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ABSTRACT: The influence of oil-based drilling fluid on the geochemical character-
istics of source rocks has been widely reported in the northern South China Sea.
However, contamination from water-based HEM drilling fluid has long been neglected
in previous deep-water petroleum exploration. To further understand the impacts of
HEM drilling fluid on deep-water source rocks, the organic matter abundance and type,
kerogen maceral composition, and saturated biomarkers of the deep-water source rocks
in the Qiongdongnan Basin were investigated. The influence of HEM drilling fluid on
the organic geochemistry data of cuttings is significant but minor for sidecores. It is
evident that the organic drilling additives in HEM drilling fluid can increase the organic
matter abundance and optimize the organic matter types of shale cuttings. Specifically,
the total organic carbon, S1, S2, and hydrogen index are increased by 28.5 ± 6.1, 90.8 ±
2.0, 34.2 ± 2.0, and 51.9 ± 4.0%, respectively. Furthermore, the organic drilling
additives will greatly enhance the levels of C29 regular steranes, especially for C29-ααα-
20R sterane, with the influence still persisting even when conducting GC-MS-MS
analysis. The highly abundant 17α (H) -22, 29, 30-trisnorhopane, 17β (H)-22, 29, 30-trisnorhopane, C29−3117α (H), 21β (H)
hopanes, and C29−31 17β (H), 21α (H) hopanes may directly originate from the organic drilling additives. It is dangerous to directly
use organic geochemical data from deep-water source rock cuttings contaminated by HEM drilling fluid as it may lead to conclusions
that are entirely inconsistent with the basin’s geological background.

1. INTRODUCTION
Drilling fluid is an indispensable medium in the well drilling
process, serving to carry rock cuttings, cool and lubricate the
drill bit, and maintain formation pressure.1 The most common
types of drilling fluid are water- and oil-based. Water-based
drilling fluid is currently the most widely used in petroleum
exploration, while oil-based drilling fluid is predominantly
utilized in high-temperature and high-pressure geological
settings.2−4 In recent years, petroleum exploration in the
Qiongdongnan Basin has increasingly focused on deep-water
areas (high-temperature and high-pressure), with water depths
exceeding 2000 m. This trend has introduced new require-
ments for current drilling technologies.5,6 Traditional water-
based drilling fluid softens the drilling cuttings, while oil-based
drilling fluid will seriously contaminate geological samples. The
HEM water-based fluid system was developed and successfully
applied in the Qiongdongnan Basin.7 Its fundamental
compositions include seawater, Na2CO3, PF-FLO, XCH, PF-
UHIB, PF-HLUB, KCl, PF-UCAP, NaCl, and Barite.7 In
practical applications, additional organic drilling additives may
also be incorporated to overcome different geological
conditions. Advancements in drilling technology have led to
the discovery of a series of gas fields in the deep-water areas of

the Qiongdongnan Basin.8 Extensive research on the influence
of oil-based drilling fluid on source rocks has been conducted
in the past,9 whereas the contamination from HEM drilling
fluid has not received sufficient attention. This oversight could
increase petroleum exploration risks in the deep-water areas of
the Qiongdongnan Basin. It is essential to understand the
impact of the HEM drilling fluid on the geochemical data of
the source rocks.
In this study, we conducted systematic organic geochemical

analyses of shale cutting and sidecore samples from seven wells
in the Qiongdongnan Basin to further understand the
influences of HEM drilling fluid on total organic carbon
(TOC), rock pyrolysis parameters, kerogen maceral composi-
tion, and molecular fossils.
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2. GEOLOGICAL SETTING
The Qiongdongnan Basin is an extensional sedimentary basin
developed against the background of a Cenozoic fault
depression and quasi-passive continental margin, located in
the northern South China Sea, with an area of approximately
80,000 km2.10 The water depth line divides the Qiongdongnan
basin into deep- and shallow-water areas, with the deep-water
area covering the majority of the Basin.11 According to the
tectonic framework, this basin can be divided into three
depressions: the Northern Depression contains Yabei, Yanan,
Songxi, and Songdong Sags; the Central Depression contains
Ledong, Lingshui, Beijiao, Songnan, Baodao, and Changchang
Sags, and the Southern Depression contains Huaguang and
Ganquan Sags (Figure 1). From bottom to top, the
stratigraphy of the Qiongdongnan Basin consists of the Eocene
Lingtou Formation, the Oligocene Yacheng and Lingshui
Formation, the Miocene Sanya, Meishan, and Huangliu
Formation, the Pliocene Yinggehai Formation, and the
Quaternary Ledong Formation. The sedimentary facies are
predominantly characterized as deltaic, littoral, and neritic
during the Oligocene.
High formation temperature and ultrahigh formation

pressure, caused by the rapid subsidence of Neogene
sediments and the thinning of the lithosphere, are critical
geological signatures of the Qiongdongnan Basin.12 The
complex geological conditions present great challenges for
deep-water petroleum exploration. The Oligocene marine
terrigenous source rocks, widely distributed throughout the
Qiongdongnan Basin, received substantial terrestrial organic
material transported by fluvial-delta systems and are regarded
as the primary oil and gas sources in the deep-water areas.13,14

These source rocks are characterized by huge thickness but
relatively low organic matter abundance, mainly comprising
Type III to II2 organic matter, which is predominantly
associated with gas generation and supplemented by oil
generation.15 In the past decade, a series of deep-water gas
fields, such as LS17, LS18, LS22, LS25, and BD21, have been
discovered in the Central Depression of the Qiongdongnan
Basin.8

3. MATERIALS AND METHOD
A total of 214 Oligocene and upper Miocene shales (including
29 sidecores and 185 cuttings) were obtained from all seven
wells located in Baodao Sag and Songdong Sag (Figure 1). For
wells B21-1, B21-1S, and B29-1 located in the deep-water area,
HEM drilling fluids were utilized, while traditional water-based
drilling fluids were employed for wells B15-3, B19-2, B19-3,
and B20-1 in the shallow-water area.
3.1. TOC and Rock Pyrolysis Analysis. The TOC

analysis was conducted on all 214 samples (including 185
cuttings and 29 sidecores) using a LECO CS744 analyzer.
Prior to analysis, shale samples were crushed to 100 mesh and
treated with HCl to eliminate carbonate rocks. Rock pyrolysis
analysis was carried out using a Rock-Eval VI analyzer to
measure parameters including free hydrocarbons (S1),
pyrolyzed hydrocarbons (S2), and the peak temperature of S2
(Tmax). The temperature procedure of Rock pyrolysis analysis
refers to the national standard GB/T 18602-2012.
3.2. Kerogen Maceral Composition. A total of 90

cutting samples from wells B15-3, B19-2, B19-3, B20-1, and
B21-1 were treated with 10% hydrochloric acid and 70%
hydrofluoric acid to remove carbonates and silica, respectively.
Then, the kerogen fractions were embedded in Lucite and
examined under a Leica DM4000B microscope using both
transmission and fluorescent light. The analysis method
adhered to the industry standard (SY/T 5125-1996).
3.3. GC−MS and GC−MS−MS. Saturated fractions were

obtained from shale cuttings and sidecores from wells B21-1,
B21-1S, and B29-1 using Soxhlet extraction and column
chromatography. GC−MS analyses of the saturated fractions
were performed on an Agilent 7890A gas chromatography-
5795C mass spectrometer equipped with an HP-5MS (60 m ×
0.25 mm × 0.25 μm) fused silica capillary column. Helium
served as the carrier gas at a constant flow rate of 1.5 mL/min.
Operating conditions for the GC were as follows: the inlet
temperature was set to 300 °C, the oven was ramped from 40
to 300 °C at a programmed rate of 3 °C/min, and then held
for 30 min. The electron ionization energy of the MS ion
source was 70 eV.

Figure 1. Geological profile map of the Qiongdongnan Basin and the locations of the wells mentioned in this study.
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GC−MS/MS analyses of saturated fractions were performed
on a Trace GC Ultra-TSQ Quantum XLS instrument equipped
with a DB-5MS column (30 m × 0.25 mm × 0.25 μm). The
mass spectrometer operated in parent ion mode, with argon
used as the collision gas at a collision pressure of approximately
0.5 Torr and a collision energy of 10 eV. The GC temperature
program was as follows: hold for 1 min at 50 °C, ramp to 100
°C at 20 °C/min, then ramp to 315 °C at 3 °C/min, and hold
for 16 min at 315 °C.

4. RESULTS
4.1. TOC and Rock Pyrolysis. The TOC distribution of

shale samples in the study generally ranged from 0.16 to 1.61%,
with an average of 0.69%. Overall, the samples were
predominantly characterized as poor to fair hydrocarbon
source rocks, with a relatively small proportion classified as
good hydrocarbon source rocks, according to the enterprise
standard Q/HS 1017-2006. There was a certain difference in
organic matter abundance between shale sidecore and cutting
samples. The average TOC of sidecore samples was 0.47%,
with most of them classified as poor source rock. The average
TOC of cutting samples was 0.72%, significantly higher than
that of sidecores and predominantly categorized as fair source
rock (Figure 2).

Similar to the TOC, S1 + S2 can also be used to evaluate
organic matter abundance. The hydrogen index (HI) is defined
as the S2/TOC, which can be used to characterize the oil and
gas generation potential. The S1 + S2 values of all shale samples
ranged from 0.08 to 6.54 mg/g rock, with an average of 2.02
mg/g rock. The HI ranged from 39 to 528 mg/g of TOC, with
an average of 229 mg/g of TOC.
According to Figure 3a,b, for wells using traditional drilling

fluids (B15-1, B19-2, B19-3, and B20-1), there was minimal
difference between sidecores and cuttings in terms of S1 + S2
and HI values. For wells using HEM drilling fluids (B21-1,
B21-1S, and B29-1), the S1 + S2 and HI values of cuttings were
noticeably higher than sidecores, but there is not much
difference between their sidecores and those from wells using
traditional drilling fluids. Figure 3c provides a more intuitive

representation of the difference in organic matter types
between cuttings and sidecores. The organic matter types of
all sidecore and cutting samples from wells using traditional
water-based drilling fluids were determined to be types III and
II2. However, cuttings from wells using HEM drilling fluids fall
within the interval of types II2 to II1. It appears that HEM
drilling fluid has optimized the organic matter types of the
cutting samples, which contradicts the geological background
reported in previous research.15

4.2. Maceral Composition of Kerogen. As shown in
Figure 4, vitrinite dominated the maceral composition in most
samples, ranging from 20.19 to 100%, with an average value at
63.03%. There were significant differences between the organic
matter types of cuttings determined by kerogen maceral
composition and those classified by rock pyrolysis parameters.
It was clear that the majority of cuttings in the Qiongdongnan
Basin are determined into III and II2 based on the maceral
composition, even in well B21-1(using HEM drilling fluids). It
was worth mentioning that in well B21-1, the proportions of
sapropelinite + exinite in five samples deposited in neritic
facies exceeded 60%, which may be related to their lesser
influence by the delta.8

In general, the organic drilling additives had little effect on
the kerogen maceral components of the cutting samples; this
was because the organic drilling additives would be removed
by organic solvents during the preparation of kerogen.
4.3. Saturated Hydrocarbon Biomarkers. We con-

ducted saturated hydrocarbon biomarker analysis on a total
of 104 cuttings and 31 sidecore samples from wells B21-1,
B21-1S, and B29-1, which used HEM drilling fluid.
Surprisingly, we observed a peculiar phenomenon: entirely
different biomarker characteristics between the cuttings and
their adjacent sidecores. Moreover, all cutting samples from the
depth intervals of 4074−5096 m in well B21-1, 3010−4648 m
in well B21-1S, and 3884−5030 m in well B29-1 exhibited
identical biomarker characteristics, as presented in Figure 5.
This special feature of the m/z 191 mass chromatogram was
also observed in the Pearl River Mouth Basin.9

It seems that the biomarkers in the cuttings have been
contaminated by the HEM drilling fluid. In order to compare
the differences in biomarkers between the cuttings and
sidecores, samples from well B21-1 were chosen as a case
study. As shown in Figure 5, cutting samples at 4274 m (delta
face) and 4638 m (shallow marine face) deposited in different
sedimentary facies exhibited similar biomarker profiles.
Precisely, they were characterized by an unimodal distribution
pattern of the n-alkane distribution with a main peak n-C21,
along with a notable unresolved complex mixture (UCM)
evident in the total ion chromatogram (TIC). These cutting
samples exhibited well-distributed tricyclic terpanes, but the
distribution of hopanoids was particularly unusual, showing
four remarkable unknown peaks, which will be further
discussed later. The regular steranes are characterized by the
high prevalence of C29- to C27 regular steranes, with the C29-
ααα-20R sterane peak being notably outstanding. All samples
from different sedimentary facies exhibit the same biomarker
characteristics, which apparently contradict geological princi-
ples.
On the contrary, the biomarkers in sidecore samples from

different depths exhibit significant differences, generally
corresponding to their sedimentary facies. At a depth of
4277.5 m (delta face), the sidecore sample was characterized
by a high level of waxy n-alkanes (reaching up to n-C36),

Figure 2. TOC distribution of sidecore and cutting samples from
seven wells. The fitted curve types are Weibull.
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relatively low levels of C23 tricyclicterpane, and high
abundances of oleanoids (including oleanane, de-A-oleanane,
rearranged oleanane, and XYZ compounds). T-bicadinane and
taraxerane were also detected in the m/z 191 mass chromato-
gram. The signatures of saturated biomarker suggesting that
sidecore at 4277.5 m received plenty of terrestrial organic
matter, particularly angiosperm materials,16−21 which is
consistent with previous scholars.22 The sidecore sample at
4973 m (shallow marine face) showed a relatively high
abundance of C23 tricyclicterpanes, gammacerane, and C27
regular steranes, while oleanoids are extremely low. These
indicated an important contribution from marine organic
matter.23,24

5. DISCUSSIONS
5.1. Influences of HEM Drilling Fluids on the Organic

Matter Abundances and Types. Considering the results of
rock pyrolysis from the sidecores (Figure 3c), the kerogen
maceral compositions (Figure 4), and previous studies,15,25 the
organic matter type in the Qiongdongnan Basin are dominated
by type III−II2. As shown in Figures 2 and 3, and the well
profile of B21-1, shale cutting samples from wells using HEM
drilling fluid appear to be significantly contaminated by organic
drilling additives, while sidecore samples are minimally
affected. The comparisons in the geochemical profile in Figure
5 clearly reflect the lower TOC, S1, and S2 of the sidecores.
The organic drilling additives adhered to the sample surfaces
have increased the TOC, S1, and S2 of the cuttings and
optimized the types of organic matter.

Figure 3. (a) S1 + S2 distribution across different wells, (b) distribution characteristics of the HI, and (c) classification of organic matter types. Solid
patterns represent sidecores, and hollow patterns represent cuttings. Squares represent normal samples, and circles represent contaminated samples.

Figure 4. Maceral triangular chart of marine source rock cuttings in the Qiongdongnan Basin. Squares represent normal samples, and circles
represent contaminated samples.
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There are two distinct trendlines in Figure 6, which can
identify the contaminated cuttings and normal cuttings easily.
Sidecore and normal cutting samples share a common lower
slope, while contaminated cutting samples exhibit a higher
slope. This indicates that the increase in S1 and S2 due to HEM
drilling fluids seems to be greater than that of TOC.
The rock pyrolysis spectra clearly reveal contamination in

the cuttings of B21-1S. For instance, in Figure 7a, the S1 and S2
peaks of a sidecore at 4610 m display unimodal distributions,
with the S2 peak being relatively symmetrical. However, it is
obvious that the adjacent cutting sample at 4628 m exhibits
double peaks in both S1 and S2, along with a greatly enhanced
signal intensity (Figure 7b). By comparison with the core
sample at 4610 m, we suggest that the organic drilling additives
should be responsible for the second peak of S1 and the first
peak of S2.
Recovering accurate rock pyrolysis data from contaminated

cuttings is a challenging task. We attempted to split the
pyrolysis spectra to determine the actual S1 and S2 values,
thereby quantitatively characterizing the extent of contami-
nation in the cuttings. Splitting from the lowest point of
coeluted peaks in GC−MS analysis seems to be a common
practice for most geochemists, but it is based on the
precondition of two peaks being relatively symmetrical.
However, due to the irregular nature of rock pyrolysis curves
from contaminated samples, as well as the low degree of
separation between contaminant peaks and the actual S1 and S2
peaks, splitting based on the lowest point of coeluted peaks
(red dash in Figure 7b) may not be appropriate. In fact, this
approach may underestimate the influence of contaminant
peaks on S1 and S2 after several samples. Finally, we
determined to recognize the contaminant peaks as gray areas
in Figure 7b. In this method, contaminant peaks in S1 and S2
are relatively symmetrical, and the end time of contaminant
peaks was uniformly set at 15 min for comparison. It is
important to note that this is just a rough approach for

quantifying the degree of contamination, and a more accurate
method still deserves further investigation.
The actual S1 (S1-corr), actual S2 (S2-corr), contaminated S1

(S1-cont), and contaminated S2 (S2-cont) peaks are determined
through splitting the S1-meas and S2-meas based on their peak
areas, which were calculated by the integration tool. The S1-corr
and S2-corr are calculated by formulas 1 and 2. S1-meas and S2-meas
are measured by a rock pyrolysis analyzer.

S S S1 corr 1 meas 1 cont= (1)

S S S2 corr 2 meas 2 cont= (2)

S S S STOC 0.083 ( ) /100 1 2 4= × + + + (3)

S STOC TOC 0.083 ( )corr meas 1 cont 2 cont= × + (4)

The actual TOC (TOCcorr) of contaminated cuttings can be
calculated using empirical formula 3, just as previous
researchers do. S0 represents the gaseous hydrocarbon
remaining in the cutting samples, which is usually difficult to
detect due to its high volatility. S4 represents dead carbon at a
high pyrolysis temperature, largely unaffected by organic
drilling additives. In accordance with formula 3, we utilize
formula 4 to calculate the TOCcorr of contaminated cutting
samples. The TOCmeas in formula 4 represents the TOC of
contaminated cutting measured by the CS744 analyzer.
The actual S1, S2, and TOC of a total of 15 contaminated

cutting samples from well B21-1S are corrected through
formulas 1−3. The results presented in Table 1 indicate that
contamination from organic drilling additives significantly
increased the TOC and rock pyrolysis parameters. Accurately,
the TOC increased by 19.6−40.2%, with an average of 28.5 ±
6.1%; S1 increased by 87.4−96.1%, with an average of 90.8 ±
2.0%; S2 increased by 30.9−38.8%, with an average of 34.2 ±
2.0%; HI increased by 45.2−56.5%, with an average of 51.9 ±
4.0%.
The effectiveness of our correction results can be evaluated

by comparing them with the sidecore samples. According to

Figure 5. Well profile and saturated hydrocarbon biomarker characteristics of typical cutting and side-core samples from well B21−1. Note:
Compounds I, II, and III are determined into rearranged oleananes,18 compounds X, Y, and Z are terpanes and derived from oleananes.19

Compound T is trans-trans-trans bicadinane.
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Figure 8, based on the measured pyrolysis data, the organic
matter type of most cuttings from well B21-1S is classified as
type II1 to I, which obviously does not match the geological
background of type III to II2 in the Qiongdongnan Basin.

15,25

After our correction, the sample points of the contaminated
cuttings regress to type III to II2, which parallels with the
associated sidecores, indicating the reliability of our correction
method.
5.2. Influences on Steroids. Figure 5 depicts anomalies

biomarker characteristics in the cuttings, which may be related
to two factors theoretically: the true nature of the shales or
contamination during the drilling process.
The C29/C27 regular steranes from the cutting sample at

4940 m of well B21−1 are 1.95, with a remarkable level of C29-
ααα-20R-sterane (Figure 9a). This distribution pattern of
regular steranes typically indicates the terrestrial higher plant
inputs.23 However, the adjacent sidecore at 4973 m exhibited a
slight prevalence pattern of C27- over C29 regular steranes
(Figure 9c), with a C29/C27 regular sterane value at 0.98,
indicating an increasing contribution from the aquatic
organisms. Furthermore, as mentioned earlier, all cuttings
from the depth interval of 4074−5096 m in well B21-1 exhibit
the same biomarker characteristics, which is inconsistent with

the basic geological background. Sidecore samples have a
greater advantage in characterizing the true nature of
geological samples when using HEM drilling fluid. Therefore,
we suggest that the anomalous sterane pattern in the cutting
samples is caused by organic drilling additives rather than the
true nature of the source rocks. More reliable evidence can be
found from the mass spectrum. According to Figure 9, the
mass spectrum of peak 12 in the contaminated cutting sample
differs from the standard mass spectrum of C29-ααα-20R-
sterane, indicating that peak 12 does not consist solely of C29-
ααα-20R-sterane. The molecular ion of peak 12 is m/z 408
rather than m/z 400 as in the standard mass spectrum.
Although GC-MS-MS is an effective method for separating
coeluting compounds, it also cannot completely eliminate the
influence of organic drilling additives on C29 regular steranes
(Figure 9b).
5.3. Influences on Hopanoids. The abnormally high

peaks observed on the m/z 191 mass chromatogram are

Figure 6. Scatter plot of TOC and S1 + S2 for shale cuttings and
sidecores from all seven wells. Solid patterns represent the side-cores,
and hollow patterns represent the cuttings. Squares represent normal
samples, and circles represent contaminated samples.

Figure 7. Rock pyrolysis primary spectra of the (a) sidecore and (b) contaminated cutting sample.

Figure 8. Comparison of organic matter type determined by rock
pyrolysis data of sidecores, cuttings (measured), and cuttings
(corrected) from well B21-1S.
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identified as Ts, C27 α H (Tm), C27 β H, C29−31 αβ H, and
C27−31 βα H series by restricting retention times and
comparing with standard mass spectra (Figure 10). Similar
to steroids, these hopaniods may also originate from source
rocks or organic drilling additives; their actual origins will be
discussed below.
Both Ts and Tm are commonly detected in the petroleum

system, and their relative abundance is an effective thermal
maturity indicator.26 Cutting samples from the contaminated
depth interval of well B21-1 show unusually low Ts/(Ts +
Tm) values that are inconsistent with the measured vitrinite
reflectance (0.8−1.2% Ro, Figure 5). It is noteworthy that Ts/
(Ts + Tm) appears to be sensitive to clay-catalyzed reactions
and carbonate source rocks.27 However, the absence of
carbonate hydrocarbon source rocks in the Qiongdongdong
Basin suggests that lithology should not be responsible for a
high level of Tm. Similarly, the outstanding C29 αβ H are not
associated with lithology as they are commonly observed in
carbonatite-evaporite sediments.28,29 C27 β H has seldom been
reported in petroleum systems in the past; its identification
relies on the mass spectrum, where the intensity of the m/z
149 ion fragment exceeding that of m/z 191 indicates the β-

hydrogen at the carbon position 17; otherwise, it is an α-
hydrogen.30 Burhan (2002) detected C27 β H in sulfur
biogenic mats associated with the Be’eri sulfur mine in Israel. It
was suggested that C27 β H originated from methanotrophic
bacteria and acidophilic archaea thriving in extreme environ-
ments. Clearly, the oxidized geological background of the
Qiongdongnan Basin is entirely different from that of the
Be’eri sulfur mine.31 Therefore, it is unlikely that the high
abundance of C27 β H originates from the source rocks. C30 αβ
H can be detected in almost all sediments due to the ubiquity
of bacteria in the biosphere.32 However, the abundance of C30
αβ H appears to be significantly enhanced since they
overshadow the adjacent oleanane in all cutting samples
(Figures 5 and 10). The high content of C30 βα H is typically
associated with low maturity; it is obvious that the abundance
of C30 βα H in the cutting sample does not match its maturity
level.
Based on the comprehensive analysis of the geological

background, it was concluded that the high abundance of C27 α
H (Tm), C27 β H, C29−31 αβ H, and C27−31 βα H is unlikely to
originate from source rocks. Instead, it is more likely

Figure 9. Comparison of steranes feature between contaminated cutting (a,b are the GC−MS and GC−MS/MS results of the same cutting,
respectively) and (c) adjacent sidecore samples. Note: Peak 1 to 12 are C27-ααα-20S-sterane, C27-αββ-20R-sterane, C27-αββ-20S-sterane, and C27-
ααα-20R-sterane, C28-ααα-20S-sterane, C28-αββ-20R-sterane, C28-αββ-20S-sterane, and C28-ααα-20R-sterane, C29-ααα-20S-sterane, C29-αββ-20R-
sterane, C29-αββ-20S-sterane, and C29-ααα-20R-sterane, respectively.
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attributable to components present in organic drilling
additives, just like C29 regular steranes.

6. CONCLUSIONS
The influence of HEM drilling fluid on the TOC, rock
pyrolysis parameters, and saturated hydrocarbon biomarkers of
cutting samples in the Qiongdongnan Basin is significant but
minor for sidecore samples. We developed the TOC − (S1 +
S2) plot to identify the contaminated cutting samples easily
based on two trendlines. The organic geochemical data of
contaminated cuttings can be corrected by splitting the
contaminant peak area in the rock pyrolysis spectra, allowing
for a quantitative assessment of the contributions of
contaminants to the S1, S2, and TOC of the cuttings. It is
evident that the organic drilling additives can increase the
organic matter abundance and optimize the organic matter
types of the cuttings. Specifically, the TOC increased by 28.5 ±
6.1%, S1 increased by 90.8 ± 2.0%, S2 increased by 34.2 ±
2.0%, and HI increased by 51.9 ± 4.0%. The saturated
hydrocarbon biomarkers are also profoundly affected by the

HEM drilling fluid. At first, organic drilling additives produce a
UCM on the baseline of the TIC and then greatly enhance the
abundance of C29 regular steranes, particularly C29-ααα-20R
sterane, with the influence still persisting even when
conducting GC-MS-MS analysis. Moreover, the anomalous
m/z 191 mass chromatograms of cuttings also indicate the
presence of contaminants, as highly abundant C27 α H (Tm),
C27 β H, C29−31 αβ H, and C29−31 βα H may directly originate
from the organic drilling additives.
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