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ABSTRACT : The Cretaceous Gajok gold-silver deposit within porphyry granite is located nearby the
Cretaceous Pungam basin at the northeastern area in Republic of Korea. The Gajok gold-silver deposit
is distinctively composed of a multiple-complex hydrothermal veins with comb, crustiform chalcedony
quartz and vug textures, implying it was formed relatively shallower depth. The hypogene open-space
filling veins could be divided into 5 paragenetic sequences, increasing tendency of Ag-rich electrum
and Ag-phases with increasing paragenetic time. Electrum with high gold contents (~50 atomic % Au)
as well as sphalerite with high FeS contents (~6 mole % FeS) are representative ore minerals in the
middle stage. The late stage is characterized by silver-phase such like native silver and/or argentite,
coexisting with Ag-rich electrum (10~30 atomic % Au) and Fe-poor sphalerite (< 1 mole % FeS).
The ore-forming fluids evolution started at relatively high temperature and salinity (~3607TC, ~7 wt.%
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eq. NaCl) and were evolved by dilution and mixing mechanisms on the basis of fluid inclusion study.
The gold-silver mineralization proceeded from ore-forming fluids containing greater amounts of
less-cvolved meteoric waters(d '*0; -0.6~-6.7 %;). These results imply that gold-silver mineralization
of the Cretaceous Gajok deposit formed at shallow-crustal level and could be categorized into low-sul-
fidation epithermal type, related to Cretaceous igneous activity.

Key words : Gajok deposit, gold-silver mineralization, ore-forming fluid, low-sulfidation, epithermal
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Fig. 1. General geological map of the Gajok
gold-silver deposit. The location (A) and area map
(B) of the Gajok deposit are shown insetted map.
GM = Gyeonggi Massif, OB = Okcheon Belt, YM
= Yeongnam Massif, GB = Gyeongsang Basin.
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Fig. 2. XRD patterns and photomicrographs of
each alteration part. Phyllic alteration extends into
the wall rock laterally away from veins. XRD
peak intensities of microcline (open triangle) as
primary mineral decrease with increasing peaks of
sericite (solid triangle) in strongly altered zone.
Note that complete replacement of microcline phe-
nocrysts by sericite, producing pseudomprphs with
recognizable crystal shapes. Abbreviation; ab = al-
bite, bt = biotite, chl = chlorite, m¢ = microcline,
gtz = quartz, ser = sericite.
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Fig. 3. Photomicrographs showing the cross-cutting relationships among the various quartz veins. Note
photographs D displaying quartz vein from stage IV bringing economic ores such like gold and silver.
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Table 1. Representative chemical compositions of electrum from the Gajok gold-silver deposit

Sample Weight percent Atomic percent Assemblage Stage
No. Au Ag Total Au Ag
kk202624-7-B-1-33 62.01 36.09 98.10 4848  51.52 py III, middle
kk202624-7-B-1-34 60.69  37.38 98.07 47.06  52.94 py 1M1, middle
kk20624-7-B-1-45 61.50 3798 99.48 47.00  53.00 py£gn 111, middle
kk20624-7-B-1-46 60.37  38.90 99.27 4594  54.06 py+gn 111, middle
kk20624-7-B-1-47 6148  38.35 99.83 46.75  53.25 py 111, middle
kk20624-7-B-1-48 58.53 41.14 99.67 4379 5621 Py 11, middle
kk20624-7-B-3-49 6128  37.95 99.23 46.93 53.07 py I1I, middle
kk202624-7-B-3-35 6229 35385 98.14 48.76  51.24 py [T, middle
kk20624-8-B-36 28.17 7230 100.47 17.59 8241 py+gntsp 111, late
kk20624-8-B-37 3370 66.72 100.42 21.67 7833 py+gntsp 111, late
kk20624-8-B-69 2272 76.04 98.76 14.06 8594 py+gntsp 111, late
kk20624-34-1-1-1 58.58 4224 100.82 43.17  56.83 Py 1V, middle
kk20624-34-1-1-2 59.66 3926 98.92 4542 5458 Py IV, middle
kk20624-34-1-1-9 6332  36.83 100.15 48.50  51.50 +py IV, middle
kk20624-34-1-1-17 60.62  38.40 99.02 46.37  53.63 +py IV, middle
kk20624-34-1-1-18 56.92  41.66 98.58 42.80 57.20 py IV, middle
kk20624-34-1-1-19 5733 4232 99.65 4259 5741 py IV, middle
kk20624-34-1-1-20 57.61 43.00 100.61 4232  57.68 py IV, middle
kk20624-34-1-2-24 65.16  35.19 100.35 5035  49.65 +py IV, middle
kk20246-34-1-3-25 64.11 3743 101.54 4840  51.60 +py IV, middle
kk20624-34-1-3-24 63.37  36.12 99.49 49.00 51.00 +py IV, middle
kk20624-34-1-3-25 59.53 40.34 99.87 4470 5530 +py IV, middle
kk20624-34-2-1-7 60.32  40.20 100.52 45.11 54.89 +py+cp IV, middle
kk20624-34-2-1-10 63.67  36.03 99.70 49.18  50.82 +py+cp IV, middle
kk20624-32-72 5530  44.13 99.43 40.70  59.30 +py+cp IV, middle
kk20624-32-74 51.98  46.65 98.63 3790  62.11 +py+£cp 1V, middle
kk20624-34-1-1-3 25.16  74.86 100.02 1554  84.46 +pytartag 1V, late
kk20624-34-1-1-16 20.77  78.83 99.60 12.61 87.39 +py+artag 1V, late
kk20624-34-1-2-21 3590 64.70 100.60 2330  76.70 artag IV, late
kk20624-34-1-2-23 2512 76.82 101.94 15.19  84.81 artag IV, late
kk20246-34-1-3-26 29.60  71.48 101.08 1849  81.51 artag 1V, late
kk20624-34-1-3-26 27.58 71.24 98.82 1749  82.51 artag 1V, late
kk20624-34-2-2-4 4227  58.62 100.89 28.31 71.69 +pytartagtcp IV, late
kk20624-34-2-2-5 3847  62.01 100.48 2534  74.66 +pytartagtcp [V, late

Abbreviation; ag = navtive silver, ar = argentite, cp = chalcopyrite, gn = galena, py = pyrite, sp = sphalerite
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Table 2. Chemical composition of sphalerite from the Gajok gold-silver deposit

Sample Weight percent Mole percent Assemblage  Stage
No. Zn Fe Mn Cd Cu S Total FeS
kk-Z-A-1 6135 336 0.02 019 228 3219 9939 5.80 py 1L, middle
kk-Z-A-1 61.78 372 0.03 021 2.02 3270 100.47 6.38 Py 1M1, middle
kk20624-8-B  66.33 0.15 0.01 0.10 0.10 33.39 100.08 0.26 py+gntel III, late
kk20624-8-B 6671 0.09 0.00 0.11 0.01 33.18 100.10 0.16 py+gntel III, late
kk20624-8-B 6638 0.20 000 0.12 0.01 3393 100.64 0.35 pyt+gntel III, late
kk20246-33-3 5938 473 0.00 0.00 496 3258 101.65 7.91 py IV, middle
kk20624-33-3  62.04 261 0.01 022 2.08 34.02 100.98 4.54 py IV, middle
kk20624-33-3  60.25 343 0.00 020 2.65 33.19 99.72 5.98 Py IV, middle
kk-30-2-1 67.02 0.08 0.00 013 0.00 3255 99.78 0.13 pyxcp TV, late
kk-30-2-1 66.65 0.10 0.02 0.10 0.0l 3251 9938 0.18 pytcp IV, late
kk-30-2-1 66.63 0.09 0.00 0.11 0.11 3238 9931 0.15 pyxcp IV, late
kk-30-2-1 67.08 0.15 0.00 009 0.10 3343 100.84 0.25 pyxcp IV, late
kk-30-2-1 6651 012 0.03 0.10 0.00 3258 9933 0.21 pyxcp IV, late
kk-30-2-2 6722 0.15 0.00 0.07 0.00 32.56 100.00 0.26 pytcp IV, late
kk-30-2-2 67.19 0.14 0.01 0.19 0.00 3270 100.23 0.24 pyxcp IV, late
kk-30-2-2 6721 0.15 0.00 0.09 0.05 3250 99.99 0.26 pyzcp IV, late
kk-30-2-2 66.58 0.19 0.00 0.16 0.00 3238 9931 0.33 pytcp IV, late
kk-30-2-2 6733 024 0.00 0.15 0.00 3252 100.24 0.41 pyfep IV, late
kk-30-1-1 66.82 026 0.00 009 0.13 3219 9948 0.44 gnzpy IV, late
kk-30-1-1 66.79 0.09 0.00 0.12 0.05 3258 99.63 0.16 gntpy IV, late
kk-30-1-1 67.48 0.08 0.02 011 0.03 31.86 99.58 0.15 gnipy IV, late
kk-30-1-1 6693 009 0.01 008 0.04 3245 99.59 0.16 gntpy IV, late
kk~30-1-1 6741 0.08 0.00 0.13 0.04 3270 100.36 0.15 gntpy IV, late
kk-30-1-2 66.57 0.14 0.02 0.11 0.07 31.76 98.67 0.25 gntpy IV, late
kk-30-1-2 67.00 0.17 0.0l 0.12 0.11 3229 99.71 0.30 gntpy 1V, late
kk-30-1-2 67.52 021 0.02 0.13 0.01 3230 100.20 0.37 gntpy IV, late
kk-30-1-2 6696 0.11 002 006 006 3223 99.44 0.18 gntpy 1V, late
kk-1-1 6723 0.10 0.02 0.07 0.14 3231 99.87 0.17 py IV, late
kk-1-1 67.72 0.13 0.00 0.07 0.16 3246 100.53 0.22 py IV, late
kk-1-1 6732 0.12 0.00 0.07 0.19 3228 99.99 0.20 py 1V, late
kk-1-2 66.58 0.57 0.01 0.12 0.00 3234 99.61 0.99 py 1V, late
kk-1-2 66.64 044 0.00 0.10 0.05 32.12 9935 0.76 py IV, late

Abbreviation; cp = chalcopyrite, el = electrum, gn = galena, py = pyrite



Table 3. Oxygen and hydrogen isotope data from the Gajok gold-silver veins
0 18Omineml 3 18OH:O (%0)* é Duo

Sample No. Mineral %) 150°C 200°C 250°C %) Stage

KK-E-2 quatrtz 5.5 -9.9 -6.2 -34 -75 111
KK-B-1 quartz 5.8 -9.6 -5.9 -3.1 -65 v
KK-D quartz 22 -13.2 -9.5 -6.7 -73 v
KK-X quartz 8.3 -7.1 3.4 -0.6 -70 v
KK-X-1 quartz 8.0 -7.4 -3.7 -0.9 - v
KK2064-A calcite 8.0 -4.6 -1.5 -70 A%

KK2064-30 calcite 7.6 -5.0 -1.9 -72 \

*Calculated water compositions from quartz and calcite, using the isotope fractionations of Matsuhisa er al.
(1979) and Freidman and O’Neil (1977), respectively

Fig. 5. Photographs showing ore minerals in both stage III and IV from the Gajok deposit. A; electrum
in the middle assemblage as inclusion in pyrite from stage III, B; great amount of electrum in the middle
assemblage as the free gold. C; electrum of late assemblage with argentite and native silver in stage IV,
D; elecrum showing the textural feature of Au-rich electrum overgrown by Ag-rich electrum in stage IV.
Scale bars = 0.2 mm. ag = native silver, ar = argentite, el = electrum, py = pytite.
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Barton and Toulmin (1964) and Barton and
Skinner (1979).
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