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Fig. 1 Geological map and its geotectonic location of Chaucha areal®'® *™'* (Late Miocene to recent: 1—Volcanic; 2—
Volcaniclastic; 3—Sedimentary; Oligocene to mie-Miocene: 4—Volcanic; 5—Volcaniclastic; 6—Mesozoic volcanic; 7—Tertiary
intrusive; 8—Fault or inferred fault; 9—Mineral deposit; Intrusive age (in Ma): 10—U-Pb zircon; 11—K-Ar zircon fission track)
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Fig. 2 Geological sketch map of Beroen deposit: 1—Lapilli
tuff;, 2— Andesite; 3 — Colluvium; 4 — Granodiorite; 5—
Tonalite; 6—Fault; 7—Ore veins
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Fig. 3 Field and orthogonal polarization microscopic photos of host rocks of Beroen deposit (pl—plagioclase; px—pyroxene; act—

actinolite; hbl—amphibole; bt—biotite; kfs—potash feldspar; qz—quartz): (a), (b) Specimen of tonalite and its texture in microscope;

(c), (d) Specimen of granodiorite and its texture in microscope
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%1 Beroen ‘{44541 LA-ICP-MS U-Pb 43745
Table 1 LA-ICP-MS U-Pb analytical results of zircons from intrusions of Beroen
Sample ~ w/10°° U 207pp,20py, 207pp, 235y 206pp,238 208ppy232Th Wpp,25Yy W6pp,238Yy 08pp, 22T
No. Th Ratio lo Ratio lo Ratio lo Ratio lo  Age/Ma lo Age/Ma lo Age/Ma lo
RB11-1 30 107 0.28 0.0974 0.0226 0.0222 0.0031 0.0025 0.0002 0.0008 0.0002 2234 3.06 1591 097 1554 3.20
RB11-2 73 112 0.65 0.0812 0.0152 0.0288 0.0035 0.0024 0.0001 0.0009 0.0001 28.82 3.50 1534 0.71 1848 1.92
RB11-4 40 107 0.38 0.0854 0.0191 0.0364 0.0069 0.0026 0.0002 0.0024 0.0013 3631 6.80 17.04 097 48.81 26.69
RB11-5 56 128 0.44 0.0787 0.0183 0.0257 0.0037 0.0026 0.0002 0.0008 0.0001 2575 3.63 16.94 097 17.08 1.79
RB11-6 33 109 0.30 0.0464 0.0138 0.0145 0.0065 0.0022 0.0001 0.0010 0.0001 14.58 6.49 1437 0.82 19.72 2.02
RB11-7 27 79 0.35 0.0929 0.0202 0.0314 0.0033 0.0026 0.0001 0.0013 0.0002 31.35 320 16.68 092 26.11 421
RB11-8 43 132 0.32 0.0841 0.0245 0.0195 0.0052 0.0024 0.0001 0.0011 0.0001 19.57 5.13 15.50 0.81 21.50 2.58
RB11-9 35 128 0.27 0.0714 0.0151 0.0213 0.0037 0.0025 0.0001 0.0012 0.0001 21.44 3.64 16.04 0.78 2391 3.02
RBI11-10 28 84 0.34 0.0883 0.0208 0.0263 0.0049 0.0023 0.0001 0.0012 0.0001 26.32 4.81 15.04 0.77 23.48 229
RB11-11 62 179 0.34 0.1178 0.0328 0.0304 0.0041 0.0027 0.0001 0.0008 0.0001 30.36 4.01 17.13 0.70 16.77 2.67
RBI1-12 49 136 0.36 0.0641 0.0150 0.0184 0.0039 0.0026 0.0001 0.0009 0.0001 18.53 3.88 1690 091 1836 2.13
RBI11-15 125 197 0.64 0.0472 0.0101 0.0156 0.0024 0.0026 0.0001 0.0007 0.0001 15.70 243 16.47 0.66 14.68 1.38
RBI11-16 57 118 0.48 0.0522 0.0214 0.0151 0.0056 0.0027 0.0002 0.0009 0.0001 15.17 5.65 17.17 0.97 18.01 1.85
RBI11-17 40 118 0.34 0.0920 0.0236 0.0289 0.0053 0.0025 0.0001 0.0013 0.0001 2890 527 1620 0.78 26.39 2.70
RBI11-19 31 79 0.39 0.0762 0.0233 0.0238 0.0083 0.0023 0.0002 0.0009 0.0001 23.85 819 1468 1.09 1821 240
RBI11-20 81 131 0.62 0.0469 0.0126 0.0130 0.0010 0.0026 0.0001 0.0007 0.0001 13.12 1.05 16.58 0.79 1492 1.70
RBI11-21 83 161 0.51 0.0715 0.0150 0.0206 0.0047 0.0024 0.0001 0.0006 0.0001 20.69 4.71 15.17 0.74 11.52 1.60
RBI11-22 46 137 0.34 0.0588 0.0119 0.0163 0.0031 0.0023 0.0001 0.0010 0.0002 16.40 3.09 14.62 0.63 19.99 3.09
RBI11-23 51 121 0.42 0.0737 0.0203 0.0176 0.0041 0.0025 0.0001 0.0015 0.0011 17.74 4.07 16.05 0.87 2947 21.22
RBI11-24 214 273 0.79 0.0619 0.0104 0.0185 0.0025 0.0025 0.0001 0.0008 0.0000 18.62 2.47 16.07 0.55 1579 0.93
RBI11-25 32 78 0.41 0.1127 0.0244 0.0356 0.0067 0.0024 0.0001 0.0012 0.0002 3548 6.57 1558 091 23.64 3.35
RB21-1 37 61 0.60 0.0639 0.0162 0.0452 0.0078 0.0059 0.0003 0.2908 0.0017 44.87 7.55 37.78 1.88 34.55 3.52
RB21-2 74 101 0.73 0.0744 0.0128 0.0455 0.0065 0.0053 0.0002 0.2732 0.0017 45.19 6.32 34.00 133 33.69 2.46
RB21-3 38 73 0.52 0.0773 0.0199 0.0450 0.0080 0.0054 0.0002 0.2525 0.0015 44.71 7.79 3485 156 2992 2.69
RB21-4 37 62 0.61 0.0846 0.0171 0.0577 0.0110 0.0055 0.0003 0.2627 0.0018 57.00 10.54 3520 1.75 37.20 3.45
RB21-5 59 80 0.74 0.0601 0.0138 0.0361 0.0056 0.0059 0.0003 0.3231 0.0019 36.02 544 38.02 1.89 39.35 3.06
RB21-6 163 189 0.86 0.0590 0.0092 0.0377 0.0041 0.0051 0.0002 0.3618 0.0016 37.57 3.99 33.03 129 32.74 1.88
RB21-7 84 110 0.77 0.0542 0.0100 0.0376 0.0065 0.0055 0.0002 0.2211 0.0020 3745 6.40 35.09 135 3945 2.16
RB21-8 37 61 0.60 0.0849 0.0191 0.0484 0.0102 0.0058 0.0003 0.2454 0.0017 48.01 9.84 3722 191 3394 3.21
RB21-9 67 100 0.67 0.0553 0.0114 0.0403 0.0111 0.0058 0.0003 0.1561 0.0025 40.12 10.88 37.26 1.60 51.15 13.86
RB21-10 40 69 0.58 0.0715 0.0150 0.0465 0.0062 0.0056 0.0002 0.3341 0.0019 46.16 6.04 3591 1.60 37.87 3.50
RB21-11 54 77 0.70 0.0652 0.0124 0.0452 0.0067 0.0055 0.0003 0.3326 0.0016 44.85 6.54 3532 1.75 32.81 2.70
RB21-12 8 109 0.78 0.0483 0.0126 0.0299 0.0062 0.0053 0.0002 0.1832 0.0017 2994 6.13 34.19 130 3479 221
RB21-15 41 79 0.52 0.0708 0.0142 0.0434 0.0089 0.0052 0.0002 0.2006 0.0019 43.18 8.70 33.51 1.38 3821 2.84
RB21-16 48 77 0.62 0.0753 0.0177 0.0358 0.0059 0.0051 0.0002 0.2779 0.0016 35.67 5.76 3271 1.49 31.67 2.58
RB21-17 52 92 0.56 0.0636 0.0155 0.0366 0.0063 0.0053 0.0003 0.2868 0.0023 36.53 6.21 33.84 1.67 46.07 3.95
RB21-19 43 77 0.56 0.0634 0.0154 0.0433 0.0090 0.0058 0.0002 0.2069 0.0017 43.00 8.77 37.25 1.60 3443 3.18
RB21-20 50 74 0.67 0.0658 0.0117 0.0396 0.0049 0.0052 0.0002 0.3340 0.0019 3943 477 33.66 138 3883 3.23
RB21-21 34 62 0.55 0.0519 0.0108 0.0385 0.0053 0.0051 0.0002 0.3528 0.0017 38.37 5.18 3292 159 3505 3.64
RB21-22 55 90 0.61 0.1014 0.0197 0.0584 0.0076 0.0051 0.0002 0.3565 0.0016 57.66 7.26 3297 1.52 32.58 242
RB21-23 58 91 0.64 0.0771 0.0159 0.0496 0.0087 0.0052 0.0002 0.2602 0.0015 49.19 839 3348 152 30.58 3.05
RB21-24 40 65 0.61 0.0341 0.0079 0.0288 0.0066 0.0058 0.0003 0.1981 0.0013 28.84 6.54 37.28 1.69 26.08 2.99
RB21-25 65 119 0.55 0.0690 0.0105 0.0445 0.0056 0.0054 0.0002 0.2687 0.0020 44.17 542 3456 1.16 3999 2.50
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Fig.4 Cathodoluminescence( CL) images of zircons of intrusions in Beroen deposit
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Table 2 Major elements content of tonalite and granodiorite of intrusions in Beroen

Major Mass fraction in tonalite/% Mass fraction in granodiorite/%
element RBI1 RBI13 RB14 RB21 RB22 RB23 RB24
SiO, 63.90 63.24 63.35 61.51 61.81 61.19 61.38
TiO, 0.44 0.48 0.46 0.60 0.61 0.63 0.59
AL O3 15.74 15.78 15.71 16.58 16.61 16.56 16.59
Fe,04 4.86 5.47 5.31 5.84 5.86 6.01 5.77
MnO 0.08 0.08 0.08 0.10 0.10 0.10 0.10
MgO 1.94 2.19 2.08 3.04 3.02 3.17 3.07
CaO 4.74 4.83 4.92 5.61 5.64 5.63 5.60
Na,O 3.07 3.08 3.08 3.39 3.40 3.32 3.37
K,0 2.93 2.87 2.98 2.05 2.02 2.12 1.98
P,05 0.08 0.09 0.10 0.12 0.12 0.12 0.12
LOI 1.13 1.12 1.18 1.03 0.62 0.55 0.62
Total 98.91 99.23 99.25 99.87 99.81 99.40 99.19
A/CNK 0.94 0.93 0.91 0.92 0.92 0.92 0.93

AR. 1.83 1.81 1.83 1.65 1.64 1.65 1.64
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Table 3 Trace elements content of tonalite and granodiorite of intrusions in Beroen

Trace Mass fraction in tonalite/10™¢ Mass fraction in granodiorite/ 10°°
element RBI11 RB13 RB14 RB21 RB22 RB23 RB24
Sc 16.82 19.87 11.10 22.77 13.70 5.28 21.36
\% 109.62 122.93 104.82 101.49 154.39 150.59 146.92
Cr 28.11 27.77 34.21 31.31 38.98 31.48 33.90
Co 9.10 9.31 12.67 17.81 23.46 25.92 20.80
Ni 9.28 9.09 17.46 15.36 30.28 24.44 22.85
Ga 17.56 17.63 18.89 19.51 21.58 18.50 20.97
Rb 104.06 110.24 49.73 147.93 40.41 52.93 126.14
Sr 626.15 588.95 785.04 567.39 530.00 356.32 640.39
Y 9.08 9.38 9.83 12.47 11.92 11.90 12.55
Zr 108.88 114.92 113.46 136.89 164.54 166.12 150.68
Nb 5.87 6.15 7.11 6.94 8.15 7.58 7.34
Sn 1.08 1.25 0.89 1.07 0.96 0.98 1.02
Cs 2.33 3.13 2.55 8.13 6.03 4.94 7.75
Ba 985.46 958.65 1073.00 844.95 774.04 597.96 876.11
La 21.39 14.21 32.08 26.54 25.57 11.91 30.18
Ce 61.26 52.70 53.99 31.64 43.00 33.04 34.42
Pr 4.57 3.62 6.71 6.07 6.44 3.58 6.84
Nd 17.50 15.42 23.21 22.93 23.41 14.67 2441
Sm 3.46 3.48 3.89 4.60 4.58 3.15 4.81
Eu 0.98 0.94 1.07 1.01 1.01 0.74 1.08
Gd 2.93 2.88 3.16 3.87 3.79 2.43 4.03
Tb 0.50 0.55 0.46 0.71 0.65 0.47 0.71
Dy 2.79 3.16 2.05 421 3.52 2.74 3.94
Ho 0.57 0.65 0.38 0.83 0.69 0.56 0.78
Er 1.41 1.58 0.97 2.09 1.71 1.38 1.94
Tm 0.28 0.32 0.18 0.41 0.34 0.28 0.38
Yb 1.73 1.95 1.04 2.43 1.99 1.62 2.24
Lu 0.24 0.27 0.14 0.31 0.26 0.21 0.29
Hf 3.49 3.76 3.21 4.30 4.88 4.79 4.66
Ta 0.53 0.56 0.48 0.53 0.55 0.53 0.54
Pb 12.09 11.90 14.76 11.22 10.25 8.38 11.38
Th 6.89 7.85 3.35 10.48 6.40 2.10 9.10
U 2.17 2.44 1.16 3.35 2.57 2.09 2.82
Euw/Eu* 0.92 0.88 0.90 0.71 0.72 0.79 0.73
LREE 109.17 90.36 120.94 92.79 104.01 67.10 101.74
HREE 10.45 11.35 8.39 14.85 12.96 9.69 14.31
YREE 119.62 101.71 129.32 107.64 116.96 76.79 116.06




26 4558 12 i

P&, % JEJKZ /K Beroen 2 NHPRBIEAEE 5 Bk A2 S HH TR 3L

2619

BT INKEE TR R N 2 ), i P2 AR I K
FEHIA; IR R(AR)E 1.64~1.83, Si0,-K,0 Kfi#
L e B B P RS B Y TR Y ;s AVCNK
0.91~0.94, J& TR I 6). i LouR B EHEHNH
HBEAK(76.79X 10 °~129.32X107%), LREE # )& 14E,
HREE 8O0 130504, BA 997 Bu %, ST iA %
{5 REE BC /X & B2 KBS 108 A1 JC R ANH IR A AR
JLE, T HHFSE) G #, FEliE Nb. Ta JCE (L
7o

i

h
<l
=}

51 MREE#R

AT Beroen FEHBAIILIE AU~ INKE K Ab
N KA S A U-Pb 4588 49(15.92+0.4) Ma Fl
(34.73+0.7) Mao 3 23 A AAA A IS T) DAy o e gt

12

(@
Alkaling@eries ]
% 8t s i Granite
! y Sub ne series
5
é" /)
\S 4 B ///
/7 ~ Granodiorite
A Gabbro (e Diorite
///,
0 1 L 1
40 50 60 70
w(Si0,)/%

6 AR SRR
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Table 4 Geochronology data of oro and wall rocks in Chaucha area
Deposit Sample Lithology/Ore Mineral Method Age/Ma Reference
RB41 Andesite Zircon ICP-MS 33.45+0.53 Unpublished data
RB51 Tuff Zircon ICP-MS 34.67+0.36 Unpublished data
Beroen TB003 Diorite Zircon TIMS 15.70+0.085 [11]
TB072 Granodiorite Zircon TIMS 35.77+0.049 [11]
TB143 Ore Sericite PAr-SAr 18.9140.49 [11]
E07006 Ore Molybdenite Re-Os 9.92+0.04 [10]
E06175 Ore Molybdenite Re-Os 9.54+0.05 [10]
Chaucha E07002 Ore Biotite AP Ar 10.6+0.3 [10]
E07003 Granodiorite Zircon TIMS 14.84+0.43 [8]
E07005 Granodioritic porphyry Zircon TIMS 9.79+0.29 [8]
E05075 Ore Molybdenite Re-Os 20.54+0.8 [10]
szy'}:‘pa E05083  Amphibolite porphyry Zircon TIMS 20.26+0.32 8]
e E05090 Amphibolite porphyry Zircon TIMS 19.89+0.3 [8]
E07010 Ore Molybdenite Re-Os 12.93+0.05 [10]
Tres Chorreras ~ E07012 Ore Molybdenite Re-Os 12.75+0.06 [10]
E07011 Felsite Zircon ICP-MS 30.7£1.6 [8]
E05103 Ore Alunite DAr-SAr 9.5+0.5 [10]
Quimsacocha ] )
E06017 Dacite Zircon TIMS 7.13+1 [8]
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Geochronology, geochemical characteristics of intrusions in
Beroen of Ecuador and their geology implications

XI Zhen"?, LI Bin"2, GAO Guang-ming" %, GUO Xiao-dong®

(1. School of Geosciences and Info-Physics, Central South University, Changsha 410083, China;
2. Key Laboratory of Metallogenic Prediction of Nonferrous Metals, Ministry of Education,
Central South University, Changsha 410083, China;

3. College of Earth Science, Guilin University of Technology, Guilin 541004, China)

Abstract: Beroen gold deposit is part of central Andean miocene metallogenic belt. Zircon U-Pb dating of intrusions of
Beroen: tonalite, granodiorite, indicates that tonalite has emplaced in middle Miocene, granodiorite had emplaced in early
Oligocene, with weighted average age of (15.92+0.4) Ma and (34.73+£0.7) Ma, respectively. Combined with their
geochemical characteristics, both intrusions melt derived similarly from slab dehydration fluids fluxing mantle wedge
partial melting, then experienced different evolution process. The Oligocene granodiorites were emplaced in a crustal
domain extension and emplaced through trench-parallel and trench-normal faults and sutures, through a continuous
passive ascent process, with undergoing more plagioclase differentiation. The Miocene tonalite emplaced under
compressive stress background with trench parallel structures was sealed. The magmas were thus impeded to rise, ponded
and undergone mainly amphibole differentiation at lower crust. The sericite in orebody formed prior to emplacement of
tonalite. Maybe Beroen mineralization was resulted from the geodynamic transition of extension condition to
compression condition induced by subduction zone’s geodynamic changing.

Key words: Ecuador; Beroen deposit; zircon U-Pb; adakite; petrogenesis; metallogeny
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