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Abstract

Rock varnish is a common dark brown material covering bare rock surface in arid and semi-arid
areas. More than 200 years ago, scholars began to pay attention to this geological body. After a
long-term study by scholars at home and abroad, there is no much controversy about the material
source and composition of rock varnish in academic circles. The significance of environmental
change indicators of rock varnish has achieved rich results, especially the environmental change
indicators of micro-stratification of rock varnish. Although physical-chemical and biogeochemical
Genesis models have been established for the formation of rock varnish, there are still disputes
about the formation of rock varnish due to lack of definite evidence. Generally speaking, the cur-
rent research on rock varnish is limited to modern geographical environment. There has never
been any report on rock varnish formed in geological history period (i.e. rock varnish in strata).
The “rock varnish” found in Yuanmou dry-hot valley and soil forest strata in Yunnan may become
a new direction of domestic research on rock varnish. In view of the global spatial distribution of
hot spots in rock varnish research, it may indicate an arid geographical environment. Varnish in
Yuanmou dry-hot valley and soil-forest strata is likely to be important evidence to reveal the
evolution history of Jinsha River dry-hot valley, which deserves our further study.
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1. 518

MR, HER—ERE TEENI A AR BN T H NREAWREA, aadiiEtdEz,
JEJEZ)2 5 um~600 pm [1]. BT EAR S HIE ) 2040 T R T S A R X, S0 E 5k
S G HFR VDI A R (desert varnish) [2]. A AE EISMOBT T 5L Cad@ 200 4, fEEN, seE bad
80 FEARE 90 A Ik — W s, (HILJE I 20 40 A7 (I R 22 OG0, EREWEE, 74 XA H
MkiE, Rl e M EIEHE (PNASY FRR T EEBAF M RBHRRIT “HE1EH” MW [3]4E
SRR EE T RS, N2 AL E A EAT AR T A DA AT A AT, RS LR 2 .

2. BRASMERIAZEHE

TEESL, HEEF PO “BERZAL” WP ILER « 5 « P& (Alexander von Humboldt) T 1812 4F
A5 B8 BURHAAT (AR T R 36 022 P R 5 T A8 A B G L LK) B S SR B IR0 HLdkAT IR (4], LS,
— R T B BEYTCRIE ISt — B 19 tHZ0RFSEEI T 20 tHhad i s . A1 5 f 7 BB ROR AN T S
R, AT T A B FCRIEEEA LA T 300, SUbFEE, A BN A R AR S k. 2
&, AT E SRR A b (HBIEAC IR, TSR AR, AT TS BRI AT AR
FEAES o P B 2 B R BRI, 6 BRI IR A F 7R 3 XSRS T — RANE B R iR
Bauman A.J. (1976)F1 Dorn et al. (1981) & SLAH: 14 -G W34 AL M0t B K 484K [5] [6]; MEJS, Dorn R.1. (1984)
FI R THREE TR TR Y ST IZE B Mn/Fe LUAE AT RS S it 25 PO HS R 7K P15 I 5h B 7l fig
AR, T IX — Bl b PR BE AR AR bR o] REAERI FE R . 52 b 0B R BB DY 20 T S B 52 75 T
A EERX[7]. HE] 1990 45, Dorn R. 1A AL : A2 BAL 5 BRI A I 2 A= P R BR A 2 A5
RAREHIITE (pH E) AR R FE R B 4E[8]. 25, AN RZ B X H AR e
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TN T S BT 7T R S S FE R L Broecker W. S. (1994) FIBF 7t 46 HY : S5 [ P R B A s S A 1
AT BRI Y, AE I R] 5 A6 PG V1 X R KA R L Heinrich SR AR EA R IFIIXT N C R [9]
Lui T., Broecker W. S. , Bell J. B.55(1999)thfi i : 7 BB AUZ BRI BT AR GBI R S IR B, ks o
WUE BT BT HEA T2 K [10], (HBILLET, A IRE BRI BRBERR G ik T, FEE XN 53R
RS I — BRI, B AMIF B TR VR, B B — R — P U i B R 5 R K B R A T AN T
[, R R 7 S I BEIE 2. R G T TR AN R R B AR I U A R v AT I, i,
Macholdt D. S. et al. (2017)i@ i RAR A LI TEPHFIIED S0 1)K B AR i, FFad X b o b L
B OSSR 4, AR BOEE RSN 1V BI[11], M ARHE LR 1. BRI, A%
ZE S AAEYIEE AR T B 2 SRR RIS AV SR SR W2 B E B R A [12]. EHE, STTFERER
WA 2 O 8 S e N 22 U ER 2 T8 [13], 10 DNA JTIER 4L 7 v B FF 46 T 1F 727
M RO FE P2 S H AR, SRR SRR RN E S 5 A B IESE, HHAGEHER
R 2 P AE I R g [14]. B RS H, ST A ERIBEANSREAE — MY, 140 A sUse
ETHRE G R R B HWAEER, Xtk MO RTEgRSE.

Table 1. Classification of rock lacquer types by structure and chemical composition [11]

T 1L RGHFMUZE RS I EREEN 5 (1]

B8 4k Ce Ba Mn Pb Ce/Ce* Lan/Yby Total REEs
. FHAR, B
KA ] . _ +++ +++ ++ ++ +++ +++ +++
HE R W
Nl oy = Y E

KA *JF'TE{EE'T‘E/J T2 +++ +++ +++ ++ +++ +++ +++

iR
ERN e FR Y Tz + + 4+ - ¥ _ "
FHIV BRI K2 - + S - + -
LRV TR IRIX NS - + - - - - +

NI T TOA AR AR R, AR A SRR E R A R, RS BRI AR O SR 4G 1 3
RIS — NI, AN, At WAL EX R BT T HEA[15]. Bh)E, SKIBHISERN . AERE TR 2
Tt A FH IR =4, I P 2 SR IR S 5 K [16]0 JE R ITT FUIE R I, R il s o 8 J vt A5
G KR 7R FAE V2 U I 70 BAT BRI A [17], B ST DU ORA FUiZedth [X T4 RO _E 7 A2
18], JEFER, EAEEIPIRMIEAZ, RSN AR TR AL
M5 Z IR B 9% A S5 07 THNE A 15 80T [12] [19]

3. BRNVIBRIER AR

A RA B TCRIRRI G0, WA ERR TR EMITLE 7. 1812 4F, WK « i « P& (Alexander
von Humboldt) & Je M %< 1) BT AT Fiak if i S8 1A R BRI AT RE AN 2 5, T2 ok | A5t
0 “IAMBRUL” [4]. XFik, 1R Z2# AR, AT —BOA N E B MG B A0 P TR R,
R S SRR T A A B [1] [2] [20]-[32], H1 T 240 Sk /i vl T AR 2 R ILI AR TB, H )
JRIR S — B 19 tHACRFEEE] T 20 s . 52K, B A T AR EOR 1A W o 5 R,
M B RS MR RS R E S N RIS 2 A& A B R SR [33] [34], 1AL T-# AR Rl & 1
ARZS, PLMAESE Tk « 13« yE£& (Alexander von Humboldt) (NN, #iE T A BV R IF ARk A 3L 5.
Ib)E, BEE R ECH . @ e i T B ROR R A, AT TS 3R i kIR R A
ISR TR HERE KT ) (aeolian deposit) [35]-[42]
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KT HBRDRARR, BT RRN: FER ) 32 B — g 5 IR Mn R Fe [0 SO 1
W, HARA A ST B R AR R RS L) S 2] T 70%, 54MEH —SiE cRw AMmA
TCRAN[43] . I A B AN E KW IR R EZE IR Y[44]. JERIMK B TR I,
FERITE EEIUHEN: Siv Cay Al Feu Mg, Mn &5, XTI 244 7308 Si0, CaO. AlOs.
Fe,0sn MgO. MnO; [45]. B4R, MHATERDEMA KB KE, DRFEELEEIIELLN Y FIGRIE
T LIS — e B, X E R S S R AR AR A R[], (BT A EN EET TR
FhEMI R, FARFHBTC TR Z S

4. BRNFRIEE

TSR Z YIRS, A B R AR H OV E R E R, (BEGER, SO A2 ) 12
DU Fof f i -

1) BRI A ARG R A A TORUE D [46] [47]5 AL R ) 3 2R H BT AR P Bk S 4R AT A
B CHBRER AR WA E RN AT, B BRI R A A K 60 i, RN E L H
TVEW pH IR, BRVEIEA VA RER T AN VE R, S Y SR L IREs, Ik, i TS sAH
SHEIF RIS, 2 KA R B (pH (B BUR I EL . 2) A R R AR & R
Eisi[48]-[55]; =Bz T A8 EH RIAANYREM Bl 1, L8, |, BRI,
REGHUIR RS a3 IR ol ) T EE M . 3) AR -RERRERIE IRV [56] [57];
BRAE R T RERR EL A R A 3, MR IE N AR, A pH Tk, SRR AR R
SEERE LR ARSI T BRI BEA B . 4) A0TE - K A HAE F 2 SR TR ER 3 [39] [58] [59]
[60]; ZMB BN A A BRI BGE A VR R (AR AR . Bk IR A & SR e & SR LS5 UTiE, Pk
TR PR A A 2 AR U P AR B2 (BRI SR D A 2 R (R TP AR D A B T [59] - i LA AR B 4

e P 5
LB DURME B AT U S5 A WAE S 5 Y A 2 iR R A 2 5 ) 2 st B 24
A,

4.1, EFTBHNYEEFREERER

VIERAL S R R B R BT 2 5B MR BEE A S R S S0 16, 12RO S B R T T R
AT, B RAE A AR DAY B AL 207 SR T AR [61] [62], X 2 H T AITA WFME FH L],
BARTE ot FEan 1 FoR:

1) 1ERRER A AR, KA AR “ 2t (5 1(A));

2) EW BN EIFZ G, TR pH N 8 IS, TEIXF pH 244 F, Mn flfsHoe R mk T nI#3)
M EZs, BT Fe MAMERIEE M, (TTHEMEN Fe MERMAL, KUILIEINZE RS L Y
RAE, Mn FIENEZEL Fe 2R 2, XMAF Mn el ARSI HEATIZS), B AREL AT DUsE 2
AT R I Z AL ) BB H P 2R L b, FURIGIRE TR B pH [E210, RS, T
i a), AR B T D LB e 1Y, 7R AR R, MRS A4 b I s AR R
YL 1(B));

3) —HIFWA MBI RIS TR, KIh(H Ve b ib) 25 Bk 1, fEs H E A SR, Bk
(ISR EE TR, T AR, K5 Ca 4 1, HT Mn ZUTRE— IR A 5 =ik,
Rt e RS R T & 52 1(C), E 1(D)).

4) X3S PRI E S R AR AT A -
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Figure 1. Sketch map of physical and chemical genetic model of rock varnish [61] [62]
1. BRMENFEREERE REE61] [62]

4.2. BHRFRAE IR S AR ERE

1981 4F, R. 1. Dorn 1 T. M. Oberlanger @i i BB A A X BT B BT O AR H: B
SRR R VDA BRI AR VD IR BT T T B & R B A R AT R AR Vs B = [6], 1982 4F, AbAITIE
PR T BB AV IR, YN E A B AR Bk = E I 4h e, R A AR IR &S
FERHADE R BIP=2), IR EEAEYIAELE T R 2B, Rl T R A0 B h X 0038 B R 5
i, TR FHBAYR(E)TCHUE FRIE . RBP4 — B X S A W aa Ak, i 45 A Bl kG ks, 1
LG Rk XSO SRR R B T BRI, A s A PR s I A, XA, BRI E A
T R BT IR S5 R 0 VAT A AR TR G AR R I AT R T & R A, A AT i SE A 30 7 Bk
AP ERA AR, i N T SI0 I GE YRR S AL B R G S TR A, FERUE IR pH {HIE
PRI RARAE T, TENIBRE BB i 5 A R T & B AVE R, HUESRHERIT A S RIR M 5 R
AL, FHAE A BRI AR pH B B H PR Bl M 1Y) 7.5~8 [63] X TR AL, foB (A 9 Jd 1 R DNA
G 5 DR AL B AR 8 B JFG ) L ) 3 o P BB AE D E AT X L T R . BRI A KO E 5
T RBUESE , AR R B A D B E I B R AR ML S5 T E R R T R AR R pH (B BB, I
BB AAT A MR P A DTE B4, JE R TR R S A, AR AR 1 R R 4
WA, B, RIS | B BRI B P R DT AT B R AR ORI, BRI — D A T [14]

5. ERNEBKTH R HE TR T RS HIBIIE

A IRE BRI FAE E N A — B DORER AR, T 7 i X (1] 2) [11] [18] [45] [64] [65] [66] K#R )9
FEKERADITF TR, HARgRE D P, BRI . BAEEREE, b2 mE e
VIR 2 RS TR I 2 AR IR AL 22 RIS, 53T S pH BV BRI A2 i it Bl 12 1 7.5~8, X —
pH BT S B A2 — Rl D BRI T R3S 28 BRTR, HdRA W REHE /R T —Fh R I HbEEIA S
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Figure 2. Rock varnish of the hot spot research area of the lacquer [11] [18] [45] [64] [65] [66]
2. R EFALARBXREE11] [18] [45] [64] [65] [66]

6. ZiLESRE
6.1. &t

M 1812 4ETFF7 LK 5 « y4% (Alexander von Humboldt) 4] 5 30 I 48 S i 25 I b i J5f A T 45 28
L A RIEWIFRIE TR TR R R B2 B S R R I 06 R 55— R 1 A R AR EUS T
FEBE, Rl AT TR HREE, GRS K, ST A AR R E AT,
BRI B E . AR, KT KR AR RE 5 KR A SR I 7T RS AR W
16[42] [67] [68], FEANMEH T HEMAMEIE L. 2 LR, XA BRMHRPURIEW T 4.

1) MEANSMREE BT 5T SERE, AN TEA, EANEE AR T2 TEEy, Hit
HACRE, EAXTRENAGEEAS, RADECEFMERFEOE, B, e E N E s T a8%
1) Y JE I I et JLATE 78 o 0

2) KT H BRI ORI RN BT 2 X PN 1] BB i 7 R AR A, (H H AT AR AN C K £ 4
W AR [RISERUE G T2 SR A AE VS ME AN R S R R s, A2 s\ & B R T R AR AE —
S

3) KT ABMHAMMALT T —/MogKiidfE. Hal BOBEFEERE, JFEWER THN
W A\ AT SRR, AR T 5T e B A AR I R I — ) AT AR G AR, E B R R T 4t
—EW. AT FRANTEDRSE, HES BT A FTHER, SR TR R A R 1T R R S
BiE T —;

4) HEEEGIAEAN B B R T — FERCN AL, JUH R A B B UE B S AR A 2 A] (1 06 R 7T
LR T EARR)Z R, TR, AR, EASMYEIET T — R EE AR

I, T T A PR R B VR DLt SRR I A S A
6) BT MIETLA AR W] |2 20 A 1 A R 2= (R IRock varnish) (1A BH 6 i W2 A R 25
RE NS 72 BRI ) R W BRAL 22 R P R B B o DR R, & R A R B AR At i,
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FHiE %

IR K AT, E HoO/O0, B AMIE SR HAL BN IE, 1K 3R /KON SR 6 AL S A W] A A A 3t < P ) e T
o BEAh, SHE A PSRN Rk 347 BE T RE Nk MRS TR IVIE B EANEh 77, FFREA
NADP*rh i1 NADPH, Syl R AR ae BT 0. B AR A I s 7R (k. A,
R T AT AT LLSE B S AL B, I AR SR R AL, R R R R R B R
FLMRE . BIRYL, IXEETRIR IR BH BEHSCER AN L s 4 DR FH K B BE M 44 AT HL I 57 208 4 2
AR SR B3]

6.2. RE

B AR T AR, WA BRI OG22 T F AR KR (B RA 38  id hZ i “

B MR T S A B S B R B AE TR 2 b SRR AN R R, 1 o R n TR
TR A A RESEE(E 3), MR 928 KIWTTIETL 2 24k 2114 K TG HEAR (LT & A 7310,

[FIE, TETCHE MR IR 45 2 3R 28 R I T IEAE T B A R (4] 4) LA R oo o vkt 2 s Bk i i 45 2 3R 2 1

CEB” (E5). A, B ANEF LYK TR P8 R Y U E RS A (Wajid Sandstone) R B TR

ABLT bRl 2 A IRk 5 45 2 (ferruginous cement) (1] 6), - H X Z R 45 2 B4 (lower red unit “LRU”) A

Figure 3. Rock varnish in dry-hot valley of Yuanmou
B 3. TRTFHRAAFIEZR

Figure 4. “Rock varnish” in the surface of ferruginous cement layer in Yuanmou soil forest

B4 TR RRARREEERRN 5
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R %

Figure 5. “Rock varnish” in the surface of ferruginous cement layer in Yuanmou soil forest
5. TEETMMEFKRREERE “5%”

Figure 6. Ferruginous cement in Waid sandstone, southwestern Saudi Arabia
6. AR RFEDEPNSERERSEE

FRY: BT “LRU” BT R PR AR, EREEPOA N2 BT IR S kR
(18R BT 5T Fp AT L T T BRI [69] T IR — IR 55 R4 3 A AT )58 (rock varnish) R B #2064
I B P& AR B 5 A B 8 M 3 S4B, SRR RENs AU « E B VRO — b R A B 1740
A AT REAEMB 5T I S 0 B B e PRI, XTI MR R A R R R AT i D,

X T 3E R DT IR A AT g S R A 2

E&UH

E X HAR R ETIIE, WiH 5(41762014).
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