation.

The relationship between groundwater temperature (7)
and reported total well depth (D) was evaluated using Pear-
son’s correlation coefficient (») and Spearman’s rank correla-
tion coefficient (p). Pearson’s coefficient was used to evalu-
ate the linear relationship, whereas Spearman’s coefficient
was used to assess the monotonic relationship and reduce
sensitivity to non-normality and individual extreme values.

T=a+bD, Q)
where T is groundwater temperature, °C; D is reported to-

tal well depth, m; a is the regression intercept, °C; b is the
regression slope, °C/m.
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3. Results and discussion

3.1. Hydraulic properties and groundwater quality

Groundwater in both principal aquifer systems generally
occurs under confined conditions. Historical piezometric
heads ranged from approximately 14.7 to 111 m above
ground level, although flowing conditions were reported less
frequently for wells completed in the Middle—Upper Pliocene
deposits [4].

Historical transmissivity values for the Pliocene aquifer
system ranged from 403 to 521.3 m*day, while hydraulic
diffusivity ranged from 2.07x10° to 6.49x10° m?/day. For the
Upper Cretaceous aquifer, transmissivity ranged from 503 to
877.3 m?*/day, and hydraulic diffusivity ranged from
3.35x10° to 3.41x10° m%day [8]. These values were obtained
from historical aquifer tests and may not represent current
hydraulic conditions. Updated pumping and recovery tests
are required to evaluate the present response of the aquifers.

Groundwater in both aquifer systems is predominantly
fresh. Historical records classify the Pliocene groundwater as
sulfate-bicarbonate sodium-calcium water and the Upper
Cretaceous groundwater as bicarbonate-sulfate sodium-
calcium water. Reported total dissolved solids concentrations
generally range from 0.2 to 0.8 g/L and do not exceed 1.0 g/L
in the available records [4, 8]. This finding is consistent with
regional studies describing the Upper Cretaceous groundwa-
ter of the Zharkent Basin as low-salinity water [2].

3.2. Well depth and groundwater temperature

The quantitative dataset comprised 15 wells located with-
in the selected left-bank part of the Karadala groundwater
field (Table 2). Reported total well depths ranged from 420.0
to 663.5 m, with a mean of 510.5 m and a sample standard
deviation of 79.3 m. Groundwater temperatures ranged from
22.0 to 42.4°C, with a mean of 30.3°C, a median of 28.0°C,
and a sample standard deviation of 7.0°C. All 15 measure-
ments exceeded 20°C, the temperature threshold used in the
reassessment report to identify thermal groundwater. Four
wells had temperatures of at least 34°C.

Table 2. Depth, groundwater temperature, and coordinates of
the 15 wells in the left-bank Karadala study area [5]

No.  Well Depth, m ' Temperature,°C = Latitude Longitude
1 1312 424 24.0 43.562331 79.753697
2 1316 420 24.5 43.636222 | 79.767572
3 1041 420 25.0 43.581361 79.835644
4 1300 449 26.6 43.579581 79.846631
5 1302 493 28.6 43.593333 | 79.875261
6 1040 515 34.5 43.614514 | 79.958722
7 964 570 424 43.628819 | 80.043689
8 1046 570 424 43.628039 = 80.048403
9 1047 573 423 43.628478 = 80.046917
10 | 963-a 570 27.5 43.654842 | 80.136617
11 770 463 31.0 43.636222 | 80.273267
12 1325 479 22.0 43.646275 @ 80.540481
13 1326 428 25.0 43.642797 = 80.605981
14 966-a 663.5 30.5 43.682556 = 80.523953
15 1327 620 28.0 43.668542 | 80.555392

Pearson’s correlation indicated a statistically significant
moderate positive linear relationship between reported well
depth and groundwater temperature (r=0.554, p =0.032).
Spearman’s correlation showed a stronger positive monoton-
ic relationship (p = 0.666, p = 0.007).

The fitted ordinary least-squares regression equation was:
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T =5.368+0.04881D, 2)

where T is groundwater temperature, °C; D is reported to-
tal well depth, m.

The coefficient of determination was R? = 0.307, indicat-
ing that differences in reported well depth accounted for
approximately 31% of the observed temperature variance
(Figure 5).
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Left-bank wells (n = 15) 968, 1047, 1048
T = 5.368 + 0.048810
R? =0.307
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Groundwater temperature (*C)

963-2

500 600

550 650
Reported total well depth (m)
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Figure 5. Relationship between groundwater temperature and
reported total depth for 15 wells in the left-bank Karadala study
area

Substantial temperature differences were observed among
wells of similar depth. Wells 964, 1046, and 1047 recorded
temperatures of 42.3-42.4°C at depths of 570-573 m, whereas
well 963-a had a temperature of 27.5°C at a reported depth of
570 m. Well 1040 recorded 34.5°C at a depth of 515 m. These
differences indicate that reported total well depth alone does
not explain the observed temperature variability. Other possi-
ble controls include differences in screened intervals,
groundwater-flow conditions, well construction, measurement
conditions, and local hydrogeological or structural features.

3.3. Findings of the 2022-2024 reassessment

Historical exploration of the Karadala groundwater field
included the drilling of approximately 60 wells, of which
about 40 penetrated Cretaceous deposits and around 20 pene-
trated Middle-Upper Pliocene deposits. Many of these wells
remain in existence, and some continue to discharge under
artesian conditions. The 2022-2024 reassessment document-
ed only a part of these historical and privately drilled wells.

According to the reassessment report, some private wells
completed in the Cretaceous deposits have casing or filter-
string diameters of 133-219 mm. However, their records
frequently lack information on groundwater temperature,
specific capacity, groundwater chemistry, screened intervals,
and aquifer-testing procedures [8].

Reported discharge rates for several private wells range
from 7.5 to 23 L/s at drawdowns of 12-21 m. These values
cannot be directly compared with historical well yields be-
cause the testing duration, pumping conditions, measurement
procedures, and recovery observations were not consistently
documented. The reassessment also identified uncontrolled
artesian discharge and insufficient monitoring of actual
groundwater abstraction at some locations. These observa-
tions demonstrate the need for a standardized well inventory
and regular monitoring. However, the available information
alone is insufficient to demonstrate regional groundwater
depletion. Such an assessment would require consistent time
series of piezometric heads, well discharge, groundwater
abstraction, and well-condition data.
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3.4. Discussion

The moderate positive correlation between groundwater
temperature and reported well depth is consistent with a
general tendency for temperature to increase with depth.
However, the coefficient of determination (R? = 0.307) indi-
cates that differences in well depth are statistically associated
with only approximately 31% of the observed temperature
variance. The marked temperature contrast among wells at
similar depths further demonstrates that depth alone cannot
explain the observed temperature distribution.

The analysed dataset includes wells 770, 964, 1040, 1046,
and 1047, which were assigned in the archival interpretation to
an area of elevated groundwater temperature and possible
concealed groundwater discharge along tectonic fault zones
[4]. At the regional scale, recent studies identify the tectonic
segmentation of the Zharkent Basin as a potentially important
control on geothermal-system heterogeneity [3].

The agreement between the observed temperature anoma-
lies and the earlier conceptual interpretation makes a struc-
tural-hydrodynamic explanation plausible. However, it does
not demonstrate the presence of a particular fault beneath
each warm well. The locations of some intrabasinal faults
remain interpretative because the structures are concealed
beneath Quaternary deposits and constrained by a sparse
network of deep wells [3].

Wells 964, 1046, and 1047 are also located close to one
another. Their similar temperatures may therefore represent a
single local thermal feature rather than three spatially inde-
pendent anomalies. Other possible explanations for the ob-
served temperature differences include variations in screened
intervals, vertical borehole flow, mixing between aquifers,
differences in artesian discharge, well construction, and
wellhead measurement conditions.

The regression slope obtained from different wells must
not be interpreted as an in-well geothermal gradient. Reliable
estimation of the geothermal gradient requires temperature
measurements at several depths within the same well under
stable thermal conditions.

Historical potentiometric contours indicate that ground-
water in the Upper Cretaceous aquifer generally flows from
south to north. The hydraulic gradient was estimated to range
from 0.0136 to 0.0571 in the piedmont zone and from 0.0016
to 0.0125 within the groundwater-field area [4].

The principal recharge mechanism was historically inter-
preted as infiltration of runoff from the northern slope of the
Ketmen Range through outcrops of permeable rocks and
possible hydraulic windows in the Miocene clay sequence
[4]. Additional recharge may occur through fractured zones
of the Paleozoic basement. Regional isotope and hydrochem-
ical data support a conceptual model involving both moun-
tain-front and mountain-block recharge to the Upper Creta-
ceous reservoir [3]. However, these regional findings have
not yet been verified using isotope measurements from the
15 wells analysed in the present study.

Within this conceptual model, relatively cool groundwater
may occur closer to areas of active recharge. Groundwater
may gradually warm as the aquifer deepens and water moves
through the regional flow system towards discharge areas.
Local upward flow of deeper groundwater could produce
positive temperature anomalies. Nevertheless, distinguishing
conductive heat transport from advective heat transport re-

60

quires static temperature logging, borehole-flow measure-
ments, hydrochemical and isotope analyses, and integration of
these results with a validated geological and structural model.

A major limitation of this study is the methodological
heterogeneity of the available data. Historical temperature
records include measurements at the outlets of flowing arte-
sian wells, point measurements at selected depths, and con-
tinuous temperature logs [4]. The 2022-2024 reassessment
primarily documented the current condition and use of se-
lected wells, but standardized technical records were una-
vailable for some sites [8].

Consequently, differences between historical and recent
observations cannot automatically be interpreted as temporal
changes in the groundwater system. For example, an appar-
ent decrease in well discharge may result from declining
hydraulic head, clogging, corrosion, screen design, pumping
conditions, changes in well construction, or differences in
aquifer-testing procedures.

Discrepancies among records for individual wells require
particular attention. Until the original field logs can be exam-
ined, conflicting values should be retained as separate data-
base records containing information on the source, observa-
tion date, measurement method, operating conditions, and
verification status. Conflicting measurements should not be
averaged. This approach would help distinguish genuine
hydrogeological changes from digitization, transcription, and
well-identification errors.

The results identify priority areas for future monitoring
but do not provide sufficient evidence of groundwater deple-
tion or temporal temperature change. A standardized moni-
toring programme should include repeated measurements of
static piezometric levels, artesian discharge, groundwater
abstraction, water temperature, hydrochemical composition,
and well condition.

Static temperature logging and borehole-flow measure-
ments should initially focus on the cluster of warm wells
964, 1046, and 1047 and on nearby well 963-a, which has a
substantially lower temperature at a similar reported depth.
Site-specific measurements of §'30, §°H, *H, and '“C would
further help evaluate recharge sources, groundwater mixing,
and residence time. These observations are required before
the sustainability of long-term groundwater abstraction and
geothermal use can be reliably assessed.

4. Conclusions

The Karadala groundwater field is a multilayered artesian
system in which the Middle-Upper Pliocene and Upper Cre-
taceous aquifers are of primary importance for groundwater
abstraction. Across most of the field, these aquifers are sepa-
rated by a regionally extensive Miocene clay aquitard, alt-
hough hydraulic windows may occur in the piedmont zone.

Historical well discharge rates range from 6.9 to 40 L/s
for the Middle—Upper Pliocene aquifer and from 14.6 to
191 L/s for the Upper Cretaceous aquifer. Groundwater is
predominantly fresh, with reported total dissolved solids
concentrations not exceeding 1.0 g/L. Historical records also
indicate strongly confined conditions, with piezometric heads
locally reaching more than 100 m above ground level.

The dataset of 15 wells in the left-bank study area shows
a statistically significant moderate positive relationship be-
tween reported total well depth and groundwater tempera-
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ture. Pearson’s correlation coefficient is »=0.554
(» =0.032), while Spearman’s rank correlation coefficient is
p=10.666 (p =0.007). The regression coefficient of determi-
nation is R? = 0.307, indicating that differences in well depth
are associated with approximately 31% of the observed tem-
perature variance.

Wells 964, 1046, and 1047 record temperatures of 42.3-
42.4°C at depths of 570-573 m, whereas well 963-a records
27.5°C at a similar depth. This contrast indicates localized
temperature heterogeneity that cannot be explained by well
depth alone. Upward groundwater flow along concealed tecton-
ic structures is a plausible working hypothesis, but it requires
independent geological, geophysical, and borehole verification.

The 2022-2024 reassessment identified incomplete tech-
nical records and insufficient groundwater monitoring at
several locations. The available data are insufficient to quan-
tify groundwater-resource depletion, establish temporal
changes in groundwater temperature, or reliably estimate the
field’s current geothermal potential.

Priority actions should include verification of well identi-
ties and construction details, development of a unified
groundwater database, and restoration of a representative mon-
itoring network. Monitoring should combine measurements of
piezometric head, artesian discharge, groundwater abstraction,
temperature, and groundwater chemistry. Static temperature
logging, standardized aquifer testing, and site-specific isotope
studies are also required to evaluate recharge sources,
groundwater residence time, and sustainable abstraction.
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Liie e3eninin coJ1 :karanaybinaarbl Kapagasa reorepMasiabik
JKepacThl CyJIapbl KeH OPHBIHBIH TEMIIEPATYPAJIbIK I'eTepOreHIiJIirin
THAPOre0JIOrMsJIBIK OaraJjiay

P.C. Amansxonopa'”, C.A. Kyn6exosa'?, E.C. Ayenxan', P.C. AxnanGaes’
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2Axmedcagpun amvindazvl I'udpozeonozus dscane 2eodxonozus uncmuntymot, Aimamer, Kasaxcman

*Koppecnonoenyusa ywin agmop: amanzholova.r@stud.satbayev.university

AnpaTna. Ka3zakcTaHHBIH OHTYCTIK-IIBIFBICHIHIA OpHaysackaH Kapanmana jkepacTbl CyJapbl KE€H OPHBI TYIIBI apBIHIIBI
JKepacThl CyJapbIHBIH MaHBI3Ibl KO3l jKOHE TOMEH TeMIlepaTypasibl FeoTepPMaNJIbIK DHEPIHSHBIH SJEYEeTTI pecypchl OOJIBII
TaObuIafpl. 3epTreyniH  Makcarbl 1968-1971 skpuimapaarbl MyparaTThlK Mamimerrep MeH 2022-2024  xpuigaplarsi
THPOTEOJIOTHSIIBIK 3epTTey JAepeKTepl HeriziHae Ine e3eHiHIH CoNl jKaralayblHIarbl OENTUICHIeH 3epTTey ayMarbIHbIH
THPOTEOJIOTHSIIBIK JKaFJailbl MEH TeMIepaTypalblK OpKENKUIriH cumnarray Oonisl. 3epTrey ayMmarblHIa 15 yHFbIMagaH
TYPAaThIH JIEPEKTEP JKUBIHTHIFbIHA CUITATTaMAJIBIK CTATUCTHKA, [IMpcoH skoHe CriMpMeH KOPPEISIMSUIBIK Tajliayiaphl )KoHe eH
Kill KBajpaTTap oJiCiHE HETi3/IeNTreH CHI3BIKTHIK perpeccus KeMeriMeH TainjaHabl. Tamjgay JepeKkeslepae KepceTiuireH
YHFBIMa TEpPEHIIri MEH >XepacThl CyJapbIHBIH TeMIIepaTypachl apachlHIarbl OaiaHbICTHI Oaranay MakcaThIHAA XKYPri3iiii.
YurevanapasiH TepeHairi 420-663.5 M, anm KepacTsl CyJapbiHBIH Temmeparypackl 22.0-42.4°C  apanbIFblHIA ©3Tepai.
TepeHnik meH TeMmIreparypa apachblHOa CTaTUCTHUKAJIBIK MOHAI OpTamra oH OaiimaHbICc aHBIKTaiAbl: llmpcoH kod(duumeHTi
(r=0.554), (p=0.032); Crmpmen koddpdumuenti (p =0.666, p =0.007; R>=0.307). CoHbIMEH KaTap, TEPEHIIri yKcac
YHFBIMaJIap apachblHIa alKbIH TEMIIepaTypalblK aWbIpMaIIbUIBIKTAp Oalikanmel. HoTmkenep yHFbIMa TepeHIIri OalKanraH
TEeMIIepaTypalblK ©3TeprillTIKTiH Tek Oip OemyiriH faHa TyCiHAIpeTiHIH KepceTTi. JKepacTbl CyJapbIHBIH IKEPriTIKTI
KO3FAJIBICBIHBIH, 9PTYPIIi CyJIbl KELICHAEP CYJIapbIHBIH apallaCybIHbIH, CY3Ti OpPHATBUIFAH apaIbIKTap/blH KOHE TEKTOHUKABIK
KYPBUIBIMIAPIbIH BIKTUMAJl 9CEPIH CTaHIapTTaFaH MOHHUTOPHHTI, CTATUKAJIBIK TEMIIEpaTypaiblK KapoTax, TUAPOXUMHUSIIBIK
TallAay KoHE SKOJOTHSUIIBIK Tpaccepiiep 9AicTepi apKbUIbl KOCHIMIIIA 3ePTTEY KaXKeT.

Hezizei co30ep: Kapaoana, Ine apmesuan anabwei, Kapxkenm anabwl, dcoeapzol OOp CYibl KEUleHi, mepmaniovl lcepacmol
cynapbvl, memMnepamypanvlk AHOManUs, MOHUMOPUHS.

I'uaporeosioruyeckasi OeHKA U TeMIIEPATYPHAsi HEOJHOPOIHOCTh
KapagaanHckoro MecTopoxxaeHusi reoTepMaJibHbIX MOA3€MHbBIX BOJ HA
JeBoM Oepery pexu Win

P.C. Amamxomnosa'”, C.A. Kyn6eKOBa1’2, E.C. AyenxaHI, P.C. Aknan6aes!

Satbayev University, Anmamel, Kazaxcman
ZI/IHcmumym 2uopozeoniozuu u 2eodxonozuu um. Axmeocaguna, Anmamel, Kazaxcman

*4emop ons koppecnonoenyuu: amanzholova.r@stud.satbayev.university

Annotanus. KapananuHckoe MecTOpokIeHHE MMOJ3EMHBIX BOJ, PACIOIOKEHHOE Ha 10ro-BocToke Kasaxcrana, siBisieTcs
Ba)KHBIM HCTOYHHKOM IPECHBIX HAMIOPHBIX MOA3EMHBIX BOJ M NMOTEHINAIBHBIM PECYPCOM HU3KOIIOTCHIIMAIBHON re0TepMab-
HOM sHepruu. L{enpio HaCTOsIIEero nccaeJOBaHUS SBJISUIACh XapaKTEPUCTHKA THAPOT€OJI0OIHIECKUX YCIOBHI M TeMIIepaTypHOH
HEOTHOPOIHOCTH BRIOPAHHOTO ydacTKa MECTOPOXKIICHHS Ha JeBOM Oepery peku Vi Ha OCHOBE apXHMBHBIX MaTeprayioB 1968-
1971 rr. 1 maHHBIX THOpOTreojormueckoro obcmenoBanus 2022-2024 rr. Beibopka, Bimoyaromas 15 CKBaXHH B IIpenenax
MIOJIUTOHA MCCIIEyeMO TEPPUTOPHH, ObliIa IIPOaHATM3NPOBAHA C MCIOIb30BAHNEM OMHCATENBbHON CTATHCTHKH, KO3 dHUINeH-
ToB Koppessiuuu [Tupcona n CriupMeHa W TMHEWHON perpeccur METOAOM HAWMEHBIIUX KBaJPaTOB JJIsl OLEHKU CBS3U MEXKIY
yKa3aHHOW B MCTOYHMKAX TJIyOMHOW CKB&XMH M TEMIIEPaTypoil MoJA3eMHbIX BoA. ['JyOuHa ckBaxkuH m3MeHsuiachk ot 420 1o
663.5 M, a TemnepaTypa moa3eMHbIX BoJ — oT 22.0 mo 42.4°C. Mexny riyOMHOM U TeMIepaTypoil BbISIBIIEHA CTATUCTHYCCKU
3HAYMMas yMEPCHHAs IOJOXKUTENIbHAS CBs3b (kod(dumuent I[lupcona (r=0.554, p=0.032; xoadpdunuenr CrnupmeHa
(p =0.666, p=0.007; R?=10.307)), npu 3TOM MeXIy CKBa)KMHAMU CONOCTABHMOM ITyOMHBI HAONIONANUCh CYIIECTBEHHBIE
TeMIiepaTypHble pa3iuuus. [loyueHHbIe pe3ysbTaThl OKA3bIBAIOT, YTO TyOWHA CKBa)KUHBI OOBSCHSET JIMIIbL YacTh HAOII0-
JlaeMoil TeMIepaTypHOi M3MEHYMBOCTH. BO3MOXKHOE BIMSHHE JIOKAJIBLHOTO JBMXKEHUS TOJI3EMHBIX BOJ, CMELIEHHs BOJ pas-
HBIX BOJOHOCHBIX KOMIUIEKCOB, HHTEPBAJIOB YCTAaHOBKH (DMIBTPOB M TEKTOHHMYECKUX CTPYKTYp TpeOyeT NalbHEeHIIero uyde-
HUSI C UCTIONIb30BAaHUEM CTaHJapTU3NPOBAHHOTO MOHUTOPUHTA, CTATUYECKOT0 TEMIIEPATYPHOTO KapOTaKa, THIPOXHMHUIECKOTO
aHaJIM3a ¥ METOJIOB IKOJIOTHYECKHUX TPACCEPOB.

Knroueewie cnosa: Kapaoana, Hnuiickuii apme3suanckuii oacceiir, JKapkenmckuili 6acceuin, 6epxXHemenogoll 6000HOCHbIU
KOMNJIeKC, MepMaibhble NOO3eMHble B00bl, MEMNEPAMYPHAS AHOMANUS, MOHUTNOPUHS.
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