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B atom rogy ncnonnunocb 90 net Bbigatoliemycs reonory Knras, 4enoseky, KOTOpbIA B TEYEHNE
MHOIUX NeT SABMANCA pekTopom Kutanckoro yHuBepcuteTa Hayk o 3emne B YxaHe v [NekuHe, akage-
Muky Yxao MaHga. bnarogaps ero noaaepxke 6onee 30 net Hasag Ha4anoCb COBMECTHOE U3yYeHME
KOHTUHEHTanbHbIX PUGTOBBIX 30H Y4eHbIMU VPKYTCKOro HaLMOHaNbHOro NCCNefoBaTENbCKOrO TEXHU-
yeckoro yHmsepcuteta u Kutanckoro yHuBepcuteTa Hayk o 3emne (r. YxaHb). OTU uccnegoBaHus
ycnewHo npogosxanuce 6onee 20 net. PeaakuMoHHbIA COBET XypHana «Hayku o 3emne n Hegpo-
Nonb30BaHWe» CepaeyHo no3apasnseT akagemuka Yxao MNaHga c obunenHon agatoi! Mel xenaem
eMy eLle AOMTUX NeT aKTUBHOW 1 NNOAOTBOPHON AEATENBHOCTU, 300P0OBbA U NMMYHOrO cyacTbs! Hike
XypHan nybnukyeT cTaTbio y4eHUKOB akagemumka Yxao MaHaa, nocBsLLeHHY0 ero obuneto.

This year marks the 90" anniversary of the outstanding Chinese geologist, long-term rector of the
China University of Geosciences in Wuhan and Beijing, Academician Zhao Pengda. Thanks to his
support, more than 30 years ago, scientists from the Irkutsk National Research Technical University
and the China University of Geosciences (Wuhan) began a joint study of continental rift zones. These
studies have been successfully continued for over 20 years. The editorial board of the journal "Earth
sciences and subsoil use" cordially congratulates Academician Zhao Pengda on his anniversary! We
wish him many more years of active and fruitful work, health, and personal happiness! We wish him
many more years of active and fruitful work, health, and personal happiness! Below the journal pub-
lishes an article by the students of Academician Zhao Pengda, dedicated to his anniversary.
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and 3D/4D modeling in Luanchuan mining district, China
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Abstract. The Fourth generation industrial age and 5G + intelligent communication in the "Fourth Paradigm of Science" in
the 215t century provide a new opportunity for research on the relationship between mining development and environmental
protection. This paper is based on the theory of metallogenic geodynamics background, metallogenic process and quanti-
tative evaluation and chooses the Luanchuan district as a case study, using deep-level artificial intelligence mining and
three/four-dimensional (3D/4D) multi-disciplinary, multi-parameter and multi-scale modeling technology platform of geosci-
ence big data (including multi-dimensional and multi-scale geological, geophysical, geochemical, hyperspectral and high-
resolution remote sensing (multi-temporal) and real-time mining data), carrying out the construction of 3D geological model,
metallogenic process model and quantitative exploration model from district to deposit scales and the quantitative predic-
tion and evaluation of the regional Mo polymetallic mineral resources, the aim is to realize the dynamic evaluation of high-
precision 3D geological (rock, structure, hydrology, soil, etc.) environment protection and comprehensive development and
utilization of mineral resources in digital and wisdom mines, it provides scientific information for the sustainable develop-
ment of mineral resources and mine environment in the study area. The research results are summarized as follows:
(1) The geoscience big data related to mineral resource prediction and evaluation of district include mining data such as

© Wang Gongwen, Zhang Shouting, Yan Changhai, Pang Zhenshan, Wang Hongwei, Feng Zhankui, Dong Hong, Cheng
Hongtao, He Yaging, Li Ruixi, Zhang Zhigiang, Huang Leilei, Guo Nana, 2021

WWw.nznj.ru I 219


http://www.nznj.ru/
https://doi.org/10.21285/2686-9993-2021-44-3-219-242
mailto:gwwang@cugb.edu.cn

) ) | Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)
AV A | Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) \-)

3D geological modeling, geophysics interpretation, geochemistry, and remote sensing modeling, which are combined with
GeoCube3.0 software. The optimization of deep targets and comprehensive evaluation of mineral resources in Luanchuan
district (500 km2, 2.5 km deep) have been realized, including 6.5 million tons of Mo, 1.5 million tons of W, and 5 million
tons of Pbh-Zn-Ag. (2) The 3D geological modeling of geology, mineral deposit, and exploration targeting is related to the
mine environment. The data of exploration and mining in the pits of Nannihu — Sandaozhuang — Shangfang deposits and
the deep channels of Luotuoshan and Xigou deposits show a poor spatial correlation between the NW-trending porphyry-
skarn deposits and the ore bodies. The NE-trending faults are usually tensional or tensional-torsional structures formed in
the post-metallogenic period, which is the migration pathway of hydrothermal fluid of the related Pb-Zn deposit. There is a
risk of groundwater pollution in the high-altitude Pb-Zn mining zones, such as the Lengshui and Bailugou deposits con-
trolled by NE-trending faults are developed outside of porphyry-skarn types of Mo (W) deposits in the Luanchuan area.
(3) Construction of mineral resources and environmental assessment and decision-making in intelligent digital mines: 3D
geological model is established in large mines and associated with ancient mining caves, pit, and deep roadway engineer-
ing in the mining areas to realize reasonable orientation and sustainable development of mining industry. The hyperspectral
database is used to construct three-dimensional useful and harmful element models to realize the association of explora-
tion, mining, and mineral processing mineralogy for the recovery of harmful elements (As, Sh, Hg, etc.). 0.5 m resolution
Worldview2 images are used to identify the distribution of Fe in the wastewater and slag slurry of important tailings reser-
Voirs, so as to protect surface runoff and soil pollution.

Keywords: geoscience big data, 3D/4D modeling, quantitative prediction and evaluation, resource and environment, in-
telligent mine, Luanchuan district
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\-) Wang Gongwen, Zhang Shouting, Yan Changhai, et al. Resource-environment joint... | AL R
Pe3rome. [pombiLLIeHHAs 3pa YETBEPTOro NOKONEHNS M UHTENNEKTyanbHas cBs3b 5G + B «4eTBEPTON NapagurMe Haykuy»
XXI| Beka OTKpbIBaAOT HOBbIE BOSMOXKHOCTU ANS UCCe0BaHWii B3aMMOCBA3UN MexXay pa3BuTueM ropHoaobbiBaoLLen Npo-
MBbILUSTIEHHOCTW W 3aLLMTO OKpYKaloLlen cpefbl. JTa CTaTbst OCHOBaHa Ha TeOpUM METaNNOreHNYecKon reoamHamMmKm,
MeTannoreHMyYecknx NpoLeccax u KoNMYeCTBeHHOW OLeHKe Ha npumMepe panoHa JlyaHbyyaHb B Ka4ecTBe TeMaTUYeCKoro
UCCMEeAoBaHMs C UCMONMb30BaHWEM FNYyOWHHOTO UCKYCCTBEHHOTO MHTENNeKTa U TpexmepHoro / yeTtbipexmepHoro (3D/4D)
MEXANCLMMIIMHAPHOrO, MHOrONPOMUIBHOTO NapamMmeTpUIEcKoro U MHoOromacluTabHoro MogenMpoBaHms bonbwmnx gaH-
HbIX, BKMOYast MHOroMacwTabHble reonormyeckme, reousnyeckme, reoXMMUIeckue, rmnepenexkTpasnbHbIe U BbICOKOpas-
peliarLe JaHHble AUCTaHLMOHHOMO 30HAMPOBaHUS (Pa3HOBPEMEHHBIE), AaHHbIE O J00blYe NOME3HbIX UCKOMaeMbIX B
peanbHOM BPEeMEHM, C BbINMOMHEHNEM MOCTPOEHUS TPEXMEPHOWN re0norMyeckon Mogenu, Mogeny MeTannoreHN4eckoro
npouecca W KonNWYecTBEHHOW MOAENW pa3Benkn OT NOKanbHOro panoHa A0 MacluTaboB MECTOPOXAEHUS, @ Takke KOnu-
YECTBEHHOTO MPOrHO3MPOBAHWS U OLIEHKU pervoHanbHbIX NONIMMEeTannnyecknx MMHepanbHbix pecypcos Mo. Liens uccne-
[I0BaHUs 3aKIYaeTca B peanu3aumm AUHaMUYECKON OLEHKW BbICOKOTOYHOW TPEXMEPHOM reonormyeckon moaenu (rop-
Hble NOPOAbI, CTPYKTYpa, TMAPONOrvs, NoYsa v T. A.), OXpaHbl OKpyXatoLel cpedbl, KOMMIEKCHOrO OCBOEHUS U UCMOIb30-
BaHWS MUHeparibHbIX PeCypcoB B LMGPOBOW cpeae. ViccnenoBaHue OpUEHTMPOBAHO Ha NPeaoCTaBneHe HayyHON WH-
chopmaLimm No yCTONYMBOMY Pa3BUTUIO MUHEPASIbHLIX PECYPCOB M rOPHOA0DLIBAIOLLEN OTPACnM B M3y4aeMOM pPEruoHe.
PesynbTaThl MCCNegoBaHKUSA 3akntovatoTes B cregyrowem. 1. bonblune faHHble reoHayk, CBA3aHHbIe C NPOrHO3MpoBaHNueM
1 OLEHKOW MMHEpanbHbIX PECYPCOB B UCCIIedyEMOM pavioHe, BKMOYaloT AaHHbIE TOPHbLIX paboT, Takme Kak TpeXMepHoe
recnornyeckoe MogenupoBaHue, MHTepnpeTauus reousnki, reoXMMmns 1 MogenmpoBaHne AUCTaHLUMOHHOMO 30HAMPOBa-
HUS, KOTOpble 00 beanHeHbI ¢ nporpaMmMHbiM obecneyernem GeoCube3.0. MpoBeaeHbl ONTUMM3ALMS TMYOUHHBIX AaHHbIX
1 KOMMIIEKCHas OLleHKa MUHeparibHbIX PecypcoB B paiioHe JlyaHbuyaHb (500 km?, rny6uHa — 2,5 kM), B TOM yucre 6,5 MiH
TOHH Mo, 1,5 MiH T W 1 5 MiiH T Pb-Zn-Ag. 2. TpexmepHoe reonornyeckoe MogenupoBaHne reonorum, MecTopoXxaeHumn
MonesHbIX NCKONaeMbIX W recnoropassefoyHbiX paboT CBA3AHHO C OKpyxaloLwen cpedon pyaHuka. [laHHble pa3senku v
A06b14M Ha Kapbepax mectopoxaeHun HaHHuxy — CangaouwxyaH — Wandan n B rmybokux pycnax mectopoxaexun Jly-
oTyowaHb 1 Curoy nokasbliBatoT criabyto NPOCTPaHCTBEHHYIO KOPPENALMIO Mexay NopMpPOBO-CKapHOBLIMW MECTOPOXAE-
HUAMW CeBepPO-3anagHoro NPOCTMpPaHus U pyaHbIMKU Tenamu. Pasnombl ceBepo-BOCTOMHOMO MPOCTUPaHMs 0bbI4HO npea-
CTaBNSOT CODON CTPYKTYPbl PACTSHIKEHNUS UIN PACTSKEHUSA-KPYYeHUsl, ChOPMUPOBaHHbIE B MOCT-METaNNOreHNYEeCKNiA ne-
pvog v ABNSOLMECS NYTAMU MUrpaLuy rngpotepmanbsHoro Pb-Zn dntomga cooTBeTCTBYOWErO MECTOpOXAeHNs. CyLue-
CTBYET PUCK 3arpsi3HEHNs MOA3EMHbIX BOZ B BbICOKOFOPHbIX 30HaxX 4o0bl4M Pb-Zn, Takux kak MecTopoxaeHus JleHrwyi n
Balnyroy, KOHTpONMpyeMbIX pasnoMamm CEBEPO-BOCTOYHOMO NPOCTUPaHKs 1 paspabaTbiBaoLymxca 3a Npegenamm me-
cTopoXaeHun nopcuposo-ckapHosoro Tuna Mo (W) B paioHe JlyaHuyaHb. 3. MogenupoBaHue MUHeparbHbIX Pecypcos,
OLIEHKa COCTOSIHMS OKpYXaloLlen cpelbl U NPUHATUE peLleHUn B MHTENNEKTYanbHbIX LMMPOBbLIX PyAHUKAX: TpexMepHas
reosiornyeckas Mofenb CO34aeTCs Ha KPYMHbIX PyAHUKaX U CBA3aHa C APEBHUMM FOPHLIMU NeLlepamm, Kapbepamu 1 rny-
BOKVMM JOPOXHBIMU COOPYXEHUAMU B paioHax Aobblun Ans obecneyeHns pasyMHON OpUeHTaLnm 1 yCTONYMBOTO pasBu-
TWS ropHOA00ObIBaIOLLEN NPOMBILLNEHHOCTU. [MnepcnekTpanbHas 6asa faHHbIX MCNonb3yeTCs Ans NOCTPOeHUs Tpexmep-
HbIX MOZENeN NonesHbIX ¥ BPEAHbIX ANEMEHTOB C LieNbio peanusaumnm B3anMoCBa3WM MUHepanorum, passegku, oboium n
nepepaboTk1 NonesHbIX MCkonaeMbIX ANs U3BNeYeHNs BpedHbIX anemeHToB (As, Sb, Hg u 1. a.). UcnonbaytoTtcs nsobpa-
xeHus Worldview2 ¢ paspewenvem 0,5 M ansa onpegenexns pacnpegenenns Fe B CTOYHbIX BOAAX U LIMamax BaXHbIX
XBOCTOXPaHWIMLL, NO3BONSIOLLME 3ALLUMTUTL NOBEPXHOCTHBIN CTOK U 3arpsi3HEHUE NOYBbI.

Knroyeenie crioga: 6onbluve gaHHble reoHayk, 3D/4D-mogennpoBaHme, KONMYeCTBEHHBIN NPOTHO3 W OLEHKa, PeCcypehbl 1
oKpyXatoLlas cpefa, MHTennekTyanbHas 4obbiva, panoH JlyaHbuyaHb

BnazodapHocmu: B 3ToM rogy rocnoguHy Yxao MaHga ucnonusietcsa 90 net, n aTa ctaTbsl HanucaHa, 4Tobbl N03apaBUTh
ero ¢ obuneem. MNepBble Hay4HbE KCCNEOOBaHUA 1 NpeNofaBaTesibckas AedaTeNIbHOCTb aBTopa 3a nocnegHve 20 net
Obinu TECHO CBSA3aHbI C Y4EOHWKOM NSt aCMUPAHTOB BbICLWIUX Y4ebHbIX 3aBeaeHu «KonnyecTBeHHbIE METOALI FE0NOoro-
reon3nYECKMX HayK U UX MPUMEHEHUS» MOA peaakumel rocnoguHa Yxao (2004). B aTom yuebHMKe «COBMECTHOE MpO-
rHO3MPOBaHME 1 KONMMYECTBEHHAS OLIEHKA PECYPCOB U OKPYXaKoLLEn cpeabl» pacCMaTPUBaKOTCS Kak O4HU U3 BaXKHENLLMX
3MEMEHTOB COEPXKaHNS KONIMYECTBEHHbIX reof1oro-reousnyeckmnx nccnegosanui B XXI seke. iccnegoBatenbekuii npo-
Liecc B paMKax HanucaHus JaHHOW cTaTbk nopaepxanu npodeccop KnewtoHn Jony (YHuepcuteT Anbbeptsl, KaHaga),
npocheccop YaH JTnuxanb (YHusepcuteT Keebeka, Kanaaa), npodeccop [dxoH KappaHsa (rnaBHbIM pedakTop xypHana
Natural Resources Research), npodeccop XaH (YuusepcuteT XbtocToHa, CLUA), npoceccop Oy AxcyH, goueHT Llao N un
poktopaHT [ly LiauHro. Takke 6narogapto akagemumka Mo CroaHbctoe, akagemuka Yxan FOnwasH n akagemuka Yxao MaHga
3a nogaepxky. bnarogapto CyH Aoy, Ma YxaHb00, XaHb Li3sHBan, BaH LWusHb, Xa KOnnsH, Mo bo, KOHb Xy, MaH W, Oy
CwHb, ITio TouHb, J1. B. Benge, JIn YxyHMmuH n YxaH MyouHb M3 X3HaHBbCKOrO MHCTUTYTa reonorndeckon cnyxobl 3a ux
noAaepxky. KomaHaa BbinyCKHUKOB NEPBOro aBTOpa Takke oKasana 3HauMTerlbHy NOMOLLb U NOAAEPXKKY B TPEXMEPHOM
MOZENUPOBaHUU, MHTEPNPETaLMN AaHHbIX AUCTAHLMOHHOIO 30HAMPOBAHMS, MPOrHO3MPOBAHUK U OLIEHKE PECYPCOB, @ TakkKe
B aHanu3e MeTanyioreHM4Yecknx npoLeccoB. Xouy UM BbIpa3uTb CBOK UCKPEHHIOW BrnarogapHocTb. PaboTa bbina Bbinon-
HeHa npu noaaepxke HaumoHanbHOM nporpaMmel KIYEBLIX UccnefoBaHui 1 paspaboTtok Kutas (Ne 2017YFC0601204).

Ans yumupoeaHus: Bax 'yHB3Hb, YxaH LWoyTuH, AHb YaHxaii, MaH YxaHbwaHb, Ban XyHBan, ®aH YxaHbkyn [1 gp.].
CoBMeCTHOE NpOrHO31pOBaHNE PECYPCOB U OKPYXatoLLen Cpebl C UCNONb30BaHMEM UHTENNEKTYanbHOro aHanmsa 60nb-
wmx AaHHbiX 1 3D/4D-moaenupoBaHus B ropHogobbIBatoLLIEM paiioHe JlyaHbuyaHb, Kutan // Hayku o 3emne v Hegponons-
3oBaHue. 2021. T. 44. Ne 3. C. 219-242. https://doi.org/10.21285/2686-9993-2021-44-3-219-242.
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Introduction

In the 215 century, the intelligence and intelli-
gent manufacturing of the fourth generation in-
dustry age promoted the rapid development of
new engineering innovation, 5G + communica-
tion, cloud computing, and other real-time intelli-
gent decision-making, provided scientific and
technological support for the Fourth Paradigm of
Science (Data-Intensive Scientific Discovery)?,
and also provided a new opportunity for compre-
hensive research on mining development and en-
vironmental protection. The geoscience system
research of lithosphere, biosphere, hydrosphere,
and atmosphere becomes the core content and
frontier field.

Zhao put forward that the exploration and de-
velopment of mineral resources in the 215 cen-
tury must achieve the unity of social, economic,
and environmental benefits [1], which require the
joint evaluation of mineral resources and environ-
ment, and the combination of mineral mapping
and mineral exploration. Since 2011, 117 key dis-
tricts in 16 regional metallogenic belts in China
were implemented to deep (less than 1000 m)
mineral exploration based on the 1:50000 geo-
logical mapping. A series of metallogenic theories
and technologies were constructed, for example,
Ye et al. [2] built theory and method of prospect-
ing prediction in mineral exploration zone, and
the ore-forming dynamic background, process,
and quantitative evaluation of large and super-
large deposits [3-5]. The 13™ five-year national
key research and development plan "deep re-
sources exploration and exploitation” has pro-
moted the deep (less than 3000 m) resource pro-
specting, prediction, and evaluation of key dis-
tricts in China [6-15].

Most European countries and the United
States have established the "industry and univer-
sity" research alliance of geosciences using the
interdisciplinary 3D/4D modeling. The alliance
proposed 3D/4D modeling and atrtificial intelli-
gence technology as the basis of mineral explo-
ration and extraction of geoscience information in
recent years [16-20]. For example, OneGeology
team developed the 3D geoscience modeling us-
ing artificial intelligence and big data with Loop

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

3D methodology (RFG, 2018). Australia devel-
oped the GlassEarth (1998), Uncover (2006) and
BigEarth (2018) plans to explore 1000 m, 3500 m
and 10000 m potential mineral deposits in deep,
respectively, and the Loop3D technology is de-
veloped as the future 3D/4D geoscience model-
ing platform. The United States Geology Survey
made 2013-2023 deep exploration plan to con-
struct 3D/4D geological modeling for the re-
sources and environment protection in USA. Mira
Geoscience international mining company devel-
oped 4D wisdom management platform with the
combination of 3D exploration and big data for
the real-time-mining. Geological Cloud 3.0 devel-
oped by China Geology Survey can build real-
time and multi-scale (region, district, camp, de-
posit) geological mapping and the 3D borehole,
orebody and mining modeling. Based on the
metallogenic system and mineral system theo-
ries, 3D/4D modeling has been used to construct
an exploration model of mineral deposits [13, 14].

The aim of this study is to realize the dynamic
evaluation of high-precision 3D geological (rock,
structure, stratum, and orebody) modeling and
environment protection, and enhance the com-
prehensive development and utilization of min-
eral resources in digital and intelligent mines us-
ing geoscience big data, geodynamic back-
ground, metallogenic process and quantitative
evaluation of large and super-large deposits [21-
30]. The result provides a scientific basis for the
sustainable development of mineral resources
and mine environment in the study area.

Geological setting
and deposit features

The Luanchuan district (25 km x 20 km x
2.5 km (depth) in 3D space) is located in the
northeastern part of the Qinling Orogen Belt. The
Qinling Orogenic Belt extends for more than
2,200 km in NW-trending distribution and sepa-
rates the North China Craton from the South
China Craton (Fig. 1). The main strata exposed
in the study area include the Neoproterozoic
Luanchuan Group and the Taowan Group, the
Mesoproterozoic Guandaokou Group, and the
Neoproterozoic Kuanping Group from the north to

1 Gray J., Szalay A. A transformed scientific method: technical report. Mountain View: National Research Council — Com-

puter Science and Telecommunications Board; 2007.
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Fig. 1. 3D geological model of the Luanchuan district
Puc. 1. l'eonozuyeckas 3D-modesnb patioHa JlyaHb4yaHb

south [21, 22]. The Luanchuan Group as the main
hosting stratum for ore body has a thickness of
~3100 m and consists of carbonate-clastic rocks
formed in a shallow-marine environment, of
which ~2,050 m (Sanchuan (Pt3S), Nannihu
(Pt3N), Meiyaogou (Pt3M) and Yuku (Pt3Y) For-
mations from the bottom upwards) is associated
with Mo and Pb-Zn-Ag-Au mineralization (Fig. 2).
The regional structures in the Luanchuan district
define a network of NW- and NE-trending faults.
The Luanchuan Group is in a faulted contact with
or unconformably overlain by the Taowan Group.
The Luanchuan and Zhuyuangou faults consti-
tute the boundaries of the tectonic framework of
the Mo deposits. The intersections of the NE-
and NW- trending faults control the intrusions and
spatial distribution of small acidic-intermediate
plutons and are the structures controlling the
vein-type Pb-Zn-Ag deposits. During the Juras-
sic, small-scale granitic stocks, dikes, and brec-
cia pipes were formed, whereas, during the Cre-
taceous, large-scale batholiths were developed
[6]. The plutonic rocks in the Luanchuan district
consist of Late Proterozoic syenite and Jurassic

granite. The latter one consists of either massive /
extensive granite batholith or stocks / dikes of
granite porphyry, and they are known to be asso-
ciated with Mo-W-Pb-Zn mineralization in the
study area.

There are five large Mo polymetallic deposits
and more than 20 small / medium Pb-Zn deposits
in the study area (Table), and all the large Mo
polymetallic deposits are hosted by the Luan-
chuan Group. The molybdenite Re-Os and sphal-
erite Rb-Sr isotopic dating showed Mo and Pb-Zn
mineralization occurred at ~145 Ma and ~139
Ma, respectively [6, 20]. Most of the hydrothermal
vein-type Pb-Zn deposits in the district have a
close Spatio-temporal relationship with the
porphyry-skarn deposits. All Jurassic granitic
stocks, including those host the Mo-W minerali-
zation at Nannihu, Shangfanggou, Shibaogou,
and the Huangbeiling, are shallow-level and con-
sist of granodiorite, monzogranite, and granite
porphyry stocks which are correlatedto one bath-
olith at the depth [27]. The magmatic evolution
from granodiorite to monzogranite and to granite
porphyry reflects an increase in silica and alkalis,
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Fig. 2. The workflow of 3D targeting and mineral resources calculation in the study area
Puc. 2. Pa6oyuli npoyecc 3D-uyenenonazaHusi u nodcyema 3anacoe rnose3HbIX UcKonaembix
Ha uccnedyemoli meppumopuu
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Optimization of main targets of Mo and Pb-Zn mining zones in Luanchuan district
based on GeoCube software integration
OnTUMM3aLMA OCHOBHbIX Lienemn 30H Aobblun Mo u Pb-Zn B paioHe JlyaHb4yaHb
Ha OCHOBE MHTerpauum nporpammHoro obecneyeHns GeoCube
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Target

Number

Target

Location
(X,V,2)

Target
delineation

Minerals

Mineral
resources
(reserve)

104t

Al

Daping

553400,3748700,1040

The surrounding area of Daping rock
mass is a shallow concealed section,
and the ore is predicted to be found
100 m below the surface. The exposed
rock mass and Mo polymetallic ore vein
on the surface have strong alteration,
developed fault structures and folds,
and obvious geophysical anomalies.
Estimation domain: porphyry skarn Mo
and hydrothermal vein Pb Zn deposits

Pb-Zn,
Mo

Mo 30
Pb-Zn 120

A2

Niandaogou

549100,3751300,920

The northeast of shibaogou rock mass
is a shallow concealed section. It is
predicted that ore can be found 200 m
below the surface. There are concealed
rock mass (lying on the north side of
shibaogou rock mass). The NE trending
structure has significant ore control

and geophysical anomaly.

Estimation domain: hydrothermal

vein Pb Zn deposit

Pb-Zn,
Mo

Mo 30
Pb-Zn 110

A3

Zhazigoul

547500,3750400,1100

The northwest of shibaogou rock mass
is a shallow concealed section. It is pre-
dicted that ore can be found 200m be-
low the surface, and there are con-
cealed rock mass (shibaogou rock
mass is NE trending laterally). The NE
trending structure controls the ore sig-
nificantly, and the geophysical anomaly
is obvious.

Estimation domain: hydrothermal

vein Pb Zn deposit

Pb-Zn,
Mo

Mo 40
Pb-Zn 120

A4

Danangou

542200,3753000,1340

The southwest of the ore type Shang-
fang is a concealed ore section. The
predicted target area is as deep as
500 m above sea level, with concealed
rock mass. The NE trending structure
controls the ore significantly, and the
geophysical anomaly is obvious.
Estimation domain: porphyry skarn Mo
and hydrothermal vein Pb Zn deposits

Pb-Zn,
Mo

Mo 10
Pb-Zn 100

AS

Lengshui
West

541300,3758300,920

There is a concealed ore section in the
west of Lengshui. The predicted target
area is as deep as 600 m above sea
level, with concealed rock mass, signifi-
cant ne structural ore control and obvi-
ous geophysical anomaly.

Estimation domain: porphyry skarn Mo
and hydrothermal vein Pb Zn deposits

Pb-Zn,
Mo

Mo 10
Pb-Zn 100
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A6

Huoshenmiao
East

532400,375750,560

The east of huoshenmiao is a
concealed ore section. The predicted
target area is below 300 m above sea
level, with concealed medium acid rock
mass and basic rock mass distributed,
with obvious geophysical anomaly.
Estimation domain: porphyry skarn Mo
and hydrothermal vein Pb Zn deposits

Pb-Zn,
Mo

Mo 30
Pb-Zn 110

A7

Yuku North

544900,3749400,860

The north of Dongyu reservoir is a
shallow concealed section. It is pre-
dicted that ore can be found 200 m
below the surface of the target area,
with concealed medium acid rock
mass and basic rock mass distributed,
with obvious geophysical anomaly.
Estimation domain: porphyry skarn Mo
and hydrothermal vein Pb Zn deposits

Pb-Zn,
Mo

Mo 40
Pb-Zn 100

Bl

Huangbeiling
West

540990,3750800,1250

The West and northwest of Huang-
beiling are Pb Zn prediction prospecting
targets, and there is mo prospect in the
northwest. Concealed rock bodies are
distributed, and geophysical anomalies
are obvious.

Estimation domain: porphyry skarn Mo
ore and hydrothermal vein Pb Zn ore

Pb-Zn,
Mo

Mo 40
Pb-Zn 80

B2

Hongdonggou
Eastsouth

539800,3747400,1100

The southeast of hongdonggou is

a Pb Zn prospecting target area. The
characteristics of structural ore control
are obvious; Small acid rock bodies
are distributed in taowan group,

with obvious geophysical anomalies.
Estimation domain: hydrothermal vein
Pb Zn deposit

Pb-Zn

Pb-Zn 70

B3

Baishadong
EastSouth

554500,3755300,980

The southeast of baishadong is a Pb Zn
prospecting target area. NW and NE
trending structures have significant ore
control characteristics; The strata

of the exposed pipeline mouth group
may have Yanshanian rock mass or
dyke in the deep, and the geophysical
anomaly is obvious.

Estimation domain: hydrothermal vein
Pb Zn deposit

Pb-Zn

Pb-Zn 60

accompanied by increasing Mo-W and decreas-
ing mafic components. The outcropping Nannihu
granite porphyry stock covers about 0.12 km? at
the surface, with porphyritic monzogranite at
shallow levels. The types of hydrothermal altera-
tion at the Nannihu deposit include: (1) potassic
alteration, with biotite and feldspar as predomi-
nant hydrothermal minerals; (2) silicification is
widespread in the porphyry and wall rocks and
particularly associated with the quartz-(sulfide)
stockworks or veinlets; (3) sericitization is formed

by replacement of feldspar and biotite to sericite,
with disseminated pyrite and quartz-sericite vein-
lets; and (4) carbonation is associated with re-
placement of mafic minerals by carbonates. How-
ever, it is magnesian skarn in Shangfang Mo-W-
Fe deposit with the mining engineering discovery
in recent years, the early stage is associated with
porphyry mineralization, and the serpentine, talc
and phlogopite are the main secondary which af-
fected the metallurgy process especially the Mo
rate of recovery in digital mines. Therefore, the
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complex skarn mineral system needs high-pre-
cious 3D multiple minerals modeling to support
the digital and intelligence mines in the study area.

Methodology

The methodology of geoscience big data in
the study area is related to mineral resource pre-
diction and evaluation [31-52], including 3D geo-
logical modeling, forward calculation, and con-
strained inversion of the 3D geophysics interpre-
tation using the geological model and metallo-
genic model with Loop 3D methods, geochemis-
try, and remote sensing interpretation, etc., com-
bined with self-developed GeoCube3.0 software
with seven integration methods [6, 14].

The procedures for 3D modeling and integra-
tion of spatial features for generation of explora-
tion targets involved four stages: (1) 3D geologi-
cal modeling for understanding the district-scale
ore-forming geological bodies; (2) 3D modeling of
large Mo-W-Pb-Zn deposits for understanding
metallogenic model; (3) 3D modeling and extrac-
tion of exploration criteria representing potential
targeting using big data of geoscience datasets,
such as (a) gravity and magnetic features, (b) Ju-
rassic mineralized granite porphyry stocks, (c)
NW- and NE- trending ore-controlling faults and
(d) Luanchuan Group ore-controlling strata; and
finally (4) integration of features representing ex-
ploration criteria using boost weights-of-evidence
(boost WofE).

Geosciences Datasets. 3D geological models
of the Luanchuan district (25.0 km x 20.0 km x
2.5 km) were constructed from geoscience da-
tasets with a uniform geological coding system
(Fig. 1). The geoscience data comprise nine ge-
ological cross-sections, a 1:10,000 scale geolog-
ical and topographic map, 1:25000 gravity and
magnetic interpretation, and AMT and CSAMT
sections [21, 23, 24], 1500 boreholes (the maxi-
mum depth is 1832 m) with 36,000 geochemical
data and 937 hand specimens at the subsurface
(channel), and 9,870 surface geophysical survey
points (gravity, magnetic, and topographic).

The 3D study area measures 25 km in the
E-W direction and 20 km in the N-S direction,
and the elevation range of the borehole and
geophysical datasets varies from 1500 m to
-1000 m. The Micromine, ArcGIS, MapGIS, Auto-
CAD, Aess, GOCAD, and self-development

I 2021;44(3):219-242

GeoCube2.0 were used to implement the geosci-
ence datasets. The methodology was delineated
by Figs. 3 and 4.

3D modeling of deposits and geological
model. The Nannihu, Sandaozhuang, and
Shangfang deposits are the largest porphyry-
skarn Mo deposits in the Luanchuan district.
These deposits have been explored to depths of
more than 900 m. The Mo reserves for each of
them are about 700,000 t (the depth is 1500 m).
Therefore, 3D modeling of Mo deposits in the dis-
trict is very important for the analysis of the spa-
tial correlations with geological and metallogenic
features, e. g., optimum 3D space distance of
spatial correlation between Jurassic granite
porphyry stocks and large Mo deposits.

The 3D explicit modeling is used to construct
the geological model with borehole, channel, and
cross-section datasets, and 3D explicit modeling
is used to construct the alteration and grade mod-
els with GOCAD 18.0 software (Fig. 5).

Integration of exploration criteria and potential
targeting. The integration of exploration criteria in
the study area is implemented by combining the
exploration model and feasible exploration crite-
ria in 3D space (the depth is 3000 m).

The boost WofE method was used to inte-
grate exploration criteria (metallogenic infor-
mation of metallogenic model) for identification of
potential Mo polymetallic targets with GeoCube
2.0 software [23]. The uncertainty of deep poten-
tial targets was analyzed by gravity and magnetic
and MT image joint modeling.

Uncertainty analysis of 3D geological model-
ing and targeting. The 3D geological modeling
and mapping have several uncertainties includ-
ing the multiple scale geological boundary and
geometry in 3D space. In this paper, the following
uncertainty analyses were delineated:

(1) The Flac3D simulation was used to con-
struct the uncertainty of ore-bearing and ore-con-
trolling geological bodies including the porphyry
stocks and NW-trending faults (Fig. 6, a).

(2) The experimental metallogenic dynamic
laboratory was implemented to quantify the verti-
cal and horizontal parameters (dip, width, strike,
etc.) of the thrust nappe structure in the Luan-
chuan district (Fig. 6, b).

(3) The potential targeting was interpreted by
the key exploration criteria using metallogenic
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and exploration models and mineral systems.
The A-type targets generally include known Mo-
W deposits and several Pb-Zn deposits with al-
most exploration criteria; the B-type targets gen-
erally include few Pb-Zn deposits with main ex-
ploration criteria. The deep targets are supported

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

by the multiple parameters of geophysics and
concealed porphyry stocks and near NW- trend-
ing faults. Therefore, the geological and metallo-
genic genesis exploration criteria in this paper are
associated with the mineral systems of Mo-W-Pb-
Zn deposits in the study area.
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Fig. 3. The geological and geophysical datasets and 3D modeling using Loop joint interpretation [15]
Puc. 3. Habophbi 2eonozo-2eoghusuyeckux daHHbIx u 3D-modenuposaHue

C ucnosib3oeaHuemM coeMecmHo

Ui usmepnpemayuu Loop [15]
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Fig. 4. The geochemical and geophysical datasets to identify key
metallogenic bodies in multiple exploration zones
Puc. 4. Habopbi 2eoxumuyveckux u 2eopusuyeckux daHHbix Onsi onpedesieHus
KIro4YesbiX Memarsio2eHUYeCKUX mes 8 HeCKOIbKUX 30HaX pa3eedku

The mine environment evaluation. The mine
environment correlated with the geological set-
ting, mining development including three large
Mo-W pits and Pb-Zn subsurface channels,
and >200 tailings ponds in the study area (Fig. 7).
There are four main factors related to mine envi-
ronmental assessment, which are summarized
as geological environment background, mining
development, mine geological environment prob-
lems, and geological disasters. The geological

environment includes structural geology (such as
complex structure, strong fault structure develop-
ment, and joint development), hydrogeology and
engineering geology; the mine geological envi-
ronment problems include aquifer damage, water
pollution, and soil pollution; the mine density,
open stope area, slope and waste rock treatment
of mining development [53-55]; The frequency of
secondary disasters in geological disasters is re-
lated to the above three.
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Fig. 5. The 3D geological and orebodies model located in the three large Mo polymetallic deposits

(Nannihu, Sandaozhuang, and Shangfang) in the study area [15]

Puc. 5. l'eonozuyeckas 3D-modenb u 3D-modenb pyOGHbIX mes, pacnosioXeHHbIX Ha mpex

KPYnHbIX MOIU6GeH0ebIX MoUMemasnyiudeckux MecmopoxoeHusIx
(HanHuxy, CaHOao4xyaH u LLlaH¢haH) e paiioHe uccnedoeaHus [15]
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Fig. 6. The 3D simulation using the Flac3D platform and experimental metallogenic dynamic laboratory
to analyze the 3D metallogenic model in the study area
Puc. 6. TpexmepHoe ModesiupoeaHue c ucnosb3oeaHueM nnamgopmsl Flac3D u akcnepumeHmanbHol
MemarnnozeHu4eckol OuHamu4eckol sjabopamopuu 01151 aHanu3a mpexmepHou
MemarnnozeHu4eckol modenu 8 palioHe uccnedosaHusi

In terms of mine environment assessment, re-
mote sensing multi-temporal high-resolution and
hyperspectral technology and GIS remote sens-
ing monitoring of mine geological environment,
Beidou global positioning system and GPS asso-
ciated mine micro-seismic monitoring, real-time
radar pit, and land subsidence dynamic monitor-
ing, and UAV multi-stage geophysical multi-

parameter dynamic monitoring has been demon-
strated in mines of the study area.

The mine geological environment in the Luan-
chuan ore concentration area has serious envi-
ronmental problems before 2010. The ore fields
in the Sandaozhuang, Nannihu, and Shangfang
Mo-W deposits, the Luotuoshan polymetallic de-
posits, and Lengshuibeigou lead-zinc deposit are
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Fig. 7. The 3D NW-trending ore-controlling faults model with different dips
and overlay the remote sensing image in the study area
Puc. 7. 3D-Modenb pyOOKOHMPOIUPYHOUUX pa3sioMoe ceeepo-3anadHo20 NMPocmupaHusi C pasHbiMu
yanamu HaKoHa, HaJlo)XeHHasi Ha u3obpaxeHue AucmMaHUUOHHO20 30HAUPoeBaHUsi e palioHe ucciedoeaHus

too centralized, resulting in serious groundwater
pollution of the Lengshui Town, extensive cover-
age of soil dust, and even a microclimate of local
mineral dust haze in the open stope [56]. Chi-
tudian Pb-Zn deposit is widely distributed, with
hundreds of stolen mining holes, and the current
situation of historical problems is worrying. After
decades of underground disorderly mining in the
early years, a large number of extremely complex
underground mining caves had been formed un-
der the Sandaozhuang pit. At present, Luan-
chuan district has 5 five large and medium-sized
tailing ponds associated with Mo (W) mines (Fig.
8), more than 100 small and medium-sized
polymetallic tailing ponds, and more than 20 de-
posits undermining. Therefore, the environmental
assessment of mining development needs real-
time supervision and even 4D control of digital
and green and wisdom mines.

According to the characteristics of high min-
ing density and wide distribution of tailing ponds
in the study area, the iron alteration of the Nan-
nihu camp with 0.5 m resolution of Worldview?2
image is extracted by using remote sensing geo-
science Envi5.4 software. Among them, large tail-
ing ponds and open stope generally contain iron
contamination (Fig. 8). It can be seen from the
images of tailing ponds associated with
Sandaozhuang, Nannihu, and Shangfang Mo-W

deposits (Fig. 8) that the tailing ponds with abnor-
mal iron pollution have secondary utilization
space. In view of the system that needs to in-
crease the minimum beneficiation index of tail-
ings, restrict the diffusion of harmful elements
(water and dust) that are soluble in water such as
Sb and Hg in multiple ways.

In order to avoid water and dust pollution,
closed beneficiation technology and wastewater
recycling technology provide technical guaran-
tees for the construction of green mines. The
fourth generation of industrial reform and innova-
tion of Luoyang Mo mining group leads and has
a number of green beneficiation technology pa-
tents, which has preliminarily realized the envi-
ronmental protection and treatment of mine dust.

Results

The optimization of deep targets and evalua-
tion of mineral resources in Luanchuan district
(500 km?, 2.5 km deep) have been realized as the
following aspects:

(1) The Luanchuan Mo polymetallic district
has 6.5 million tons of Mo, 1.5 million tons of W,
and 5 million tons of Pb-Zn-Ag using the big data
integration 3D targeting (the depth is 2500 m)
with boreholes dataset and channel engineering
dataset, geophysical and geochemical datasets
(Fig. 9, Table).
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Fig. 8. The Worldview 2 images (0.5 m resolution) in the main deposit zones
Puc. 8. CHumku Worldview 2 (pa3peweHue 0,5 M) 8 OCHOBHbLIX 30HaX MeCMOPOXOeHUsI

(2) The mining of subsurface moderate and
small Pb-Zn deposits generally affects the sur-
face and subsurface water pollution where sec-
ondary NE-trending faults exist, but the large
Mo-W deposits with pit mining have little effect
on the environment which have a series of geo-
logical protection, mining monitoring, and real-
time control of geological disasters. The regional
NW-trending compression torsion structures
have stable geological body features including
large nappe structure framework, batholith, and
stocks development, but the NE-trending faults
have active and tensional features (Figs. 10
and 11).

(3) The NW-trending and NE-trending faults
are key factors to control the Mo-W mining pits
and subsurface Pb-Zn mines in the study area,
and the late NE-trending faults related to miner-
alization can lead to the subsurface water pollu-
tion in the Pb-Zn deposits which are near to the
Mo-W porphyry-skarn deposits.

(4) Figure 10 shows the intelligent control of
digital mine obtained by tailings pond in Chitudian
town. Deep mining serves the sustainable devel-
opment of mining enterprises through accurate
3D ore body modeling and accurate roadway

design (Fig. 10), and green mining technology
promotes the rational development and utilization
of tailings ponds.

Conclusions

(1) Geoscience big data and artificial intelli-
gence technology provide an opportunity for the
development of new theories, technologies, and
methods of earth observation and information ex-
traction, promote the development of geoscience
theories and methods from qualitative description
to quantification, visualization, simulation analy-
sis, virtual reality, and even artificial intelligence,
and become one of the effective ways for the joint
evaluation of mining development and environ-
ment. It provides scientific and technical support
for the construction of "green mine, digital mine
and smart mine" of "real-time mining". The Luan-
chuan geoscience big data used in this paper re-
lates the research contents of two first-class dis-
ciplines: geology, geological resources, and geo-
logical engineering, covering geology, deposit,
exploration, hydrology, engineering, mining, ben-
eficiation, mine safety, and other disciplines. Its
multi-temporal remote sensing images, dynamic
mining information, hydrological environment
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monitoring, and other monitoring have the dy- this paper analyzes the genetic model of deposit
namic characteristics of big data. scale correlation ore field and even ore concen-

(2) Using three-dimensional visualization tration area scale and constructs three-dimen-
technology and mathematical modeling method,  sional exploration variables, including: (a) use
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Fig. 9. The Mo and Pb-Zn-Ag priority targeting using GeoCube software in Luanchuan district
Puc. 9. OnpedeneHue npuopumemHsbix yenel no Mo u Pb-Zn-Ag ¢ ucnonb3oeaHuem
npozpammHo20 obecneveHuss GeoCube e patioHe JlyaHbuyaHb
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Fig. 10. Digital mine 3D platform based on high resolution remote sensing and channel
engineering in Chitudian deposit in Luanchuan district
Puc. 10. Qugppoeas waxmHas 3D-nnamehopma, ocHo8aHHast Ha OaHHbIX QUCMaHUUOHHO20 30HOUPO8aHUS
8bICOK020 pa3peuwleHusI U MPOeKMuposaHus kaHanoe Ha MmecmopoxdeHuu YumyduaH e patioHe JlyaHbYyaHb
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Fig. 11. Three-dimensional engineering model of high-precision exploration drilling,
orebody and channel mining in Chitudian Xigou lead-zinc Mine (location in Fig. 10)
Puc. 11. TpexmepHas uHXxeHepHasi Modesib 8bICOKOMOYHO20 pa3gedoyHo20 bypeHusi, paspabomku pyOHbIX
men u KaHaJ/i08 Ha C8UHY,080-YUHKO80OM pydHuKe YumyduaH Cuzoy (pacrnonoxeHue cM. Ha puc. 10)

geological and geophysical forward and inverse
modeling method assisted by rock geochemistry
to comprehensively interpret metallogenic ter-
ranes. It can better identify the favorable sections
of concealed granite porphyry and porphyry-
skarn Mo-W mineralization in Yuku, so as to pro-
vide an important basis for subsequent deep pro-
specting practice and exploration engineering de-
ployment; (b) Flac3D simulation is used to ana-
lyze the geometric shape and influence domain
of three-dimensional intrusive rock mass, which
can deeply analyze the metallogenic system of
porphyry Mo, skarn Mo (W) and hydrothermal Pb-
Zn-Ag-Au ore bodies, so as to provide a scientific
basis for the comprehensive evaluation of digital
mine resources; (c) using high-resolution remote
sensing to extract iron pollution information and
correlate mining pollution can dynamically moni-
tor the treatment and restoration of ecological en-
vironment.

(3) Using the metallogenic system theory,
combined with the multi-parameter and multi-
method modeling of three-dimensional metallo-
genic geological body, it is better to reveal the
Shibaogou porphyry Mo deposit in the Chitudian
area. Temporal and spatial distribution of skarn
Mo-W-Zn-Pb deposits and the distal Yindonggou
and Xigou hydrothermal Pb Zn Ag Au deposits
and quantitative evaluation of resources [6]: Mo
(W) industrial ore bodies are built from 1200 m to
400 m above the surface, and the vertical depth

of lead-zinc ore bodies is 600 m; The deep Mo-W
prediction target area in the Yuku section is 2.5
km, which is the most favorable section for Mo
(W) prospecting in the ore concentration area and
the section with the largest value of industrial ore
body. The main concealed ore body is 200 m be-
low the surface.

(4) Based on the 3D models of geological
bodies such as strata, fault structures, and ore
bodies in the Luanchuan ore concentration area,
it is recognized that the NW-trending fault struc-
tures usually have compression and torsion char-
acteristics, which inherited the thrust nappe tec-
tonic environment in the southern margin of the
North China Craton, and the groundwater pollu-
tion in the metallogenic section of the existing
mines is not developed. After the metallogenic
period, the fault structure cuts through the sur-
face, resulting in the infiltration of surface water
into the mining section, resulting in secondary hy-
drogeological pollutions, and even erosion, re-
sulting in geological disasters such as mining
roadway collapse. Therefore, in terms of hydro-
geology, it is necessary to avoid the excavation
of NE structures, prevent the water pollution of
NW-trending ore bodies, and take ban measures
when necessary. In addition, the vein-type Pb ore
body in the east of Chitudian area which is in the
east of the southwest section of Shibaogou Mo
polymetallic deposit should be avoided as much
as possible at the intersection of NW trending
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nappe structure and its associated NE trending
fault structure for the mining of Zn ore body, be-
cause it is usually the collection section of
groundwater sources, it is necessary to avoid
groundwater disorder and pollution.

(5) The modeling and analysis of three-di-
mensional multi-parameter (geological, geophys-
ical, geochemical, and hyperspectral) geological
bodies in the study area greatly improves the re-
liability of borehole core logging and the mining
of quantitative massive information and enriches
the content of lithology logging of previous explo-
ration boreholes. For example, hyperspectral
core scanning in the Shangfang deposit, from ex-
ploration mineralogy to beneficiation process
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mineralogy, has laid the foundation for real-time
mining. In recent 20 years, China's mineral sur-
vey and exploration have accumulated a large
number of core data. Using the data mining of
core physical properties, lithology, and spectral
continuity, we can systematically carry out deep
prospecting and resource evaluation in the study
area: such as the mining and development of
useful elements, including the exploration, devel-
opment, and application of associated elements
such as Cu, Ag, Au, and Re; Analysis of harmful
elements (As, Sb, Hg, S): prevent man-made dis-
asters in the mining industry, such as pollution of
waste ore and pollution of tailings pond dust to
air, groundwater, surface water, and soil.
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