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Abstract: Located in the middle part of the east Kunlun Mountains, the Golmud River catchment is covered with a
large area of granite, especially the potassium-rich granite in local areas. In order to understand the evolution of
distal Qarhan Salt Lake, it is important to study the distribution of these granites, the variation of the K, B, and Li
elements, and their temporal and spatial migration. In this study, the authors collected samples from granites and
their weathered detrital materials along Kunlun River section, Xidatan River section, and Xiaogangou section of
Golumd River catchment. Based on major and trace element analysis, rock slice identification, chemical weathering
index, and optical stimulated luminescence dating (OSL), the authors investigated the salt-forming elements in the
granites and their weathered products. The results are as follows: (D In the Xidatan and Kunlun River catchment,
gray-white, medium-fine grained late Variscan granulites are predominant, with intermediate level potassium con-
tent; In the Xiaogangou River section, there are mainly gray-white and flesh red late Yanshanian porphyritic adam-
ellites, which are potassium-rich granites, and thus these areas are advantageous metallogenic targets of potassium;
@ K content gradually decreases and B, Li element content gradually increases with the increasing weathering de-
gree in the granite. The Xiaogangou River section has high K, B content, but the Kunlun River section shows high
Li content; 3 The chemical weathering indexes, such as WPI, LOI, are well coupled with the element content
variations of different weathering degree samples, indicating that these two chemical weathering indexes are sensi-
tive to the variation of weathering degree; (4) The alluvial sediments section of Xiaogangou River catchment has OSL
ages from 95.9+10. 5 ka in the bottom layer to 17. 7+1. 0 ka in the upper layer, and the WPI index, K, B and Li
content variation curves in the sections indicate that the salt-forming elements migrations in the granites in the Gol-
mud River catchment seem to have been related to the chemical weathered degree change associated with the
glacial-interglacial cycles since late Pleistocene, and these elements have provided abundant saline minerals for the
Qarhan Salt Lake.

Key words: Golmud River catchment; potassium-rich granite; elements weathering migration; OSL dating; tempo-
ral and spatial changes of granite elements
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Fig. 1

The location of the study area (a), the river drainage and granites distribution (b, modified after Bureau of Geology and

Mineral Resources of Qinghai Province, 1991 and Xue Lingwen, 2016, the underlying graph is Google Earth satellite image)
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Fig. 2 The microphotographs of granite in the Golmud River catchment ( crossed nicols)
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Table 2 The environmental information and OSL sample results of Xiaogangou section
BERID  WE/m w(K)/%  w(Th)/10°  w(U)/107°  &HKE/%  Fl&E%E/(Gy - ka™') De/Gy HEREEAFR ka
XGG2-1 2.0 1. 80+0. 06 9.82+0.28 2.30+0. 11 10+5 3.18+0. 15 56.3+1.7 17.7+1.0
XGG2-2 17.0 2.21+0.06 16.40+0. 44 2.83+0.11 10£5 3.97+0.19 186.1+x4.4 46.8+2.5
XGG2-4 32.0 1. 67+0. 06 11.20+0. 31 1. 60+0. 07 10£5 2.79+0.20 257.8+10.3 92.4+7.7
XGG2-5 36.0 1.97+0. 06 11.90+0. 33 2.35+0.09 10+5 3.26+0.24 313.2+25.6 95.9+10.5

A TR SRS AT DL Y X — R 34 m Y
T A\ 96 Ka Hii T4 HEAR , L5 A2 AU ] oK T4
FN2 18 Ka Hij YA U ORI 5 0, R A T AR 5
K214 0.041 mm/a,

4 HHE
4.1 BEKTRBENEHESESENE

FE VG IMERT B G T i) B, 46 b £ B e AR
JRIFAT IR L R AL SR | 322 A 7 74 rp O Y K-
KA ATR. K ALK . TERS ZR AT B, 48 ]
o E B A TE RS IR AT i 1) /N 3 DX AR T
M, F= 2 e e S AL e A M R e e
PAINEA KA R, B ASKLINDIR AR B 25 Ak 43
fii, TCRSTRSIEEREY, WRME—R W —
FIAE KR 2 KO &8 8 T @K, A T
4.00% ~4. 509 Z [} ; T A/N1E X BB A L 1H 4b
RS2 IR 23 A )G L W ) PR 20 8 B AR A < 1Y)
K,0 & & f i, Y 5. 00% £ A7, e )k
5.58% , e Bl AR 5 5 A R SR I A R 3L
i BH 33 I b G PG R 1) ) R 1€ T 0 A B e A A% R
AT B A A A X, A R AL
R FIAE B A DL Bk IR 207 3 W2l 3000 ~
320°, [l MK A gk — K AL A, BB
FREW], ZWAE A RS AR R AR
B JE TR A R AR B e 2 Rk R 5 A 4 B R
RRT N bW B AV E R (RBAE B, 2015)

FE A 5245 (2016) BF5E T R0 /INEE AT 357K
T SRR IR AT T K o K i AR fb ka3
R I F VG R ME 1) /N g 38T K S KTl
3.40 mg/L, BB W WK b1 K& &4 3. 14
mg/ L, T3] T A% JR AT T3 A /N T VAT B i (K
FHEE] 4. 54 mg/L, BEHZ X Bt 8 1) R 416 B 1 A
<l 25 118 XUAR b 308 X 30T K K a4 BT R A
WER B RS KA ] B R i 3l K g K
S, MER S A g ap B 2K

A 5.00 mg/L DL E, Ul BRI B B AE K A
XA T8 0 10 REULE o R k82 AT K Pt =
FIAR BT, R R XA A e i 9 o ks B 4, LA o
I Ee T AR, B BR b A8 0 LA B b R K T4 4 ik
WKV o M SR AR PN B B AL 1) B8 0 AT R 221X
Bk K & fbia i —8 RME S IL T
BRAE B 7 10 KL RS M R AT T 2RISR i 2
L7 JE W R R R T

FERS ZR AR T 355 218 114 AR LT — 1 (&) 25 (]
BRI A LUBRIR K AR R A A B
1 PR 265 5 B L B, SR (2017) BIFSE A R HOE 1
T B, FREAE I X R S T R AR AR
i, HOPT BRI K, 0 & & 4.33% ~5. 21% 2 8],
—EHIE R A AR ER X, TTHL (2010) 0F
FER IR R S 3n vh Bs o LL A T = AT
eI I, BRI R IR T £R 15 X PG 3B 5
W AN A KR, 7T AR IR I X
PRt S U AR ARV S | ) v b DX A R, PR Y
TRAT b DX YR 22, AR R AT it il DX AR A AR A5, AR AT
e 5 PUHEAZ M K & m i S S b g5 rhik sz h
Ko R IR R RNA A I, AW I 0 44
T KB ol A A%, Ani Ay, s w0k 2.
70 mg/L( THAE, 2010)
4.2 ERAARIBIE RS TTERLEBIFE

SeIk R Z M 2% B2 LD s B AR R A 1 KU RO
R BRI R R 280 1 1) — A T BRI,
LA B R ST Rl i R AR R s, E R
PRI IR B T TR (R A5 5, 19905 2550
&, 1993) , PRIHCRHFGE A ZR ATAT 3t 38 Py ' B0 46 10 2 7Y
WAk St RIS A EEE L, BRI
<A KAGIE S I FE AR AR 22 (1# 2 425, 2001 ; Tamer
et al. , 2002) HX AL E S5 (2011) AFFE R I, bek
LOT Ffk 2 KA 48 5 WPT BfiAE i A WAL R | Aisf
JE) IR 110 7 Ak 38 7 B S P B ) e R
A FVEPEA 5 A KA R B R S A R B R A B
[l s, 33 19 Aol JXU A 4 A 8 25 - b 7 IX 388 S e A8 Bl
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LARICEE MR AT B 04K B o AR 0 3R KU S 9 I 23 23

AU B AL R BE . LOL J2& 48 55 A FF il i34
105°C i 2k 227K 43 B B 52t 4383 T WP 46 AE i1
Gk B AL XA Y B i 2 b, B
k48, WPI= 100 ( K,0+Na,0+Ca0 — H,0%)/( Si0,
+Fe,0,+A1,0,+Ti0, +MgO+K,0+Na,0+Ca0) , —ff
KL, A6 b 7R R B v di K A FK AR Y
Wi LOL {22 W 22 K R i, 7 WAk i R b iy
Fe,0, AL O, %5 XUAb ™= 1 i 384 i, IXUAb R B b v, L
WP {23t/ (4245, 20015 XISESE, 2011)

AT SRS SR AT TSRS [ Y] BEAN [vi) XU R
FEal Y LOI F WP Ak 22 XAk 5 55, AT IR R BE & =
BAE B A WAL 8 A5 017, FoAb 24 KA F8 S0 A i)
U, RIE 45 A K B\ Li JGRAEA R KL RE B AORE
T R L AR B 5T B AT AR ARk SR A A
AL 3BT N T) S I e P IRV A R B AN T PR o B30
(K3) K3

(1) B AER XA FREE R, WPT H1F K" |

12 ]
B —m— WPl
10 i —— LU
= 8 e =
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= "
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Fig. 3 The variation curves of WPI and LOI indexes for
different weathering degree samples in the Golmud River

catchment

Na® Ca™ UK J< F F2° A (1) 5 48 T 2 i B AR, i
LOI Bl A K ff MK AL Z A0 T i, B WPT B4
B M S WA IR A S5 P9 ) A 5 UL R B 5 R TR
IR A [RIZERIAE 5 o KAk it R TE e LA

(2) Z5EFR VTR, BEE AR BE A e,
K, O BRI (BRASAE AN ) K, 0 F i DU A
ai TR 4.00% ~ 5. 00% FEAR BT AH 1 (1 1. 70% ~
2.00% , UiBHCEE R B A X A 1 KL B B T R
(I TERS RE S STMRAE F T LA S8 o

(3) AERACTREE AL S, B Li JTCER 401
FUEAS R B 5, (A2 Bk b 0K 4h , P Fh T
FEI & s (BZEW A, TR EITTR O &M
TR RS | S R AR, U W] 375 2 1 IR A I ek 3
FRAL TR TR E AR LIS (2000) BFSY &
A IR AT 1Y B Li C R AR A b R
W R IEARDCHE iR 2255 (2016) S8 F 9T R B, 4%
IRATAT LN LIS Vi, KR ) K B Li TR & &
GRS UE T LA I 2R R R 4R N &
O HER A2 R 287 I el e &) 43 Hh bR e A2 3 (1
X)) FIzE K28 K e 4 (ERNIX) BT R & ST K X
BRIk 251

25 L RTIR AK IR AT S AE B A 1 KAk, G H 2
DT/ NI ] B ) R AT A BER & B0 A8 B 1 KAk LA
T V) b R A% T R b T 7K A T AT A s R T
AEMERITERIMITP K B Li 0 R0 & £ 34t Tk
W EE P TORIE
4.3 1BRAAFIHE AR AT R IR BT

AU GEF PR IR N /N T VAT B2 & B AL i<
S AR X R, AR BE N, 43 A 2 T B DY T AR
KRR E AL e R (b)) AR L i b
WAFAEAE — A 2 i 5 B 1 A KUK T B A R
ARV 2 B 3 AR R OB 3 T ) T e R 2
et B 5 LT s B AL A A R PRI R
DRI I, 2 351 T AR 5 /N 1 ) b DX 0 A6 I 5 7
I3 S B AN [R) A 5 T R e R & AR
A R4, OSL AR 455 (3 2) R, iz
TR UTRRIS ] BE N 95. 9~ 17. 7 ka, 28 7 1 M) vk 48
FN VKA [ 1) S 2 AL S BOH BT & T R L 2E K
A BRI oA K, [ da~dg A/ A7 T RER
TR Frm LTSRN X Ik S A8 bRkt e &, AL R
A LUE Y FER UK R vk 0TI 481 (100 ~ 75 ka) |, BT 441
VP B0 2 IXUHE s A B B 7R T T8 A L P e TR 32 A
SVER B A SR B B B A S R (Bl 4a~4c)
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Fig. 4 K, B, and Li element contents and WPI values in
the Xiaogangou section in comparison with regional climatic
indexes
a b—RTTER) ISLIA FLBRARER APTEH ALy o— BT fEEEED
BEZERIEDR s d~ g—/ DT E T R TR M ALFE bR
a, b—the calcite and Fe contents of the ISL1A core of Qarhan Salt
Lake; c—the Indian monsoon stack of Arabian Sea; d~g—the indexes

mentioned in this study

(Boltan et al. , 2013; “ZARICA, 2013) 3 HAT AR
WF5E 2R W1, 3% By BOiR B2 78 %5 5 ( Thompson et al.
1997) , TEXFP AT SR, /N8 WPT 3
T 1A, R A2 KA R B R B oK
R, % DU TR ) B Li e E W R 7E 3k &
T BERE R /AR TS B AR IR ; T K JT 2R W
A B T e e, X5 K LR Bk A G,
BT S PR AR B TE R R R 4
i EAE R = b (BRIR A, 2001) , 7E S5 1V 11 []
VKIART B, KB 1) s B I LA K i XUAE, b i
B AR B R i K0, 76 KA e T8 4 b i 4k
e, BAAER S S R, fEIXHE R 94 ka

B WPL i B ARAE , 33X 15 B EE 23 XGRS S5 e {EUREDF
PRIt T LA SR A0 o B 2 i B A 1 4 A
FINEFRIE e K TCE B 2 W, Rk
R3] (55~ 36 ka ) 52 AR YR UK BL A A AF X LA ) B
W (An et al. , 2012) [ 4a~4c BRI
AH 2 B 103 ) A R A S AR T (TR B0
AR, SRR RIZY X RS SEET , WPL A i
TN I X b2 AU AR 5 B R AR, B S U P K T
FE IR T RUE AR A TR, B Li T
FE ol TR i T R AR A R KT Y B
(18 ka LUJF ) , SAsk B AR B W AR 2 [y g, AEL AR+
123 L Al oK) R 52 2 0 IR ( Owen et al.
2006; BI/NEAE, 2016) S A RRIZL, YRR
Ao, R, KARFE 2R K B Li 1 8% B lcad 7 e 2
AN 2% . WP S5 iZ i AL XAk A i 58, B
JCE SR, K M Li BOBORT B LB, AT
A5 R A2 WIS G,

SRS N VAT BN TEAE R B AR R A
PR AAL = 1 B AR o E R TR T P, KB L Li T
A A AR DR A AR A Al KRR A
AR G YR P XA R Ak R &
H RS ] R A B A — 2 Motk 7892 X3
DAL, DK — TR UK 3 ) A 5 Tl 5 B0 A2 XAk ik
ARAb R B AE A AL JC R BIGE B I I A AR 5%
IRIFERINE R R R Z —,
5 45

(1) B PG R X A — K AE & s T
KA R A, K0 FEA T 4.00% ~
4.50% Z 18 5 17 /N V8 1] B 43 A 19 A £ G Bk —
LR K0 FHTES. 00% UL b B T & B a, N
6 SR AT 38 358 e 5 L) = B A B A A X

(2) TERAERR B f AR S & AR P, K, 0 T &
TR B BRI, 576 5 A 0 KR I 2% 2 VTR OG5 H
S, WAL BE g B P B L U & b, R
R R B I B 5 ZE 2 ] A0 A B KR B ST S R TE
ANTIRT R R, Li TG R AE R SR, R
HH I B ) X B S

(3) VIR AR BERE & 1 ek b e
Bl S5k 2: AL F8 50 WPT LOT i s il &, AT 4
AR SEE U] WPT I LOT XUk 38 R 78 IX I8 | fiEfR
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BARICAE o MG IRAT 3 o AL b o

R TT R KA AS I 23 8 25

Db S WA <) 2 XUAG R B2 70 7 8 s i AR LR v
FEH DX EA TR AL 5 e KARRR B A 88 A

(4) /NI AR - p PR TR SR B T 95. 9+
10.5 ~17.7+1.0 ka, iZ#H|HEH K B 1 Li JTTER & &
AN WPT 48 805 W BUER TC 2 I XA S 5 it N
UK —TR] A e [m] RRE b A S A8 Ak o 78 LA e Ak 2
AR B2 25 DA OC

(5) A&IRAT LN & # AL e b sk T &R 1
IRUA, | b TR0 Bt 2 A8 A ) S % Ry B R T R i AR 2
Ve Rt T E A,

g Bt r £ RBIEATR R AR 48 AT A
I TAE P AT o9 B, Bl TR B & TR L3R
B A2 T
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