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Abstract

The Paleogene-Neogene lacustrine source rocks in
the Mangai area of the Qaidam Basin are significant
exploration targets. A comprehensive evaluation of
four major intervals (E3, N;, N}, N2) was conducted
through systematic organic geochemistry, maceral
identification, thermal maturity analysis, and
burial-thermal history modeling. Results show
TOC contents of 0.203°1.28% (avg. 0.74%),
chloroform bitumen “A” of 0.016470.2495%
(avg. 0.132%), and total hydrocarbon contents
of 69.2971637.48 ug/g (avg. 853.39 ug/g),
indicating fair to good quality. Kerogen elemental
analysis (H/C=0.97"1.21), maceral composition
(sapropelinite+exinite=70"98%), and saturated
hydrocarbon chromatography (dominant peaks
at C17, C19, C21, C23) collectively indicate
predominantly Type II; organic matter, with locally
developed Type I. Thermal evolution exhibits
distinct vertical zonation controlled by Neogene
tectonic-thermal events: an immature-low maturity
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zone (R¢p<0.7%) dominated by soluble organic
matter degradation; a mature zone (R¢y=0.7"1.0%)
with active kerogen cracking (HC/TOC up to
224.95%); and a high maturity zone (Ry>1.0%)
characterized by gas generation via cracking.
The saline to semi-saline reducing environment
favored organic matter preservation, while mixed
algal-terrestrial inputs (Type II;) determined
mainly oil-prone characteristics. The thick
succession in the central depression, especially
the Kaitemilike-Fenghuangtai region, shows
the highest hydrocarbon potential. The mature
zone (Rp=0.71.0%) is optimal for conventional
oil exploration, while the high maturity zone
(Rp>1.0%) holds promise for natural gas. This
multi-parameter study deepens the understanding
of hydrocarbon generation mechanisms and
provides an important case for evaluating
Paleogene-Neogene lacustrine source rocks in
the northern Tibetan Plateau.

Keywords: qaidam basin, mangai area, thermal evolution,
paleogene to neogene, hydrocarbon source rocks.
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1 Introduction

After more than half a century of continuous
exploration and development, the proven reserves and
productivity of oil and gas resources in the Qaidam
Basin still show a steady growth trend, indicating good
resource potential [1]. The latest round of source rock
prediction indicates that high-quality source rocks are
developed in the Mangai area, characterized by high
organic matter abundance (TOC > 1.0%), substantial
thickness, and stable distribution, providing a
material foundation for large-scale hydrocarbon
generation [2]; meanwhile, the spatial structure of
reservoirs in this area is complex.(pore-fracture dual
media), and lithologic types are diverse (with clastic
rocks and carbonate rocks coexist), forming good
reservior-preservation combination conditions [3-5].
This geological background makes the western
Qaidam area a key region with the most exploration
potential in the basin.The Mangai area is affected by
Neogene source rock development, and develops
carbonate beach bar and terrigenous clastic beach bar
reserviors as two types of high-quality natural gas
reservoirs. High-quality hydrocarbon source rock
and beach bar sand reservoirs are developed and
have good source-reservoir-cap rock combination
conditions, making it a favorable area for natural
gas exploration in Qaidam Basin [6, 7]. During the
Paleogene to Neogene period, structural activity was
relatively strong in western Qaidam area, and a large
number of fault structures were developed. Good trap
conditions were formed in the late period, and mainly
clastic rock and carbonate reservoir were developed.
Spatially, effective gas source rocks were mainly
distributed in the northwest Qaidam area and local
area near the Mangai depression [8, 9]. The Mangai
area was a salty lake basin reduction environment,
and its organic matter type is mainly mixed type,
using the geochemical parameter quantitative
evaluation method to evaluate hydrocarbon source
rocks in the northwest Qaidam Basin, it has been
determined again that the upper member of the
Lower Ganchaigou Formation and the Upper
Ganchaigou Formation have higher organic matter
abundance and are the dominant hydrocarbon source
rocks [10]. Previous studies have systematically
investigated the Cenozoic lacustrine fine-grained
clastic reservoirs in the basin through integrated
analytical approaches including core description,
thin section analysis, X-ray diffraction (XRD),
and scanning electron microscopy (SEM). These
investigations have comprehensively characterized the
sedimentological features, reservoir properties, and

diagenetic evolution processes of the reservoirs, with
particular emphasis on stage division of diagenesis.
Notably, the formation mechanisms and controlling
factors of two sets of high-quality fine-grained clastic
reservoirs in both shallow and mid-deep intervals
of the Mangai area were clarified for the first time.
Further research combining sedimentary reservoir
analysis with petroleum geology has provided
in-depth understanding of the Paleogene-Neogene
sedimentary facies distribution, hydrocarbon spatial
distribution patterns, and reservoir formation
dynamics in the western Qaidam Depression. These
studies have innovatively proposed a “ring-belt
distribution” accumulation model for hydrocarbons in
this region, significantly advancing the understanding
of hydrocarbon accumulation patterns in lacustrine
basins [11-13]. While previous studies have
made significant progress in understanding the
sedimentary reservoir characteristics and hydrocarbon
accumulation models of the basin, research on the
quality of Paleogene-Neogene source rock samples
in the Mangai area, particularly regarding organic
matter type and thermal evolution degree, remains
relatively limited and requires further in-depth
investigation. Therefore, this study focuses on the
Paleogene-Neogene source rocks in the Mangai
area of the Qaidam Basin. Through systematic
organic geochemical analysis of the source rock
succession in this region, this study aims to: (1)
Establish a multi-parameter comprehensive evaluation
system to achieve refined characterization of organic
matter abundance, type, and maturity; (2) Reveal
the vertical zonation characteristics of source rock
thermal evolution and its controlling mechanisms; (3)
Clarify the controlling factors for the development of
high-quality source rocks.

This research holds significant guiding importance for
evaluating the geological conditions of hydrocarbon
accumulation and sweet spot prediction in the study
area, providing valuable references for the exploration
and development of oil and gas resources in the
Mangai area of the Qaidam Basin.

2 Geological setting

The Qaidam Basin is located in the northwest of
Qinghai Province of China. It is surrounded by
the Altun Mountains, the Kunlun Mountains and
the Qilian Mountains in the northwest, southwest
and northeast respectively. It is an inland basin
with the highest altitude in China and one of the
important oil and gas resource enrichment areas in
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Figure 1. Location map (a) and composite stratigraphic column (b) of the Mangai area in the Qaidam Basin.

the western region of China [14-17]. The Mangai
region is part of the western depression zone of the
Qaidam Basin, located within the Mangai Depression
(Figure 1(a)). The northeast part of the area is
low and gentle, and the southwest part is high and
steep. The mountain range is NW trending. The
surface undulates violently. The structures such as
Huangguamao, Mangai, Kaitemilike and Youdunzi
are developed. The area is adjacent to Yingxiongling
oil generating sag in the west, Mangai oil generating
sag in the south, Youquanzi and Youdunzi in the
north. Nanyishan and Dafengshan structures are
closely connected to Dasaping minor structure and
Fenghuangtai in the east. This area is composed
of Shizigou-Youshashan structural belt, Youquanzi
structural belt, Yingxiongling-Mangai depression,
Nanyishan-Jianshishan structural belt and Luoyanshan
structural belt. The overall structural strike is NW,
and the structural axes are staggered and arranged
in en echelon. It belongs to the Paleogene Neogene
petroleum bearing system in the west of Qaidam Basin.
The geological structural deformation is intense, and
the sedimentary environment is special and complex.
It has good oil reservoir structure [18-21].

The hydrocarbon source rocks in the Mangai region
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predominantly consist of lacustrine dark argillaceous
rocks and carbonates (Figure 1(b)), exhibiting
extensive lateral distribution and occurring across
multiple stratigraphic intervals. Four principal source
rock units have been identified (E3, N;, N3, and
N3): The E% unit, composed primarily of thick
gray to dark gray mudstone and silty mudstone,
represents the most significant Paleogene-Neogene
source rock system in the Qaidam Basin [22], with
thickness varying from 200m to 1400m. The N;
unit, characterized by dark gray mudstone and
silty mudstone, shows relatively reduced thickness
(300 900m). The Ni unit, consisting of gray,
light gray and dark gray calcareous mudstone
and silty mudstone, with thickness varying from
500m to 900m, reaches maximum thickness in the
Kaitemilike-Fenghuangtai area, while its overall
distribution demonstrates an eastward migration
trend, primarily concentrated in central and southern
Mangai [7, 23-25]. The N3 unit, dominated
by gray to light gray calcareous mudstone and
silty mudstone, varies in thickness from 200m to
2200m, with the thickest deposits occurring in the
Kaitemilike-Fenghuangtai region.

Overall, lacustrine dark argillaceous rocks are
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developed throughout the interval from E3 to N3,
characterized by fine-grained lithology, extensive
lateral distribution, and considerable vertical thickness
of the source rocks. The total thickness of dark
mudstone accounts for over 80% of the stratigraphic
thickness, with individual layers reaching a maximum
of 27 m and typically ranging from 3 to 6 m. During
the Paleogene-Neogene lacustrine basin evolution in
this area, the EZ period witnessed the most extensive
basin extent, the deepest water column, high salinity,
and prolific algal development, providing exceptional
material foundation and preservation conditions for
the formation of high-quality source rocks.

3 Samples and methods

3.1 Samples

In this study, mudstone samples were collected from
four key coring wells (K-2, M-1, D-5, and MN-1) in the
Paleogene-Neogene strata of the Mangai area, western
Qaidam Basin. A systematic organic geochemical
analysis was conducted, with a cumulative total of
1022 experimental samples. To ensure long-term
preservation of sample freshness, all specimens
were promptly and tightly wrapped with cling film
and immediately transported to the laboratory for
subsequent experiments.

3.2 Experiments

This study involved the analysis of 1022 shale core
samples through systematic organic geochemical
testing to comprehensively evaluate the organic
matter abundance, type, and thermal evolution
characteristics. A multi-parameter analytical approach
was employed, including: Total Organic Carbon (TOC)
determination (284 samples), chloroform bitumen
“A” extraction (219 samples), Total Hydrocarbon
(HC) content analysis (184 samples), kerogen
elemental composition analysis (43 samples), kerogen
maceral identification (38 samples), saturated
hydrocarbon gas chromatography (189 samples),
and vitrinite reflectance (Ry) measurement (67
samples). Based on the systematic experimental
data and a comprehensive geochemical multi-index
evaluation approach, this research reveals the organic
geochemical characteristics and thermal evolution
patterns of the Paleogene-Neogene hydrocarbon
source rocks in the Mangai area of Qaidam Basin.

3.2.1 Organic matter abundance analysis

The TOC content was measured following the Chinese
national standard GB/T19145 for total organic carbon

analysis in sedimentary rocks. Approximately 0.3g
of pulverized sample (200 mesh) was placed in a
permeable crucible and treated with hydrochloric
acid (1:7) for 12 hours to remove carbonate minerals
(calcite and dolomite). The decarbonated sample
was then combusted in a high-temperature oxygen
stream, and the released CO2 was quantified using an
infrared detector. TOC values were determined using
a LECO CS-344 carbon/sulfur analyzer, with analytical
precision controlled within +0.1%.

Chloroform bitumen “A” was extracted in accordance
with the Chinese petroleum industry standard SY/T
5118-2005 using Soxhlet extraction. A 100 g aliquot
of crushed rock sample was subjected to continuous
extraction with analytical-grade chloroform at 65°C
for 72 hours. The extract was concentrated by rotary
evaporation and weighed to calculate the chloroform
bitumen “A” content.

Total hydrocarbon content was determined using an
Agilent 7890B gas chromatograph equipped with an
HP-5MS capillary column (30mx0.25mmx0.25m).
The analytical conditions were as follows: injector
temperature 300°C, detector temperature 320°C, and
oven temperature programmed from 80°C (held for 2
min) to 310°C at 4°C/min (final hold for 20 min).

3.3 Organic matter type analysis

The elemental composition of kerogen was determined
using a Vario EL IIl elemental analyzer. After
removing inorganic minerals through HCI-HF
treatment, the purified kerogen samples were
subjected to high-temperature combustion to quantify
carbon (C), hydrogen (H), and oxygen (O) contents.
Atomic ratios of H/C and O/C were subsequently
calculated. Each sample was analyzed in triplicate,
with the mean values reported for final interpretation.

Maceral identification was performed in compliance
with the Chinese petroleum industry standard
SY/T 5125-2014 using a Leica DM4500P polarized
light microscope. Under oil immersion at 500x
magnification, a minimum of 500 points were
randomly counted to determine the volumetric
percentages of sapropelinite, exinite, vitrinite, and
inertinite groups.

Biomarker analysis was conducted according to
the Chinese national standard GB/T 18606-2017 for
determining biomarkers in sediments and crude oils. A
Thermo Scientific Trace 1310 GC coupled with an ISQ
7000 mass spectrometer was employed, equipped with
an HP-5MS capillary column (60mx0.25mmx0.25pm).
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The GC temperature program was initiated at 60°C,
then ramped at 6°C/min to 260°C, followed by a
slower ramp of 1.5°C/min to 320°C (held for 20 min).
Ultra-high purity helium (99.999%) was used as carrier
gas at a constant flow rate of 1 mL/min. The injector
and transfer line temperatures were maintained at
300°C and 310°C, respectively.

3.4 Maturity analysis of organic matter

The vitrinite reflectance (Ryp) was measured by
using German Leitz MPV-SP microphotometer.
The experimental process strictly followed
SY/T5124-2012 standard: the core sample was
made into 2.5cmx2.5cmx1.5cm optical sheet, which
was coarsely ground, finely ground and polished to
mirror surface; the sapphire standard sample was
used (reflectance 0.589%); oil immersion objective
(50x), 546nm monochromatic light, measurement
temperature controlled at 234-1°C; at least 30 vitrinite
particles are randomly measured for each sample, and
the arithmetic mean value is taken as the final R value
after eliminating abnormal values; every 10 samples
are inserted into the standard sample (GBW13403) for
verification, and the relative error is controlled within
+0.02%.

4 Results and Discussion

As the material basis for hydrocarbon generation, the
abundance, type, and maturity of organic matter in
source rocks serve as the core indicators for assessing
the petroleum resource potential of a basin [26-30].
This study, based on systematic geochemical analyses
of the Paleogene-Neogene source rock succession in
the Mangai area of the Qaidam Basin, focuses on the

distribution characteristics and controlling factors of
organic matter abundance and type. Through the
integration of abundance indicators—such as total
organic carbon (TOC), chloroform bitumen “A,” and
total hydrocarbons (HC)—with multi-parameter
analytical methods including kerogen elemental
composition, maceral analysis, and saturated
hydrocarbon gas chromatography, the organic
geochemical characteristics of the source rocks in
the Mangai area are elucidated. By systematically
comparing these findings with previous research, this
study advances the quantitative evaluation of source
rock geochemical parameters, refines the classification
of thermal evolution stages, and enhances the
understanding of controlling mechanisms.  This
section systematically elaborates the distribution
patterns of organic matter abundance and type in
the Mangai area and discusses their implications for
petroleum geology.

4.1 Abundance of organic matter in source rocks

Organic matter in source rocks serves as the
fundamental material basis for hydrocarbon
generation, with its abundance directly determining
the petroleum resource potential of sedimentary
basins. In the organic geochemical assessment system
for sedimentary rocks, total organic carbon (TOC),
chloroform bitumen “A”, and total hydrocarbon
(HC) content constitute the core parameters
for characterizing organic matter abundance.
These indicators not only quantitatively reflect
the hydrocarbon generation potential but also
form the key geochemical basis for source rock
classification [31-33]. Specifically, TOC represents

Table 1. Statistical table of organic matter abundance of hydrocarbon source rocks in Mangai area.

well  position formation  dark mudstone TOC(%)/ “N' (%) / HC(ug/g) / kerogen
thickness(m) thickness (m) number of samples number of samples number of samples type
N2 2062 1661 0.44/38 0.048/26 356.54/23 I
M-1 N} 998 950 0.45/21 0.074/12 585.34/7 I
Ny 860 768 0.47/15 0.0438/10 328.5/8 I
E2 280 238 0.203/6 0.0626/3 383.68/1 I
N3 2104 2032.5 0.57/47 0.0183/21 164.89/12 I
K2 N} 940 882.5 0.79/18 0.0769/11 553.8/10 I
Ny 913 818 0.61/32 0.0434/36 506.71/21 I
Eg 269.5 259 1.28/7 0.2495/6 1637.48/6 I
N3 338 320.5 0.2367/6 0.0271/6 195.182/6 I
D-5 N2 2032 1682 0.2601/14 0.0164/10 101.687/10 I
N} 707.16 554.16 0.6014/7 0.066/5 418.95/5 I
N% 1372 1112 0.36/24 0.015/24 69.29/24 no
MN-1 N} 942 593 0.42/18 0.018/18 96.7859/18 I
N, 671 451 0.37/14 0.023/14 126.165/14 I
E2 895 571 0.44/17 0.04/17 288.03/17 II
total 284 219 182
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the enrichment degree of original organic matter,
chloroform bitumen “A” reflects soluble organic matter
content, and total HC directly indicates generated
hydrocarbon abundance. Together, these parameters
establish a comprehensive evaluation framework for
source rock quality [34].

A total of 284 mudstone samples were analyzed
for TOC, with 219 high-TOC samples subsequently
subjected to chloroform bitumen “A” extraction, and
182 samples analyzed for HC content. The measured
ranges and averages were: TOC (0.20371.28%, avg.
0.74%), chloroform bitumen “A” (0.016470.2495%,
avg. 0.132%), and total HC (69.2971637.48.g/g, avg.
853.39ug/g) (Table 1).

As shown in Table 1, the organic matter abundance
of Paleogene-Neogene source rocks in the Mangai
area generally meets the criteria for fair-to-good source
rock quality. Particularly, the E3 interval in Well K-2
demonstrates superior geochemical properties, with
an average TOC of 1.28%, chloroform bitumen “A”
of 0.2495%, and total hydrocarbon (HC) content of
1637.48 nug/g, significantly exceeding other intervals
and reaching the standard of a Type I high-quality
source rock. The development of this high-quality
source rock is controlled by the following factors:

(1) Strongly reducing saline lacustrine environment:
During the deposition of the E3 interval, the Mangai
Depression was characterized by a persistently saline
to semi-saline deep to semi-deep lake setting, with
pronounced water column stratification and anoxic
bottom conditions, which favored organic matter
preservation.

(2) High algal productivity input: This period was
marked by prolific algal blooms, reflected in the
high proportion of sapropelinite in kerogen macerals,
indicating that the hydrocarbon-generating organic
matter was predominantly derived from aquatic lower
organisms.

(3) Low terrigenous clastic dilution: Relatively high
lake levels during this phase led to reduced terrigenous
sediment input, thereby enhancing organic matter
enrichment.

(4) Early diagenetic organic matter preservation: The
interbedded development of carbonate rocks and
mudstones, coupled with early diagenetic cementation,
inhibited the degradation of organic matter.

Consequently, the EZ interval not only exhibits high
organic matter abundance but also excellent organic

matter type (Type I), representing the most promising
principal hydrocarbon-generating source rock unit
in the Mangai area. Its formation results from the
synergistic effects of sedimentary environment,
biological productivity, and preservation conditions,
providing significant insights for hydrocarbon
resource assessment and exploration target selection
in this region.

Following China’s terrestrial source rock evaluation
standard (SY/T 5735-2019), the classification criteria
are: non-source rock (TOC<0.2%, bitumen<0.015%,
HC<100 pg/g), poor (0.2%<TOC<0.4%, 0.015%<
“A”  <0.05%, 100pug/g <HC<200ug/g), fair
(0.4%<TOC<0.6%, 0.1%< “A” <0.2%, 200ug/g
<HC<500u1g/g), and good source rocks (TOC>0.6%,
0.05%<  “A"<0.1%,  500ug/g<HC<1000ug/g).
Accordingly, the N3 unit in Wells K-2 and D-5, and
N;"N3 unit in Well M-1 qualify as fair source rocks,
while the E§ unit in Well K-2, deposited in a saline
lacustrine reducing environment favorable for organic
matter preservation, meets the criteria for good source
rocks.

The results of organic matter abundance assessment
in this study are generally consistent with the findings
of Tian et al. [8] regarding the source rocks in the
western Qaidam Basin, both indicating that the E3
interval serves as the main source rock unit with the
highest organic matter abundance. However, through
statistical analysis with a larger sample size, this
study further quantifies the distribution ranges and
average values of TOC, chloroform bitumen “A,” and
total hydrocarbons (HC) across various intervals. It
specifically demonstrates that the average TOC content
of the E% interval in Well K-2 reaches 1.28%, meeting
the criteria for Type I high-quality source rocks. This
quantitative understanding provides a direct basis for
the refined evaluation of the hydrocarbon generation
potential of the source rocks.

4.2 Classification of organic matter types in source
rocks

Differences in organic matter type are primarily
reflected in chemical composition and maceral
characteristics, which directly control the phase
behavior of their thermal degradation products
(oil vs. gas). The distribution patterns of organic
matter types are mainly governed by original
biological sources and depositional environment
conditions, while also being influenced by the
staged evolution of thermal maturity (Rg). The
Paleogene-Neogene succession in the Mangai area
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Table 2. Analysis and comparison of kerogen elements in Mangai area.

well

elemental composition

atomic ratio

kerogen

number of

well  position section(m) c I({/O) o H/C 0/C type samples
N% 350-2307 43.02 3.814 5.021 1.072  0.088 II; 10
K2 N% 3750 52.63 457 5.97 1.042 0.0851 1I; 1
N; 3850-4538 46.21 4.07 5.33 1.056 0.087 1T, 9
E% 4710-4960 52.13 4.62 5.98 1.063 0.086 II; 3
N% 800-1150 4594 458 15.68 1.21 0.26 11 -115 3
MN-1 N% 1700-2650 47.43 4.69 8.65 1.20 0.15 1I; 4
N; 2900-3250 54.78 4.42 6.79 0.97 0.09 11 -115 3
Eg 3612-4150 5294 452 12.36 1.03 0.18 I1; -1 6
D-5 N% 2504.5-3275 46.95 4.48 6.49 1.21 0.13 1I; 4
total 43

developed in a saline to semi-saline lacustrine setting,
with organic matter derived from mixed inputs: on
the one hand, algal and planktonic productivity
flourished in deep to semi-deep lake environments,
contributing hydrogen-rich components; on the other
hand, terrestrial higher plants from surrounding
uplifted areas were introduced through fluvial
systems, supplying oxygen-rich components. This
mixing of aquatic and terrestrial organic matter is
the primary reason for the dominance of Type II;
(sapropelic-humic) organic matter in the source
rocks of this area. In local deep depressions, such
as the Kaitemilike-Fenghuangtai area, algal inputs
are overwhelmingly dominant, resulting in Type
I high-quality source rocks. For organic matter
typing, this study employs an integrated classification
scheme combining kerogen elemental analysis
(H/C, O/C atomic ratios), maceral identification,
and saturated hydrocarbon gas chromatography.
Focusing on mudstone and marl intervals within
the Paleogene-Neogene succession, systematic
geochemical analysis is conducted to reveal the
distribution patterns of organic matter types and their
implications for hydrocarbon generation.

4.3 Classification by kerogen element

Carbon, hydrogen and oxygen are the most important
elements in organic matter and kerogen [35, 36]. The
elemental composition of kerogen reflects not only the
nature of organic matter, but also the evolution degree
of organic matter. Therefore, using the elemental
analysis of kerogen, along with the change of element
relative content, H/C atomic ratio and O/C atomic
ratio, is one of the widely used methods to determine
the type of kerogen. 43 kerogen element samples were
selected from the samples with high TOC content

62

in three coring wells of Well K-2, Well MN-1 and
Well D-5 in Mangai area (Table 2). The results show
that the kerogen elements C, H and O contents in
N3"EZ layers of Well K-2 and Well MN-1 are relatively
low, with C element ranging from 43.02% to 54.78%,
with an average value of 49.39%, H element ranging
from 3.814% to 4.69%, with an average value of 4.41%.
The atomic ratios of H/C and O/C have a narrow
range, for example, H/C atomic ratio is between
0.9771.21, with an average value of 1.08, while O/C
atomic ratio is between 0.085170.26, with an average
value of 0.128, indicating that kerogen (II; ) is mainly
humus-sapropelic. The data points of 23 sample
layers of Well K-2 are plotted on the H/C-O/C atomic
ratio relation diagram. From the N3"E} four-layer
superposition diagram, it can be seen that the positions
of each layer of Well K-2 are concentrated in the area
of mixed type (Figure 2).
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Figure 2. Classification diagram of kerogen elemental

composition (H/C vs. O/C atomic ratios) for Well K-2.

0.100

4.3.1 Classification by kerogen maceral

The kerogen macerals consist of four primary
components: sapropelinite, exinite, vitrinite, and
inertinite. Microscopic examination of these macerals
was conducted to determine their relative abundances
for organic matter typing. This study analyzed 38
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Figure 3. Ternary diagram of kerogen maceral composition for Well K-2 source rocks.

high-TOC mudstone core samples from wells K-2
and MN-1. Results reveal that in K-2 well’s source
rock, sapropelinite dominates (58.04%), primarily
as amorphous sapropelinite of algal and planktonic
origin with frequent acritarch occurrences. Exinite
occurs minimally (3.09%), mainly as sporinite,
cutinite and suberinite. Vitrinite constitutes 35.13%,
while inertinite is scarce (3.74%) (Figure 3). These
findings demonstrate that K-2 source rocks formed
from mixed algal/planktonic/benthic materials with
hydrogen-rich higher plant components.

The maceral composition analysis of
Paleogene-Neogene source rocks in Well MN-1
(Table 3) reveals that the N3"E3} oil-prone source
intervals are dominated by hydrocarbon-generating
components, particularly algal-derived liptinites. The
kerogen assemblage is characterized by exceptionally
high percentages of sapropelic constituents
(sapropelinite+exinite=70.21"87.96%), with minimal
inertinite and vitrinite content. This composition
indicates superior kerogen quality, classified as Type I
(sapropelic) and Type II; (sapropelic-humic) organic
matter, which demonstrates excellent oil-generation
potential. The predominance of algal-derived macerals

suggests deposition in anoxic, nutrient-rich lacustrine
environments favorable for the preservation of
hydrogen-rich organic matter. These geochemical
characteristics confirm the N3"EZ interval as a highly
efficient petroleum source rock in the study area.

4.3.2 Gas chromatographic classification by saturated
hydrocarbons

Saturated hydrocarbon gas chromatography analysis
can be used to determine the biogenic composition
and evolution degree of hydrocarbons. For example,
the main peak carbon of n-alkanes with a rear
peak in the rear peak type of C25°C33, reflecting
that the original organic matter is imported from
terrestrial higher plants; a front peak in the range of
C15°C19 reflects that the source material is derived
from aquatic lower organisms; and the bimodal type
reflects that the mother material has mixed sources
of lower organisms and higher plants. According
to the chromatographic characteristics of saturated
hydrocarbon from 189 samples from 4 coring wells
in the area of Mangai, the peak types are mainly
single peak type and double peak type, and the
main peak carbon is mainly C17, C19, C21 and
C23 (Figure 4), which obviously belongs to the
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Table 3. Statistics of source rock maceral components of Well MN-1.

. well o . o o ) chitinite
well position vitrinite inertinite exinite phycozmte TI
section(m) + sapropelite
N% 800-1650 17.49 3.07 6.78 72.66 79.44 59.87
MN-1 N% 1699-2650 8.6 3.44 2.99 84.97 87.96 76.57
N1 2900-3300 21.91 7.88 4.69 65.52 70.21 43.56
E% 3350-4200 12.86 2.9 4.58 79.68 84.26 69.41

distribution characteristics of II;-II; organic matter.
This result is consistent with the analysis of kerogen
element and kerogen microcomponent identification
(indicating a predominance of humic-sapropelic type),
collectively indicating that the organic matter type
of source rocks in the study area is mainly type II
(humus-sapropelic mixed type), and locally enriched

type II (sapropelic type).

By integrating multiple indicators including kerogen
elemental composition, maceral analysis, and
saturated hydrocarbon chromatography, this study
has determined that the organic matter in the source
rocks of the Mangai area is predominantly Type II;,
with locally developed Type I. This understanding is
more systematic than previous research, particularly
through quantitative maceral statistics, which reveal
that the sapropelinite content in high-quality source
rocks from Well MN-1 can reach up to 87.96%. This
finding elucidates the formation mechanism of
high-quality source rocks from the perspective of
biological source composition.

of

4.4 Characteristics of thermal evolution

hydrocarbon source rocks

The thermal evolution characteristics of hydrocarbon
source rocks are key indicators for evaluating
hydrocarbon generation potential and hydrocarbon
generation process, and their evolution process is
mainly controlled by geological factors such as
organic matter type, thermal maturity and burial
history [37]. Previous studies on thermal evolution
in the western Qaidam Basin have primarily focused
on identifying “effective gas source rocks” with Ry
> 0.8% [8], while insufficient attention has been
given to the complete thermal evolution sequence
and its controlling mechanisms. This study, through
systematic analysis of parameters such as vitrinite
reflectance (Rp), carbon preference index (CPI),
and odd-even predominance (OEP), combined with
burial-thermal history modeling, establishes for the
first time a vertical thermal evolution zonation model
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for source rocks in the Mangai area and reveals the
controlling role of tectonic-thermal events on the
thermal evolution process.

The Mangai area is located in the western part
of the Qaidam Basin. Since the Cenozoic, it has
experienced multiple phases of tectonic subsidence
and uplift, with an overall high paleo-geothermal
gradient (3.073.5°C/100 m), providing sustained
thermal dynamic conditions for the thermal evolution
of source rocks. Based on the burial-thermal history
modeling results of Well K-2 (Figure 5), combined with
regional tectonic evolution analysis, it is shown that
the thermal evolution of source rocks in the Mangai
Depression exhibits distinct stages: the E3 source
rocks began rapid burial during the late Paleogene
(approximately 30725 Ma), entered the hydrocarbon
generation window (Ryp > 0.7%) in the early Neogene
(approximately 20715 Ma), and reached the mature
to highly mature stage ( Rp = 0.771.2%) in the
middle to late Neogene (approximately 10°5 Ma).
This burial-thermal history process is closely related
to basin subsidence-sedimentary responses induced
by regional tectonic activities, such as strike-slip
movement along the Altun Fault and uplift of the
Kunlun Mountains.

At present, the evaluation system for thermal
evolution degree of hydrocarbon source rocks has
been relatively well-developed, and commonly used
maturity parameters include vitrinite reflectance
(Ro) and rock pyrolysis parameters.(e.g. Tmax, HI,
PI) and biomarker compounds (such as sterane,
hopane isomerization index), etc. In addition, carbon
dominance index (CPI) and parity dominance (OEP)
of n-alkanes, as organic geochemical indicators, have
significant response to thermal evolution degree,
so they can also be used as auxiliary evaluation
parameters [38]. By selecting key exploration
wells in the Mangai area, and systematically
measuring key parameters such as vitrinite
reflectance (Rp), carbon preference index (CPI)
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Figure 4. Typical saturated hydrocarbon gas chromatogram for Well K-2 source rocks.

and odd-even predominance (OEP) in combination
with  regional geological background, this
study comprehensively analyzes and quantitatively
evaluates the thermal evolution of Paleogene to
Neogene hydrocarbon source rocks.

The results indicate that the vertical zonation of
thermal evolution parameters (Figures 6 and 7)
closely corresponds to the burial-thermal history. In
the shallow section of Well D-5 (depth < 3085 m), the

source rocks exhibit typical immature characteristics:

chloroform bitumen “A,” total hydrocarbon (HC)
content, and transformation ratios (A/TOC, HC/TOC)
decrease with depth, non-hydrocarbon content

increases, OEP and CPI values show significant
fluctuations (>1.5), and vitrinite reflectance (Ry) is
less than 0.5%, indicating that the organic matter has
not yet entered the effective hydrocarbon generation
stage. In the interval below 3085 m, the source
rocks display low-maturity features: “A” and HC
contents, as well as transformation ratios, gradually
increase with depth; OEP and CPI values approach
1 (average 1.171.2); and Ry rises to 0.51%, indicating
that the organic matter has entered the early thermal
degradation stage and begun generating immature to
low-maturity hydrocarbons (Figure 6).

The thermal evolution profile of Well MN-1 further
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Figure 5. Integrated burial and thermal evolution history diagram for Well K-2.

reveals a continuous depth-dependent trend of
maturity (Figure 7). In the shallow section (depth
< 1900 m), the immature source rocks show relatively
stable but gradually decreasing “A” and HC contents,
increasing non-hydrocarbon proportions, OEP and
CPI > 1, Tmax < 430°C, and Ry = 0.4170.65%. In
the 190073450 m interval, the source rocks enter the
mature stage: “A” and HC contents and transformation
ratios increase significantly (HC/C rises from 0.01 to
0.057), OEP and CPI ~ 1, Tmax > 430°C (approaching
440°C), and Ry = 0.6171.05%, indicating oil generation
window characteristics dominated by kerogen thermal
degradation. Notably, below 3450 m, HC/C increases
sharply to 0.161, non-hydrocarbon content decreases,
and Ry = 1.0171.15%, marking the transition of the
source rocks into the high-maturity stage, where they
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begin generating substantial amounts of condensate
and wet gas.

The analytical results from Well K-2 provide
significant insights into regional hydrocarbon
generation mechanisms. In the shallow section
(<2400m, Ry < 0.79%), the immature to low mature
hydrocarbon source rocks consist of saltwater to
brackish lacustrine facies higher plant derivatives
“A” /TOC=4.03%, HC/TOC=10.40%, indicating
a hydrocarbon generation mechanism of direct
degradation of soluble organic matter.  These
rocks are composed of saltwater to brackish
lacustrine facies higher plant derivatives. However, in
the deep section (depth>2400m, Ry > 0.8%), mature
hydrocarbon source rocks show “A”/TOC=15.17%,
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Figure 6. Vertical evolution profile of geochemical parameters for source rocks in Well D-5, Paleogene-Neogene, Mangai
area.

HC/TOC=224.95%, indicating that kerogen thermal
degradation has become the main hydrocarbon
generation mechanism and the source rocks
have entered the peak period of hydrocarbon
generation (Table 4). These rocks are mainly
contributed by algae, microorganisms and bacteria.

Notably, the abundant salt minerals in source rocks
under saline lacustrine conditions may have catalyzed
the pyrolysis of organic matter, further accelerating
hydrocarbon generation and cracking. Therefore, the

thermal evolution zonation of source rocks in the
Mangai area is not merely a function of burial depth
and time but also a result of the combined effects of
tectonic-thermal events, sedimentary infilling, and
fluid-rock interactions.

Based on the above analysis, we have established a
thermal evolution model for the source rocks in the
Mangai area (Figure 8): The immature to low-maturity
zone (Rp < 0.7%) is dominated by hydrocarbon
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Figure 7. Vertical evolution profile of geochemical parameters for source rocks in Well MN-1, Paleogene-Neogene,
Mangai area.
Table 4. Organic Matter Conversion Rate in Different Oil and Gas Generation Zones of Well K-2.
hydrocarbon belt TOC(%)/ number “A”(%)/ number HC(ng/g)/ number “A”/TOC(%)/ number HC/TOC(%)/ number
of samples of samples of samples of samples of samples
low maturity hydrocarbon 0.53/53 0.0182/21 134.26/9 4.03/21 10.4/9
generatlon zone
mature hydrocarbon 0.72/66 0.0866/49 684.07/41 15.17/49 224.95/41

generation zone

generation from soluble organic matter, influenced by
inputs of higher plant materials. The mature zone (Rg
= 0.771.0%) is characterized by kerogen thermal
degradation, with increasing contributions from
algal precursors, maximizing oil generation potential.
The high-maturity zone (Ry > 1.0%) is dominated
by gas generation via cracking, accompanied by a
reduction in non-hydrocarbon content, reflecting the
terminal stage of organic matter evolution.
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This understanding provides an important theoretical
basis for predicting hydrocarbon resource distribution
and selecting exploration directions in the region.
Specifically, the mature zone (R 0.771.0%),
corresponding to the peak oil generation window,
represents a favorable target for conventional oil
exploration. In contrast, the high-maturity zone (Ry >
1.0%) is characterized by gas generation via cracking
and holds potential for natural gas exploration.
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5 Conclusions

(1) Four sets of major hydrocarbon source rocks (E3,
N, N3, N3) developed in the Paleogene-Neogene of
the Mangai area, dominated by deep to semi-deep
lacustrine dark mudstones and carbonates. These
rocks are characterized by wide distribution, large
thickness (single layers up to 27 m, cumulative
thickness 20072200 m), and moderate to high organic
matter abundance. The E2 source rocks, with average
TOC of 1.28%, chloroform bitumen “A” of 0.2495%, and
total hydrocarbons of 1637.48 p1g/g, meet the criteria
for Type I good source rocks, representing the regional
principal oil-generating interval. The high organic
matter abundance is attributed to the coupled effects
of a strongly reducing saline lacustrine environment,
high algal productivity, low clastic dilution, and
favorable early diagenetic preservation conditions.

(2) Comprehensive geochemical characterization,
including kerogen elemental analysis (H/C atomic
ratios ranging 0.9771.21), maceral composition
(sapropelinite + exinite content 70798%), and
saturated hydrocarbon chromatographic profiles

(dominated by front-peaked unimodal and bimodal
distributions with primary n-alkane peaks at C17, C19,
C21, and C23), collectively indicates that the organic
matter is predominantly Type II; (sapropelic-humic)
with localized development of Type I (algal-rich)
kerogen. Notably, the high-quality source rocks
in the MM-1 well area exhibit exceptionally high
sapropelinite content (up to 87.96%), demonstrating
superior hydrocarbon generation potential with strong
oil-prone characteristics.

(3) The Paleogene to Neogene source rocks
in Mangai area of Qaidam Basin exhibit a wide range of
quality from poor to high. The kerogen type is mainly
IIytype, with a small amount of I type and Ilstype.
The organic matter in the source rocks is of mixed
type. The E2-Ni source rock intervals have high
organic matter abundance and good source material
type, while the E% source rock has organic matter
abundance high enough to reach type I kerogen
standard, which is the main source rock formation
in Mangai area and has great potential for oil and gas
exploration and development.

(4) A complete vertical thermal evolution zonation
model for the source rocks in the Mangai area
is established: an immature-low maturity zone
(Rg<0.7%) dominated by soluble organic matter
degradation; a mature zone (Ry=0.7"1.0%) where
kerogen thermal degradation prevails, corresponding
to the peak liquid hydrocarbon generation window;
and a high maturity zone (Ryp>1.0%) characterized
by gas generation via cracking. This evolution is
controlled by the burial and heating history driven
by regional tectonic-thermal events since the Neogene,
such as the strike-slip movement along the Altun Fault
and the uplift of the Kunlun Mountains.
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