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B W N e

Abstract: Papua New Guinea (PNG) is located at the convergence edge of the Pacific Plate and the
Indo-Australian Plate, consisting of three units. There are three chromium mineralization types
in PNG. Based on national-scale geochemical mapping in PNG during 2015-2018, 1399 samples
of stream sediments were collected from Highland Region, Papua Peninsula, and New Guinea
Islands. This paper preliminarily studied chromium’s geochemical background, spatial distribution
characteristics, and geochemical anomalies. The chromium concentration ranged from 3 ppm to
74,600 ppm, with a median value of 145 ppm, which was higher than the upper crustal abundance
of chromium and the chromium geochemical baseline of Europe, Australia, North America, and
China. In terms of stream sediment samples in different tectonic units, as mafic-—ultramafic magmatic
rocks are widely developed, the median chromium values of the New Guinea Orogen, including
the Papuan Fold Belt, the New Guinea Thrust Belt, the Finisterre Terrane, the Aure Fold Belt, the
Eastern Fold Belt, and the Eastern Papuan Composite Terrane, were higher than the value of the
Melanesian Arc. The ophiolitic complexes, such as the April ophiolite, the Marum ophiolite, and
the Papua ultramafic belt, significantly correlated with the higher chromium concentration. Eleven
chromium high anomalies with mineralization potential were delineated, including three laterite
and podiform prospecting areas and eight placer prospecting areas. Based on the chromium-nickel
integrated anomaly map, comprehensive exploration and exploitation of nickel and chromium can
be carried out in 1 and 11 high anomaly areas related to lateritic mineralization.

Keywords: national-scale geochemical baseline; chromium; anomaly; laterite; placer; podiform;
Papua New Guinea

1. Introduction

Chromium is a steely grey, lustrous, hard, and brittle transition metal with a high
melting point (1907 °C). Chromium exists in many oxidation states, including +6, +5, +4,
+3, +2,+1, —1, and —2, and the predominant and most stable oxidation state is +3. Natural
chromium has four isotopes (®0Cr, 22Cr, %Cr, and **Cr) and °2Cr is the most abundant.
More than 50 kinds of chromium-containing minerals have been found in nature, belonging
to oxides, chromates, and silicates. Chromium minerals with industrial value belong to
chromium spinel minerals. Their general minerals include chromite (Mg, Fe) Cr,O4) and
picotite (Fe (Cr, Al);Oy4). The chromium content is the highest in the mantle, and the
average chromium contents in the core, lower mantle, upper mantle, and crust are 660 ppm,
2000 ppm, 1600 ppm, and 110 ppm, respectively. Chromium is enriched differently in
various rocks on the earth’s surface, with averages of 25 ppm in felsic rock, 50 ppm in
intermediate rock, 200 ppm in mafic rock, and 2000 ppm in ultramafic rock [1].
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Chromium is a critical material because of its hardness, wear resistance, high-temperature
resistance, and corrosion resistance. As the primary source of chromium, chromite is an
irreplaceable raw material for the production of stainless steel and other special steels that
are used for new infrastructure projects, including 5G base stations, the industrial Internet of
Things, artificial intelligence, ultra high voltage transmission, high-speed intercity railways,
and electric vehicle charging stations and are an essential strategic resource in military and
aerospace industries [2,3]. All of the United States, the European Union, and Japan identified
chromium as a critical mineral or a raw material of concern [4—6]. China also included chromite
in the strategic mineral directory for the first time in 2016 to strengthen its management [3].

The global estimated mine production of chromite ore in 2021 was 41,000,000 tons,
44% of which was from South Africa. Other major producing countries include Turkey,
Kazakhstan, India, Finland, etc. [7]. As the world’s leading chromium-consuming country,
China’s demand for chromium will grow at an annual rate of 6.87% for the next decade [8].
According to an International Energy Agency (IEA) forecast, global chromium demand
from concentrating solar power will grow 75 times by 2040 relative to 2020 [9]. Therefore,
discovering new prospecting areas is crucial for a sustainable supply of chromium.

There are seven major chromium-containing mineralization types. The main mineral-
ization types include stratiform deposits (Bushveld in South Africa), podiform deposits
(Kempirsai in Kazakhstan), and laterite deposits (Ramu in PNG). Placer deposits (Sala-
maua in PNG), volcanogenic massive sulfide (VMS) deposits (Big Daddy in Canada), iron
oxide copper gold (IOCG) deposits (Burra in Australia), and pegmatite-hosted deposits
(Dongsugok in South Korea) are also significant.

Sampling for national-scale geochemical mapping in PNG was conducted jointly
by the Mineral Resources Authority of PNG and the China Geological Survey during
2015-2018. Limited by traffic conditions, social security, private territories, and other
factors, the samples were mainly collected from Highland Region, Papua Peninsula, and
New Guinea Islands (New Britain Island, New Ireland Island, and Manus Island). The
contents of 69 elements, including chromium, nickel, cobalt, and vanadium, were analyzed.
In this paper, we report the contents of chromium in different tectonic units of PNG as well
as a chromium geochemical contour map, a chromium geochemical anomaly map, and
a chromium-nickel integrated anomaly map in order to (1) discuss chromium’s spatial
distribution and its correlation with the tectonic unit, parent rocks, and mineralization and
(2) point out the direction of the next step of chromium ore prospecting.

2. Topography, Geology, and Chromium Mineralization of PNG

PNG is situated between Australia’s stable continental mass and the Pacific’s deep
ocean basin. The largest section is the eastern half of the island of New Guinea, which
is dominated by a massive central cordillera, or system of mountain ranges, extending
from Indonesia’s Irian Jaya to East Cape in Papua New Guinea, at the termination of the
Owen Stanley Range, including the nation’s highest peak, Mt. Wilhelm (4509 m). A second
mountain chain fringes the north coast and runs parallel to the central cordillera. Active
and recently active volcanoes are prominent features of the landscapes of New Guinea.
No glaciers or snowfields exist. In the lowlands, there are many swamps and floodplains.
Important rivers include the Sepik, flowing to the north coast, and the Fly, flowing to the
southwest coast. The smaller islands of PNG are also areas of extreme topographic contrast
and generally feature mountain ranges rising directly from the sea or narrow coastal plains.

PNG is formed by the subduction and collision of the oceanic Pacific Plate and the Indo-
Australian Plate, which consists of three tectonic units: the Fly Platform in the south, the New
Guinea Orogen in the middle, and the Melanesian Arc in the north (Figure 1) [10-13]. The
Fly Platform comprises the Proterozoic-Permian Australian cratonic basement overlain by
Triassic-Neogene sediments of the Papuan Basin. It is essentially unaffected by the Cainozoic
deformation that is apparent in terranes to the north [11]. The New Guinea Orogen comprises
a metamorphosed Paleozoic-Mesozoic basement with Cenozoic sediments, volcanic rocks,
and local intrusive rocks covers [14,15] and can be further divided into eight subtectonic
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units: the Papuan Fold Belt, the New Guinea Thrust Belt, the Aure Fold Belt, the Eastern
Fold Belt, the Eastern Papuan Composite Terrane, the Papuan Islands, the Bewani—Torricelli
Terrane, and the Finisterre Terrane [10-12]. The basement of the Papuan Fold Belt consists of
Permian metasedimentary rocks intruded by Early to Middle Triassic granites and is overlain
by a thick succession of deformed marine sedimentary rocks of the Late Triassic to Pliocene
age [16,17]. The New Guinea Thrust Belt is characterized by Triassic to Eocene fine-grained
sedimentary rocks and minor volcanic rocks [18,19]. The Aure Fold Belt and the Eastern Fold
Belt are composed of a thick late Oligocene to Pliocene sequence of mainly clastic sedimentary
rocks intruded by Oligocene gabbro [12]. The East Papuan Composite Terrane is dominated
by ophiolite of the Papuan Ultramafic Belt on the northeast side and metamorphic rocks
of the Owen Stanley Metamorphics to the southwest [12]. The Bewani—Torricelli Terrane is
dominated by Late Cretaceous to Eocene sea-floor volcanic rocks and late Oligocene volcanic
rocks with widespread, largely comagmatic intrusions [20]. The Finisterre Terrane comprises
a thick middle-late Eocene volcanic sedimentary sequence, early Oligocene to early Miocene
andesitic and basaltic lava, and middle Eocene to Pliocene shallow-water limestone [20].
The Papuan Islands comprise the Paleogene basement consisting of ophiolitic meta-igneous
rocks and metasedimentary rocks, with a Pliocene volcanic sedimentary sequence and basalt
covers [21]. Massive ophiolitic complexes, such as the April ophiolite [14,22,23], the Marum
ophiolite [18,19], and the Papua ultramafic belt, are developed in the orogenic belt, especially
in New Guinea Thrust Belt and the Eastern Papuan Composite Terrane. The Melanesian
Arc comprises the islands northeast of the mainland and was built up by subduction-related
island arc magmatism beginning in the Eocene [24].
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Figure 1. Distribution of chromium-bearing deposits and chromium occurrence (modified from [10,25,26]).
FP, Fly Platform; PFB, Papuan Fold Belt; NGTB, New Guinea Thrust Belt; AFB, Aure Fold Belt; EFB,
Eastern Fold Belt; EPCT, Eastern Papuan Composite Terrane; FT, Finisterre Terrane; BTT, Bewani—
Torricelli Terrane; MA, Melanesian Arc; PI, Papuan Islands.

Three chromium mineralization types have been found in PNG (Figure 1) [25]. Laterite
deposits formed by the weathering of serpentinized ultramafic rocks such as dunite and
peridotite are the primary mineralization type in PNG and are distributed in NGTB, EFB,
and EPCT. The Ramu deposit, the only nickel-cobalt—chromium deposit being exploited
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in PNG, is formed by the weathering of the Marum ophiolite. The Wowo Gap is also a
sizeable chromium-bearing deposit hosted by the Papuan Ultramafic Belt. Placer deposits
related to mafic—ultramafic rocks can be found in NGTB, FT, EPCT (the Salamaua deposit),
EFB, and PI. Podiform deposits are mainly distributed in EPCT and PI (Table 1).

Table 1. Basic information of chromium-bearing mines and chromium occurrence in PNG [25].

Mine (M)/

Name Occurrence (O) Longitude Latitude Type
Ramu M 145.19° E 5.57°S Laterite
Salamaua M 147.03° E 7.08°S Placer
Wowo Gap M 148.92° E 9.55° S Laterite
Griffin Point (@] 153.35° E 11.47°S Placer
Big Four Mile o) 153.31° E 11.43° S Placer
Creek
Sachsen Bay @) 147.13° E 7.32°S Placer
Dai Awa O 147.36° E 7.54° S Placer
Buso Bay (@) 147.18° E 7.42°S Placer
Hessen Bay @) 147.14° E 7.37°S Placer
Menyama O 146.01° E 7.15°S Laterite
Lower Yuat o) 143.87° E 478°S Placer
River
Oenake o) 141.04° E 2.68°S Laterite
Mountains
Panlawai (@] 141.59° E 4.02°S Placer
Nimba River O 147.03° E 6.49° S Placer
Koreppa O 147.22° E 7.96° S Laterite
Paiawa River (@] 147.05° E 7.61°S Podiform
Dimidi O 148.88° E 9.87° S Podiform
Bonua River O 148.98° E 9.87° S Podiform
Gira River (@) 147.65° E 8.28° S Laterite
Tuniu (@) 150.82° E 9.82° S Placer
Upper Ulowa o) 150.83° E 9.81°S Placer
Creek
Posa Posa 0 149.77° E 9.64° S Placer
Harbour
Mebulili Creek O 150.85° E 9.54° S Podiform
Botue O 147.77° E 8.25° S Placer
Lake Trist (@) 146.95° E 7.50° S Laterite
Ramu M 145.19° E 5.57°S Laterite
Salamaua M 147.03° E 7.08°S Placer
Wowo Gap M 148.92° E 9.55° S Laterite
Griffin Point (@] 153.35° E 11.47°S Placer
Big Four Mile 0 153.31° E 11.43°S Placer
Creek
Sachsen Bay @) 147.13° E 7.32°S Placer
Dai Awa O 147.36° E 7.54°S Placer
Buso Bay @) 147.18° E 7.42°S Placer
3. Methods

3.1. Sampling

Limited by traffic conditions, social security, private territories, and other factors,
samples were mainly collected from the Papuan Fold Belt, the New Guinea Thrust Belt, the
Eastern Fold Belt, and the Melanesian Arc. The sampling grid was based on 1:250,000 topo-
graphic map sheets of 5’ x 5/, which were approximately equal to 100 km?. The sampling
points were designed to control the maximum area of each sampling grid, and at least one
sample was collected from each sampling grid. Geographically, Papua New Guinea has
many mountains, generally of high altitude, followed by low mountains and hills, and few
plains and valleys. According to the technical requirements of international geochemical



Minerals 2023, 13, 205

5o0f 14

mapping from the UNESCO International Centre on Global-scale Geochemistry, <2 mm
stream sediments from riverbed surfaces at a depth of 0-25 cm were sampled at each site.
In total, 1399 samples were collected which covered approximately 128,000 km?. The aver-
age sampling density was approximately 1.1 sites /100 km?. The number of field repeats
accounted for 3.3% of the total samples. The weight of each sample was about 1 kg, half of
which was used for analysis, and the rest was reserved as duplicate samples [15,27]. The
sample locations are shown as circles in Figure 2.
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Figure 2. Chromium geochemical contour map of PNG.

3.2. Chemical Analysis and Quality Control

All samples were analyzed by the Henan Province Rock & Mineral Testing Centre, a
qualified laboratory for geochemical analysis in China. Chromium was determined using
X-ray fluorescence spectrometry (XRF). The detection limit was 5 ppm. During the analysis,
after processing the sample to less than 74 um (95% less than 74 um), 4 g of the sample
was dried at 105 °C, edged with low-pressure polyethylene, and pressed into a disc with a
diameter of 32 mm under 35 MPa [28].

All chemical analyses of the samples were conducted under a strict quality control
protocol. The accuracy and precision of the analytical method were tested by analyzing
the Chinese primary geochemical standard reference materials. Parallel analyses were
conducted with the XRF. Analyses were conducted for each of the 12 standard reference
materials. The accuracy was determined by the logarithmic deviation (A1gC) between the
arithmetic mean value of the analysis data and the standard values of the standard samples.

AlgC —‘lgCi —1gCs

Ci: the arithmetic mean value; Cs: the standard value.
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The precision was determined by the relative standard deviation (RSD) between the
analysis values and the standard values of the standard samples.

i1 (Ci—Cs)?
n—1

RSD(%) = =

Ci: the analysis value; Cs: the standard value; n:12.
Parallel analyses showed that the accuracy and the precision of the analytical method

met the requirement of the specification (Table 2).

Table 2. The chromium data of standard samples.

Arithmetic Accurac Precision

No. Standard Value Mean Value AlgC Y RSD (%)
GBWO07301 194 + 10 183 0.02 1.6
GBWO07303 87 6 85 0.01 3.0
GBWO07304 81+6 85 0.02 4.1
GBWO07305 70+ 6 73 0.02 3.3
GBWO07306 190 £+ 15 192 0.00 1.3
GBW07307 1224+7 117 0.02 2.7
GBWO07309 85+ 7 86 0.01 4.0
GBWO07301a 128 £ 6 124 0.01 1.7
GBWO07358 61 +4 56 0.03 1.8
GBWO07362 79 +3 79 0.00 3.0
GBWO07363 220 £ 16 246 0.05 1.0
GBWO07366 72+3 67 0.03 3.5

The 1399 samples were divided into 28 analytical batches, i.e., 50 samples per batch,
and 4 standard samples unknown to the analysts were randomly inserted into each batch
of 50 samples. In total, 112 determinations of standard samples were made within the suite
of 1399 samples. The pass rate of accuracy and precision for the data reached 100%, and the
sample rate was also 100%. A histogram shows that the chromium element data conformed
to a normal distribution, proving the validity of the data (Figure 3).

10%

1.0 155 2.0 25 30 3.5
Cr(lg, ppm)

Figure 3. Histogram of chromium element.

3.3. Data Reduction

Reliable geochemical maps are meaningful for prospecting and environmental stud-
ies [29]. The chromium geochemical contour map (Figure 2) was generated using GeoExpl
(International) and ArcGIS software. The raw discrete data were interpolated to generate a
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regular output grid using an exponentially weighted distance model. The spacing between
grid cells (Dx and Dy) was 10 km. The data search mode was circle search, and the search
radius was 2.5 times of the center distance of the adjacent grids, which was 25 km. The com-
pilation of geochemical maps adopted the classification method of cumulative frequency
to divide the chromium into 19 grades according to the cumulative frequencies of 0.5, 1.2,
2.0,3.0,4.5, 8.0, 15.0, 25.0, 40.0, 60.0, 75.0, 85.0, 92.0, 95.0, 97.0, 98.0, 98.8, and 99.5 (%).The
corresponding chromium contents were 14, 18, 20, 22, 24, 29, 39, 63, 125, 235, 354, 550, 900,
1421, 1895, 2631, 3427, and 4764 (ppm). The gradient of dark blue, light blue, light green,
yellow, red, and dark red indicates the chromium contents from low to high (Figure 2).

4. Results
4.1. General Distribution of Chromium in PNG

The chromium concentrations ranged from 3 ppm to 74,600 ppm. The 95% range
(P2-P97) varied from 14 to 1420 ppm, with the median value (baseline) of 145 ppm, an arith-
metic mean value of 548 ppm, and a geometric mean value of 150 ppm. The chromium values
in the stream sediments followed a log-normal distribution, as evidenced by the ranking of the
arithmetic mean (AM), geometric mean (GM), and median values as AM > median ~ GM [30].
The chromium baseline of PNG was significantly higher than the upper crustal abundance of
chromium, at 92 ppm [31], and the chromium geochemical baselines of other continents and
countries (Table 3).

Table 3. Comparison of chromium baselines between PNG and other continents/countries.

Continents/Countries Analytical Method Soil Type Chromium Baseline (ppm)
Subsoil 24.0
Topsoil 22.0
Europe [32] ICP-AES Stream sediment 21.0
Floodplain sediment 23.0
. Top outlet sediment 23.6
Australia [33] ICP-MS Bottom outlet sediment 26.0
. A_Horizon 27.0
North America [34] ICP-MS C_Horizon 325
China [35] ICP-MS Top catchment sediment/soil 68.3
Deep catchment
. . 67.8
sediment/soil
4.2. Spatial Distribution of Chromium in Different Tectonic Units
The statistical parameters of the chromium values in the stream sediments of seven
tectonic units are presented in Table 4, while Figure 4 shows their statistical distributions
in the form of boxplots. The median chromium values of stream sediments samples
were ranked as follows: Aure Fold Belt (299 ppm) > Eastern Papuan Composite Terrane
(197 ppm) > Eastern Fold Belt (196 ppm) > New Guinea Thrust Belt (187 ppm) > Papuan
Fold Belt (179 ppm) > Finisterre Terrane (165 ppm) > Melanesian Arc (42 ppm). Notably,
the stream sediments of the Melanesian Arc were depleted of chromium relative to the
PNG baseline.
Table 4. The statistical parameters of the chromium concentration (ppm) of stream sediments in
different tectonic units based on the national-scale geochemical mapping project data. NGO: New
Guinea Orogen.
Tectonic Percentile Geometric
. N : Mean
Unit Min 25% 50% 75% Max Mean
PNG 1399 3 71 145 292 74,600 548 150
NGO 1049 19 107 187 354 74,600 701 219
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Table 4. Cont.
Tectonic Percentile Geometric
. N : Mean
Unit Min 25% 50% 75% Max Mean
MA 350 3 25 42 90 2,770 90 48
PFB 142 19 110 179 358 50,600 986 221
NGTB 633 23 101 187 370 74,600 809 228
AFB 12 110 152 299 526 1,040 388 295
EFB 239 21 124 196 305 8,660 300 195
EPCT 7 67 82 197 591 1,370 404 230
FT 16 38 114 165 353 1,180 287 187
100000 —
3 X X X
- X e X
_ 2 %
10000 — g v
] X
_ .1 ;
1000 = : x T j{‘ 1 =
E I ‘g’
g 100 ' —=
U : l l ‘|* L
" J;
1=
0.1
[ I | | I [ | | [
PNG NGO MA PFB NGTB AFB EFB EPCT FT

Figure 4. Boxplots showing the variations of chromium values in stream sediments from different
tectonic units.

5. Discussion
5.1. Chromium Geochemical Distribution Associated with Geological Background

Chromium belongs to the iron element group. In nature, chromium is mainly com-
bined with Fe,O3 and mineralized in the form of chromite. Since the ion radius of Cr3*
is similar to that of AI** and Fe3* (6.4 nm, 5.7 nm, and 6.7 nm), there can be extensive
isomorphism between them. Mn, Mg, Ni, Co, and Zn can be replaced as Cr in the same
way [36]. For this reason, chromium is mainly distributed in mafic—ultramafic rocks.

The covers of PNG are mainly composed of Mesozoic—Cenozoic strata, volcanic rocks,
and intrusive rocks. The subduction of the Pacific Plate to the Indo-Australian plate resulted
in a large number of residual oceanic crusts, mainly ophiolitic complexes splicing on the
continental crust [10,26,37,38]. The noticeable high chromium baseline can be attributed to
the widely distributed mafic and ultramafic rocks since the Cretaceous period (Figure 1), and
the high chromium concentrations (>2630 ppm, dark red colors) are closely associated with
the April ophiolite, the Marum ophiolite, and the Papua ultramafic belt (Figures 1 and 2).
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The chromium geochemical baseline of the New Guinea Orogen is higher than that of
PNG. Compared with the New Guinea Orogen, there is significant chromium depletion
in the Melanesian Arc, which may be due to the widespread exposure of intermediate
magmatite and sedimentary strata and the lack of mafic—ultramafic magmatic rock in the
island arc (Table 4 and Figure 2). The ophiolitic complexes mostly outcropped in the New
Guinea Orogen, such as the April ophiolite and the Marum ophiolite in the New Guinea
Thrust Belt, the Papua ultramafic belt in the Eastern Papuan Composite Terrane, the Mount
Turu ophiolite and the Neogene mafic intrusive rocks in the Bewani-Torricelli Terrane, and
the Normanby Island ophiolite in the Papuan Islands [37,39], resulting in higher chromium
concentrations than other rocks in PNG (nine samples of the Marum ophiolite ranged
from 221 to 26,800 ppm, with a mean value of 7270 ppm (unpublished author data). The
significant high chromium baseline of the Aure Fold Belt (299 ppm) may be due to the
12 samples, which were distributed on the Neogene mafic intrusive rocks and Neogene
andesitic-basaltic volcanic rocks.

5.2. Significance for Further Prospecting

Geologists have repeatedly discussed that national-scale geochemical mapping can
effectively delineate geochemical anomaly areas related to mineralization [15,40,41]. The
anomaly areas with element contents >85% of the samples are worth considering in ore
prospecting [42—44]. With 85% (550 ppm) as the baseline of the outer anomaly zone,
four chromium geochemical anomalies were delineated in the sampling area. With 95%
(1421 ppm) as the baseline of the middle anomaly zone, eleven high geochemical anoma-
lies were delineated. These anomalies indicate the direction for future chromium ore
exploration (Figure 5 and Table 5).
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Figure 5. Chromium geochemical anomaly map of PNG.
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Table 5. Chromium geochemical anomalies of PNG.

Area
(km?)

Sample
Number
(>550 ppm)

High
Anomaly No.

Rocks

Potential
Mineraliza-
tion

Tectonic
Unit

Cr01

6936

@
22

Cretaceous serpentinized
peridotite (April ophiolite)

laterite and
podiform

@

middle Miocene basaltic
and andesitic volcanics

placer

®)

middle to late Miocene
Karawari Batholith mainly
composed of diorite

placer

NGTB

Cr02

7668

38 )

middle Miocene Oipo
intrusives mainly
composed of gabbro and
granodiorite

placer

©), (6)

the upper Triassic basic to
intermediate
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The Cr01 geochemical anomaly is located in the middle of the New Guinea Thrust

Belt, covering an area of 6936 km?, including 22 samples with chromium contents greater
than 550 ppm. The outcropping rocks are mainly Cretaceous April ophiolite; Neogene
intermediate intrusive rocks, including diorite and gabbro; and Neogene intermediate—
mafic volcanics. There are three high geochemical anomalies. No. 1 is associated with
the Cretaceous serpentinized peridotite (April ophiolite). The highest chromium content
in the sample was 32,800 ppm. This high anomaly has the potential to develop laterite
and podiform mineralization. No. 2 is associated with the middle Miocene basaltic and
andesitic volcanics. The highest chromium content was 11,400 ppm. It has the potential
to develop placer mineralization. No. 3 is associated with the middle to late Miocene
Karawari Batholith, mainly composed of diorite. The highest chromium content was
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15,300 ppm. It also has the potential to develop placer mineralization, and Lower Yuat
placer mineralization is developed near this area.

The Cr02 geochemical anomaly is located in the middle, east of the New Guinea
Thrust Belt, covering an area of 7668 km?, including 38 samples with chromium contents
greater than 550 ppm. The outcropping rocks are mainly Triassic undivided volcanics,
Cretaceous-Paleogene undivided volcanics, Neogene mafic intrusive rocks, and Neogene—
Quaternary undivided volcanics. There are three high geochemical anomalies. The highest
chromium content of the stream sediment samples in high anomaly No. 4 was 30,300 ppm.
It is related to the middle Miocene Oipo intrusives, which are mainly composed of gabbro
and granodiorite. Both No. 5, with a chromium content of 24,000 ppm, and No. 6, with a
chromium content of 9560 ppm, are related to the upper Triassic basic to intermediate Kana
Volcanics. High anomalies 4, 5, and 6 are potential areas of placer mineralization.

The Cr03 geochemical anomaly is located in the east of the New Guinea Thrust Belt
and the northeast of the Papuan Fold Belt, covering an area of 8089 km?, including 25 sam-
ples with chromium contents greater than 550 ppm. The outcropping rocks are mainly
Cretaceous Marum ophiolite, Neogene undivided volcanics, and Neogene—Quaternary
undivided volcanics. There are four high geochemical anomalies in this area. No. 7, with a
chromium content of 10,100 ppm, is associated with Cretaceous serpentinized peridotite
(Marum ophiolite). The Ramu laterite deposit is developed in this area, which has the
potential to further discover laterite and podiform mineralization. No. 8 is associated
with the middle Miocene Yaveufa Formation, which is mainly composed of andesitic and
basaltic lava, tuff, and agglomerate. The highest chromium content was 74,600 ppm. No. 9,
with a chromium content of 50,600 ppm, is associated with Pliocene to Holocene Suaru
Volcanics and Karimui Volcanics, both of which are mainly basaltic and andesitic lava,
agglomerate, and tuff. No. 10, with a chromium content of 22,100 ppm, is associated with
the upper Miocene Michael Diorite and Pliocene to Holocene Crater Mountain Volcanics,
mainly including andesitic and basaltic lava. High anomalies 8, 9, and 10 can be considered
as placer mineralization prospecting areas.

The Cr04 geochemical anomaly is located in the east of the Eastern Fold Belt, covering
an area of 1053 km?, including two samples with chromium contents greater than 550 ppm.
The outcropping rocks are mainly Cretaceous—Paleogene undivided volcanics. No. 11 is
the only high anomaly in this area and is associated with the upper Cretaceous to middle
Eocene Kutu Volcanics, including basaltic lava, minor gabbro, and ultramafics, which host
laterite and podiform mineralization potential.

5.3. Comprehensive Exploration and Exploitation of Laterite-Bearing Chromium Deposits

Numerous ophiolitic complexes led to the development of a large number of laterite-
bearing chromium deposits in PNG [25]. The primary commodity of laterite deposits is
nickel, and chromium is an associated commodity. The Ramu laterite deposit in high
anomaly area 7, which produced 41.3 kilotons of nickel and 92.1 kilotons of chromite
concentrate in 2018 [45], has proven that the comprehensive exploitation of nickel and
chromium is feasible. The nickel contents of samples were also tested during the analysis
work. With 95% (147 ppm) as the baseline for nickel high anomalies, we compiled a Cr-Ni
integrated anomaly map (Figure 6). High nickel contents were found in high anomaly areas
1,3,4,5,6,8,10, and 11. Among them, areas 3, 4, 5, 6, 8, and 10 have no potential to form
lateritic nickel chromium deposits due to the absence of mafic-ultramafic rock. However,
areas 1 and 11 are potential laterite mineralization areas. Therefore, the comprehensive
exploration of nickel and chromium is an effective method to improve the deposit economy
and promote chromium’s exploitation when prospecting and forecasting in high anomaly
areas 1 and 11.
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Figure 6. Chromium-nickel integrated anomaly map of PNG.

6. Conclusions

(1) The chromium concentrations of stream sediment samples ranged from 3 ppm to
74,600 ppm, with a median value of 145 ppm, which was higher than the upper
crustal abundance of chromium and the chromium geochemical baselines of Europe,
Australia, North America, and China.

(2) The differences in chromium concentrations in different tectonic units were significant.
The New Guinea Orogen (including PFB, NGTB, AFB, EFB, EPCT, and FT), widely
distributed with mafic and ultramafic magmatic rocks, had a higher median chromium
value than the Melanesian Arc.

(3)  The ophiolitic complexes, such as the April ophiolite, the Marum ophiolite, and the Papua
ultramafic belt, were significantly correlated with the higher chromium concentration.

(4) According to the geochemical characteristics of chromium, four anomalies and eleven
high chromium anomalies were delineated. They are mainly distributed in the New
Guinea Thrust Belt. Three high anomalies can potentially develop laterite and pod-
iform chromium mineralization, and eight high anomalies can be used to discover
placer chromium deposits.

(5) The chromium-nickel integrated anomaly map shows that comprehensive exploration
and exploitation of nickel and chromium can be carried out in high anomaly areas 1
and 11, with laterite mineralization potential.
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