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Fig. 1 Geological map of the Philippine Archipelago (a) and Surigao district (b) , northern Mindanao Island, revised
after Deng Jianghong et al. (2017) and Aurelio and Pefia (2010)



51 e AR < PR 3l DX 2 b BB WAL e TT R A% i R ML 5

VIR =R B Pili 8824 R i) 3

WA 5 R R B S %
1 DXl o AR OO

AR TR S AL T PR IR, R T IOR
M 55 R AR R Z AT 8 AT P oAy o el 4
PRI, AR M AE A = 2 (18] 1a) , 5 KPR
oA, w55 BN RE e A bR it 48 . EFR R 2 1)
3t SV A R A b R = T 25 B ) R
FH— BB A I SE 2k DU ZE M A BRI
RBE P o BRI R R A% b 7 B2 L | AR %
By R AR | I ERE 1 HE T B B0 A 6 5 B B 2L
GipR AL R B AEEE TSR PR 2 R LA
SN GRRAR IR G BT . B AR I B B
— R EATE T B AR R RO BU (I 1a) o JEA
T W B S AR T T Sl R O SR A, OB A2 A
FARHRETE T Shal AR PU P A IR sh VR (B 1a) X 3E
R RA S K s B 7 1 oA e ) 82
IR

FEEEFH D WM Z T A ML, Bl
AR AR TRES B THUX , fggkal W 5H Nz
B2 e TR A AR TSR, 4Rt
TERD LRI Z 0], Weakia il v B R S 2
BT MR I Y ORI, MRS g sk s
Lot AU DTRIE i T 21 T XA 52, 4
NEL AR R o 40 T RAEAF A B A ™, AR
Tl DX AY % 1 A 22 28 B AR AL B A I L e — Al R
LS B2 5 g P e DX O £ B BT R A 2 B X
BRICZ AN, 20+ TUERE i & oA T B R B PH R
FOHRI By SRR 5 A, X DO [RA PR B R R AR
BEETE A R R A 21+ BT IR, 5 AR A
— PSSR A R SR G, e AR R A
15 3 I3l SIS SRR G BRI ER A

2 B RARRAE

W DA T AR B R A =2 2 S AR Y 95 B o
u'%( [ 1b) ,Ejtﬁigﬁﬁﬁﬁigﬁiﬁ@ Malimono
BPili A0 X TS E AR 218. 316 hm® , B X PG &R
T , R BB A I AL Mainit I (& 1b) o B IX B K
R TE A, T IR PEAR R (T ) — V8 AP 5 9
(%), B IX gt st s AR RS K S kil
A b A AR B AR AR BRI R T DU D
fro WX FEW A TEH G M E IS S A
PEA MR LA —Z IEA G . KN RIRP
R DL R R A i o3 A A R 1 A 2

Feii I B A T 4 KR T VR PR TE

Pili #b X 2T - BB 5 IR i i 25 20 1 )2 F i
FAMERE R R R — 3, Koo e 2 - Xk
FEREFE N (B 2a.b ) , KB T2 RS T
A2 (e sc s 7/ e 80 ) H (Bl 2a.be) .
B IR AEIE A, RIS E 2, 2 RUZM
BEEUIR AR, M AR B AR B i 5 41+ AUk
ST JER LA R, TR R B % S22 € -
K2 % E T B AL+ X Akse i (& 2a) ;15
JEE A ELAF O AN 7% S R 8 IO AR — Ji 1 8 AR B 3
LU R e V8] 1) 0 R A U 1 M B3, A S 1 5 A b
AHAHEE (B 2d) .

B ARR E L ARAE 0~ 5m BB REIN , 07K
TR Y 35 J2 2 VR & /N F I B (0. 5% ) B
FIZTERUA A A B R T R AR 2L 1 )= R 32
SRR AR S (K 2a b c) . 1EHBIE ) i il 1
R 00 X A0 AR R B 88 30 X AR 4L
FIZ PR TR AT R (E 2e) , K THED
AR A A SR S /N T AL N IR A PR S5 2
A SCA RIS A o BT RN 55 )2 R AR R 5 5t
Aib B AR 1 P B R (R 2a—d) |, Hih 35 2 R AR
SRS R TAT . R Y IR A 32 0k B KR AR
FH A B LL A0 AE F DL SR AR T 5 2 v Y e
PR AR 2 AH e R TR AR TR
3 HESRE M ATk

ARSI A 5T A SERE S SR B Y % 5 (A
2f) IREEZ Bk, TR [ i B 72 % I BE 21
FEHURE | ARG 0. 2m R —FRES, , BEFRE b
0. 2m, R AL E B 0. 1m R —PRRES BEK
0. 1m,¥ETE 0. 5kg ~ 1. Okg, M TRAE 42 1FEEN, B
RFEN DL ILER 1, KRR S TR A B S, 75
FER G2 X ST I T DA S 2 & i o &R
30T .

3.1 X G478 57#7 (XRD)

XRD F3Hr 7 R 22 B R K22 BEAL R} 2 5L 5
Huls X ZRAT B 9050 % 58, AR B 5 Sk PHILIPS
S X7 Pert PRO B X S £ A7 S, T 1F 1 J&
40kV, TAEHLI 40 mA
3.2 5% MERENE

PEIGE 3/ A AR SR A TSI Y H Bh
FESHTE g TR 200 H ., 1EIT R 0T
L5 s 10 TG O Y 4= SR v N L B
W, 2880 3h 100 °C RN AL B 05 s T



Mg
FRICEIHIAES MRS ) S50 %= 58, R
JH X BRSNS (XRF) € . XRE A dh i 45
T AR BB B R RO AR ik, AR RIS R
FRE R PR A i o e A B8 i A A
PGBk RS LA 1« 8 B LKA RIS IS A, A
AT B B w8 T i R ARAR 0.5 ¢ it
B IRE S B ASIRP , FR 4.0 ¢ Li,B,0, K5

2022 4E

NI SR by R MRS SRR ST . S i 1%
LiBr —0. 05% NH,1EA BER TA1 4 b EA
RARE, LLBGH 25 B T /K (Milli-Q ) #h Pk Y3 B AR
SRE A A0 7E 1250 C N Rl s h .
Tl A8 LF AR it 3 38 >R T H A2 Rigaku100e %3
X-SRHOEEIEA (XRF) MERE MY ERHITR S
A M TAE IS AR A BRI A AR
A A 2R ) — B E AR L, 5 TOT R M5




51 e eSS - PR 3 DX AT RV AL e e R A% W AR U S —— LATE R T2 R k95 HL & Pl 5 g 19 5

P2 JEHE R R HL m X Pili 21 L R EF A IR
Fig. 2 Field photos of the Pili laterite nickel deposit in the Surigao district, Philippines
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(a) Natural weathering profile along the highway, exposing a shallow laterite layer (upper part) and thick saprolite layer ( serpentinite, lower part).

(b) Thick laterite layer, stably exposed. (c¢) Thin laterite layer, the base is the saprolite ( mainly serpentinite). (d) Peridotite bedrock (right)

gradually transforms to saprolite (left) , and there are a lot of fractures in the peridotite filled with serpentinite veins. (e) Surficial shallow well

profile, with serpentinite at the bottom. (f) Surficial well profile, the upper are clay layer and laterite layer, and the lower is saprolite layer
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Table 1 Sampling information of the Pili laterite nickel deposit in the Surigao district, Philippines

KRR (m) | gk ) B R Pk KRR (m) | pek . RNSZEIN
P SR BRI G JE i BRI

i z | (m) (BRI ) i % | (m) (BEHE L)
Pilil-1 0 0.2 | 0.2 | FHtZ YR = Pilil-22 | 4.2 | 4.4 | 0.2 |42 AR =
Pilil-2 | 0.2 | 0.4 | 0.2 |#+)2 FRk e+ 2 Pili1-23 | 4.4 | 4.5 | 0.1 |42+ 2 ket 2
Pilil-3 | 0.4 | 0.6 | 0.2 | &+1)2 FEIR A0+ )2 Pilil-24 | 4.5 | 4.6 | 0.1 | 2L+ )2 it )2
Pilil-4 | 0.6 | 0.8 | 0.2 | &+1J2 kR 2 Pilil-25 | 4.6 | 4.7 | 0.1 | O +)2 ke + 2
Pilil-5 | 0.8 | 1.0 | 0.2 |FLZ /R Pilil-26 | 4.7 | 4.8 | 0.1 | ZI+)2 IR —E L+ Bk
Pilil-6 | 1.0 | 1.2 | 0.2 |ZLE T Pilil-27 | 4.8 | 4.9 | 0.1 | +)2 L FARCR 3TN
Pilil-7 | 1.2 | 1.4 | 0.2 | &2 FEIR 8+ )2 Pilil28 | 4.9 | 5.0 | 0.1 |4 +)2 LT W4T 5 Pk
Pilil-8 | 1.4 | 1.6 | 0.2 |12 R+ )2 Pilil-29 | 5.0 | 5.1 | 0.1 | +J2 | Fear—4rdie B Pk
Pilil-9 | 1.6 | 1.8 | 0.2 |4 L2 IR 1) Pilil-30 | 5.1 | 5.2 | 0.1 |4L+)2 | Bear—ar e B Hok
Pilil-10 | 1.8 | 2.0 | 0.2 |42 S Pili1-31 | 5.2 | 5.3 | 0.1 | L4 +)2 | fha—aigfeBefhek
Pilil-11 | 2.0 | 2.2 | 0.2 |4 +2 kR )2 Pilil-32 | 5.3 | 5.4 | 0.1 | &T+)2 | Fhar—4r sk B ok
Pilil-12 | 2.2 | 2.4 | 0.2 |2+ AR (i o Pilil-33 | 5.4 | 5.6 | 0.2 | JBEHE (0 Je B A8+ POk
Pilil-13 | 2.4 | 2.6 | 0.2 |4 t+)2 AR S Pilil-34 | 5.6 | 5.8 | 0.2 | JE&HE (OISR POk
Pilil-14 | 2.6 | 2.8 | 0.2 | +)2 AW = Pilil-35 | 5.8 | 6.0 | 0.2 | JEHZ ekt He—HoiRk
Pilil-15 | 2.8 | 3.0 | 0.2 |4 +)2 AR 7 o= Pilil-36 | 6.0 | 6.2 | 0.2 | JEHE o He—Huk
Pilil-16 | 3.0 | 3.2 | 0.2 |42 AR (i o Pilil-37 | 6.2 | 6.4 | 0.2 | JEHE Lk (0 He—Hulk
Pilil-17 | 3.2 | 3.4 | 0.2 |41+ AR S Pilil-38 | 6.4 | 6.6 | 0.2 | JEHE Wt He—Hok
Pilil-18 | 3.4 | 3.6 | 0.2 |4 +)2 AR = Pilil-39 | 6.6 | 6.8 | 0.2 | JEHE WO H—Hetk
Pilil-19 | 3.6 | 3.8 | 0.2 |+ YR = Pilil-40 | 6.8 | 7.0 | 0.2 | JEHE A+ He—Helk
Pilil-20 | 3.8 | 4.0 | 0.2 |42 IR 1) pilil-41 | 7.0 | 7.2 | 0.2 | JBHE HAk (O He—Hutk
Pilil-21 | 4.0 | 4.2 | 0.2 |+ PR+ )2 Pilil-42 | 7.2 | 7.2 0 | JEHE W e —Hok
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Table 2 Summary of mineral compositions of the Pili laterite Ni deposit in the Surigao district, Philippines
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Fig. 3 Vertical zonation and sampling location of the well
profile of Pili laterite Ni deposit in the Surigao district,

Philippines
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Table 3 Major element and some key trace element analyzing results of the Pili laterite nickel deposit

in the Surigao district, Philippines

Si0, | ALO, | Fe,05 | Ca0 | MgO | Na,O | K,0 | TiO, | MaO | P,Os | 2% | #afn | Co Cr Ni
Pilil-1 | 22.92 | 22.24 [ 32.14 | 0.09 | 0.46 | 0.11 | 0.04 | 0.92 | 0.18 | 0.031 | 17.9 | 98.57 | 203 | 7930 | 1710
Pilil-2 | 23.77 | 23.65 | 30.59 | 0.06 | 0.43 | 0.08 | 0.04 | 0.96 | 0.15 | 0.025 | 17.8 | 98.77 | 163.5 | 6800 | 1705
Pilil-3 | 24.90 | 24.99 | 27.86 | 0.07 | 0.45 | 0.08 | 0.05 | 1.01 | 0.15 | 0.024 | 17.8 | 98.38 | 184 | 6740 | 1935
Pilil-4 | 24.23 | 24.23 [ 29.41 | 0.05 | 0.46 | 0.08 | 0.05 | 0.96 | 0.22 | 0.023 | 17.65 | 98.45 | 165 | 4420 | 1350
Pilil-5 | 21.92 [ 22.72 [ 33.31 | 0.04 | 0.48 | 0.07 | 0.04 | 0.88 | 0.35 | 0.025 | 17.15 | 98.35 | 314 | 6320 | 1535
Pilil-6 | 16.78 | 20.63 | 40.52 | 0.02 | 0.46 | 0.04 | 0.03 | 0.79 | 0.43 | 0.024 | 16.8 | 98.23 | 152 | 1510 | 588
Pilil-7 | 10.96 | 16.63 | 50.85 | <0.01 | 0.43 | 0.02 | 0.02 | 0.70 | 0.47 | 0.025 | 16.2 | 98.36 | 162 90 156
Pilil-8 | 6.32 | 13.27 | 60.05 | <0.01 | 0.39 | 0.01 | 0.02 | 0.49 | 0.61 | 0.019 | 14.95 | 98.26 | 217 70 204
Pilil-9 | 3.77 | 11.26 | 65.40 | <0.01 | 0.40 | <0.01 | 0.02 | 0.35 | 0.74 | 0.016 | 14.1 | 98.36 | 132 40 256
Pilil-10| 2.67 | 9.06 | 69.08 | <0.01 | 0.45 | 0.01 | 0.02 | 0.27 | 0.72 | 0.012 | 13.65 | 98.38 | 121.5 | 30 117
Pilil-11 | 2.42 | 8.17 | 70.47 | <0.01 | 0.46 | 0.01 | 0.02 | 0.25 | 0.71 | 0.011 | 13.3 | 98.58 | 93.3 | 60 462
Pilil-12| 2.25 | 7.35 | 71.18 | <0.01 | 0.45 | 0.01 | 0.02 | 0.24 | 0.72 | 0.011 | 13.2 | 98.33 | 130 80 519
Pilil-13 | 2.55 | 8.50 | 69.46 | <0.01 | 0.43 | 0.01 | 0.01 | 0.28 | 0.79 | 0.013 | 13.6 | 98.33 | 140 80 | 1000
Pilil-14 | 2.32 | 8.22 | 70.19 | <0.01 | 0.42 | 0.01 | 0.01 | 0.26 | 0.79 | 0.012 | 13.65 | 98.52 | 140 80 | 1160
Pilil-15| 2.30 | 8.26 | 71.41 | <0.01 | 0.43 | <0.01 | 0.01 | 0.24 | 0.71 | 0.010 | 12.9 | 98.58 | 105.5 | 80 990
Pilil-16 | 4.13 | 8.96 | 68.59 | <0.01 | 0.50 | 0.01 | 0.01 | 0.27 | 0.89 | 0.010 | 12.65 | 98.47 | 144.5 | 100 | 1180
Pilil-17 | 3.18 | 8.63 | 70.69 | <0.01 | 0.64 | <0.01 | 0.01 | 0.25 | 0.87 | 0.008 | 11.6 | 98.50 | 163.5 | 130 | 1400
Pilil-18 | 3.22 | 8.49 | 70.77 | <0.01 | 0.71 | 0.01 | 0.02 | 0.23 | 0.76 | 0.006 | 11.3 | 98.45 | 295 | 360 | 1040
Pili1-19| 3.72 | 9.03 | 69.24 | <0.01 | 0.65 | 0.04 | 0.02 | 0.24 | 0.80 | 0.011 | 11.95 | 98.31 | 138.5 | 80 660
Pilil-20| 5.10 | 9.27 | 67.49 | <0.01 | 0.63 | 0.01 | 0.02 | 0.23 | 0.79 | 0.007 | 12.3 | 98.62 | 115 40 302
Pilil-21| 4.26 | 9.18 | 68.10 | <0.01 | 0.72 | 0.01 | 0.02 | 0.23 | 0.91 | 0.009 | 12.3 | 98.66 | 129.5 | 40 256
Pilil-22 | 5.81 | 9.66 | 65.90 | <0.01 | 0.73 | 0.01 | 0.02 | 0.24 | 0.89 | 0.015 | 12.5 | 98.49 | 99.9 | 90 306
Pili1-23| 4.46 | 7.23 | 70.61 | <0.01 | 0.59 | 0.01 | 0.02 | 0.15 | 0.85 | 0.012 | 11.4 | 98.33 | 126 30 510
Pilil-24 | 7.03 | 9.08 | 63.92 | <0.01| 0.54 | 0.01 | 0.02 | 0.19 | 0.66 | 0.017 | 14.85 | 98.31 | 148 | 110 | 623
Pilil-25| 6.81 | 8.67 | 64.41 | <0.01 | 0.70 | 0.01 | 0.02 | 0.27 | 0.55 | 0.017 | 14.25 | 98.29 | 133.5 | 120 | 564
Pilil-26 | 3.89 | 6.33 | 72.69 | <0.01 | 0.78 | 0.01 | 0.02 | 0.12 | 0.73 | 0.005 | 10.7 | 98.20 | 127.5 | 70 858
Pilil-27 | 4.34 | 6.13 | 73.28 | <0.01 | 0.86 | 0.01 | 0.02 | 0.10 | 0.65 | 0.005 | 10.35 | 98.39 | 131.5 | 80 900
Pilil-28 | 10.51 | 9.13 | 58.88 | <0.01 | 0.92 | 0.01 | 0.02 | 0.19 | 0.65 | 0.016 | 15.85 | 98.36 | 148 | 420 | 620
Pili1-29| 7.16 | 7.46 | 67.43 | <0.01 | 1.00 | 0.01 | 0.02 | 0.11 | 0.67 | 0.006 | 11.85 | 98.32 | 156.5 | 90 464
Pili1-30| 8.43 | 8.92 | 63.41 | 0.02 | 1.10 | 0.01 | 0.02 | 0.15 | 0.63 | 0.011 | 12.9 | 98.41 | 140 | 140 | 364
Pilil-31| 8.29 | 9.21 | 63.57 | 0.01 | 1.36 | 0.01 | 0.01 | 0.11 | 0.80 | 0.011 | 12.6 | 98.61 | 188.5 | 160 | 526
Pili1-32| 8.79 | 7.81 | 64.16 | 0.03 | 1.37 | 0.01 | 0.01 | 0.11 | 0.67 | 0.007 | 12.7 | 98.52 | 179 | 190 | 609
Pili1-33 | 19.17 | 4.30 | 53.86 | 0.16 | 3.35 | 0.04 | 0.01 | 0.04 | 0.68 | 0.001 | 14.75 | 98.47 | 301 | 2620 | 2050
Pilil-34 | 20.82 | 4.40 | 49.83 | 0.23 | 5.13 | 0.05 | 0.01 | 0.05 | 0.63 | 0.001 | 15.3 | 98.50 | 379 | 4860 | 3340
Pilil-35| 38.41 | 1.08 | 13.10 | 0.55 | 29.14 | 0.09 | 0.01 | 0.01 | 0.14 | 0.00L | 15.2 | 98.41 | 196 | 4880 |>10000
Pili1-36 | 39.00 | 0.77 | 11.79 | 0.17 | 30.84 | 0.08 | 0.01 | 0.0l | 0.14 | 0.001 | 15.0 | 98.35 | 158 | 3770 | 9780
Pili1-37 | 38.72 | 0.89 | 13.23 | 0.22 | 28.84 | 0.07 | 0.01 | 0.01 | 0.13 | 0.001 | 15.6 | 98.40 | 161 | 4900 |>10000
Pili1-38 | 37.20 | 1.02 | 15.67 | 0.48 | 25.57 | 0.06 | 0.01 | 0.01 | 0.18 | 0.001 | 16.5 | 97.45 | 196.5 | 5120 |>10000
Pili1-39 | 38.97 | 0.61 | 12.88 | 0.26 | 29.14 | 0.07 | 0.01 | 0.01 | 0.17 | 0.00L | 15.6 | 98.39 | 191 | 4960 |>10000
Pili1-40 | 39.89 | 0.59 | 11.05 | 0.04 | 30.52 | 0.08 | 0.01 | 0.01 | 0.17 | 0.001 | 15.55 | 98.50 | 157 | 4300 |>10000
Pilil-41| 40.33 | 0.37 | 10.00 | 0.06 | 31.62 | 0.07 | 0.01 | 0.01 | 0.13 | 0.001 | 15.15 | 98.33 | 158.5 | 4300 | 9810
Pilil-42 | 37.54 | 0.83 | 12.61 | 0.01 | 28.38 | 0.06 | 0.01 | 0.02 | 0.24 | 0.001 | 16.75 | 97.07 | 182 | 4640 |>10000

F R R ICR AR %; Co Cr Ni HISAAL X107,
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8 B ERRURAE ( Nesbitt and Wilson, 1992 , Price and Velbel,

E 4 aTE RN EET BERHZE at
JE BN 2 G A8 5 F v 2 IS0 R B
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(R T B I M B IR & T AN A )2 40
+ WA TE A A N R R R Ak k.
4.3 AFTBRETRUTEETE

IBEEFTERNE

B B R AR 20 Al KU % A
fiff TS SR R G B R A TR I 2 B B FRUL
VEFGASTE OB IR A0, B P R AU R 5
B TR Y ik A8 Fg AR 0 T8 il i) 22 5
P 20 A KALARE 7] Dt SR 48 7R A Rl 41+
IR A LR i R IRV AL R B (1) 22 S R B+ B8, —
U3 F PR VEAG b2 KA AR BE B 48 B anfe# b AR 5
B(CIA) LSRR (W) Fifk 2z KR o B (CTW) 45
ARIEH TR L E W Ca, Na K FFF HKITHEW

2003) , HAZIX 2650 5 JF A2 R A 1 FE BT
R EMNCE /e srs g & s AR, PRI 24k
2 WARAH CTE BT AN T8 T8 SR A R A 21 4 XAk
Too HIL, EFXTEENE A KALTE AT AR 322250
Z Mg.Si Al Fe $& i T B8k BT i A2 F5 4 (UMIA)
KXt 4+ AER AT ) M BR 1k 2% AT Ak 3F 4T 0F 4G
(Aiglsperger et al. , 2016) .

UMIA =100x

n(Al,0,)+ n(Fe,0,")
n(Si0,)+ n(Mg0)+ n(Al,0,)+ n(Fe,0,")
(1)

MG 45 5, B i N 5 UMIA B A (&
5),03.1(3K2) , HREREZ, £ uMIA LT
10( & S) , BaRB /MM Mg Si ik, HHZS
21 )2 HRE S UMIA (B3R T2 40~ 50 2245 (K
5). MLLEZNEAMREK UMIA H (K 5), i
£ 70~90 1], .7 i 3 2L Mg, Si Ui 2k LA K Fe
WARRHIE(# 5b) o A AP RTRI o H FG
A 5 I AE N Y AL S R T B A (E
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Fig. 5 Molar Al-—Fe—Mg—Si ternary plots of the weathering crust from the Pili laterite nickel deposit in Surigao district,
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(a) AF—S—M =IO/ /R THINCA KAL) B AR 3 18R MgO $i2k, Sio, 5, AL, O, Fil Fe,05 B4, (b) A—SM—F =JCEERT

AL O, (43 41k) B Fe, 05 &4 M KL S

(a) AF—S—M ternary plot illustrating the general weathering trend of peridotites with initial loss of MgO followed by loss of SiO, and concomitant

enrichment of Al,05 and Fe,0;. (b) A—SM—F ternary plot illustrating the weathering trend with respect to Al, 05 enrichment ( bauxitization) or

Fe, 05 enrichment

h TRk Pili A R E TR N TERE E
SERERE RATETIA T BB RS (Nesbitt, 1979
, Ma Jinlong et al. , 2007) , Xfb5e/&— A~ m) £
g, PR e RV A rh 2 ORISR B 9 A8 A BT
[ i A RS A A R e B R 1 B
FEJ R 22— R e Ak 35 T v e 2 A B R 1Y
i i ( Brimhall et al. , 1991) . RFUAEfb i vT DL i
— PRI SO R W & BRI TR I NN I R TE
WA R i B, 7R S M XA
For, — Al Ti MR ShT R, H I K=
5 J5A 2 18 AR BUAE A6 1 25 5 1% 35 F ( Nahon and
Merino, 1996) ,Ti AIfE RS %L, Ti AN, H
Ti R IR, B o 15 KA s A X T 55 rh 4%
RS Ti WHEERRETEN TR,

\ Ri_Rp
TR = 100% % 7 (2)

Ho R AR, 3 SR WAL 7 FIBUA A i 2
G she RS as Ti R &R0 A i—Xfkse,
p—IA

MEl 6a ATLIE 1, WFE -2 EIL0 -2, MgO Al
Si0, MRS HRALIT-100% , Ui I )5 A H L-F B 1Y

Mg il Si #8248 WAL AVE i3 2%, iX 48 7 Pili 824
FIAE R L DX, KR 1435 Z1, Fe \Mn 5541
IR A TC R AE 2 B R LT -90%
(Kl da) , BLBHW KRR THREITAR . BRA )2
I Fe Mn S50 R MR E 4 (K 4a) HIHHT -
50% TR SRR Fe Mn 76 XUAL kg F2 rp
BAETRKIE LA, Al EBREBES Fe,
Mn ZEARL, (E B AT Rt £ BT R 59 a9 (&
6a) , 5 Mg.Si FFICHEAAML, Cr Ni ZE5 L2 ryiE
BRI -90% , 5 B 35 B 2R A REAE 5 i 7 JE
JZH Cr Ni A] LR o e 4 2 31 6 £ .

O I S O A (A B e 8
88 ) LR, FEMRS 5 AR B AT 3 R opr MO A
MAERGEREERT AR A L, 535
Mg .Si 0% KK LK Fe & 5 & I U A
U/ k=N E T &R /== R /B IUF =
FEVEN FEAZ T Eh F pH, L A0E Eh(EALTE) IR
BERTE P 0 W) (R EHERD55) FaE £
16,1 pH {8 Xk E T 5 Fe W12 IR B R A
SEET R I A TE i pH RS EHERTT R E ; IK pH
REEHRE™ 5 53 i LR 2R ( Golightly, 1981)
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Migration and enrichment of elements in thenickel laterite weathering
crust of the tropical region: A case study of the Pili Nickel deposit
in the Surigao district, southern Philippines
GAO Ya" | DENG Jianghong” , YANG Xiaoyong” , DUAN Liu’ an® ,LUO Xiandong’

1) The Geological Experiment Institute of Anhui Province ( Hefei Mineral Resources Supervision and
Testing Center, the Ministry of Land and Resources) , Hefei, 230001 ;
2) Institute of Oceanology, Chinese Academy of Sciences, Qingdao, Shandong, 266071 ;
3) School of Earth and Space Sciences, University of Science and Technology of China, Hefei, 230026;
4) Yantai Geological Survey Center of Coastal Zone, China Geological Survey, Yantai, Shandong, 264004 ;
5) Geological Exploration Technology Institute of Anhui Province, Hefei, 230001

Objectives: The Philippines and Indonesia in tropical Southeast Asia are the world’ s major producers of
laterite nickel deposits. Laterite nickel deposits are widely distributed in the Surigao district of the southern
Philippines and are generally hydrous magnesium-silicate type. In this study, we discuss the zonation
characteristics and element migration-enrichment of the laterite nickel weathering crust in the tropical region.

Methods: We studied the detailed field geology of the Pili laterite nickel deposit in the Surigao district,
Philippines, combining mineralogical compositions and geochemical characteristics of the laterite nickel weathering
crust profile.

Results; According to the mineral compositions, the weathering crust profile of Pili laterite nickel ore is
divided into four layers from top to bottom: clay layer, laterite layer, saprolite layer, and bedrock. Saprolite is the
main Ni ore-bearing layer of the deposit, which contains about 1 wt% nickel. Geochemical characteristics of the
laterite profile show that the laterite is rich in Fe and Mn, and poor in Si and Mg. The upper clay layer is rich in
Al, Si, Cr, and Ni, and poor in Fe and Mn compared with the laterite layer. Different from common laterite nickel
deposits, the laterite of the Pili nickel deposit is quite Ni-poor. The element migration ratios in the profile show that
the clay layer has experienced strong losses of Si, Mg, Fe, and Mn, and the red soil has experienced strong losses
of Mg and Si and a moderate loss of Fe and Mn. The lower saprolite layer experienced the enrichment of Fe, Mn,
Cr, and Ni.

Conclusions ; Based on the above findings, we propose three stages of processes to explain the element
migration and enrichment of Pili laterite nickel deposits; the saprolite development stage, laterite development
stage, and late dissolution and precipitation stage. There was no obvious element migration or loss during the initial
development stage of saprolite. At the initial development stage of laterite, the loss of Mg, Si, and other elements
occurred under the influence of surface fluids. After the initial formation of laterite, the upper part of laterite also
experienced strong losses of Fe and Mn and formed the clay layer due to the continuous leaching of reducing surface
fluids, which was probably affected by heavy rainfalls in the tropical region. In the middle laterite layer, there were
strong Ni loss and moderate Fe and Mn losses. The intense element migration at this stage may be the specific
characteristic of nickel laterite weathering crust in the tropical region. The fluid-leached nickel gradually migrates
down from the laterite layer following the fluid and eventually accumulates in the saprolite in the form of nickel-
bearing magnesium silicate. The findings of this study provide significant indications for the exploration of laterite
nickel deposits in the district.

Keywords: laterite nickel deposit, ophiolite, ultrabasic rock, weathering crust, element migration—

enrichment, Philippines, Surigao
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