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ABSTRACT : To enhance the grade and recovery rate of the gold/silver ores which yield at Philippine
Mankayan mine, we studied the characteristics which are the geologic and mineralogical features of gold
and silver ore, the liberation by crushing and grinding, the separation by sieving and shaking table.
Gold/silver ore is composed of the sulfide minerals like pyrite, sphalerite, galena; and the gangue
minerals which is quartz, clay. Gold/silver element are mainly contained in a sulfide minerals like
pyrite, sphalerite and galena. To increase the liberation rate of sulfide minerals containing gold/silver
element, the gold/silver ore has to be grounded under 100 pm very finely because the crystal size of
sulfide minerals is distributed from 1 pm to 100 um. The liberation rate of gold/silver ore increases to
92% when the particle size (deg) of ore is grounded below 100 um by jaw crusher — cone crusher —
rod mill by steps. The grade and recovery of sulfide minerals could not be enhanced by sieving
separation because those crystal size is distributed homogeneously below 100 um. But, when we separ-
ated the sieved ore using shaking table, the gold and silver grade increased to 40 ppm and 140 ppm,
respectively. Then the recovery rate of gold reach almost 100% but that of silver is no more that 50%.

Key wonds : gold and silver ore, sulfide mineral, gravity separation, liberation, shaking table
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Fig. 1. (a) Geological map of the Mankayan mineral district, showing the location of the different porphyry
copper deposits and prospects (Far Southeast, Guinaoang, Buaki, Palidan and Bulalacao) and epithermal copper
and gold deposits and prospects (Lepanto, Victoria, Nayak and Suyoc) (Claveria, 2001). (b) Simplified N-S
geologic cross-section of the Lepanto mining area showing the proposed regional hydrothermal fluid flow

(Sajona et al., 2002).
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Q: quartz, Sp: sphalerite, Py: pyrite, Cp: Chalcopyrite, K: kaolinite,
G: galena, E: enarglte, C: chlorite
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Fig. 2. XRD pattern of host rocks of Enargite (a) and
Victoria ore body (b).
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Fg. 3. Microphotograph of Victoria ore body (Py:
pyrite, Gn: galena, Cp: chalcopyrite, Sp: sphalerite).

o] E ¥ F(Lepanto enargite deposite)? B E T
o} Y33 (Victoria Au deposite)S AH-&3lgtt. &
5] HEgol dFe HASde A AL
whol w9 A3t FEE 44 BIHE EXS
At

479 XRD £4 23, duAtolE Y33 A
T FHFEER, &HEH(pyrite), 4 o} 4 (sphaler-
ite), &5 4 (chalcopyrite), ¥4 (galena) L o}
Ato] E(enargite)’t #&EHM, HAFEZ AHY
(quartz) 2 7H& & v}o] E(kaolinite)7} 2= ¢tk
(L% 2a2). W EZ o} 4339 A, FHFER F
AN, Hotdd, 54 9 WdHdo], agu o
APEE NG| FEAHT(H 2b).

dAn7 BEAT, AqUYAolE B4
o] Wasty glon, Mg o|F= F
E2HES Holv ¥4y}, adgx /ER
@2 BZHES Hole F1EEYolEd E =
A3l Agg ue Aoz IQHYL, FAFE
E AN Hotdd Fo| BAHIIY. Y EL
o 93] AL, AR FAHo| AT Y&
Hojw, TJute] 52, ddd g MHojddo] &
F AZHARTE 3).

dupztol E A9 stz & 19 AAE
Rom, dEol AP 24HE F3 29 ¢
FE AYstie AY FAFALY duyrelE
o 9% HA(As)d] TEol A =4t ¥ EE
of Y4B sz dnAHdA #EH uig}
ol AX TG HotdMe o F(Pby ol
(Zn)e] F#Fol i EJI, HAE AUFHOZ
A W, 53 29 FFL AUAoE YFol

(o]

why

H O
h gy

T r
o i PN
o X

L



e
ik
r |
r o
~
t
3
N,
18
aj
flo
ol
1
lo
=
2
i
oXx

Table 1. Chemical composition of host rocks from Victoria AwAg deposite (Victoria) and Lepanto Enargite
deposite (Enargite)

Chemical composition (%)
SiO, TiO, ALOs Fe; 03 FeO MnO MgO Ca0 Na;O
Victoria 62.40 0.37 14.30 5.45 1.15 0.41 0.96 1.64 0.47
Enargite 64.90 0.21 12.60 6.45 0.09 0.06 0.32 0.97 0.35

Samples

Samples K0 P05 S Pb Zn Cu LOTl  As(ppm) Au(ppm) Ag(ppm)
Victoria 3.06 0.10 437 0.10 0.32 0.16 540 36 12 25
Enargite 0.74 0.07 6.05 0.02 0.02 0.13 9.60 64 0 0

A AEHA g2 AAE dx2Hor 47 12
25 ppm«l dFs HAo

et B AFoAE S5E 5HoR 3e
g Aol & - 207] Wi uAelE 9
B At B ELol UFE IR ATE
s ot

m[o r[o
SE

o
1=
=
10
o
ro
10
Pt
=

Ve
)

T2 AEE M AdFold AALS
FHE EAS7IE AW, gEtdog & - &
AEL O #Eo nFog Fitslo] 2R3t 1 "
Aol didolty, 18 BE F - & A& 34 Fg 4. Microphotograph of the ore.
A EAste s gotdort F - 22 3
F8 £ Qe By 2AE 4338 £ o 7} 100 pmE B3 ARES B EST 94
wehA B ARgME F - 28 gt st B9 Z7HATY HF & ZHE tetrabromoethane
EY/AE AFE A SA FAHAA 7 (m]T 2064)0.3 F& MA@zt g1 d4
2o] EAgt AEHE dotR A utt B HFo] 2o FELS XA FJHENIE BA
yEgol Ao 48 FFEEN BN F & Az 12 5o JeEg FRXEE 3
EEY A& AU E 90804 g A g wFo] 2o BB 32 FAMo|YL, 1
WAL g A 02 A AAE 1Y 49 B who] Holdd, 3EA P o} Ao]E Fo| EA
Aot FaFE A4 Hu =A7E 100 pm FE= Ao 1%@2}@
BEOlL, HAT 1 pm ol3te| ob5 mAlst 4 ol FMBEY F . oo FRAAE 27
A7A E”ﬂl 73 }%E} 317 95, 4G ANEE B4 E IS SEM/
ojgh ol 7 -2 FAe F#H FHFELS  Eps B 5T d4ARE BAS AN A
100 um ©]3ke] w9 && UEE EAs7] Wi = 18 ¢o YERGT. E8E AsE 4
of 7 FFEs MAH o2 4 (hand picking) 3} Aopadso] FH FEo|UX, 4F9 vt
7] Zeteith webA o - & FHA EAsE o e} #2E Y. SEMEDSE BAE A
FepgEQ FAXGOL), AotdA4.05), Tdd 5 z
(74), BE4(4.19), AUANE@4S) 5 HIT o Aoz 7 - 20| FalFEo] sk
of BA FE 49265 2 HEUUOIEQRSE), oz sdstant. d9, 7129 AT AKSajona

FUXQ255~32)9 HFTRT & A0lE o1& o 4, 2002)0) WEA FFH 20| AU EY(elec-
dtof olge FstaA AT WA UE(dw)  trum)e] FENS] metal FOoE EAFAY TAA

— 387 —



P: Pyrite
P S: Sphalerite
C: ‘.Chaicopyrite
E: Enargite
Q: Quartz
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Fig. 5. XRD pattern of the heavy product separated
by the heavy liquid (tetrabromoethane).
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Table 2. Particle distribution analysis of AwAg ore milled by the laboratory rod mill

Milling time (min)

Particle size (um)

10 do.t dos doo
3.622 132.595 485.220
s do dos doo
3.161 88.723 337.404
20 do.t dos doo
2.596 47.146 214.168
55 do.t dos doo
2.552 38.226 155.008
30 do.t dos doo
2.324 29.525 118.194
Particle Size Distrinution
55 .
: 4100
4.5 4 86
~ A 4 80
£ 3 17
;lj 3 4 60
2 2.5 ¢ 4 50
R ‘ 14
1.5 g -4 30
! p 120
0.5 ’ ot ‘ 410
%51 N B 5 T T 3008
Particle Size (um)
~Lep-012, 20074 BE 0 SRY 92 452:36

Fig. 7. Particle distribution of Aw/Ag ore milled by the laboratory rod mill for 30 min.
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Fig. 8. SEM photograph of the ore pulverized by rod
mill for 30 min.
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Table 3. Chemical composition of host rocks (Victoria Au deposits) sorted by sieve

Samples Chemical composition (%)
iﬁzggc b 154(1;\1:;2;1011 i, T, ALO; T.Fe MnO  MgO  Ca0  NaO
+100 9.5 73.0 0.30 11.3 2.73 0.31 1.14 1.08 0.06
-100+150 17.7 714 0.27 103 4.17 032 1.05 1.31 0.59
-150+200 13.2 71.0 0.26 9.45 5.95 0.35 0.94 1.19 0.53
-200+270 9.8 64.0 0.30 949 10.5 0.39 0.95 1.35 0.46
-270+325 9.8 56.8 0.39 11.7 123 0.44 1.16 1.14 0.45
325 40.1 58.5 0.46 17.8 5.86 0.45 1.50 1.05 0.55
Samples Chemical composition (%)
mesh KO P20s S Pb Zn Cu As(ppm) Au(ppm) Ag(ppm)
+100 2.83 0.051 0.98 0.013 0.11 0.031 35 2.0 3.0
-100+150 2.56 0.071 2.56 0.022 0.62 0.078 37 6.0 10.0
-150+200 2.39 0.074 3.87 0.038 031 0.12 40 5.3 10.6
-200+270 225 0.097 7.48 0.15 0.53 0.23 72 273 147.0
-270+325 2.84 0.094 8.36 031 0.58 0.30 147 16.0 29.0
-325 4.03 0.078 2.80 0.13 028 0.15 80 3.7 4.0
288 924 AFE FH8 AdRET F o] FFAEEL Bo] Wl WE] AFe 93
&3 FHBAE $58 Zog gdEHE 0 44 BIWh)EEA F33FE3 o] A
L BEL FEAM, T4, HotdMolz, WY 2 4 ¥y ELE A4%RY.
FEE Y9l b EASAL, }Luﬂr il
Lo FEAHL §A0E BAY £ U H Zeof et 2al/dE 5
4 BEEE B4 A%, F 99 & vg
% 71208 258 B4 A0 91.2%, Ao o £He - 2o #utd FHF

o]
308 B4 AEo] 91.4%E JE 3EaRE

49| 517]!:3.‘5} H ~r ’—‘MI -mna}x] dots @A
g5 2 YERT. oln TA

2 ByEHA 0}»8— 7,\-: %i Ay el & 3
fiwrmgol o] A 5} Al %%ﬂ AgE B
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=& g %L:ﬂr%g«} 2% 327](dso)7t 100
AEE 25 5UsA 2A3d sHRsd
ol A4 EL7] g HA% 1/64M2 2F 1.6 um ©]
SHdeo)E )¢ wAEHA BAsolgt o)BAHoR
OA B EE 955%7HA 240l ted Aoz
A, 28 2 A g FAe ASe
AE(doo)E ¢ 155 pm7HA B8l s GA B
g5t & 91%7HA B2 AL Z e o9}
Zol ZARE AAY Zr|ET FA B4R
%olE BAEYTI F4E AL B AFd A

NS WD
&H T2 FYo] ALy FHoE PN Y

Y ¥3FEs *M"‘NE 2% & de 7
4L st Yt rod millE 308 ¢
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ER AT
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o] £¥3}1 9)21, 65 mesh ol A= 3313
%o 3‘%;}___}44 il A%Q}&:]Mv]. mllvl J,Lﬂc‘bl 4’1]%}0]
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Table 4. Free sedimentation ratio for the mineral couple of different kinds (°]7HE, 1979)

Free sedimentation ratio

Mineral couple m=1 m=0.83 m=0.65 m=0.5
D>1,000 um D+ 300 pm D+ 100 pm D <50 pm
Native gold (17) - Quartz (2.65) 9.70 6.91 438 3.11
Galena (7.5) -~ Quartz (2.65) 3.94 3.20 2.44 1.98
Cassiterite (6.9) - Quartz (2.65) 3.57 2.95 2.29 1.89
Hematite (5.2) - Quartz (2.65) 2,55 2.22 1.84 1.60
Sphalerite (4.1) - Quartz (2.65) 1.88 1.71 1.51 1.37
Rhodochrosite (3.5) - Quartz (2.65) 1.51 1.42 1.30 1.23
Slate (2.7) - Anthracite (2.65) 2.43 2.13 1.78 1.56
Slate (1.7) - Bituminous coal (1.3) 5.00 3.94 2.85 2.24
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Fig. 9. XRD patterns of Aw/Ag ore sorted according
to size by sieve.
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Fig. 10. XRD patterns  of the products separated by
shaking table.
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Table 5. Chemical composition of the products separated by shaking table

Chemical composition(%)

Samples Etc.
Si0;, AlLOs Ca0 Na,O K;O MgO Fe
Raw Material 62.40 14.30 1.64 047 3.06 0.96 5.45 100%
Concentrate 22.0 523 0.78 0.18 0.72 0.28 29.2 4.8%
Middling 410 111 1.09 0.54 24 0.65 4.88 82.7%
Tailing 68.7 10.9 1.15 0.49 2.52 0.66 3.30 52.5%
S As Pb Zn Cu Au Ae
(ppm)
Raw Material 437 0.036 0.10 0.32 0.16 120 250
Concentrate 31.8 0.11 0.69 1.48 0.71 23.8 82 4.8%
Middling 4.15 0.013 0.0071 0.31 0.13 12.5 22 42.7%
Tailing 2.36 0.0071 0.053 0.39 0.13 10.5 22,0 52.5%
Aol A, 5HFE FeAE A9 4y =2
717F 100 pm A =olx, WA, FHMA

A, HoldM.Hge H4
1.84, 1.51 AXZ H

Ao
7] Wi & A7dAs FeAEe] 4 E o
S8 R uFAEred 2Bl 2 AE

st} - 2o ke FIFES
A+ 3F T,

18 1034 ¥ 5% rod millE E4% $ A7
A @ EE BHLES SFHCIER HF
date] sled A%, £33, Fvle XA 38
% et ig £33 47 el Aol

85 Heol B v 5 A¥T Ax, F P (concen-
trate) 0. & 3 EHE 42 o 4.8%, T F(middling)
02 FgEHE 4 42.7%, Fv(tailing)E £4
oke oF 52.5%% AE9 Ao Z byt
Aol AFelE 238 ppm A%, £33 F
ool 742 12.5 ppm 2 10.5 ppm & 5

Roem BHE, FF, FudA F AFEE &

9.5%, 44.5%, 45.9%% BolFgo] wrh &
£ ASE A%, 5%, Fvlo 27 82 ppm,
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Fig. 11. Arrange of ore particles at table plate with
different particle size and density (°17-&, 1979).

2 AAs AR BA, £, 8F, AEs 2 2
£ FRHREoE 25 FoE YYst& uFT
FEFS FFROKN) BFLE SR
HlFol A& FES Ure Aot Iy
o Y7t E HIH YAEe] EFH 3

28 113 2 ¥ AR 27 nE
g BFHE BT watx 48 5 - 2 €%
S UEE FYsA A ¥ 2F HoEER
o2 AdstA HY, WFo] & F& YA o
Fol AL Fe dAEe] EFEHO EAE F 3
o 1EEe A¥AGYG Zof wlud dAI A
I HFo] & FSFES HFE AT AR
e M o] EgEo] EA317] Wi 2FH
ol&o ofs] niFAYE Hgo| ¥ AOE G

.

- 392 -



el

e
o
N
N
o,

R
a2
ol
rlo
o
1
1o
=

4

n

4

Table 6. Chemical composition of the products separated by shaking table

Samples Chemical composition (%)
F(’zzts‘}llr)e (legl/od) Products viiﬁht Si0, AbO; Fe0s Ca0 Mg0 K0 NaO TiO,
Concentrate 1.39 175 036 622 053 028 004 084 0.72
-100+150 272 Middling 1.66 67.15  9.66 5.7 283 076 234 045 0.68
Tailing 24.1 7848 1137 139 091 064 280 045 0.28
Concentrate 4.05 1.87 045 598 055 007 008 023 0.36
-150+270  23.0 Middling 1.06 5646 936 124 508 072 120 048 1.12
Tailing 17.89 78.02 1041 225 115 060 250 042 0.33
Concentrate 0.84 3.05 2.64 52.9 1.44 0.28 0.22 0.52 0.88
-270+325 9.8 Middling 2.04 6880 1042 29 113 064 253 041 0.41
Tailing 6.91 7659 1531 366 078 093 366 044 0.45
Concentrate 1.52 2536 312 419 192 042 072 006 0.96
-325 40.0 Middling 2.64 68.63 12.12 480 123 069 243 033 0.54
Tailing 35.84 7428 19.13 466 072 118 444 042 0.54
Samples Chemical composition (%)
Au A
mesh products MnO P,Os Zn Cu Pb As (opm) (ppi)
Concentrate 0.84 0.05 5.16 1.99 0.28 0.33 42.8 160
-100+150 Middling 1.17 0.27 0.83 0.24 0.040  0.019 33 9.0
Tailing 0.21 0.05 0.041 0.017 0022 00056 ND. 7.0
Concentrate 0.54 0.09 2.24 112 0.64 0.15 39.0 140
-150+270 Middling 2.16 0.72 2.14 0.76 0.062  0.084 ND 2.8
Tailing 031 0.09 0.24 0.084  0.025  0.011 ND 0.3
Concentrate 0.86 0.28 4.47 224 1.29 0.28 42.0 148
-270+325 Middling 0.38 0.12 0.26 0.11 0.033  0.010 ND 0.3
Tailing 0.36 0.09 0.27 0.12 0.082  0.022 ND 12
Concentrate 0.96 0.30 0.26 0.37 1.30 0.34 522 180
-325 Middling 0.39 0.12 0.26 0.14 0.10 0.044 ND 18.0
Tailing 0.45 0.10 0.29 0.14 0.12 0.041 ND 17
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of WZEABL = Aol AR vEHd 126 YEhAT. YEE A58 B 23
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(c) Tailing

Fig. 12. XRD patterns of the concentrates and tailing separated by shaking table according to particle size.

2 100~150 meshol] 3%3st= 2ol 98% A=
o) AL AYEE 150 mesh 1w AT A
AL 100%) ol2x Aoz uUehgth T}
el & FE 9F 140 ppm O|FoE FFH
Aujo vt wlg AW, Fujz EAHE
ool HFo] wlgte g B WEo) 2 Aol
A e A5EL 50% AR AR Jeyt

ZF39 A%, 100~150 meshd] Yool &&ts
79 947} 33 ppmd ALEZ A3 E 150

mesh VRS Yol AL Fol A9 B4R o
i ediwel 8E Ao et

ASE 947} Fokydl ne By
golnE o} o) B
FAEE ARE wolA, A A
© $497 ¢ & ARl 44

2 of fu
2 Mg ik o

s
ﬁ%L

H Ao E Jebgt)

AP, 1YPOE HolX = WA SR
oz 333E o Jjg JEF AAAAE ¢
ol ® Axlo] &&H, 1Y 59 SEM/EDX £4 0|
A g upel o) 3 & HAEL ME EAH
3 AABAE Ak w23, F§3FEQA Hopd
Ag Astie FEM, 54, A3 94
& ARAAE 2t ZAoE YEy

webd, QEHO B HFHE Y 48 Fol
o & Aol ¥ FYAE ol4E FF %

slofet o eEe 582
Aoz 4zEn.

ARHoz MFEe o3 F - &9 F99)
45ee ¥ol7l YAAE BeRER WYPE
o @ARE B ol FOAEE FH 2 UE(dn)

- 394 -



L

€ 100 mesh ©]3l2 HAL Melxoz ury
slof stk 283 100~270 mesh I -270 mesh
o Yo s BAslel aFgo| B 93 ulFA
2 A3 9 F4S gstn, UA oo
AES oA B4 (flotation) @ IS
Ho g Fgsfortt & Aoz Addrn)

oft o
H

lo

o rlo
my

i<y
)
r |
=
N
N
2
N
12
lo
1=
kmt
AC)
[e3
o
)
N
>
-3

oX of

o
e o 8 ¢

2o o

=

[o

i

-z

o, T

A o al
s

gy °

<, B ol
o
N
e b

M
2
B

roox
_)&
Lo 2 oy x2

&rlm_‘J
oft

Aé
ol lo 1o
_%_M%_z

e @
-

O

] & (shaking table)ol

P
ofN %

.:_(‘ 2 _Ilﬂl
i oX £

o Fo

oy
ox

L
& rlo
of
o Ix
o
rg Mo

N
o

Wt S lo M o

A fr 2 o pob
1 dot ol =

th of Mt ¢

&
S
-

olet
i
X

Mz
b 1T _[Zj

>

Olﬁ mﬁ jatod
X

Job
>
o
s
Ho

(o
-
2
ot
oL
2
>~

e

o ol W orjr
rir

< BHE HAT 100 pm ©1FE E4 s of

Ao ehg.

g0l o] AR T - 29 F9 Y A
TE2 ®o|7] ¥

4) AR T2 BN A BHE F 4
UEHE SFHOEE g 8T A} Yo
= w29 F9= 47 40 ppm 2 140 ppm7}
A EwobAh g AFe & A5Ee A

AdH Wbk A F -

AAe HlEdE B4
neba FrE fAEE & AR EAdHE
st FElel ShRE & ALE HEAHow
sj4she R PHS 2F AT T 4
|t}

AR AR

B d7e duAdAdd T 200835 @A

AR AsE FEd ARIIAE TefEre
deo 7 FYPHYUFUT

a2
Claveria, R.J. (2001) Mineral Paragenesis of the

Lepanto copper and gold and the Victoria gold de-
posit, Mankayan mineral district, Philippines. Re-
source Geology, 51, 2, 97-106.

Garcia, J.S., Jr. (1991) Geology and mineralization
characteristics of the Mankayan minral district,
Benguet, Philippines. Rept. Geol. Surv. Japan, 277,
21-30.

Mancano, D.P. and Campbell, A.R. (1995) Microther-
mometry of enargite-hosted fluid inclusions from the
Lepanto, Philippines, high-sulfidation Cu-Au deposit.
Geochimica et Cosmochimica Acta, 59, 19, 3909-
3916.

Ringenbach, J.C., Stephan, J.F., maleterre, P., and
Beller, H. (1990) Sturcture and geological history of
the Lepanto-Cervantes releaseing bend on the Abra
River Fault, Luzon Central Cordillera, Philippines.
Techtonophysics, 183, 225-241.

Sajona, F.G., lzawa, E., Motomura, Y., Imai, A.,
Sakakibara, H., and Watanabe, K. (2002) Victoria
carbonate-base metal gold deposit and its sig-
nificance in the Mankayan Mineral district, Luzon,
Philippines. Resource Geology, 52, 4, 315-328.

ol (1979) e g, HEEHA, T5.

olBlAd (2003) &9 FFAF 9 FAEY, A AR
dd74, 7.

3ed2008'd 1149 279), FAHB(1AF 1 20089 129 159),
AAEAL 008 12€ 169)

- 395 —



