2008 2 27 1
Feb. 2008 MINERAL DEPOSITS Vol. 27 No. 1

0258-7106 2008 01-0088-13

1 123 2 1 2 23
1 518029 2 510640
3 100049
122 @)
Vi
ViV @V, 122
43.57 46 35.67 116
90 v, 40 36.62 116 90~116
80 ® 46 116
200 m 1049 m @ Rs  3.68 46
116 42.5¢ -
P618.51 P597 A

Application of Pb isotopes to evaluation of mineral resources: A case study of
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Abstract

A new method is proposed to predicate the depths, shapes and mineral resources of blind ore deposits based
on previous studies of the Pb isotopes tracing and a case study of the Yingzuishan gold deposit in Gansu
Province. According to the requirements for prognosis of blind deposits by using Pb isotopes and detailed field
geological work on the ground surface, the authors collected representative samples in the peripheral areas of the
Yingzuishan gold deposit so as to determine regional background values of Pb isotopes and construct the target
indices for ore exploration in these peripheral areas. Meanwhile, based on the requirements for establishment of
a profile for chemical prospecting in the ore district by using Pb isotopes, the authors collected representative

samples of both rocks and ores for prediction of the depths and reserves of blind ores in this deposit. The major
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conclusions and working progresses are summarized as follows:

(1) Distinct negative anomalies of both V| and V/;, values for the Pb isotope-based chemical prospecting pro-
file at the ground surface were found in both the ore district and its adjacent alteration zones, and the anomaly
values are close to the average levels of the earth’s crust in the study area. From the 7 profiles for chemical
prospecting in the ore district, the V; and V, values for the ore deposits show regular decrease from the east to
the west.

(2) V, average values decrease from 43.57 at line 122 (above the alteration zone) to 35.67 at line 46,
which suggests that the revelation depth of the ore deposit increases regularly from the east to the west. The V,
average values for the ore deposit decrease linearly from 40 at line 116 to 36.62 at line 90, demonstrating that
the area to the east of line 116 is the target area for blind ores, the area between lines 90 ~116 is the middle to
upper part of the ore deposit, while the area to the west of line 80 represents the lower part, which is close to
the bottom of the ore deposit.

(3) From line 46 extending eastward to line 116, the ore bodies exposed at the ground surface show a in-
creasing trend in the extension depth, i.e., from 200 m to 1 049 m. This indicates that the depth of the entire
ore body is lower in the east than in the west, symbolizing its eastward inclining trend (in a hidden way).

(4) Rg, the average hidden coefficient, of the ore district averages 3.68 in general, and the predicted re-
serves for the ore bodies between line 46 and line 116 are 42.5 tons. Therefore, the Yingzuishan gold deposit is
likely to be a large to superlarge gold deposit, implying the existence of huge mineralization potentials and the
great value for further exploration and development. Drill holes arranged by Gansu Bureau of Exploration and
Development of Geology and Mineral Resources all intersect economic gold ore bodies, showing that the method
discussed in this paper is effective in the prognosis of blind deposits.
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Fig. 1 Geological map of Yingzuishan gold deposit

1—Quaternary 2—1st Member of Cambrian Heicigou Formation 3—2nd Member of Cambrian Heicigou Formation 4—3rd Member of Cambrian

6 |x x|7

Heicigou Formation 5—Cambrian Limestone 6—Cambrian siliceous rock 7—Caledonian-Varisian gabbro 8—Cambrian ultramafic rock
9—Ore-bearing alteration fracture zone 10—Gold ore body 11—Fault 12—Geological boundary 13—Drill hole 14—Exploration line
and its serial number
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1
Table 1 Pb isotopic compositions of samples for different kinds of igneous rock in Yingzuishan gold deposit

Zl)GPb 2()4Pb Z(Jbe 2()4va 207Pb 2()4Pb 2()7Pb 2[)4va 2()8Pb 2()4Pb 2[)8Pb 2(]4Pb_

QW1-1 18.666 +=0.086 18.030 15.667 £0.080 15.632 39.082£0.057 38.282
QW2-1 18.604 £0.053 17.968 15.651+0.036 15.616 38.291£0.028 37.491
QW2-2 18.556 £0.098 17.920 15.725+0.09 15.690 38.741+0.101 37.941
QW3-1 - 19.106 £0.044 18.470 15.577£0.059 15.542 38.495£0.056 37.695
QW4-1 19.160+0.012 18.524 15.583£0.019 15.548 38.352£0.013 37.552
QW4-2 18.806+0.033 18.170 15.554+0.042 15.519 38.021+0.050 37.221
QW4-3 18.711+0.026 18.075 15.533+0.040 15.498 37.816£0.035 37.016
QW4-4 19.548£0.042 18.912 15.619£0.053 15.584 38.794 £0.050 37.994
QW4-5 18.958 £0.031 18.322 15.591+£0.037 15.556 38.424£0.03 37.624
QW5-1 18.275+0.038 17.639 15.543+0.032 15.508 38.569+0.038 37.769
QW5-2 19.196 +0.039 18.560 15.561+0.053 15.526 38.197£0.061 37.397
QWo6-1 18.429£0.047 17.793 15.511£0.042 15.476 38.020£0.038 37.220
QW6-2 18.191£0.048 17.879 15.465+0.046 15.449 38.633£0.041 38.236
Pb m i
2002 2003 2004
2003 2003 2005
SRM-981 2006 2001

2°Ph 2"Pb=16.934 +0.007 *"Pb ***Pb
=15.486+0.012 2%Ph 2%Ph=36.673 = 0.033
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Table 2 Pb isotopic compositions and V; and V, values of samples for ores and rocks from various exploration
lines in Yingzuishan gold deposit

208py, 204p}, 207py, 204p}, 206p}, 204p}, v, V,
QY46-B-1 38.717 + 0.005 15.515 + 0.002 18.824 + 0.002 67.31 61.96
QY46-B-2 39.287 + 0.010 15.565 £ 0.004 18.817 £ 0.005 80.79 56.46
QY46-B-3 37.775 + 0.002 15.527 £ 0.001 18.104 £ 0.001 26.46 37.68
QY46-B-4 37.722 £ 0.002 15.528 £ 0.001 18.050 £ 0.001 23.82 35.67
QY46-B-5 20 37.736 = 0.006 15.520 + 0.003 18.057 + 0.003 24.33 35.67
QY46-B-6 37.942 + 0.005 15.535 + 0.002 18.189 + 0.002 32.62 40.14
QY46-B-7 38.298 + 0.054 15.684 £ 0.022 18.346 £ 0.026 45.13 47.20
QY46-B-8 37.943 £ 0.014 15.546 = 0.006 18.144 + 0.007 31.50 38.20
QY46-B-9 37.904 + 0.004 15.526 £ 0.002 18.261 £ 0.002 43.69 39.17
QY46-B-10 38.328 + 0.013 15.550 £ 0.005 18.546 £ 0.006 50.93 53.55
QY90-B-1 38.582 + 0.010 15.869 + 0.004 23.131 £ 0.006 56.87 62.26
QY90-B-2 38.862 + 0.043 16.027 + 0.018 24.536 £ 0.027 56.87 62.26
QY90-B-3 37.841 = 0.004 15.716 £ 0.002 21.375 £ 0.002 56.87 62.26
QY90-B-4 37.816 = 0.004 15.713 = 0.001 21.364 + 0.002 56.87 62.26
QY90-B-5 38.215 + 0.007 15.913 + 0.003 24.378 + 0.005 56.87 62.26
QY90-B-6 38.217 + 0.008 17.895 £ 0.003 57.396 + 0.009 56.87 62.26
QY90-B-7 38.579 + 0.003 15.582 + 0.001 19.024 £ 0.001 73.40 72.71
QY90-B-8 38.508 + 0.002 15.585 £ 0.001 18.658 £ 0.001 58.09 57.79
QY90-B-9 37.756 + 0.001 15.529 + 0.000 18.077 + 0.000 25.32 36.62
QY90-B-10 38.731 + 0.003 15.616 = 0.001 19.201 + 0.002 77.22 82.38
QY90-B-11 39.020 £ 0.003 15.585 £ 0.001 18.949 + 0.002 77.75 66.26
QY90-B-12 39.238 + 0.027 15.510 = 0.010 19.276 + 0.014 91.27 78.03
QY90-B-13 38.530 = 0.002 15.575 £ 0.001 18.585 £ 0.001 56.76 53.78
QY90-B-14 39.115 + 0.002 15.599 £ 0.001 19.174 £ 0.001 85.74 76.45
QY90-B-15 38.697 + 0.002 15.583 + 0.001 18.428 + 0.001 56.77 44.5
QY90-B-16 38.226 + 0.004 15.553 + 0.002 18.235 + 0.002 40.59 39.65
H -9011 37.874 + 0.003 15.549 = 0.001 18.175 + 0.001 30.63 40.53
H -9012 37.821 + 0.002 15.539 + 0.001 18.118 = 0.001 27.92 38.12
H -9013 7.747 £ 0.001 15.526 + 0.001 18.082 + 0.001 25.23 36.90
H -9014 38.053 + 0.003 15.544 £ 0.001 18.284 + 0.002 37.69 43.73
H -9015 38.012 + 0.002 15.541 £ 0.001 18.259 £ 0.001 36.07 42.90
QY95-B-1 39.166 = 0.001 15.617 £ 0.000 19.069 £ 0.001 84.29 71.20
QY95-B-2 37.986 + 0.002 15.530 + 0.001 18.163 + 0.001 33.01 38.24
QY95-B-3 37.738 + 0.002 15.523 + 0.001 18.080 + 0.001 24.96 36.83
QY95-B-4 38.242 + 0.001 15.571 = 0.000 18.318 = 0.000 43.08 43.91
QY95-B-5 38.393 + 0.001 15.550 = 0.000 18.368 + 0.001 47.97 44.19

VK1001H570 38.538 + 0.002 15.625 £ 0.001 18.491 £ 0.001 54.57 50.26

VK1001H575 37.759 + 0.002 15.531 £ 0.001 18.081 £ 0.001 25.49 36.83

VKI1001H580 37.749 + 0.002 15.528 + 0.001 18.081 = 0.001 25.25 36.87

VKI1001H585 37.767 + 0.001 15.531 + 0.001 18.089 + 0.001 25.89 37.13

VK1001H588 37.825 + 0.005 15.546 £ 0.001 18.118 = 0.001 28.01 38.24

VK1001H593 37.729 + 0.001 15.522 + 0.001 18.075 = 0.001 24.62 36.67

VK1001H600 37.792 + 0.002 15.541 + 0.001 18.096 + 0.001 26.66 37.42
VH10055 37.767 + 0.002 15.533 £ 0.001 18.088 + 0.001 25.86 37.13
V100510 37.774 + 0.001 15.535 £ 0.000 18.041 £ 0.001 24.83 34.81
V,00515 37.869 + 0.004 15.564 £ 0.001 18.108 £ 0.001 28.82 37.67
V100520 37.770 £ 0.001 15.532 + 0.000 18.089 + 0.001 25.96 37.12

V100525 37.899 + 0.002 15.574 + 0.001 18.114 + 0.001 29.68 37.86
V100530 37.752 + 0.001 15.522 + 0.000 18.088 + 0.001 25.5 37.04
V100540 37.827 £ 0.004 15.529 + 0.001 18.146 = 0.002 28.77 39.19
V100542 37.879 + 0.002 15.543 £ 0.001 18.169 £ 0.001 30.6 40.05

QY100-B-1 38.859 + 0.001 15.609 £ 0.001 18.829 £ 0.001 70.84 62.76
QY100-B-2 39.145 + 0.002 15.622 + 0.001 18.992 + 0.001 81.83 67.81
QY100-B-3 39.125 + 0.002 15.645 = 0.001 18.964 + 0.001 80.64 67.19
QY100-B-4 39.011 + 0.002 15.623 £ 0.001 18.982 + 0.001 78.37 68.82
QY100-B-5 38.848 + 0.002 15.611 = 0.001 18.774 + 0.001 69.18 60.25
QY100-B-6 39.112 + 0.002 15.651 + 0.001 18.924 + 0.001 79.31 65.53
QY100-B-7 38.851 + 0.003 15.626 £ 0.001 18.710 £ 0.001 67.63 57.45
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Continued Table 2-1
208Pb 204Pb 207Pb 204Pb Z(lépb 20-’1Pb V] ‘/2

QY100-B-8 38.536 + 0.002 15.608 + 0.001 18.537 + 0.001 55.69 52.13
QY100-B-9 38.720 + 0.003 15.610 + 0.001 18.682 + 0.002 63.78 57.18
QY100-B-10 37.752 + 0.001 15.528 + 0.001 18.088 + 0.001 25.5 37.18
QY100-B-11 37.724 + 0.001 15.517 £ 0.000 18.077 £ 0.000 24.55 36.71
QY100-B-12 37.769 + 0.002 15.533 + 0.001 18.085 + 0.001 25.83 36.96
QY100-B-13 37.790 + 0.002 15.540 + 0.001 18.096 + 0.001 26.61 37.42
QY100-B-14 38.045 + 0.006 15.624 + 0.002 18.148 + 0.002 34.04 39.02
QY100-B-15 37.831 + 0.008 15.543 + 0.003 18.126 + 0.004 28.36 38.49
QY100-B-16 38.624 + 0.007 15.536 + 0.003 18.334 + 0.003 52.64 39.67
QY100-B-17 40.631 + 0.006 15.576 + 0.002 18.866 + 0.003 114.2 44.26
QY100-B-18 38.395 + 0.008 15.735 £ 0.004 20.167 + 0.004 93.71 135.7
QY100-B-19 38.553 + 0.029 16.047 £ 0.012 25.429 + 0.016 231.2 396.3
QY100-B-20 38.241 + 0.002 15.610 £ 0.001 18.698 + 0.001 52.71 63.24
QY100-B-21 38.986 + 0.001 15.610 £ 0.000 19.096 + 0.001 80.66 74.34

V-10415 37.752 + 0.001 15.525 + 0.001 18.081 + 0.000 25.32 36.77

V-10416 37.843 + 0.001 15.551 + 0.001 18.107 + 0.000 28.16 37.62
V-104116 37.776 + 0.002 15.535 + 0.001 18.095 + 0.001 26.25 37.41
V-104121 37.831 + 0.001 15.533 £ 0.001 18.121 + 0.001 28.23 38.02
K1101H563 38.498 + 0.017 15.626 = 0.007 18.469 + 0.008 53.05 49.65
K1101H465 37.867 + 0.001 15.555 + 0.001 18.143 + 0.001 29.65 39.19
ZK1101H470 38.003 + 0.003 15.540 + 0.001 18.267 + 0.001 36.06 43.37
ZK1101H475 37.738 + 0.002 15.530 + 0.001 18.057 + 0.001 24.38 35.87
ZK1101H480 37.839 + 0.002 15.537 + 0.001 18.177 + 0.001 29.84 40.74
ZK1101H568 37.781 + 0.002 15.533 + 0.001 18.138 + 0.001 27.47 49.40
VK1102H540 38.373 + 0.001 15.572 £ 0.001 18.475 + 0.001 50.21 50.10
VKI1102H543 37.823 + 0.001 15.549 £ 0.001 18.094 £ 0.001 27.35 37.16
VKI1102H548 37.970 £ 0.025 15.555 £ 0.010 18.260 + 0.012 35.09 43.73
VKI1102H549 38.592 + 0.005 15.564 £ 0.002 18.547 + 0.003 57.28 51.00
VKI1102H555 37.837 + 0.006 15.510 £ 0.002 18.107 + 0.003 28.02 36.76
VKI1102H562 37.975 + 0.004 15.539 + 0.001 18.135 + 0.002 32.04 37.25
QY110-B-1 38.372 + 0.001 15.589 + 0.001 18.659 + 0.001 54.86 59.43
QY110-B-2 38.898 + 0.002 15.584 + 0.001 18.912 + 0.001 73.88 65.79
QY110-B-3 38.908 + 0.002 15.616 = 0.001 18.937 + 0.001 74.76 67.62
QY110-B-4 38.899 + 0.001 15.607 + 0.000 18.812 + 0.001 71.37 61.45
QY110-B-5 38.630 + 0.002 15.601 + 0.001 18.735 + 0.001 62.97 60.54
QY110-B-6 39.003 + 0.003 15.631 + 0.001 19.008 + 0.001 78.84 70.35
QY110-B-7 38.852 + 0.001 15.622 + 0.001 18.938 + 0.001 73.44 68.42
QY110-B-8 39.468 + 0.002 15.643 + 0.001 19.305 + 0.001 97.95 79.71
QY110-B-9 39.400 + 0.002 15.608 £ 0.001 19.170 = 0.001 92.46 73.31
QY110-B-10 39.143 + 0.037 15.590 + 0.014 18.910 £ 0.017 79.70 63.13
QY110-B-11 39.677 £ 0.005 15.605 £ 0.002 19.053 £ 0.003 96.13 64.51
QY110-B-12 37.871 + 0.001 15.567 + 0.000 18.104 £ 0.000 28.76 37.52
QY110-B-13 37.703 + 0.002 15.516 + 0.001 18.057 + 0.001 23.54 35.94
QY110-B-14 38.039 + 0.003 15.569 + 0.001 18.291 + 0.001 37.53 44.79
QY110-B-15 38.930 + 0.003 15.548 + 0.001 18.355 + 0.001 60.50 37.59
QY110-B-16 39.279 + 0.004 15.631 £ 0.002 19.095 + 0.002 87.66 71.53
QY110-B-17 38.174 + 0.002 15.561 = 0.001 18.248 + 0.001 39.67 41.03
QY110-B-18 39.242 + 0.002 15.616 = 0.001 19.211 £ 0.001 89.69 77.24
QY110-B-19 38.859 + 0.002 15.601 + 0.001 18.635 + 0.001 65.91 53.16
QY110-B-20 38.163 + 0.003 15.574 + 0.001 18.280 + 0.001 40.22 43.00
VH11611 38.219 + 0.002 15.556 + 0.001 18.393 + 0.001 44.40 47.46
VH11613 37.774 + 0.001 15.534 + 0.000 18.094 + 0.000 26.18 37.36
VHI11617 37.973 + 0.001 15.545 £ 0.001 18.223 + 0.001 34.22 41.68
VH116110 37.791 £+ 0.002 15.532 £ 0.001 18.107 £ 0.001 26.92 37.76

V16113 38.038 + 0.002 15.533 £ 0.001 18.252 £ 0.001 36.52 42.10

V16114 38.104 + 0.004 15.582 £ 0.001 18.322 £ 0.001 39.88 45.87

V16125 38.196 + 0.004 15.536 + 0.002 18.428 + 0.002 44.77 48.96

V16135 38.563 + 0.004 15.559 + 0.002 18.569 + 0.002 57.15 52.73

V16144 39.228 + 0.017 15.634 + 0.007 18.867 + 0.009 80.65 61.10
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2-2
Continued Table 2-2
2()8Pb 2()4Pb 2()7Pb 2()-1Pb Z(lﬁpb 2()-'1Pb V] ‘/7
QY122-B-1 40.524 + 0.006 15.570 + 0.002 19.205 + 0.003 120.3 61.75
QY122-B-2 38.412 + 0.003 15.502 + 0.001 18.419 + 0.002 49.72 45.37
QY122-B-3 38.520 + 0.003 15.500 + 0.001 18.464 + 0.001 53.45 46.32
QY122-B-4 38.327 +0.005 15.493 + 0.002 18.367 + 0.002 46.36 43.58
QY122-B-5 39.409 + 0.004 15.537 + 0.002 18.997 + 0.002 88.28 63.21
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Fig. 4 Variation of V, value for Pb isotopes along

different exploration lines in Yingzuishan deposit

Fig.5 V,-EH diagrams showing V), value variation of

Pb isotopes with change of EH in Yingzuishan deposit
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Table 3 Calculations of concealed depths and concealment coefficient Rg for various exploration lines
in Yingzuishan gold deposit
m V, m * m
46 2 758 35.67 2 558 1.62 200
2767 36.62
90 2176 7.89 591
ZK901 2 680 36.9
95 2 756 37.54 1 844 2.72 912
2773 37.46
100 ZK1001 2 674 37.15 802 5.65 971
ZK1005 2 585 36.94
104 ZK1041 2 606 37.27 1767 - 978
2 755 39.42
110 ZK1101 2 674 37.53 1737 2.39 1018
ZK1102 2 615 37.16
116 ZK1160 2710 38.93 1 661 2.17 1049
122 2726 2 624" 43.58 40" 1636 - 988
x 122 V, % 6 -
V2 VZmaX VZmin
5 VZC VZm
Rs
R5: XRZ *EHLi Z:EHU 6
R, EH, R EH,
46 Rg 3.68
v, v, 35 3
1 —4
EH-V, V,>36.94 3V, C+D 11.55 ¢
X =
<36.94 1 EH, 11.55 tX3.68 = 42.5 t 46 116
46
116 1 720 000 m?
EH, =EH,~ Vj —36.94 0.00772— X
36.94-35 0.00277 5 2t m )
EH v ' ' v 9.9 m- gt 3
0 20 2 3.3 gt 6
1999 2005
R 7 km
Vs
R= VZmax - VZC VZmin - VZm V2max V2
VZmin VZc - VZm 2
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