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Abstract
1,720 chemical, mineral, and petrography samples in the Suoi Thau-Sang Than area, northeastern Vietnam were collected to investi-
gate polymetallic nodules resource. The similarity-analogy in ore geology, direct calculation method for metallization parameters, and 
mineral resource estimation based on cutoff grade change methods are employed to estimate polymetallic nodules resource from the 
Suoi Thau, Sang Than, and Ban Kep areas in northeastern Vietnam. The similarity-analogy in ore geology indicates 1,785,000 tons 
Cu, 12,005,000 tons Pb+Zn, and 195 kg Au in total. The direct calculation method for metallization parameters shows 2,060,000 tons 
Cu, 13,648,000 tons Pb+Zn, and 224 kg Au in total. These methods display that the Sang Than area contains mainly polymetallic 
nodules in the studied area. Following the mineral resource estimation based on cutoff grade changes, estimation results indicate po-
tential Pb-Zn nodules resource in the Ban Kep and Cu nodules resource in the Sang Than, while no potential Au nodules resource in 
the Suoi Thau and the Sang Than as well as the Ban Kep. The estimation results obtained from mineral resource estimation based on 
cutoff grade changes are suitable with the results from the traditional geometric block methods. Our study suggests that the Sang Than 
area can be considered as a potential Cu nodules resource, and the Ban Kep area is potential Pb-Zn nodules resource in northeastern 
Vietnam for future exploitation, while there is no potential polymetallic nodules resource in the Suoi Thau area. Furthermore, the 
one resource estimation based on cutoff grade changes method displays an overview of the prospect on polymetallic nodules resources, 
indicating that this method can serve as a basis for the proposed selection of the prospective areas for effective Cu, Pb-Zn, and Au 
mineral exploration in the Suoi Thau-Sang Than area, northeastern Vietnam.
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1. Introduction
Polymetallic nodules play an important role in provid-

ing valuable metals for industry because of zinc, lead, cop-
per, and gold can be highly found together in the nodules 
(Rankin, 2011; USGS, 2014; Graedel et al., 2015). Zinc is 
primarily utilized to make galvanized steel as well as the 
production of brass, bronze, chemicals, and zinc alloys for 
the construction and industry. Lead is widely used for the 
production of lead-acid batteries, cable sheaths, machinery, 
machinery manufacturing, shipbuilding, light industry, lead 
oxide, radiation protection, and other industries. Copper 
contains excellent properties, making it can be used predom-
inantly in electrical power, electronics, energy, petrochemi-
cals, transportation, machinery, metallurgy, light, and some 
high-tech fields. Gold is considered the most valuable of the 
pure metals, and it is chiefly utilized for coinage, ornaments, 
jewellery, and gilding.

Mineral resource estimation is a practical significance in 
the mineral investigation (Glacken & Snowden, 2001; Hung 
et al., 2016; Zhang & Huang, 2010; Revuelta, 2018; Kužvart & 
Böhmer, 1986). This provides a scientific and practical basis for 
establishing geological survey programs as well as evaluating 
the prospects of minerals and investment. For decades, scien-
tists have focused on researching and proposing many meth-
ods of mineral resource estimation in processes of geologic 
mapping and surveying minerals. Generally, mineral resource 

estimations are mainly conducted according to the results of 
geological mapping and mineral prospecting at 1:200,000 - 
1:50,000 scale. Currently, many geological and math-geolog-
ical methods have proposed to estimate mineral resources. 
Among them, the similarity-analogy in ore geology, direct 
calculation method for metallization parameters, and miner-
al resource estimation based on cutoff grade change methods 
have been widely used to investigate mineral resources (Lasky 
(1950; Byryukov, 1962; Kogan, 1971, Snowden, 2001; Hung 
et al., 2016; Zhang & Huang, 2010; Revuelta, 2018). Different 
estimation methods have been used for different scenarios de-
pending upon the ore boundaries, geological geometry, grade 
variability, the amount of time, and money available. To se-
lect the suitable methods for the research object, the stage of 
geological investigation, the completeness of the document, 
the geological structure characteristics of the object and 
mineral type should be investigated carefully. The northeast 
Vietnam is assessed to be high polymetallic nodule resources 
(Tri & Khuc, 2011). However, the mineral resource estimation 
methods have been used based on qualitative description and 
calculation, which used rigid formulas and parameters, sug-
gesting not suitable for the variability of the mineral market. 
To have a more comprehensive and flexible view of mineral 
resource estimation, a model for evaluating polymetallic re-
sources based on many different boundary content options 
should be studied in this area. Therefore, northeast Vietnam is 
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Fig. 1. (A) Tectonic sketch map of northeastern Vietnam and location of the studied area (Dovjikov et al., 1965), (B) Simplified geological map of the 
Suoi Thau-Sang Than area, Ha Giang province (Son et al., 2003)

Rys. 1. (A) Rysunek mapy tektonicznej północno-wschodniego Wietnamu i lokalizacja badanego obszaru (Dovjikov i in., 1965), (B) Uproszczona 
mapa geologiczna w obszarze Suoi Thau-Sang Than, prowincja Ha Giang (Son i in., 2003)

an ideal area to apply this asymptotic approach for estimating 
polymetallic nodules resources.

In this study, similarity - analogy in ore geology, direct 
calculation method for metallization parameters, and mineral 
resource estimation based on cutoff grade changes methods 
are used to investigate polymetallic nodules resource from 
Suoi Thau, Sang Than, and Ban Kep areas in northeastern 
Vietnam.

2. Geological setting
Geology

The Suoi Thau-Sang Than area is located in Ha Giang 
province, northeastern Vietnam (Fig. 1). The area has main-
ly consisted of Devonian sedimentary rocks (i.e., clay shale, 
carbonate rocks, and marly sandstone), and minor Triassic 
gabbroid rocks and Paleozoic granitoid rocks (Minh et al., 
1992; Son et al., 2003; Fig. 1A). Structurally, the studied area 
is Northwest part of a synclinorium complex extending from 
Northwest to Southeast. The Tung Ba structural block is con-
trolled by the Duong Thuong-Du Gia overthrust/reverse fault 
in the north, and the Ban Coc-Minh Ngoc reverse dip-slip 
fault in the south (Dovijkov et al., 1965). These two faults and 
the faults located between them in the same direction play 
a key role in controlling the activities of magmatic intrusive 
rocks and minerals in the region (Son et al., 2003). Besides, 
other fault systems occurred to are developed to complicate 
the regional structure.

Morphological and structural characteristics of polymetallic 
mineralization zones

In the studied area, the Suoi Thau, Sang Than, and Ban Kep 
areas are investigated to be indicated containing polymetallic 
and gold mineralization (Bat et al., 1989; Sinh et al., 1985; Minh 
et al., 1992). Generally, the mineralized zones are developed 
along the northwest-southeast with a length of 380–3,800 m 
and extend beyond the study area. The mineralization zones are 
laid down in the distribution area of the Devonian sedimentary 
rocks. The concentrations of Cu, Pb, and Zn are unevenly dis-
tributed in the mineralized zone, but it is assessed to be indus-
trial ore bodies (Son et al., 2003; Sang, 2011). 

In the Suoi Thau area, there are three mineralized zones. 
Mineralization zone 1 has developed along the north-

west-southeast direction of about 720 m, plugged to the 
northeast with a slope of 10–30°, 90–115 m thick (average 
95 m). The zone is located at the boundary between the mar-
ble and the quartz-biotite. Analytical sample results showed 
0.31–1.06% Cu (average 0.47%), 0.63–1.31% Pb (average 
1.01%), 1.32–3.85% Zn (average 2.59%). Calculation results 
of smelting displayed 0.10–2.10 g/t Au (average 0.53 g/t). The 
changes related to ore creation are skarnification and quartz-
ization.

Mineralization zone 2 extends along the north-south 
about 380m, width 40–80 m (average 50 m), and it plugs in the 
northwest with a slope of 35°. The mineralized rock is mainly 
marbles. This zone contains 0.16–0.57% Cu (average 0.42%), 
0.40–2.04% Pb (average 1.19%), and 0.13–3.86% Zn (average 
2.82%). Calculation results of smelting indicated 0.10–1.80 
g/t Au (average 0.68 g/t). The formation of this mineralization 
zone can be related to the skarnification and quartzization.

The mineralization zone 3 is suffered highly brittle defor-
mation that impacted by post-ore fault activities. The zone 
appears mainly marbles, which were significantly broken and 
fractured. The mineral zone is about 1,800 m length, 230–400 
m width (average 320 m), and it dips to northeast 30o. Com-
positional analyses of sample show 0.20–0.73% Cu (average 
0.49%), 0.26–1.56% Pb (average 1.03%), and 1.08–5.56% Zn 
(average 2.85%). Calculation results of smelting display 0.10–
1.30 g/t (average 0.52 g/t). The formation of this mineraliza-
tion zone can be controlled by the skarnization, dolomitiza-
tion, and quartzization.

The Sang Than area, the mineralization zone is located in 
the broken zone by impacting of faults. The mineralized rocks 
are mainly marbles that were highly crushed and fractured. 
This zone shows 3,900 m length, 700-900 m widths (average 
380 m), and it plugs in the southwest with a slope angle of 
40o. Sample analysis results indicate 0.02–3.10% Cu (average 
0.59%), 0.19–2.47% Pb (average 0.96%), and 1.01–6.47% Zn 
(average 2.73). Calculation results of smelting show 0.10–1.50 
g/t Au (average 0.63 g/t). The skarnization, dolomitization, 
quartzization, and chlorination can be considered forming 
this mineralization zone.

In the Ban Kep area, two mineralized zones have discov-
ered. The mineralization zone 1, the mineralized rock con-
sists mainly of fractured marbles. This zone is 1,300 m length, 
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Tab. 1. Similarity levels among estimated areas (K.10-2)

Tab. 2. Results of Cu, Pb-Zn, and Au resource estimations based on similarity-analogy in ore geology

Tab. 3. Results of Cu, Pb-Zn, and Au resource estimations based on direct calculation method

Tab. 4. Results of Cu resource estimations based on cutoff grade changes

Tab. 6. Results of Pb-Zn resource estimation based on cutoff grade changes

Tab. 1. Podobieństwo między obszarami badań (K.10-2)

Tab. 2. Wyniki szacunków zasobów Cu, Pb-Zn i Au na podstawie analogii podobieństwa w geologii rud

Tab. 3. Wyniki szacowania zasobów Cu, Pb-Zn i Au na podstawie metody obliczeń bezpośrednich

Tab. 4. Wyniki szacunków zasobów Cu na podstawie zmian zawartości granicznej

Tab. 6. Wyniki szacowania zasobów Pb-Zn na podstawie zmian zawartości granicznej
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Tab. 5. Total potentials of copper resources based on cutoff grade changes

Tab. 7. Total potentials of Pb-Zn resources based on cutoff grade changes

Tab. 9. Total potentials of Au resources based on cutoff grade changes

Tab. 5. Całkowity potencjał zasobów Miedzi na podstawie zmian zawartości granicznej

Tab. 7. Całkowite potencjały zasobów Pb-Zn na podstawie zmian zawartości granicznej

Tab. 9. Całkowite potencjały zasobów Au na podstawie zmian zawartości granicznej

70–120 m width (average 80 m). Results of sample analysis 
show 0.16–0.70% Cu (average 0.41%), 0.10–3.11% Pb (aver-
age 0.75%), and 0.60–7.29% Zn (average 2.65%). Calculation 
results of smelting display 0.10–2.00 g/t Au (average 0.44 g/t). 
The formation of this mineralization zone can be strongly re-
lated to the skarnization, dolomitization, and quartzization.

The mineralization zone 2 extends along the east-west, 
and it is mainly surrounded by the Devonian marbles. The 
zone shows 1500 m length, 60–130 m width (average 100m). 
Results of sample analysis display 0.10–0.57% Cu (average 
0.38%), 0.12–2.03% Pb (average 0.92%), and 1.06–4.80% 
Zn (average 1.97%). Calculation results of smelting indicate 
0.10–1.00 g/t Au (average 0.45 g/t). The formation of this 
mineralization zone can be formed by the skarnization, dolo-
mitization, and quartzization.

3. Materials and methodologies
This study was carried out based on the results of geolog-

ical surveying and mapping the Geological and mineral re-
sources map of Vietnam at 1:50,000 scale of the Phuc Ha map 
sheet group (Son et al., 2003). 518 samples in the Suoi Thau, 
503 samples in the Ban Kep, and 699 samples in the Sang Than 
were collected by the Intergeo Division for analyzing chemi-
cal, mineral, and petrography at the Center for Experimental 
Geological Analysis in Vietnam Institute of Geosciences and 
Mineral resources and the Intergeo Division. The mineraliza-
tion zones have been investigated by surface works such as 
openings and ditches. Based on geological characteristics and 
level research in the study area, the similarity-analogy in ore 
geology, direct calculation method for metallization parame-
ters, and mineral resource estimation based on cutoff grade 

change methods are chose to study the mineralized zone of 
category 334 resources in the Suoi Thau-Sang Than area. 

Similarity-analogy in ore geology:
Similar-analogy in ore geology was developed based on 

similar geological environments in different areas, which are 
similar mineralization characterization (Byryukov, 1962). 
This method is created by using a similar model for other ore 
deposits, which are similar geological characterization. Ac-
cording to the method, resource estimations are calculated as 
the formula (Byryukov, 1962).

Qtn=K.qc.Vn'	 (1)

where Qtn-resource estimation, K-a similar factor among es-
timated areas regarding the standard area, qc-ore resources in 
an area unit, volume or length of the standard area, Vn'-vol-
ume, area, or existed depth of mineralized zone.

Metal resources in the studied area are determined by the 
formula.

Ptn=Qtn.C	 (2)

where Qtn-ore resources of a mineralized zone (103 ton); C 
-average contents in the mineralized zone (%).

The similarity factor (Kij) between areas is determined 
by the comparative method of ore-forming criteria, which 
are evaluated by using the information on mining geological 
characteristics of surrounding rocks as well as the composi-
tion of each area. The information is digitized and calculated 
following the formula.
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	 (3)

where i, j-comparative objects, aip, ajp-value of i or j object at 
p factor (p=1,m ).

Direct calculation method for metallization parameters:
This method is applied to estimate polymetallic nodule 

resources in the study area. Polymetallic nodule resource area 
is assessed by ore parameters or ore-bearing coefficients and 
calculated according to the following formula (Kogan, 1971).

	 (4)

where Qtn-total potentials of a mineralized zone (103 ton), 
V-a volume of a mineralized zone (103 m3), d-bulk density 
of mineralized zone (ton/m3), C-average contents in a min-
eralized zone (%), Ssq-area distribution of mineralized zone 
(m3), Msq-thickness of a mineralized zone (m), Kq-mineraliza-
tion-bearing coefficient.

	 (4 a)

where ΣMq- the total thickness of ore veins in the mineralized 
zone.

Ore resource estimation based on cutoff grade changes:
A change in cutoff content (Cb) will lead to a change in 

ore resource-reserves. In 1950, this method was proposed by 
Lasky to investigate the change of resources. The method is 
constructed by determining the relationship between ore re-
source and cutoff grade, and between ore resource and aver-
age grade content.

	 (5)

where Cb-cutoff grade of metal ore (%), C-average grade of 
metal ore (%), αβ-factors determined by standard construc-
tion measures or calculating resource according to several 
options on cutoff grade.

However, the law of Lasky (1950) only ensures reliability 
when metal content is distributed according to the standard 
log distribution. However, the metal content is distributed 
according to the gamma function or three logarithmic pa-

rameters; the reliability of this method is reduced. Therefore, 
Margolin (1974) improved the Lasky method and expressed 
the relationship between ore resource and contents following 
formula.

	 (6)

	 (7)

(8)

where Q0-ore resource when Cb gradually becomes 0; Γ(α + 1, 
Cbβ)-incomplete gamma function, Γ(α+1)-gamma function. 
α, β factors are determined by the formula.

	 (8 a)

where X -average grade content (%), δ -standard deviation of 
content.

The researcher often uses incomplete gamma functions.

	 (8 b)

The equation for resource and reserve estimation based 
on cutoff changes is expressed as a function.

Q(C >Cb)=Q0 (1-γ(z))	 (9)

where Q(C >Cb)-ore resource/reserves, which has an average 
grade above the cutoff (ton), Q0-ore resource/reserves of esti-
mated areas (ton).

4. Results and discussion
Similarity-analogy in ore geology

The combination of information used to evaluate the 
zones of the Suoi Thau-Sang Than area includes 29 infor-
mation. The information is classified into four groups and 
standardized according to the corresponding quantitative 
principles: Very common-3, common-2, less common-1 and 
absent-0. Based on the standardized results of research infor-
mation, a similar coefficient was created in the studied area 
(Tab. 1). The Kij similar coefficient between subdivisions is 
very high, indicating a similarly combined characterization 

Tab. 8. Results of Au resource estimations based on cutoff grade changes
Tab. 8. Wyniki szacowania zasobów Au na podstawie zmian zawartości granicznej
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of indicator elements, mineral composition, geological repre-
sentation, and variation of surrounding rocks. These suggest 
that the Suoi Thau, Sang Than, and Ban Kep areas are similar 
geological conditions and factors controlling mineralization. 
Therefore, polymetallic nodules resource estimation can be 
trustworthily guaranteed by using similarity - analogy in ore 
geology method.

The total estimation results are 1,785,000 tons Cu, 
12,005,000 tons Pb+Zn, and 195 kg Au and the Sang Than 
area highly contains potential polymetallic nodules resource 
(Table 2). Cu nodules resource is highly in the Sang Than area 
(1,421,000 tons), less in the Suoi Thau (172,000 tons), and the 
Ban Kep (192,000 tons). Pb+Zn is mainly in the Sang Than 
area (8,768,000 tons), less amount in the Suoi Thau (1,384,000 
tons), and the Ban Kep (1,853,000). Au is primarily in the 
Sang Than (151 kg), minor in the Suoi Thau (21 kg), and the 
Ban Kep (22 kg). 

Direct calculation method for metallization parameters
Calculation results show a total of 2,060,000 Cu, 

13,648,000 Pb-Zn, 224 kg Au in this studied area, and the 
Sang Than area consists mainly of polymetallic nodules re-
source. Cu is mainly in the Sang Than area (1,708,000 tons), 
minor in the Suoi Thau (177,000 tons), and the Ban Kep 
(173,000 tons). Pb-Zn is highly in the Sang Than (10,542,000 
tons), less in the Ban Kẹp (1,676,000 tons), and the Suoi Thau 
(1,429 tons). Au shows principally in the Sang Than (182 kg), 
minor in the Suoi Thau (22 kg), and the Ban Kep (20 kg). 
According to the similarity-analogy in ore geology and the 
direct calculation method for metallization parameters meth-
ods, estimation results show 1,785,000–2,060,000 tons Cu, 
12,005,00–13,648,000 tons Pb-Zn, and 195-224 kg Au.

To evaluate the reliability of these resource estimations 
above, this study uses one formula.

	 (10)

where P1-an estimation result of similarity-analogy in ore ge-
ology method, P2-an estimation result of the direct calcula-
tion method for the metallization parameters method.

The calculation results display 3,2% in the Suoi Thau, 
9,6% in the Ban Kep, and 20,2% in the Sang Than, suggesting 
high reliability of polymetallic resource estimation in the Suoi 
Thau-Sang Than area.

Ore resource estimation based on cutoff grade changes
Based on polymetallic module resource estimations in the 

Suoi Thau-Sang Than area, and assessing the reliability of the 

resource estimations which are mentioned above, we chose 
results of the direct calculation method for metallization pa-
rameters as basis of polymetallic resource potential based on 
cutoff grade changes.

* Cu nodules resource estimation.
Content thresholds are selected to be 0.1%; 0.2%; 0.3%; 

0.4%; 0.5%; 0.7%, and 1.0%.
Based on selected boundary content (Cb), the estimation 

results show 300 tons in the Suoi Thau, 33,000 tons in the Sang 
Than, 100 tons in the Ban Kẹp with Cb> 1,0%; 6,000 tons in 
the Suoi Thau, 60,000 tons in the Sang Than, 4,000 tons in the 
Ban Kep with Cb> 0.5%; 14,000 tons in the Suoi Thau, 80,000 
tons in the Sang Than, 12,000 tons in the Ban Kep with Cb> 
0.3%; 18,000 tons in the Suoi Thau, in 113,000 tons in the 
Sang Than, 17,000 tons in the Ban Kep with Cb> 0.1%. This 
indicates that decreased boundary contents will increase re-
source estimation results. The total resource estimation will 
be increased 221.7% with reduced Cb from 1% to 0.5%, 154% 
with reduced Cb from 0.5% to 0.3%, 142.2% with decreased Cb 
from 0.3% to 0.1%. Based on Vietnamese industrial contents 
of Cu (Cb=0.5), the Cu resource is mainly concentrated in the 
Sang Than area.

* Pb-Zn nodules resource estimation
For Pb-Zn, content thresholds are selected to be 3%, 3.5%, 

4%, 5%, 6%, 8%, and 10%.
According to selected boundary content (Cb), the estima-

tion results show 10 tons in the Suoi Thau, 100 tons in the Sang 
Than, 27,000 tons in the Ban Kẹp with Cb> 10%; 8,000 tons in 
the Suoi Thau, 6,000 tons in the Sang Than, 120,000 tons in the 
Ban Kep with Cb> 5%; 52,000 tons in the Suoi Thau, 33,000 
tons in the Sang Than, 157,000 tons in the Ban Kep with Cb> 
3%. The total resource estimation results will be increased by 
500.9% with reduced Cb from 10% to 5% and 182.2% with re-
duced Cb from 5% to 3%. Following the Vietnamese industrial 
contents of Pb-Zn (Cb=3%), the Ban Kep area can be a high 
potential Pb-Zn resource in the studied area.

* Au nodules resource estimation.
Boundary Au contents (Cb) are selected as: 0.2 g/T, 0.3 

g/T, 0.5 g/T, 0.7 g/T, 1.0 g/T, and 1.5 g/T.
Following selected boundary Au content (Cb), the re-

source estimation results indicate 20.08 kg in the Suoi Thau, 
1.00 kg in the Sang Than, 15.50 kg in the Ban Kep with Cb> 1.5 
g/T; 21.30 kg in the Suoi Thau, 4.13 kg in the Sang Than, 18.94 
kg in the Ban Kep with Cb> 1 g/T; 21.68 kg in the Suoi Thau, 
18.81 kg in the Sang Than, 20.31 kg in the Ban Kep with Cb> 
0.5 g/T; 21.70 kg in the Suoi Thau, 36.84 kg in the Sang Than, 
20.41 kg in the Ban Kep with Cb> 0.1 g/T. The total resource 
estimation results are increased by 120.5% with reduced Cb-

Fig. 2. Diagrams describe the relationship between ore resources and cutoff grade contents of Cu (A), Pb-Zn (B), and Au (C) in Suoi Thau-Sang Than area, respectively
Rys. 2. Diagramy opisujące zależność między zasobami rudy a zawartościami granicznymi Cu (A), Pb-Zn (B) i Au (C) odpowiednio na obszarze Suoi Thau-Sang Than
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from 1.5 g/T to 1.0 g/T, 131.2% with reduced Cb from 1 g/T 
to 0.5 g/T. According to the Vietnamese industrial contents of 
Au (Cb=1 g/T), the Suoi Than, Sang Than, and Ban Kep areas 
can be no potential Au resource in the studied area.

Generally, the combination of mineral resource estima-
tion methods has contributed to clear up polymetallic min-
eralization investigation in the studied area. However, com-
pared with the direct calculation method for metallization 
parameters and the similar-analogy in ore geology, the ore 
resource estimation based on cutoff grade changes method 
has shown an overview of the prospect on polymetallic nod-
ules resources and gold mineralization in the Suoi Thau-Sang 
Than area according to cutoff grade changes. These estimation 
results can be used to serve as a basis for the proposed selec-
tion of the prospective areas for effective Cu, Pb-Zn, and Au 
mineral exploration. 

5. Conclusions
The similarity-analogy in ore geology, direct calculation 

method for metallization parameters, and mineral resource 
estimation based on cutoff grade change methods were used 
to investigate polymetallic nodules from the Suoi Thau, Sang 
Than, and Ban Kep areas in northeastern Vietnam. Through 
this study, the conclusions can be drawn as follows.

The similarity-analogy in ore geology method esti-
mates 1,785,000 tons Cu, 12,005,000 tons Pb+Zn, and 195 
kg Au in this studied area, and the Sang Than area contains 
mainly polymetallic nodules 1,421,000 tons Cu, 8,768,000 
tons Pb+Zn, and 151 kg Au. The direct calculation meth-

od for metallization parameters shows 2,060,000 tons Cu, 
13,648,000 tons Pb+Zn, and 224 kg Au, and the Sang Than 
area is considered as a main potential polymetallic nodule in 
this studied area, consisting of 1,708,000 tons Cu, 10,542,000 
tons Pb-Zn, and 182 kg Au. The cutoff grade changes display 
potential Pb-Zn nodules resource in the Ban Kep area and Cu 
nodules resource in the Sang Than area, while no potential Au 
nodules resource in the Suoi Thau and the Sang Than as well 
as the Ban Kep areas.

The different estimation results between the similari-
ty-analogy in ore geology and the direct calculation method 
for metallization parameters methods are from 3.2 to 20.2%, 
suggesting high reliability of polymetallic resource estimation 
in the Suoi Thau-Sang Than area. Additionally, the relation-
ship between polymetallic nodules resources and cutoff grade 
contents show nonlinear relation and inverse correlation. This 
indicates the polymetallic nodule resources in this studied 
area can be estimated by using each cutoff grade contents fol-
lowing the variability of the Vietnamese industrial contents. 
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Ocena zasobów konkrecji polimetalicznych w rejonie Suoi Thau-Sang Than, północno-wschodnim 
Wietnamie

W celu zbadania zasobów konkrecji polimetalicznych zebrano 1,720 próbek substancji chemicznych, minerałów i petrografii z obszaru 
Suoi Thau-Sang Than w północno-wschodnim Wietnamie. Podobieństwo-analogia w geologii rudy, metoda bezpośredniego oblicza-
nia parametrów metalizacji i szacowania zasobów mineralnych w oparciu o metody zmian zawartości granicznej są wykorzystywane 
do szacowania zasobów konkrecji polimetalicznych w obszarze Suoi Thau, Sang Than i Ban Kep w północno-wschodnim Wietnamie. 
Podobieństwo-analogia w geologii rudy wskazuje łącznie na 1,785,000 ton Miedzi, 12,005,000 ton Ołowiu + Cynków i 195 kg Żłota. 
Metoda bezpośredniego obliczania parametrów metalizacji pokazuje łącznie 2 060 000 ton Miedzi, 13,648,000 ton Ołowiu + Cyn-
ków i 224 kg Żłota. Te metody pokazują, że obszar Sang Than zawiera głównie konkrecje polimetaliczne na badanym obszarze. Po 
oszacowaniu zasobów mineralnych na podstawie zmian zawartości granicznej, wyniki oszacowań wskazują na potencjalny zasobów 
konkrecji Ołowiu - Cynków w Ban Kep i Miedzi w Sang Than, natomiast nie ma potencjalnego zasobu konkrecji Żłota w Suoi Thau 
i Sang Than, a także w Ban Kep. Wyniki uzyskane z szacowania zasobów mineralnych na podstawie zmian zawartości granicznej są 
zgodne z wynikami tradycyjnymi metodami bloków geometrycznych. Nasze badanie sugeruje, że obszar Sang Than można uznać za 
potencjalny zasób konkrecji Miedzi, a obszar Ban Kep jest potencjalnym zasobem konkrecji Ołowiu + Cynków w północno-wschod-
nim Wietnamie do przyszłej eksploatacji, natomiast w obszarze Suoi Thau nie ma potencjalnego zasobu konkrecji polimetalicznych. 
Co więcej, oszacowanie zasobu w oparciu o metody zmian zawartości granicznej przedstawia przegląd perspektyw dotyczących 
zasobów konkrecji polimetalicznych, wskazując, że metoda ta może służyć jako podstawa do proponowanego wyboru perspektywic-
znych obszarów efektywnych Miedzi, Ołowiu-Cynków i Żłota poszukiwanie minerałów w obszarze Suoi Thau-Sang Than w północ-
no-wschodnim Wietnamie.

Słowa kluczowe: konkrecja polimetaliczna, szacowanie zasobów, obszar suoi thau-sang than, północno-wschodni wietnam


