Fo1H a4 A N
2021 7 H LU

Vol. 67 No. 4
July , 2021

GEOLOGICAL REVIEW

M= BB NLPERH L
EENEAREMHEENX

HED KTk Al KkEY

Pre-pub. on line: www.
geojournals.cn/georev

1) B HUR S AL G i AL B9 I 5 B S =, R R s i Rl 22 5 TR A B, B A, 210023
2) RSB B 5 TR B, B AU, 210023

RBRE, Wi 2250 DFEF N & E — PR ShHl A 16 BRI I K L —— o kS T 52 b X BT A
W B, 10DP376 Bl T 2018 42 5~7 AFE K IN OB T 5 AL B S AT T A58 TAE, IR SRR e kA s, H
U1530A SE5FLREETRIE A 453. 1 mbsf(meter below sea floor) , 353858 76. 77 m 5, #5435 B0 —Fh s (@08, BaT A
FRfE“ s+, T EWEEEGy Y W5 2 O pL K T & X, 2% %5 FF XRD,DR-UV-Vis SEM ,TEM X}
16.97-309. 22 mbsf [ 11 RER AT T 40HTHR . ARAEMNES SR 0T LUB AR 8 LA KB s . ORI+
LA +BAN - CHIE R + A B + A e R @S A + PR A + A e TR, SEM A TEM JE SR IR R |
PR I A B SELF R I B 3 2R R PO G B DA R e B0 i 43 L 32 S5 Bl e 45 4 1 2034 50 o A e B i
o S ERE R N R UL R R @R A, BT 7E T0DP FE S & IR B B 5 X HGR AA BL A R
Bl JEHEARAE | ELAE B T8 S o AT5 AR DR AT T8 T A PR T 45§ 4 B S R e 7 AE

KR BT S TR B E LB — B R

1 HENG

H fr K 3 & B 1T & ( International Ocean
Discovery Program, I0DP) B 26 N EFE B IR %
Bh (9 Bt PR ), T0DP376 itk 447 2018
HE5~7 HE, RERHHRYFS TAERY B 2w
I8 LR BRI B Ry 1 B, JE 7 S o
fi & 1L 1T ( Brothers caldera) & & & & IK L4014,
HA BENHR S 2 4Rt (de Ronde et al. |
2001,2003) . AR ARG 30 550 601k 18]
R PRI 2%, 376 LUKt 1 oA AP A i ARG ER,
TEATR 5 MLE Y 3 M E B TSR R A
OREA . TESEI T N AT I, 2858 45 R IR 40 s
S RN [ 8 0 808 5 T LGS I A4S 3]
X INE 4 8 €4, ALK bl 6.4 BT N & A A,
Oinuma 7E P4 RV R TR b &AL “ 2 17
(Blue clay) , H B0 WL F e A S B A , &%
T A % R A7 7E ( Oinuma et al. , 1959) , {H 3 P Fif
WA B RH:  Oinuma AT “ W A7+

M AHLGIIEATHE— DB, SR, TEXTRE AT
WL AL 3R A3 BT, 285 38 45 R 3 €60 T () 1 0 2
G FE R Y, HEE TR D R
A [ED, JHG 2 0 & At 25 1 o < T 60 7 o 1 2R
67 1925 4E . Bartrum (1926) (I8F5E PR ) 258 T
HEoK 5 A5 Tt A7 H 00 35 v R WA A TR 1Y kT
AR A AT 70, 0, DA 0 P 7 g i T
O, X — G IE 5 S I A bR 0 AR )
A, B, ZEHEMEE 10DP 376 7 kil fLH
“WERG L B 6T R TR AR AE TR,
WEBRA W 2 SOE A T VLI B
B IS SR P AF WU b W B A7 e T
IKAEBRT 5 e v [a] I PR K AR B WL ) 2
— HIE N2 T ARG T o), R LA Kk
Bl John Henry Vivian By 44, 2 J5 78t 5L 45 M
Rili 2 J2 BN R G BR IR B W 867, 40 Henderson 5%
(1984) Shgh T PY 22 B9 WE R 09 7 Ml 45 1B Y 22
T FH B ATERCIN A B R Z Hi w8 S 1R
I Morgan ( 1927) £ 57 P4 % Millerton F R HA HHH

W ARSCHE R A RPLA RSB H (45 :41672037 41272055 ) Al [ A7 2 BRI H A R

WA F399:2020-11-02 5 B[] H 351 :2021-05- 115 R4 F % :2021-05-20 5 5TAT: 44 X558 . Doi: 10. 16509/]. georeview. 2021. 05. 111

TEZ R P8, %, 1996 4R Bi-LHEFE A B2 A2 B IR Gl ; Email ; zhaoxi026@ smail. nju. edu. cn, MIRFER 2000, %, 1971
SRAE B AR R, N oK 2K OSPS5O S FRBEEAR OG- ) # AT 5T 5 Email ; caiyf@ nju. edu. en,,



2 o

it

Fe RIS T AT AR BRI m Bl 22 78T
VG 22 HoA 5 (9 55 DU 28 AR vh e RS AZCIR B N Y
SEIRIE R, I Ah SR Ue A R R A B A b
A 7= 1 (Henderson et al. | 1984; F & [H 45
1990 ; MUK AT B &, 1991) , 7E T 4 DURA
T B R Eh— T e e 4y 2 T 2 AR A A R
WG R, AT R FL UK i R 5 K Bk
W AET R0 S5 2 AL AR BAE DI L ( Marz et al. |
2008 ; Egger et al. , 2015; Lenstra et al. , 2018 ; Mrz
et al. , 2018; Kubeneck et al. , 2021) ., JUF#) 1)
PR AU A W ) P W Wi S Ak e A M AR A ™, O 2R
2R ( McRose and Newman,2021) . 124 £ )
WFFE R RN 2 K BRI AL B W 2 —,
R BYIE W32 B W B pH 52 8K ( Liu Jiaqi et
al. , 2018; Zhang Cong et al. , 2020; Li Changyu et
al. | 2021) . Liu Jiaqi 25 (2018) Fl F4% & s e 19
HORBRAsT5 7K v i e, AT 1 52 36 1 58 R B pH 2
P W BRI iU B2 3R pH Oy 8 I IITIE 1Y 1 %
W4 b 2= FLASORL A0, 1 pH Sk 7 B ke HAG 58 92
AR ARE A — B R/ HLBORE RO R, b, i
AT DL S B AE A1 AT TE ( Yuan Qing et
al., 2021) . BEAh, 1EA AR 7K A B BL i
B IR R B R SR R R ER 54 ( Guastoni
et al. , 2007;Grey et al. , 2017a,b) . Ul Guastoni 4§
(2007) FEH BT /R BT Soe AE AR S A FE AT &L T
TRAF T E5 B B 1) fif 3 4 22 v 1Y) 8 W R, X
R AR IR AR A SRy T A B W R
T HE G Y AR LI, 25X I0DP 376
R R A RS HERT T AT

2 X R

5 Eh P J L IAL T PG 22 A6 AR D 1) B T
IR AR R [ SR S A AR o ) 4 3 R 5 v, H
EREE 34 KIFE i U Kl 2 4
TS E GRS SRR TR R LS kil Zz—, ok
LU — JAR TR 0 LU, S TR T 24 2200 m &b, ok
L B e o5 B B TRR T 24 1200 m, K L& R i DO A
K FXHTPAS KO HEAR R (I 1 B s ) o Sl
Sl KL HE R AR 200 3. 0~3. 5 km, KLk
1529 290~ 530 m , 7EH R A T P A RS 1R #
JOLHE, HTE H—A5E 1. 5~2.0 km #5350 m 19k
LI (Upper Cone) , J& 5 A0 T 85 K 1L HE BY L AR DN
H—A~/INFAEA KL AE (Lower Cone)

WFFE X I Bl % B, KLU A i 1 B

34°51.5'N

34°52.5'

e 24

1:79°5 0'E

179°4.0'

P 18P 22 DL K L 2 B A (B de Ronde
et al. , 2019)

Fig. 1 High resolution topographic map of Brothers Volcano,
New Zealand ( modified from de Ronde et al. , 2019)
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Fig. 2 The pictures for part of core sections drilled from U1530A
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Fig. 3 Photomicrographs of core specimen from U1530A hole ; Py—pyrite ; Pl—plagioclase ; Anh—anhydrite ; Veins—veins
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Table 1 Minerals and its contents ( %) of the samples from

Brothers Volcano, New Zealand

FE 5 Bt Qz Py Crs Anh Viv Chl 1l Mnt Pil Cep
U1530A_3R1_28-35 K / 18.4 41.7 2.7 0.3 26.6 | 10.3 / / /
U1530A_7R1_42-51 IR 11.6 44.2 / 8.8 / 6.7 26.5 2.2 / /
U1530A_9R1_62-68 K A8 56.2 5.8 / 0.8 / 11.5 | 25.7 / / /
U1530A_12R1_49-56 KE 18.2 16.6 / 2.8 / 16.5 | 45.9 / / /
U1530A_15R2_43-45 IR AA 5.4 59.7 / 1.4 / 6.9 26.6 / / /
U1530A_21R1_31-36 V35! 69.7 11.5 / / / 3.2 15.6 / /
U1530A_28R1_74-78 3k 61.8 9.2 / 7.5 / 2.4 18.5 / / 0.6
U1530A_39R2_19-24 K 34.4 8.1 / 2.9 / 5.5 15.3 1.9 31.9 /
U1530A_49R1_59-66 KA 55.9 0.4 / / / 5.4 17.2 / 20.3 0.8
U1530A_60R1_82-88 K5 37.5 4.0 / / / 2.9 16.6 0.6 38.4 /
U1530A_64R1_83-90 K% 41.2 10.0 / 0.3 / 12.3 | 10.2 / 26.0 /

/7 RS EARTRIFR (“/” indicates below detection limit)
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Fig. 6 The first derivative Diffuse Reflection spectra of UI530A clayey parts(a) and residual non—clay parts(b)
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Fig. 7 The first derivative Diffuse Reflection spectra of U1530A residual parts, blue non—clay samples(a) ,
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Fig. 8 Morphology, chemical composition and elements coupling relationship of vivianite under SEM
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Fig. 9 SEM images and EDX element scanning map of vivianite—bearing protolith

Py—pyrite ; Ap—apatite ; Anh—anhydrite ; Qz—quartz
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Fig. 10 TEM images of powder sample; (a) HAADF image and EDX element scanning map of sample;
(b) BF image of chlorapatite; (¢) SAED pattern of chlorapatite; (d) Polycrystalline diffraction ring
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Fig. 11 Photomicrographs of dacite under polarized light and acicular apatite in plagioclase crystals in planar light
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(a) Fine plagioclase crystals in the matrix of dacite; (b) Acicular apatite ; Ap—apatite ; Pl—plagioclase
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B J L SR S B SRR A LA o S KA R
W R A . R T OULE B A A b B
KA EAN AIERIE i kB A | 5 g 76 FLR
T B, P Fe Ca .S WUANTTE BERBEMA,

HI AT ST R B BIFFE DX IR S T R T IS 1
NN R T 2R (<2000 mbsf) B4 [ 55 51 2 A
Bl LA A B T A IR BE ¥ 3K 320°C (pH Ay P AR
PRI (pH It H%) (de Ronde et al. , 2019) , i i A,
S EA T Fe [ Mg & & H,S AHR S, SRAR 121 R T )
T YRR S SR A TR R S T T R X ol
TR R R S E R, R A 7K BN R S T A4 i
ARG KO PR B 9225 R T A R R
MIRHC AT A S5 Wy il s S PR A I SR
A 328 T Na Ca Fe Mg 70K, £ & T Wi HHE
R A 1 s B h R B KA T BB
TWMEER], BA RO AR R & B TERHS A S i
NPT T AR I 2 1 SR DR 1) B LA (2
B T C WS B SE b A A AT HE 3 & S 4 v
B T WEEEE FR AR IR SRR 1w A (B 12) .
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0 0B 2 S DN A 5 DX 1R 8 v U P T P O AR
RS (1 <320°C , pH =3.2) NEET WK A MAHK
AR o3 R AR AL T 2R M A R K A (K
PR AR T A A B IR R B

Cas(PO,),(F,Cl,0H) + 5802 —— 5CaS0, +
3P0} +(F,Cl,0H) "

X PN B R, TR A AT BT R A
f# . 2FeS, + 70, + 2H,0 — 2Fe’" + 4803 + 4H"

IR, B I i A% 77 AR B B TR 55 Fe™ AHIE , A2 B
TRRBEIRER ) -

3Fe’ + 2P0} + 8H,0 —Fe,(PO,), - 8H,0

TEKIRGRAET AR pH 22 P ie E 1Ry
WENE, T BEE pH=3~12 BE B NFELF
TE(Liu Jiaqi et al. , 2018) , I @ WK A1 76 55 M B8P 1Y
ZAEFIE (R AT a4 2021) , A0 ] R 45 ) FH 7K 4
FIFLAIR 22 A BB 5 5%, 76 150°C . pH & 10 ~ 11
IREE T G W T BB K A (R AT Af 4§, 2021)
Cichy &5 (1% 7K B B fF 5 26 W K A T2 75 22 7
pH BT 10 1Y2REE (Cichy et al. |, 2019), #FFE X
PR o U A A A W R A AN i i A 4 i, o W
MR T 78 R 1Y PR IR, [R] B 5 4k 7 76 1 IS K
Ll A B S A 1O BRI S ) | S ISR I I AR B T
B URERAE

XHLAFRE T A A g oA [ b B IR DY R OT R
DI ILAE H Fe R T 7E R0 X385 S #i& 2 5b
WRARFE S — & &, T 4568 K A AR 7= A4 1
P IERLIE S,

5.2 BHHFHHREX

G IEZi SRR W AWERE S IR NI ALY/ L
WA 7 H (Oinuma et al. |, 1959; F£AE M55 1990; i#X
MR R K, 1991) , T K AE I0DP376 fif T #A K
15 20 1% BRHb XA B LR AT AR S P A R B, X
A M SR AR B S R T — B IR IR A S A B
5,

(1) B R — M RRET ), WA %
R AT DA A5 S 2K 5 -k S Ak, i 3OH: B AR IR AR
Ho P, & & SR TR BUE £ H A E B
TIHOAF TR IE G T o eI Kl iyl Az 5
IR R R s AR B I R AR

(2) WEBRA Y BT BAH I AW Ak i k25 ) 4
BREE AR PRI T R B . R A
WA RS LUURR Y ELA 38 T P 1 FL R 7K S e
YriG s, B AERIR TUURY TP A ML AR )
SURACYIT ) (AN AR R | PR B Bk

R4 o MIAE TODP A 5 b i B0 s 2k sk o8 W T
BRI A ok R B T LM IR A TR A R B R A
B 7K AT AR P AL T Wl 0 R TR T B AR Bl A
PR PR A TR BRI, U1530A BhifL E2A4
PSS I, 530 R 3 3 i P R Ay + 5k e A +
T B + B AR+ £ RRCH - C RITRR A B ) A+
WA+ AR SEARFEG A AR IH R R T
AR AR—2 O HL R 5 R B I8 B E 3G T AN [
B RV, TR T LA A T IR R b
ZILOLY/Ipie SR
6 &5

WIS TR Y TAE, BES5R18 T R —
LPINLE

(1) ARSCHIFSE B AR R K AR F= 1) | &%
XPrpR WA 1 i stan B, HIRAE T8k o
AT BB - pkile] , LA R R S A7 7, S Bk
W R IR A 1 7K AR AR LA o 1 R R

(2) BEER0 N — AR , W 5 kA5
AR BWAEERIE R T Y SR EE AL F XA TR
MIZAE T I AERE 8 SR S5 B A5 MR

(3) WKW ) A7 6 FN o A8 Al 2 4 BRBE A 24 1)
— AT, R AR R IR T — ST
Yrigts .,

B ASWE ST AR Sk A BR R VR R BT R
(10DP) , % 45 %F IODP A A b1 #1 D/V JOIDES
IR AT~ B 2R IR kR A akiallt
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The study of coloration mechanism of “blue clay” from submarine

Brothers Volcano in New Zealand and its geological significance

ZHAO Xi" , CAI Yuanfeng"” , PAN Yuguan' , ZHANG He”
1) State key Laboratory of Mineral Deposits Research, School of Earth Sciences and Engineering,

Nanjing University, Nanjing, 210023

2) School of Earth Sciences and Engineering, Nanjing University, Nanjing, 210023

Objectives: Brothers submarine volcano is very hydrothermally active and sits in the Kermadec arc, New

Zealand. The International Ocean Discovery Program (IODP) Expedition 376 was intended to explore the Cu, Au

ete.

mineralization model, they drilled five sites in caldera and recovered about hundreds of meters of cores

between May and July 2018. The hole U1530A dilled to 453. 1meter below sea floor and recovered 76. 77 meter

samples. Some of them show different degrees of blue color, which is usually called “blue clay”.

We attempt to

find out the coloration mineral and mechanism, and further discuss the geological significance.

Methods: A series of analytic methods, involved X-ray powder diffraction, Diffused Reflection Spectrum —

Ultra Violet—Visual (DRS-UV-VIS) , Scanned Electron Microscopy (SEM) and Transmission electron microscope
(TEM) were applied to 11 cores from 16. 97 mbsf to 309. 22 mbsf.

Results: There is different amounts of vivianite in the blue samples. According to these test results, mineral

assemblages can be divided into two types: (D illite + chlorite +opal—C + pyrite + anhydrite + quartz + vivianite;

@ pyrophyllite + quartz +illite + vivianite. SEM and TEM images suggest that the vivianite grains in the blue
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samples shows ultra—fine xenomorphic crystal, or even none single grain with size of micron or bigger.

Conclusions: Vivanite is the coloration mineral and it filled in the intergranular of other mineral grains as
matrix or cement, which caused blue color of samples. Discovery of vivanite in the IODP drill cores suggests that
brothers volcano hydrothermal fluid characterized by low temperature and reducibility, and still maintains relative
reduction condition after the formation of vivanite, which makes vivianite exists stably.

Keywords: vivianite, Brothers Volcano, coloration mechanism, first derivative spectra
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