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TR BE IR 1L 20T 1 3 224K o DF9E 4l 1 Fe,0,/(Fe,0,+FeO) VE S JC Il E AL R 5L, I
FEAT 5 R WA W R B A EE | AR CA A R ) L Ml R RS L AR B KUk
WAEH . A R R AR AESg m BB 28, B AS [R) 52 e B 2R 4 HE A I 9k R S 0 O ok ST
HENT R T T Ll A R R B W R TR AR BRI L, A5 s kLl (T Bl Rl RN
S5 ) Bl B 57K T W R TUBR AR EE 1 A AL R BRI I FRAE . B S 0 [ R S pm o, ok i =
I A DT T B A R B A (o) KL A 8 R DURR PR B AT IR, 453k, 3914k
Ll 5 A it S B R Bl 1 S R BORR K Ll s K L i U A 2 PR OB B R K L . S B R FH 4G
R ANET R A KA AESASADAG . WTE . R R i 5 3R bR AT 5 09 45
RMAFA; ST 2 W R0k i e &, a7 ek o 40 0 1B 0] s &k PR BT 10 46 s i EL A
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4, 2020), RECEMNIT ZH A A A (RFEICE, 2007; RHFEEE, 2014), N
A (B RS, 2011) . DI TS B M AT T A BH M S (D) RN SR, 20045 BRE
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=%, 2010)F E AT LS KA A LM H, BHURAXRA . B LA
Tl M . BERE . WBUH . BERA . KIMAERE (YR | TUEERE F1E
FA R o LA X BEAF 5T X 5 2 R il b 3R AR R B HE BB AR A I K LA AR, XK
T M FR Bl AR A B0 KL i 2 F 5T %80 (Robert et al., 20065 T jd%F, 2010), i % ki I
KR P BB OAS ) 55 % DORR IR B8 KOs A R 5, o R B R AR A MR AL A RAE L S5 S
PGS RRAE . 07 AR RRAE . EAE AR L 5 R AR E ik OC R K E LB S A R B R
AR5 77 1 (5K HE 55, 20075 RREF, 2012; PX 5, 2014); @k Kl o R kb
47 R AR W & R B R A A A, WO D b KT T S R L
A B T4 & =0 A (Le Maitre, 1976; IS HE, 1985; Dyar et al., 1987; 5kift
A5,2007; RREE, 20125 FAZXIRAE, 20145 MATEES, 2017), KA PR Moo 2 &k
)8 ALY Fe,0, 1 FeO WY & i A I) 5 Bili 1 Jc il i 1 ms 2 Bl b DT AR Ll KR et %
fifi TR ) 2 R IK Fe,0,>FeO MRHIE, K F K ilig (Bl B &K T IR KL S
K TR K TR KIS ) Z RN FeO>Fe,0, 4RME, HIt, FIMH k1% Fe,0,5
FeO i & H B2 L, AT DU s & 0 A OB o SR 858 o 8k, g sh AR M oo Bk
B ALY 5 i (FeO | Fe,0,) A UL 32 W5 & UL BT G Hb B8 3R B8 (B 1401k . /K R 38 JE 35
BB, 52 5 CH AR ) (Le Maitre, 1976; FSZHE, 1991) . #43& i H R
Be OB I s R 8% ) R 48, 20095 2/0NA %, 2010) . KPR k& 46 T (xR B,
2009; EH, 2010; fRERS, 2011) . WAKTESCHCES, 2011; DY, 2011;
BT, 2017) . WALPEHI (B ZEBE, 19855 BIE4E, 2009) KK Em ., Fi, & H
KA R AR FR B0 B0 s R ORIY 0% Ty b B R I, 6 3 R ) PR 3R R AT R O A B
FURE , AN L A A A A ST A RO, TR

P 5 0 B2 (1987) & I 1M V8 W P A3 R 2 DUBL ) b 196 B ke iy Fe®/Fe™ A 1) 8 AL 38 JiT
Iy X HGE , ¥ Fe''/Fe™ > 1.5 0] A A AL IR EE X, Fe''/Fe™ < 0.8 1 2 if J HA 5% X,
Fe'/Fe™fE 1.0 ~ 1.5, 0.8 ~ 1.0 Z [A] % 1 55 S0 A PR 58 XA 55 38 S B4 IX 5 B2 48 (2014)
300 A3 AR UE L XA AL 2 b AR 5K L T B O O KL s AR AL L (Fe,04/FeO) THE 43 B H
{E %30 /N T 0.8, B2 FE & AL LA T 0.1, $H I8 3k 20 Ll B i 7 32 BK R iR R
WL . AR, AR HETF SR SR WS T R Z VIR, Fe/Fe LLIH S B A AL if
JEHL A (Eh) o FRBKEE (pH ) FNAA AL 5 5 0 AS [R5 & A=A Ak o BRI, o4 00 2 A o R
FIR LA W R DU, AR R 25 T A /R PR BE 3 S, I AT 8% 55 (2017) FE % I8 A
AREMEEKHET, LFe,0,/(Fe,0,+Fe0)1E R kil Ak RE, & TE&AARE
B IE S Ll s R R BE g FR AR o, A5 0 Bl DR M il s B R R /ME 0.35,
PRI B /ME 0.43, R K LS /ML 0.47, BRI KL 5 /M 0.53 5 7K R R Sk ok
A A AL BB K 0.43, JEPE KA R K047, Fbk kil m i K 0.53, BRYE XA &K
0.54; Az HN AR IE L B, FL— 8 o Hr ke 2 i R 5 . BUA S R AEVE DA R AR s
Bl A5 PR 2R A i Ak R B S e, 33X BT KL 4 I R TR B A A S B A ke B R R
2 H RN 5 AL IR BT B LA, 5930 R B IH N K TR &, I 55 Ak — 5518
Ji PR 5% AT R R B K L Rl A — AN IR IR RS . A LA Fe,0,/(Fe,0,+Fe0) fEH
LA AU R B, O AR A S e DR B R TR O mOR R L, Ny Rk T T kil
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A AR B W e DUR IR ST RN IEL, I BT BT B I B o o 7 B = ) s M
B A 5 8 S B 2 e W e AR B 5 S B SR rh SR T, i R A SR S A o R R
B S W e DUAR R B 55 /T N Tzl olea A a s . KAk se . s Al i A
BUR PR S5 A — B BFFE R KL il 2 e A B DR 0 35 23 B B AR iyt BT 5T 4R
BT B R SR T

LN N N N AR o NI R 1 29 RS DA T =g i

LG S G MR BT, AR LR o o S 2 L A RK R I & K L (Le
Maitre, 1976; 3KHi%, 2007; £ %, 2010; FREME, 2012; X 4%, 2014), #
T AR LI ) O 3 . KRR B ) 8 B . HE BURI R AE B A9 A 3R 8%, ml s Bl b g
R AL Ay Bl 1 Bl bR AR Ll s RGO K N HEBLRAE Al s KRR
A3 R K R 8 & K R HE B AT LS FUK R B8R Bl B BURAE Sl g B B SKF
P ol AN [ 55 2 0 AR B B8 045 2 0 R K L i 3 M BRI R A I A R85 A TR [ (s 25 5L K
KR, R A T U L A R A AE B R 25 S e R A

AR YR Bl g & i R A S KR I & Bl AR A K 0 S B DB R i
Bl b 158 % K AR AE 5K R R K T RAEJCILA T A K R UTRUR R ol s, IR Ia 90 8 2%
THETEHAER | AAE . AV SRR B S EIE . A n Rk A
ThARRRAE . BBk . TR KRG . B A IR L AR DL S R AR MR R Ak oG R AR
JTHE X HI(R 1),

HAXM L, B EREESEK S . KR . ks, K FEERKE . 2
WA FHBEBERES. Aadital, 2R aka(Ran, L6, HEa, 86
), MEHEE W TSR FRAE (— R ] O & H AR LT DU KR SE )
KT Z IR R G RBA . K6, IREGYS) ., HA%5HM5WERIE LR, L
WHRASABRET, WWARIA— W, Wald . HRTT MG, e s
R E S KPR EFAESRILREREMN, W BRI 1 . P i R 1
FomPeR . A A A b A A A b, B KL A E SREAETUE S - B s ik
KA A, A WA S A B R R SRR L REARR L AR WA OK
TOKIAEH SEMUECS | UK AEY I, UG AT a KT, Ay
fiE b, Bl EBR KR AE . AR K AN, kol W AR AR S 5 KR kLA 2 R R b 1k
SRR A FEMBEAL T, Bl A OB RS A A, BB AR ERRL 20 K KR K
L o B s o B AR ERR AR N o E TR RS b, Bl Al BN K
L TR A= 43 i 4 B K A R K AR AR F Ol 3 B4k 2 AR DT BE ) CRR AR 3E . A %) 5 KR
W D VE AR KOS R s R s B RO OB S L L.
AR L, B Bkl FER A LB, YRR s T At . s Ak YA AR,
WLHDR AT K BRI FRMAL . KA BRSSO KA AL R RE R A 5
Mk . M —v g . RO, B L O A R IR A R S L EAT 2R LE
Wy KT kA kZ2F B, #5R, BRAWS)ZR., STREEEMER L,
Bl bW % ol &z SRR LR s e, RS TR R MR RN A B A K TR mE & kol
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AR BN TR, WS T IRR RS RS SR M i

2 TN AR R RO A DR B A
2.1 RLIEFRLRBHERFAR

ol E AL R A AR EUE AL R R W R IA T AR Z, A Fe,0/Fe0. FeO/
Fe,0,. Fe,0,/(FeO+Fe,0,) 5 FeO/(FeO+Fe,0,), % WA EHE W, OX FF4, FHAiN%E
Rittmann (1973 )% 41 098 ALEE FH OX = Fe™/(Fe*+Fe™+Mn) (JEE 780K £ /R, Le Maitre
(1976) $2£1L H FeO 1 FeO+Fe,0, 1Y H 43 H i FLAEAE A A A A AL (B N IR R (1985)
5t Fe,0,5 FeO [ H 43 & & FUAE Fe,0,/FeO & H1 51 k1l 75 W & S8 Ak — 38 IR A 55 1) 1% S b
G BOIEE(1987)H i UL Fe''/Fe™ Fn FAL R, AALILEN )y Fe,0,/Fe0; ZEW] %4
(2014) 4 1 A A A AL REC(K) A AP iH 5 D7 0 K = Fe'/(Fe'+Fe™ ) 5L K = Fe,0,/
(Fe,0,4Fe0)

REAAEMRRBOTE R, B854 0o % B sifb % A ¢, 4B
TG AL 2 7 i B AR RE Y R AR W A (2014) ot R GRS, RS
Rittmann (1973) & 18 0X 23, i£4FE OX = Fe,0,/(Fe,0,+Fe0) .

2.2 NLESEURBHIZMER

LG 2 B A oty b R AR A BT (Bl 123 R KR KA o Bl Bl Bt b s Bl
OB L KR W A Bl b UORR K, kL e R TS S A M R LR A B 4 fioh A
B Rl b s ], RSRA LIRS, IR S 2 8k 5 B AR A R A3 L R,
AT ERR E ALY 2 R ILH Fe,0,>FeO BIFFE (Le Maitre, 1976; 55, 1985; Dyar
etal., 1987; k#i%F, 2007; KK, 2012; L%, 2014; fffiidE%, 2017). K
T A BIVRE K TR AR LA FK R IR K R DA LA, g B s
1y B R A I 2 A A T R K R I K L K SRy S D R 8 B U TR 5 R Ak — 59 18
JR A R IR, AR S+ 2 BRME LA AL s A A PR AR ALY 2 R BN FeO>Fe,0, 11
FEAE (Le Maitre, 1976; ERZEHE, 1985; Dyar et al., 1987; sK#i%%, 2007; & K4,
2012; PAZ A, 2014; [fT£E%, 2017). Dyar et al.(1987) FI] FH VA= k J5 325 %) 56 [ by
Z i BCR-1 A T flt i & 52 96 45 SR B E 58

FRVERTCHEAPREE) : Le Maitre (1976) 75 X JLRH UL JC 1L 1 BR AL 57 F7AE 22 5 53
Mg h it R, 5 A Fe,0,. FeO MY F 6 5 H BE AR B 25 3K 9 B 5 0B 194 AN [) T 4
R 2R, SOREAK, Fe,0, &M, AWM. RIESIT, 35042 s
FE il FeO/(FeO+Fe,0,) = 0.65, 2 576 4~% 1L %5 # i FeO/(FeO+Fe,0,) = 0.55, 639 4%
M i FeO/(FeO+Fe,0,) = 0.49, 6641 SUA FE i FeO/(FeO+Fe,0,) = 0.41 (£2) .

P 1 PR T - A PN PR BT AN S AR BT W A 1L M R Ak 24 R AR & AN [A] 19 (Le Maitre,
1976; i, 2009; R/ANES, 2010); — e FEGE X, SO0 AT oA
W Fe,0, 3 It i, 1 FeO Btk BRItk , 8 9080 PR Ll oA R KL Fe, 041 5
L, A REOR.
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Table 2 Statistical results of average oxidation degrees of extrusive and intrusive rocks

o1 1 RAmgwn | gk |, SR L e
vy 3504 0.65
LB 2 R 202 0.70
gl 2576 0.55
R Wa 639 0.49 *E“M;;<””)
MBI 100 0.49
a8 664 0.41
Bl 7865 FH: 055

TAARTE ) K SR, AR RO K I R M U S R R B e =2 Je kL g T i Ak
TRACR BB, BT RAREAK . K K (RS FRANS S, wRE
Ji A= L 4% B AR FLAE B M8 B O R AR KR . IR R SRR, A AR A Y
FR o R i R A A s AR IR R IR R T Sl R R A AR A Ol 2 A g
FLFG VUV FH AN FE VR ), 0 ARV Dl P 32 R R 7 R ot 8 o 2 2 YR A AL A 1) K A
IV T TR WHT 00 0 90 3 0% L R o DA 0 40 78 B TG A T 5 #AGIR T SELVE T AT LA K L o s
BUHERE A2 o R A AR A (BT 5, 2017) o 559 0RO I K L A R AR B
T T RUR LR, A A 1 7 I A A Sk U A Al RIRR R R Ak AR S I AR MR T, DA
Z T I AR B A A AL R R K |« 52 WA 1) B A 5% AR TR 1 1 8 1 7K % il 5 O, TR
PEK B AVE S, & R Fe Y B 4, Fe™/Fe™ i HL B 8 K (EBEERZE, 2008; 17
&, 2017; sKEM, 2018),

IR WER KA A 5 T A K AR TR R U Wt HL 3R T B Ak, B

B T AR WK LS TR B B R R A S K Ll s (K Ll s ) B
HREBE A BT E 8 A AL, v BEZE ik A8 iU Y SE SR (B9 72 9%, 2017) 5

FIRE, A3 S5KE AT, AR5 BB KR Z R A2 A, KB Rk T2
F)ZEAMWER R, TR R m R A (R SE, 2017), AMEWRARMEMEB A, fiaa
JEAR WAL o KA AR R AR U
A Z LUK Ve AR ACVE L £k 22 RARE S, Fe /K& Fe(OH),, #%&
WAL A Fe(OH),, Fe(OH),Bi/KJGTE M Fe,0,, I HAL A5 1EFR B R 3 CRIE4E, 2009) .
WNERBHAE £1 7K fiff 7= 1 Fe™

Fe,Si0, (ki f1 ) +4H,0—2Fe*+40H +H,Si0, (1)
Fe> 5K & H K i -
Fe*+2H,0—Fe(OH),+2H" (2)
Xt F Bl AL EREE, Fe(OH),#E— 4%k R Fe(OH),:

4Fe(OH),+0,+2H,0—4Fe(OH), (3)
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Fe(OH ), & A7 53 K J5 JE B Fe, 0, :
2Fe(OH),—Fe,0,xH,0+(3-x)H,0 (4)

KRR WK SR HEES S, P 2 A  F bl K (R KR R K ),
MK — B A K i 8 B, KRR RE, HA R A Co,. HSHERKYS
T 7K 2 foh EF A0 T Sk WA ST i 58 PR M L 5 R ASOR KK AR 22 PR R AT CO, MR T 52 55 R Pk
L, HEA HCO B E T

C0,+H,0—H,CO, (5)
2Fe”*+4HCO+0.50,—Fe,0,+4C0,+2H,0 (6)

FAL B g AR OB — Tk .

B R AT, K AR AE I RTAEA AR T Ol 3 0 Ah 2 R A 45 SR b SR 15 LA A T Fe 11
WA, M ke, AA A REE K.

DR TR 308 P FH - 6 T i R e T Ll R ORRCR B, FEmE R R ok 22 0, kil s
BT REREE, ZBIRA . RAK B K L & [a] 8] 16 1 CO, RN 7K B e JXUAR Itk i 7
i, KA S ER TR ER TR SWME, HAEETE (W Fe, AL%IT
Z)V5ATHILEFZMD BN S (Honnorez, 1981; Hekinian, 1982; FF 18 4,
1987; Janney and Castillo, 1996, 1997; Wy, 20125 S iEdE, 20155 BRae W4,
2017; BRJErE, 2020) . PR, XUAk bk 8 A FH % 2R 1 K L2 TR 1 Fe™ B F 19 & 4R
Fe''/Fe’ 1) FL{E 35 K . Matthewst (1971) | i Fe,0,/(FeO+Fe,0,) L E & & 2 M, XA
Fe,0,/(FeO+Fe,0,) FL{H K T 0.55 5L A e B M0 4 i fF 09 5 A, T 08 32 KAk 1) 208 i 3k
LY CaO Fl MgO 8 E R PEFE 2 K,0. H,0 & & #l Fe,0,/( FeO+Fe,0,) LA 14 K .

FAHTAR . B Le Maiter (1976) 48 3HR W], Wi hAH 5= A M AL R E(0X) A TA,
12 961 AN A S8 AL R B398 0.56, 9 604 MR A HEL R E N 059 (£2), EBFE
BE(1985), ALK LA A AR (WA, — M E A i s, TS 258 s e, i
TUA (WS A ) W 2, IR KA A B AKs Ande 25 88 Ik A S8 AL W = 0.73, B IR A A AL
W=0.69, EHALEW=0.60, B kIFAMLEW=040(F3),

%3 REMLEEELETSESE TSR

Table 3 Statistical results of average oxidation degrees of different volcanic facies

AR e HRE B iwgox¥gg“““”” e
5 H AR 12961 0.56
i Le Maitre (1976)
1RAAH 9 604 0.59
KA A T RE A BUAS AALE W = Fe,0,/(FeO+Fe,0,) ek I8
o e A0 45 5 IR - 0.73
R AR IR - 0.69 .
s . i I R B (1985)
T AR - 0.60
Uk LA AR - 0.40
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BUAE G RAEER . R RAAE 4T 09 XA AE A (f22 XA R A= 4 X
TEAVER) o KR AE F S8 & — A i ik 8 40 ki il F L B Ak i 22 B Si0, I8 I 2, Fe,O,
FALO, BB & AR (TR 45, 2009) 5 B, XUABAE HIXE il 5 S Ak 2 BORN IR B 40 2 18 1l
2 B RE ), XA I R B R A R B R, AN BB B (1985) Kk B R R VLA BHS 1Y H
B LR A =4 Fe,0,/Fe0 F14 1.33, S IUL Fe,0,/Fe0F-10.85, 4 =204%; FAmh
AP AR A AL B, BB R B (1985) KM T I P AEMRAME A, mid 4
KA A A Fe,0, 7 i 8.82% ~ 10.85%, #ifif 5 £1 Fe,0, 7 & 4.45% ~ 4.99%, M WAL T
52 WAAE T 22 1L 5 o

2 KA E R 2 A4 . KR . KAk iR A i ik S E R, b & AL EH
H HVRR L, 0 S BRIV RN AL ) Sk R AT R R

RS A1 7K i RN ARG T 3R A 25 1 T AR 1 = I SR (Fe,0,) , oAb 24 OB
KN

2F%SKLH%EM%ED+7%0;4H4}»2F%04ﬁﬁ%ﬂﬁ+2HﬁﬁL (7)

BERR A K B A AL TE i Fe(OH) I
4FeS,+150,+2H,0 = 2H,S0,+2Fe,(S0,), (8)
2FeS0,+30,+6H,0 = 4Fe,(S04),+4Fe( OH) (i 14) (9)

R OK AR RN B AP BER A AE R RRE W M BB AL (Fe,0,) , HAL 2 0
XN
4FeCO(ZEHH) + 0,4+ 4H,0—2Fe, 0,4+ 4H,CO, (10)

AR A LE AT AL, IR A HLIR B CO,, ISR ALEEK A i BE 1 . A
b, WA R RS R 2 d s P Fe R, A O AR K

2.3 RlLESURHEZWMERIRIESHMER

OIS A DUAR I A BERBE . AR SCHTSE WA T e, SR T Z IR ik, O
TeRE B, S R T Ll AR T AR RO AT R A Y KL R AR B R

HIRVER CEORRIE) A0 PRIE RIS A W ER LA 4 AE L, R AR B (Sio, H )
LA AL s AT IR B AR AR SE SO A AR L, YA bRE SO R R B, ROEA A
TR B2 S A 2 BB S

MG ZEARMBUM TR . M oo R, R R RN R T, Py
Mn. ALZEARE PR 4L 20 0 Kl e 4 g A PR30 58 A7 000 o R R il s, R R AR
Ti0,-MnO-P,0, i . MgO-ALO, &l fiff L Kz By i — e 8 HL A S0 1 fife ofe ) I g s B 3 (522
8, 20095 Z/NEAE, 2010); HIG SRy KL E H UL S Sl 2 S 8 Ikl s
15 3l i 2% A0 K 8 K s e A 2 o B A IO (323 45, 2009) /2 7 5 IR 2% Sio, =
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56% ~ 75%, FeO/MgO>2, K,0)/Na,0>0.6; 7£ &K Si0, = 50% ~ 66%, FeO/ MgO<2,
K,0/Na,0<0.6. {RH 1l (K,0 Bt 73 5072 1.60% ) 52 8 910K 1 E B R A RHAIE 35 3)
Fili 2 LA 1 B0 (K,0 5T it 43 5007 19 3.25% ) KI5 SRR AE o TR PR I 80U 5 46 i 2 19 B 4 A
M, PSRN S, R ALK S R -R, ) 51 1] % >k 1 W7 (Batchelor and
Bowden, 1985); M, R, R F45IH: R, =[4Si-11(Na+K)-2(Fe+Ti)], R, = Al+
2Mg+6Ca,

TARMG B . TR AT, FRE Bh EEEXRE 1mE  DURLK LA R R R RO T
B RRAEKIEB RN Z G, KA RE TR, ZRIEK, RK,
TR (K I ) RO S5 AR B RS e, SR AR A A R A LA B AR AL R B R R
AR IR . IR, S KR e D AL, SR Fe I E A, T Fer i, H
AR J5T 2 PR3 A4 T Bl A D R A i A (Rl 28 A o A U DIV RN SR PR D (B0
&, 2017), PICHLEE X — 2R, F L TARA S8 T 50E KA A R A
W, BERE(LOME) B A A E L, — Mk bk (LoD J& il T4 A 52 3 s 201
Tt 25 22 AR AE I T2 80 (Gurenko et al., 2006), %82t (LOTE) 33 /&5 A9 A% & X 15 & B 555 11
o B SURK, FERAE OB e B LA BR o S8, AT T Ok LA 4 CIA $8 8 (fh 2
MhARFE RO (BRAI T4, 2017) K A4 H 2, CIA = [ALO,/ ALO,+K,0+Ca0+Na,0]x100,
CIA<50 (55045 ), 50<CIA<60 (HFEEMAE), CIA>60 (FRihAE),
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ALO,), HAAMN, S ULk bk 775 R B i

O AR AT EZ S e R R AE R

WA R RAEVEM . FEIRNAAE IR A A A A R B 2w, ] | R o BE (3R
AN 2T B KA VR R il 2 80 Ak R 85 i B i (IS5 3, 19855 2 4%, 2009;
G &S, 2017), HAAL R BN HA 58 78 W58 A AR ) 200 B 0 S5 7R A SR A
TR RACAE T E — R KMl . BE% . KA Ak Bk 2 Ak 55 Ak 2= 4 TR AR 90 IUAE 45
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AEHE L FARAS FBE T 4828, B A2 )™ 3 KA 0 RE S BB 5 40 A Ak 6 308 T 25 A A ot 2
B, R amRZ ALY T, B A A A sE bR R H,0<2%, C0,<0.5% (%
WA 2009)
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£ i BRI A AR S IUEA I 1) HR9ME, RIEHIFRR B8, AR
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FR PR K I i A 2 3) BTk, ARICA O BT R B AR AR A A I FLE Ay, RO
A BT AR S S AR B, R 2R B KL M R sl SR R D AR 5 4) Bl E e, kb
RIS R, B ALEE Si0,. ALO,. TiO,. Fe,0,. FeO. Na,0. K,0. CaO. MnO.
MgO . P05 110 % & J0 K LA M LOLCBE R i ) S5 804 5 5) e Mk, I & ke
WA WNVEREA 1 . BRI . “ZL TR RIS . Wkae . AW . vkl
SRR GNARE , BEWIARIESE R R I R K R B DR R

LT FaREN], WFIE BT 21 5 SCk (R EE R, 1992, Gasparon et al., 1993; X [#
AL, 1993; #2A7ZZ45 0 1999; T RKIF5, 1999; ZEITF, 1999; Truaetal., 1999; Xl
2T%, 2001; Peccerillo etal., 2003; 45, 2005; =B{%E, 2006; Peccerillo et al.,
2007; ZEUEAE, 2009; & ZEAE, 2013; sk ASE, 2016; fUfiiEAE, 2017; P2,
2017; BCEES, 2018; XIEES, 2020) H REL T i 5 B 6] 2 M 202 44 1l A #
m LR AL 2R (R 4) s AR S ERE . ZilE . ZRZE . RILXRS . #wL
. OMBCE . A BERA . MBS KINMERE S SEEIRS L BERK S FUTERE K
FAEGRL, B KT KA 7408, Bl OB wE o 128 R (R 4) . JEHk
I Si0, & A T 45.01% ~ 51.84%, ¥ kI Si0, & & T 52.03% ~ 63.00%, PR TE
LA Sio, & A T 63.58% ~ 80.32% (K 1), MIEMRI PR A ArEm R+, B
HIT 25 E XL

3.2 BIRIMEHFIEMET
BE T AR MCAY 202 7R i KL, T2 0025 A AL CAa A IR ) o WA 3l (pd A2 F 5

P IR AN 202 7 JCE R i TAS 232 5] figt

Fig. 1 The TAS classification diagram of obtained 202 pieces of volcanic samples
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HAEM) . M R Es . WAL EAE T . B S A AR S X A Ak R B, T
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(1) XUk bk 35 12 B2 5 6 4 A o IKUAR R DB A X Bl | ok 1l 25 A8 Ak R 500 6 B W i 52
M, ST AN, %F 128 Bt ok Ll R il XUk I R T R AT i AT . ST
Irfan (1996, 1999) 4 Hi Y BEAR & 52 e k1l 2 XUk o s 7 32 A8 b Oe 28 0k i 3R 4 S 4k 4R
FHSA = Si0,/AL0, K 5 5 43 M 128 14 Fifi b 5 KA IR 58 B 1 R/ s R R, SAMH
KABLE 3 LA L (E12), Foma A ke ST S s itk . B BER R R & L.

(2) AR ) (il 28 F0 78 VR D) B S M BE BE A0 BT o 42 40 B ke 2k ik (LOT) i i B b
— MBI Ry 2 T A A2 B R B ik A 52 AR AVE BT 5 B0 (Gurenko et al., 2006), 38 K Uk
ek (LOD) > 6.0% B3 LA e T o X BEHR A Bl B FIK R 202 #F Ll 2 4 i be 2k it gk A7
A, BEERW, LOMER K 5.94, KMt 6 (K 3), F£RA AR AR 258 F ) A
SCARAE R, BB WL e k1L 5 % T R 85

(3) WA e RAMEH W . BUA 5 225 7E H 222 KA /E 2 4 Ak R 80
R, R A SR B RARAE e — R AWK AR . W BRI SEILEE AR, kR
o 36 JBU IR 8 35 B 2 4 9 A A AR E H,0< 2%, CO,<<0.5% (2354, 2009), ¥i¥ 2
75 AR R S B

(4) A3 B BREE X 4 o WAIFAR LAY 202 14 1l R o 36 Kl s 122 44, ek
KL 80 . AZ BRI R, A i 4R BN B T R AN £ o R AT IR s ARIRCT
FE o R A s Pk, 122 b 3R kLl R R BT R T B R B — A B A
(logo-logr) B, o {H R HLFF2 MU G485, o = (K,04Na,0)*/(Si0,-43); 7z FXH 1
40, 7= (ALO,~Na,0)/Ti0,) . W EEE KRR, 271 T A X, AR & 1 A FR
By (e R i3 X)) 5 TLAREAE T B IX, Sy ae 1Ly B PR BR 858 il (I 9 B
WA KREINZRIX) s 24054 T CIX (B 4), M A, BIX KA EALIR A Bt S . 801F

2 128 PRk E A A R AR RS A (L A R

Fig. 2 Distribution characteristics of SA value of silicon aluminum coefficient of 128 volcanic rocks on land
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Bk s R IR, . R,(FHES 7%, R, =[4Si-11(Na+K)-2(Fe+Ti)], R, = Al+2Mg+6Ca)
TE R -R, B F A, FE KA /3 A A X (B 5), 48R s o 2 779 . o8
) 15 i PR R B 1) X3 5 U0 o

(5) HEMEFRCAARE)MKRIE, ME4TA, fTEEA. CREPESRD, R

B3 202 78 Jlim b dl g 2k 4 LOTAE 23 A3 iE

Fig. 3 LOI distribution characteristics of 202 volcanic samples
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Fig. 4 Rittman-Gotiri diagram of 122 volcanic samples
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I BRAE, FAF RN A B R A, IR 6a B AR bR A AR ED Si0, & A T 44.54% ~
62.81%, FRAFFEM: . k2 8B AT KL, 1B 6b 1 Ak AR A R FE A T 63% ~
80.32%, FALMMEFIVETTM S, 58 R BE AL IE .

(6) FAAR RGEM S o LLA A R B R Sio, 5 & o B As bR, LR fE R 3K Fe,0,/
(Fe,0,+FeO) fH RN b5 , BT 28 55 S IR FE M) 3 1t PR B 35 6 1F 1) Sk 38 8000 A FR AR 1Y
2L WS e B 45 0 ) 1A

5 80 FRRTE K LA FE i R -R, 141 it

Fig. 5 R|-R, diagram of 80 acidic volcanic rock samples
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Fig. 6 Discrimination map of volcanic eruption environment in subduction zone of block B based on oxidation coefficient
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Table 5 The maximum oxidation coefficient of basic volcanic rocks and mantle differentiated acidic volcanic rocks in

subduction zone
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Fig. 7 Structural position of Niuquanhu-Niudong structural belt in Malang Sag and comprehensive stratigraphic histogram
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I b (L8, 394 KL 3 BT ke il s ZEAS R P A B X, BV el X, 3 5 Hir A% = 3%
T 3 1 TV B P A8 15 5 S5 o A 45 SRR — B0 R AF 20095 T KAE, 20105 4R A BESE,
20115 fEEMRE, 2012; ZFH%E, 2012) . MWK EHE R E, Sio, & & K 50.84% ~
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BB EEAE0.57% ~3.01% ], F¥ N 1.46%, J& T kil , Wi (K,0 & &5
BOFX20 1.60%) 2y 55 5K K LA 9 1Y SR REAE

Gt R, 39 kIl A FE S A AL R L OX = Fe,0,/(Fe,0,+Fe0) = 0.52 ~ 0.81>
0.5 (R 6); TEZH 1 B BT KR B 1 OE 1 A R BCHUN I ff b, 55.26% B FE 7% 1
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Fig. 8 Ritman-Gotiri diagram of 39 volcanic rock samples Fig. 9 Distribution characteristics of oxidation coefficient
from Kalagang Formation in Malang sag and identification of eruption environment of volcanic rocks

in Kalagang Formation of Malang sag
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10 SR d 20 8 2 PR 0 MR AR R (B 2R+, 2012)
a. Z KLk, ARIESSEM, RE HRGE, MI93E, 15663 ~1566.4m; b. Xibse, XALRsERE ,
M19JF, 1546.94~1547.13 m; c. R, 2, L TFRATZ 1, M19JF, 1548.77m
Fig. 10 Typical symbols of eruption environment of Kalagang Formation (after Zhu, 2012)
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Abstract

There are obvious differences in volcanic reservoir characteristics between onshore and
underwater eruptive sedimentary environments. Accurate identification of volcanic eruptive
sedimentary environment is an important basis for volcanic reservoir evaluation. In this study,
Fe,0,/(Fe,0,4Fe0) ratio is used as the oxidation coefficient of volcanic rocks, and the
influence factors such as rock acidity, tectonic genetic environment, weathering and leaching,
alteration and metasomatism are fully considered. This paper establishes and improves the
discrimination chart of eruptive sedimentary environment based on the oxidation coefficient of
volcanic rocks, and obtains the discrimination standard of oxidation coefficient of volcanic
rocks (active continental margin and island arc volcanic rocks) on land and underwater
eruptive sedimentary environment in the subduction zone of block B. Based on the improved
chart and standard, the volcanic eruption environment of the upper Carboniferous karagang
formation (C,k) in Malang Sag, Santanghu Basin, Xinjiang was identified. The results show that
39 volcanic samples are mainly continental eruptive sedimentary volcanic rocks and volcanic
rocks originated from the complex environment of water land transition. The practical
application results are consistent with those obtained by zhuka et al. Based on typical
indicators such as paragenetic rocks and fossil assemblages, weathering crust and bottom
showing structure of karagang Formation volcanic rocks. The improved discriminant map based
on factor analysis method has universal significance in indicating eruption environment, and is
not limited by geological age and regional geological conditions.

Keywords Volcanic rocks, Eruptive depositional environment, Oxidation coefficient,

Malang Sag, Kalagang Formation



