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Abstract: The choice of pretreatment methods in laser diffraction analysis of mineralogical
grain size composition in fluvial sediments can significantly influence measurement outcomes, yet
published data on this topic remain limited. This study systematically investigates the effects of four
different pretreatment methods—sieving only, physical dispersion only, removal of organic matter
only, and combined removal of carbonate and organic matter—on grain size measurements, using
typical fluvial sediments from the terminal oasis of the Keriya River in the central Tarim Basin,
Taklamakan Desert. Results showed that samples treated by sieving alone tend to yield overestimated
median grain sizes, with particle size variation rates exceeding 70% in some cases. We concluded that
carbonate acts as the primary cementing agent between sediment particles in this region, and acid
digestion plays a crucial role in disaggregating micro-aggregates and releasing fine-grained fractions.
Physical dispersion is mainly effective in breaking down loosely structured macro-aggregates.
Furthermore, the removal of organic matter is essential for eliminating organic cementation and
minimizing interference from water absorption and swelling in certain samples.

Keywords: grain size analysis; pretreatment methods; fluvial sediments; the Taklamakan
Desert.

1. Introduction

The mechanical composition of mineral particles in soil texture is a key characteristic of soil
physical properties and significantly influences soil moisture content, fertility, and other attributes.
Furthermore, grain-size analysis has been widely applied in Quaternary environmental studies as an
essential tool for investigating loess-paleosol sequences and reconstructing paleoenvironments and
paleoclimates [1-6]. To accurately determine the mechanical composition of mineral particles, proper
pretreatment prior to measurement is crucial. Conventional pretreatment procedures typically involve
the addition of hydrogen peroxide to remove organic matter, hydrochloric acid to dissolve carbonates,
and sodium hexametaphosphate to achieve physical dispersion of particles.

Pretreatment methods vary depending on disciplinary focus and the nature of samples from
different depositional environments. In paleosols developed in regions such as the Loess Plateau or
similar settings, where pedogenic intensity is relatively low, applying the same pretreatment protocols
used for loess samples generally yields reliable grain-size data [7—13]. However, in subtropical and

374


mailto:zhangfeng@xju.edu.cn)

Ne3 (52) 2025 «Yessenov Science Journal»

tropical regions, paleosols derived from weathered eolian loess often exhibit significantly increased
clay content and stronger aggregation. Applying standard loess pretreatment methods to these soils
may fail to fully disperse the particles, resulting in an overestimation of coarse fractions. Some studies
suggest that eolian red clays should not be treated using the same procedures as typical loess deposits
[14]. Wang et al [1] have demonstrated that pretreatment methods can significantly affect grain-size
measurements of lacustrine sediments. Nevertheless, optimal pretreatment strategies for arid and
semi-arid region sediments remain inadequately explored. Studies by Fisher et al [15] and Beuselinck
et al [16] indicated that incomplete physical or chemical dispersion of arid and semi-arid sediments
can lead to the persistence of aggregates, causing distortions in optical model inversions and
consequently misrepresenting the proportions of clay and silt fractions. On the other hand,
considering the high salinity and carbonate content typical of arid-zone soils, Goossens et al [17]
argued that carbonates often act as cementing agents stabilizing particle frameworks; conventional
acid digestion and chemical dispersion steps may dissolve these cements, leading to the breakdown
of natural aggregates and introducing artificial fining artifacts. Moreover, fluvial deposits in desert
environments possess mixed aeolian and fluvial characteristics, with more complex mineralogical
compositions and binding mechanisms. Therefore, appropriate measurement protocols must be
carefully selected according to specific research objectives.

Currently, research on grain-size analysis of desert and desert river sediments has primarily
focused on regional characteristics and their environmental implications, while systematic
investigations into the effects of different pretreatment methods on laser diffraction-based grain-size
measurements remain limited. In light of this gap, the present study systematically compares the
impacts of various pretreatment methods on laser diffraction results for river sediments, aiming to
provide experimental evidence and guidance for selecting appropriate protocols in determining the
mechanical composition of mineral particles in arid-region fluvial deposits.

2. Materials and methods

2.1 Study Area

The Keriya River flows northward into the terminal oasis of the Daliyabuyi in the Taklamakan
Desert [18]. This oasis experiences minimal anthropogenic disturbance and largely retains its natural,
relatively "pristine" condition [19]. The annual precipitation in Daliyabuyi is less than 50 mm, with
a mean annual temperature of approximately 11.8 °C [20]. The river is primarily fed by snow and
glacial meltwater from the Kunlun Mountains, with an annual runoff of about 9x10® m?, exhibiting
two flood seasons and two dry seasons in spring and summer (data from the Hotan Hydrological
Bureau, Xinjiang). Dominant plant species include Populus euphratica, P. schrenkiana, Tamarix spp.,
and Phragmites australis [21]. From south to north across the oasis, groundwater depth gradually
increases, ranging from 2 m to 9 m, and groundwater salinity varies between 4 g/L to 6 g/L. The soil
pH ranges from 8.49 to 9.15, indicating alkaline conditions [19, 22-23].
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Fig. 1. Geographic location of the terminal area of the Keriya River and the distribution of
sampling sites. The labels S, M, and N represent sampling sites in the southern, middle, and
northern parts of the study area, respectively.

2.2 Sample collection

In May 2025, three sampling sites—S, M, and N—were selected on the western bank of the
terminal reach of the Keriya River, within a distance of 200—800 m from the river channel (Fig. 1).
At each site, a soil pit measuring I m x 1 m x 1 m was excavated. Soil samples were collected at a
depth of 30 cm using a cutting ring from three vertical profiles within each pit, yielding a total of nine
soil samples. The samples were sealed in self-closing bags and transported to the laboratory for
subsequent testing and analysis.

2.3 Experimental methods

(1) Pretreatment of sieving only: Samples were passed through a 900 um sieve and then
directly analyzed by instrument.

(2) Pretreatment of physical dispersion: 0.08-0.09 g of each sample was weighed into a beaker,
and 10 mL of 0.05 mol/L sodium hexametaphosphate ((NaPOs)s) dispersant was added. The mixture
was ultrasonicated at a frequency of 40 kHz for 15 min before instrumental analysis.

(3) Pretreatment of removal of organic matter followed by physical dispersion: 0.08—0.09 g
of each sample was treated with 10 mL of 30% hydrogen peroxide (H20:) and heated in a water bath
on a hot plate set to 200 °C to remove organic matter. The reaction was maintained for 2—3 h until no
further bubbling occurred. The suspension was then centrifuged after adding deionized water. After
confirming that the supernatant was clear and the solids had settled tightly at the bottom of the tube,
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the supernatant was discarded. This washing step was repeated twice with deionized water. The final
pH of the residue was tested to ensure neutrality. Subsequently, 10 mL of 0.05 mol/L (NaPOs)s
dispersant was added, and the sample was ultrasonicated at 40 kHz for 15 min prior to measurement.

(4) Pretreatment of removal of carbonates and organic matter followed by physical dispersion
(Complete pretreatment): Approximately 5 g of each sample was treated with a sufficient amount of
10% HCI, heated in a water bath on a hot plate set to 200 °C to dissolve carbonate cements. The
reaction proceeded for 2—3 h until gas evolution ceased. The sample was then centrifuged after
addition of deionized water, and the supernatant was discarded once clarity and complete
sedimentation were confirmed. This washing process was repeated three times, ensuring neutral pH
after the final wash. Next, a sufficient amount of 30% H-0O- was added and heated in a water bath on
a hot plate set to 200 °C to remove organic matter, again reacting for 2—3 h until no bubbles formed.
The sample was centrifuged and washed three more times with deionized water until neutral pH was
achieved. Finally, 10 mL of 0.05 mol/L. (NaPOs)s dispersant was added, and the sample was
ultrasonicated at 40 kHz for 15 min before instrumental analysis. Each sample was measured in
triplicate.

Grain size analysis was conducted using a Malvern Mastersizer 3000 laser diffraction particle
size analyzer at the Laboratory of Sedimentary Environments, Key Laboratory of Oasis Ecology,
Xinjiang University.

3. Results

3.1 The effects of different pretreatments on grain size frequency distributions

3.1.1 Pretreatment of sieving only

Both S1 and M1 samples exhibited multimodal distributions, with peaks in the coarse fraction.
The untreated S1 sample showed a distinct bimodal pattern, with a broad primary peak between 1—
100 um and a pronounced secondary peak above 1000 um, indicating the presence of loosely
aggregated coarse particles formed by fine-grained flocculation. The M1 sample displayed two peaks
at 1-10 pm and 30-100 um, respectively, with a relatively flat trough between 10-30 um.

3.1.2 Pretreatments of physical dispersion with (NaPOs)s

For the S1 sample, the coarse peak above 1000 um disappeared after physical dispersion, and
the main peak shifted significantly toward finer grain sizes. This indicates that physical dispersion
effectively disrupted weakly bound coarse aggregates in the sediment, eliminating part of the apparent
coarseness. In contrast, after treatment with (NaPOs)s, the M1 sample exhibited a dominant peak
between 1-60 um, with a rightward shift and relative enhancement of peaks in the >60 pum range.
This suggests that the apparent coarseness in M1 is likely due to more tightly cemented micro-
aggregates; physical dispersion alone has limited effectiveness and may even induce hydration
swelling of aggregates, leading to an increase in measured particle size.

3.1.3 Pretreatments of physical dispersion following organic matter removal

The variation in the grain size distribution curve of S1 was relatively mild, consistent with the
curve shape from the (NaPOs)s dispersion-only treatment. It was manifested as the main peak slightly
narrowing, increasing in height, and shifting toward the fine end; this phenomenon aligns with the
characteristic of low organic matter content in desert river sediments. The changes in sample M1 were
more significant: the fine particle component increased, and the main peak shifted to the left and
appeared narrower and taller, indicating that its aggregation mechanism is controlled by organic
cementation. An obvious secondary peak remained in the range greater than 60 um, indicating that
removing organic matter alone cannot completely disperse all composite particles, and cemented
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aggregates are still retained in the sample.

3.1.4 Complete pretreatment

After complete pretreatment, a significant shift toward finer grain sizes was observed
compared to samples treated only with H20.. Both S1 and M1 exhibited stable main peaks around
10 um (Fig. 2). This confirms that the acid digestion step effectively liberated fine particles bound by
carbonate cements, thereby eliminating the final sources of spurious coarseness in the sediment.
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Fig. 2. Grain-size frequency distribution curves of fluvial sediments in desert regions under
stepwise pretreatment conditions

3.2 Comparison of grain size parameters before and after complete pretreatment

After undergoing complete pretreatment (Step 4), samples S1, S2, M1, M2, and M3 exhibited
a reduction in dso values to the range of 6.83—12.54 pum compared to those subjected only to sieving.
The particle size variation rates for these samples all exceeded 57%, with sample S1 showing the
highest change rate of 73.23% (Table 1). This indicates that such sediments exist primarily as large
aggregates under sieving-only treatment, leading to an overestimation of grain size in the
measurements. In contrast, samples S3, N1, N2, and N3 showed minimal changes in dso after
complete pretreatment, with variation rates below 10%; sample S3 even exhibited a slight negative
change (Fig. 3). This suggests that this group of samples may consist inherently of loosely structured
coarse-grained sediments, or their particles possess chemically stable characteristics. The complete
pretreatment process likely removed only the cementing matrix while effectively preserving the
detrital framework dominated by quartz and feldspar.
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Fig. 3. Comparison of median grain sizes of desert river sediments across three sampling
sections under different pretreatment conditions.

Table 1. Comparison of median grain sizes and their variation rates in desert river sediment
samples between sieve-only treatment and complete pretreatment conditions.

dxso Complete Variation
Sample dxso Sieving only/pm
pretreatment/pm Rate (%)
S1 39.00 10.44 73.23%
S2 40.70 12.54 69.19%
S3 64.30 64.54 -0.37%
Ml 16.20 6.83 57.84%
M2 20.90 7.85 62.44%
M3 20.50 7.13 65.20%
N1 50.9 48.98 3.77%
N2 53.1 48.12 9.38%
N3 62.4 60.58 2.92%

Samples S2, M2, and M3 exhibit broad, bimodal or multimodal distribution curves when
subjected only to sieving (Fig. 4), with the dominant peak skewed toward the coarser grain-size
fraction. After undergoing complete pretreatment, the curve morphology changes significantly: the
peak in the coarse fraction disappears, and the entire curve shifts markedly toward the finer grain

sizes, transforming into a tall, narrow, unimodal distribution. This confirms that the acid-washing and
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oxidation steps effectively disaggregated coarse particle aggregates formed by silt and clay
cementation.

For samples S3, N1, N2, and N3, the dominant peak morphology remains largely unchanged
between the sieving-only and complete pretreatment methods, with consistent peak shape and
position, which aligns with the observed trends in median grain size. Notably, although sample S3
shows minimal change in median grain size, a secondary peak is present at 1000 um under sieving-
only conditions, which completely vanishes after full pretreatment. This indicates that even for
coarse-grained samples with a stable skeletal framework, complete pretreatment can effectively
remove non-detrital components such as carbonate nodules or biogenic debris.

In summary, applying a complete pretreatment protocol is essential for obtaining the true grain-
size distribution of desert river sediments.
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Fig. 4. Comparison of grain-size frequency distribution curves for desert river sediment
samples under sieve-only treatment and complete pretreatment conditions.

4. Conclusion

In the terminal alluvial deposits of the Keriya River in the Taklamakan Desert, simply sieving
river sediments prior to laser diffraction analysis is insufficient for accurately characterizing the grain
size distribution of mineral particles. When applying different pretreatment procedures, it is essential
to consider the specific characteristics of the samples and the influence of each pretreatment step on
the final measurement outcomes. Carbonates are the predominant cementing agents in the study area,
frequently encapsulating or binding fine-grained fractions into larger aggregates. Physical dispersion
methods are primarily effective for breaking down loosely structured macro-aggregates; in contrast,
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acid digestion plays a decisive role in disaggregating tightly cemented micro-aggregates and
liberating the finer components. The removal of organic matter mainly serves to eliminate
interference caused by organic cementation and water-induced swelling in certain samples.
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aHaJIM3€ MUHEPAJIOTMYECKOr0 COCTaBa 3€pPeH PEYHBIX OTJIOKEHUI MOXKET CYIIECTBEHHO MOBIUSTH Ha
pe3yabTaThl HM3MEPEHUN, OJHAKO OIyOIMKOBaHHBIE JaHHBIE IO S3TOMY BOIPOCY OCTAIOTCA
OrpaHMYeHHBIMU. B 3TOM HccienoBaHuM cuCTEeMaTHYECKH U3yYaeTcs BIUSHUE YEThIPEX Pa3InyHbIX
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METOJIOB  NPEABAPUTENBHOW OOpabOTKM — TOJNBKO TPOCEUBAHUS, TOJNBKO (DU3UYECKOTO
JMCTIEPTUPOBAHUSA, TOJBKO YyAAJCHHUS OPraHMYECKOrO BEIIEeCTBA M KOMOMHHUPOBAHHOTO YNAJICHUS
kapOOHaTa M OPraHMYECKOro BEIECTBA — HA M3MEPEHUE pa3Mepa 3€peH C MCIOJIb30BaHHEM
TUIIUYHBIX PEYHBIX OTJIOKEHHUI M3 KOHEYHOro oaszuca peku Kepus B LieHTpanbHOM yacTu OacceliHa
Tapuma, B mycteiHe Takma-Maxkan. Pesynbrarel mokazanu, 4rto oOpasipl, 00pabOTaHHbBIE TOJBKO
METOJIOM IIPOCEUBAHMS, KaK IPABUIIO, JAIOT 3aBBIIICHHBIC CPEIHUE pPa3MEpPBl 3€peH, IPHUYEM B
HEKOTOPBIX CIIy4asX CTENEeHb U3MEHEHUs pazMepa yacTull npeBsiaet 70%. Mbl npuiuin K BEIBOLY,
4TO KapOOHAT BBHICTYIAET B KAY€CTBE OCHOBHOT'O CBS3YIOIIETO BEIIECTBA MEX/y YaCTULIAMH OCAIKa
B JTOM PETHOHE, a KHUCIOTHOE pa3IOKEHUE HUIPAET pEIIAIIy0 polb B Je3arperanuu
MHUKPOArperaroB M BBIJCICHUH MEIKO3EpHHUCTHIX (pakuuid. Pusnyeckoe AUCIEPTUPOBAHUE B
OCHOBHOM 3((eKTUBHO /IS pa3pylieHus caado CTPyKTypUpOBaHHBIX MakpoarperaroB. Kpome toro,
ylaJeHue OpPraHUYEeCKHUX BEUICCTB MMEET Ba)XHOE 3HAUYCHHE JUIsl YCTPAHEHUs OPraHUYECKOU
[EMEHTAlM M CBEACHUS K MUHHMYMY BIMSHUS BOJOIOIIONMICHUS W HaOyXaHHs HEKOTOPBIX
00pasIos.
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KypaMmblH Jla3epiik JupakuusiIblK Tajjayla ajfblH ajla ©HJEY OJAICTepIH TaHJay eJlley
HOTH)KEJIEpIHE alTapibIKTall ocep €Tyl MYMKIH, J€T€HMEH OChl TakKbIpbIill OOMBIHIIA >KapUSIaHFaH
JIEPEKTEP MIEKTEYI1 OOJBIN Kajia Oepeni. by 3epTTey anasiH ana oHAeyIiH TOPT TYPIIl SIICIHIH 9CEPiH
KYHeml TypAe 3epTTeil TeK eney, TeK (PU3UKaJIbIK JAUCIEPCHs], TEK OpTaHUKaJbIK 3aTTap/Abl KOO
KOHE KapOOHAaT MeH OpraHuKajibIK 3aTTap/sl Oipre xorw—opTanblK Tapum bacceliningeri Kepus
©3€HIHIH TEPMUHAJIBIK OA3UCIHEH THUNTIK aFbIHABI IIOTIHIUIEPAl MaijagaHa OTBIPHIII,
TYHIpLIiKTepAiH MemepiH eiueyre, Takigamakad meii. HoTmkenep kepceTkeHAel, TeK eney
O/IICIMEH OHJIENTEH YJrUIep acThIKTHIH IIaMaJlaH ThIC OpTallla MeJepiH ajayra OeiiMm, keilip
Karainapaa OeIIeKTep IiH MOJIIEPIHIH e3repy KbuaaMabirsl 70% - nan acanbl. biz kapOboHaT ockl
aliMaKTarbl MOT1HA1 OOJIIEeKTep apachIHAAFbl HET13T1 IIEMEHTTEYII 3aT PETIH/IE OPEKET eTe/l JKOHE
KBIIIKBUIABIH ~ KOPBITBUIYBl MHKPO —arperartapAblH  bIABIpAybIHAA JKOHE YCaK TYHIPUIIKTI
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bpakuuanapabiH OeniHyiHIE LISyl pes aTKapaabl JETeH KOPBITBIHIBIFA KelaiK. DOU3HKaIbIK
JMCTIEpCUsl HETI31HEH epKiH KYPBUIBIMAAIFaH MaKpO arperarrapiabl biasiparyna TuiMzai. COHbIMEH
KaTtap, OpraHUuKaJbIK 3aTTap/bl KETIPY OPraHUKAJIbIK IEMEHTTEY/II JKOI0 JkaHe Oenrimi Oip yarinepne
CYIBIH CiHYiHE JKOHE ICiHyiHEe KeJlepriiep/li a3aiiTy YIIIiH 6Te MaHbI3/bI.

TyiiiH ce3mep: acThIK MOJIIEpPIH Tajjady; alAblH aja OHIEY oIicTepi; (uroBHAIIBI
merinainep; TakiaMakaH medi.
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