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Abstract:

In Saxon granulite mountains, significant deposits of hydrosiliceous nickel are characterized by their relevant
metal content, average metal concentrations, and thickness. The hydrosilicate deposits are Ni-rich residue, formed
by serpentinization process, due to the replacement process of nickel in the immediate vicinity of serpentinites
and nickel-bearing ore minerals (e.g., talc, chlorite nontronite, cordierite, nepouite, other oxides and hydroxide
magnesium minerals). X-ray and chemical analysis indicate that the study area consists mainly of nickel,
magnesium silicates, and hydrosilicate minerals, with concentration of Ni varying from 2% to a few tens of ppm.
A variety of lithological compositions are present in these deposits, which are influenced by ultramafic rocks
(serpentinite), talc and chloritic clays, etc. The analysis of the mineralogical and geochemical composition of the
Ni-ores also evidences that the sources of Ni are ultramafic rocks derived from the mantle and concentration by
serpentinitization processes under discrete tectonic and metallogenic events. An important consideration in the
economics of these deposits is the mode of occurrence of nickel ores.

Keywords: Saxon granulite mountains, Nickel hydrosilicate, Leaching zone, Serpentinite.
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Introduction

The nickel hydrosilicate in the area of the Saxon granulite mountains (SGM) has been comprehensively reviewed
by several studies (e.g., [11;[21];[31:[41;[51;[6]1,[71; [8]; and more recently by [9]; [10];[11]. Although preconceived
opinions have prevented some practical investigations of nickel ores in serpentinite areas in Germany, due to the
political and economic situation during World War II, the carrier rocks, such as 0.2% NiO-bearing serpentinites,
are particularly widespread in the Saxon province. [7] initiated a comprehensive investigation of silicate nickel
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deposits after the discovery of enrichment of silicate nickel ores in a small area on the southern edge of the Saxon
Granulite Mountains (SGM).The most common types of nickel ore deposits are found in tropical and subtropical
areas [11] and the widespread distribution of the nickel hydrosilicate can also be attributed to weathering processes
that took place in tropical climates and as result of weathering and leaching of ultramafic rocks [5]. Furthermore,
many stages and mechanisms are involved in the formation of nickel ore, depending on the type of deposit, mainly
magmatic, hydrothermal, sedimentary, lateritic, and metamorphic processes. Some of the common processes and
conditions involved in the formation of nickel ore deposits, in the SGM area, are related to Paleogene laterite
weathering [12]. The aim of this study is to synthesize and discuss its significance for understanding the diagenesis
process of nickel-silicate mineral formation based on petrogenetic evolution.

Regional Geology and Tectonic setting

The Saxonian granulite mountain (SGM) is within the Saxo-Thuringian belt of the mid-European Variscides,
which constitutes a continental fragment on the north flank of the Variscan orogenic collage. The Saxo-Thuringian
represents the hinterland of the Rheno-Hercynian orogen [13] and is characterized by outcrops of rocks of very
high metamorphic grade set among very low-grade sediments and volcanic rocks. The main tectonic structures
and events in the different parts of the Saxo-Thuringian belt represent the rocks record of early Paleozoic rifting
in a Cadomian continental basement, a thermal subsidence stage from the late Ordovician through to the
Tournaisian, and a second phase of rifting in Frasnian [14]. The Saxonian Granulites are exposed in a
brachyanticlinal structure, overlain by a "schist mantle" of greenschist and very low-grade rocks of Late
Proterozoic through early Carboniferous age, they are mainly felsic and are probably derived from magmatic
rocks with some sedimentary intercalations. In addition, there are lenses of mafic/ultramafic pyroxene granulites,
garnet peridotites, and very few eclogites. [13-14]. The SGM has an elliptical shape that extends from Hohenstein-
Ernstthal in a northeasterly direction for about 50 km to Rofwein near Dbeln (Figure 1).
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Figure 1. Geological map showing the geological units of the Saxon Granulite Mountains. Modified after [15]

It's approximately 1000 square kilometers in size, and the maximum width is approximately 20 km. The SGM
consists mainly of metamorphic rocks of medium- to high-pressure grade, forms garnet-cordierite and serpentine-
chlorite assemblages. The location of the study area is near Kiefernberg quarry in Hohenstein-Ernstthal (Figure
2), located north of Hohenstein-Ernstthal in the forest area Goldforst (also known as Oberwald). The nickel silicate
deposit facies were found in undisturbed sediments of the lower region (Figure 2; [15]. Furthermore, the source
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rock for nickel-silicate mineral formation in the SGM is garnet-bearing serpentinite (Figure 3), in the southern
part of the SGM, bronzite serpentinites predominate, with garnet serpentinites being found less frequently. An
extensive mica schist blanket covers some serpentinite bodies that lie rootless on the granulite block and are
covered by biotite schist, and the mineralization of chlorites (or hydrobiotites) is particularly intense in fissures
and crevices. It's characterized by massively schistose, dense, dark brown, poorly layered, and appear generally
more homogeneous (Figure 3) [16]. Furthermore, the entire serpentinite complex shows turbulent compression,
crushing, and shearing, and numerous mineral displacements, which are an expression of mechanical stress with
talc and magnesite formations. Additionally, most of the bastitized pyroxene inclusions stand out in the
serpentinite fabric. Granulite is fine to medium—grained and enriched in quartz, garnet and charnockite. Moreover,
light and dark mica schists, forms hypidioblastic flakes or small xenoblastic patches in the matrix and displays a
well-developed schistosity. Bronzite is plate-like, dark with light bands and has a strong foliation, and bronze-
colored, and iridescentpyroxene flakes, which are more or less strongly deformed and tailed by mechanical stress
and are associated with minerals of the chlorite and talc. (Figure 3).
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Figure.2. Geological map of study area

Petrographic and petrogenesis of nickel hydrosilicate

The samples (Figure 3) show large variations in total thickness, and continuity of individual zones and in
mineralogical and chemical characteristics commonly over short distances (Figure3b). It varies in thickness up to
20m and commonly characterized by a reddish-brown to greenish-gray color, which also includes gravel rock
decomposition and bleached serpentinite, is bronze-colored, iridescent pyroxene flakes visible to the naked eye
(Ben Sera, 2009). These striking rock masses, up to 20m thick, were examined petrographically, whereas the Ni-
content decreases with increasing depth (Figure 3b). The actual nickel silicate ores occur in these mostly
magnesium-rich zones, typically cementation zones (Figure 3c). The material balance of the deposit type with the
20-meter-thick extremely Fe-rich decomposition zone as well as the stepped transitions support this conclusion.
Nickel enrichment is linked to ascending and descending solutions, whereas material precipitation is dependent
on a favorably located environment (such as chemical environment, consolidation and lithification). In addition
to the silicate nickel compounds, there are concentrations of iron, which is then present in the form of Fe
hydroxides, sometimes in considerable enrichments. Additionally, to the main mass-forming components,
chlorite, talc, and hornblende mainly occur in fine layers and layers (Figure 3d). Therefore, the ores occurring in
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the serpentinites of SGM, are mostly ore formations associated with the serpentinization process and are an earthy
weathering product of serpentinite [16]. The source rocks of nickel deposits in SGM are the mylonitic-
porphyroclastic bronzite serpentinites (Figure 3e-f). A large part of the bronzite serpentinite was exposed to
greater stress in the epizonal area. and stripped under chloritization, whereby the associations were loosened,
which favored the following reactions up to the extreme separation of materials. The study area is primarily
composed of serpentinized pyroxenite. Petrographically, serpentinite is a A porphyroblast, differing in the
associations by their varying mineral composition, with finely platy to banky deposits alternating with one another
(Figure 4g-h) are structureless, friable, moderately indurated and porous. The dominant mineralogy comprises
Mg-silicates, chlorite and serpentine evident as first-order grey and yellow under the optical microscope (Figure
4). The garnet content in particular can make a decisive contribution to the characterization of the serpentinites
(Figure 4a-b). Garnet-pyroxene serpentinites are the almost monomineral composition, which can be joined by
magnetite as a secondary mineral (Figure 4c-b), and garnet is small porphyroblastic and patches in thin layers. On
the one hand, these conspicuous serpentinites lie in banking alternating layers in the serpentinized pyroxenite
association as a rare phenomenon [17]. In other hand, the serpentinites occur in streaky areas. The mineral
formation and transformation during the serpentinitization process depends on the original mineral composition,
whereas the serpentine minerals are arranged in parallel and give the rock a slaty texture (Figure 4 e-f). Gabbro is
coarse grained in general, consist of plagioclase, clinopyroxene, orthopyroxene and hornblende. Quartzite is
medium to coarsely crystalline, a compact and hard with granoblastic texture.
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Figure 3.a)  Garnet-sepentinite. b) The hydrosilicate deposite profile and horizon thickness. ¢) Mg-rich

Serpentinites with an interspersed quartz vein with talc. d). Bronzite-serpentinite is massive, lenticular, brown-

flamed colored, and has a dense structure and slight schistosity. Chlorites (or hydrobiotites) occur in fissures and

crevices with talc and magnesite formations. ¢) Serpentinite with asbestos fissure. f) brown bronzite Serpentine.
.g) massive Serpentine is green, aggregates, and white, grey to light brown (h) in color
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Figure 4. Representative field and cross-polarized light of lithotypes from the study area. (a-b) porphyroblastic
garnet in serpentinite. (c-d) garnet-pyroxenite (e-f) serpentinite thickbanking shaly, dark and slaty texture.

Material and methods

A total of ten samples were collected in situ exposed, in the form of either infill veins or exposed coatings surfaces
of cracks and fractures, from different types of rocks from two outcrops. The samples were preparation for thin
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sections and analyses was performed at the geology department, TU Bergakademie Frieberg, Germany. The major
oxides (Table 1) and the trace elements were analyzed by meta-borate fusion ICP-OES technique. The analysis
was carried out on the new wave NWR-193 excimer laser coupled to a laser coupled to a Themo xseries 2
quadrupole ICP-MS instrument. The total volatiles were determined gravimetrically using the method of loss on
ignition (LOI); the weight difference after ignition at 105 C° and 1000 C°. Fresh portions of samples were
pulverized using a tungsten carbide or stainless-steel swing mill for 2 minutes. Two grams of the milled sample
were mixed with a 66% lithium tetraborate: 34% lithium metaborate flux (5g) weighed to a precision of +0.0002g.
The mixture was fused in platinum crucibles for 10 minutes at 1100°C using a Phoenix VFD automated fusion
machine to obtain a homogeneous 32 mm glass disk with a lower surface of analytical quality. The concentrations
of major elements were determined by comparison of x-ray intensities for each element with calibration lines
constructed from the analysis of known concentrations in 24 international standards of known concentrations.
Additionally, the automated Philips X'Pert MPD diffractometer with a post-receiving slit, graphite
monochromator, and CuKa radiation to collect XRD patterns is used. An agate mortar and pestle were used for
preparation of samples, and powders were backfilled into circular holders with a diameter of 20 mm and depth of
1 mm. 2 s/step, 2h position, was used to get diffraction patterns. With the addition of 1.2 % Calgon solution, 1 to
1.25 grams of gently crushed material were suspended into 1:20 sample solution.

Whole rock Geochemistry

Each of the samples show a quite limited and distinct compositional variation and are dominanted by silica
ranging between 55.34 and 29.2 wt%, Ni-content ( 0.11-2.82; average=1.18 wt%) and high Mg-numbers (Mg# =
average 61.87 ( Table 1 ) and (13.03-27.96; average = 20.87 wt%), CaO (0.02—1.21; average = 0.86 wt%) content.
Variations in chemistry occur mainly as changes in Si02, MgO and NiO content. Results and discussion.

Table 1. Chemical analysis of major and trace elements of study samples.

Samples Al A2 A3 Al A5 A6 A7 A8 A9 Al10
Location  Kiefernberg serpent serpent pyroxenite serpent Bronzite- serpent  serpent  serpent  serpent
serpent

Si02 31.45 31 30.14 29.2 44.21 55.34 40.09 35.67 28.56 31.67
TiO2 0.24 0.12 0.05 0.42 1.71 0.22 0.38 0.6 0.77 0.21
Al203 10.44 12.62 16.34 16.9 15.8 33.7 14.76 13.56 10.78 12.78
Fe203 5.76 9.37 11.61 15.6 9.14 134 7.56 10.23 9.08 15.67
FeO 4.6 1.1 0.06 1.07 0.03 0.66 0.78 0.9 4.56 2.64
MnO 0.02 0.05 0.01 0.03 0.2 0.44 0.07 0.04 0.19 0.43
NiO 0.14 0.23 3.61 3.37 0.41 1.24 0.78 0.17 0.76 1.09
MgO 27.96 21.06 13.03 24 20.13 23.72 13.78 21.23 26.32 17.45
Cao 0.55 0.72 1.85 1.21 0.45 3.1 0.02 0.23 0.032 0.45
P205 0.8 0.21 0.75 0.86 0.23 0.62 0.12 0.32 0.021 0.23
H20+ 10.02 12.46 14.07 14.5 19.27 7.83 7.89 9.76 10.21 12.09
H20- 1.12 3.61 1.93 7.81 8.26 2.88 231 6.67 2.32 9.76
Si 2.56 2.52 2.45 2.37 3.59 4.5 3.26 29 2.32 2.57
Mg 1.69 1.27 0.79 1.45 1.21 1.43 0.83 1.28 1.59 1.05
Ni 0.11 0.18 2.82 2.63 0.32 0.97 0.61 0.13 0.59 0.85
Fe 3.58 0.86 0.05 0.83 0.02 0.51 0.61 0.7 3.54 2.05

X-ray diffraction (XRD) analysis

A majority of these samples contain residual Fe/Mg-silicates as pyroxene in the bulk, along with secondary silicate
phases such as chlorite and talc. The complete disappearance of the peak at 7.14—7.26 A° after heating at confirms
the presence of serpentine in both samples. In addition to X-ray diffraction, chemical analyses confirmed the
presence of a serpentine-like phase, with a spacing of 7 A° (minor spacing), and a talc-like phase, with a spacing
of 14 A® (major spacing), containing > 2 Ni (minor spacing) Figure 5. Accordingly, this compositional limit is
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based on and in agreement with the current arbitrary working limit for Ni-bearing 7 A phases of the serpentine
group (e.g., Ni-lizardite and nepouite).
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Figure 5. The x-ray fluorescence (XRF) of the sample A4. It contains the highest percentages of nickel

Nepouite (Figure 6) occurs on ridges in fissures and movement zones of serpentinite and as a product of the
decomposition of serpentinite in the contact area.
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Figure 6. Triangle diagram of paragenetic associations of hydrothermal mineral phases in nickel from SGM.
Plotting the relationship between Si, Mg, Fe+Ni with Ni hydrous silicate. Modified from [17].

The stages of dewatering could also be determined from the weight loss curve during static heating. To underline
the difference in thermal behavior, the weight loss curves of a Ni and a nickel-containing nepouite chlorite with
an irregular alternating layer structure shows endothermic peaks at 625 and 840°C, which can be attributed to the
dehydration of the talc layers, while an exothermic peak appears at 860°C and corresponds to the formation of
high-temperature phases.

7 | Aljabel Journal of Humanities and Applied Sciences



Discussion

Evolution of the nickel hydrosilicate laterite deposit of the Saxon Granulite Mountains

Nickel laterites are the product of intensive weathering of Mg-rich or ultramafic rocks which have primary Ni
contents of 0.2-0.4% [ 18] due to intense weathering of ultramafic rocks at the surface of the earth in humid climatic
conditions [19]. The highest grade deposits are concentrated in tectonically active plate collision zones (e.g.
Indonesia, the Philippines and New Caledonia) where extensive obducted ophiolite sheets are exposed to
aggressive chemical weathering in tropical conditions of high rainfall and warm temperatures, and there is the
greatest opportunity for supergene enrichment. The Ni-ore in cratonic settings can be large but tend to be lower
in grade (e.g. Murrin in Western Australia). Cratonic shield deposits in West Africa [20] and Brazil [21] are within
the equatorial zone, but those in the Balkans (Greece, Albania and former Yugoslavia) [22] and the Yilgarn craton
in Western Australia occur at higher latitudes. The analysis of the mineralogical and geochemical composition of
the Ni-ores also evidences that the formation of nickel-silicate deposits in the Saxon granulite mountain is not
solely due to climatic effects. The important consideration in the economics of these deposits is the mode of
occurrence of nickel ores, which indicates that the enrichment of the metal distribution. Wherein, the
serpentinisation took place by the magmatogenic processes as a result of the volcanism in the Erzgebirge basin
(Lower Cretaceous to Paleogene) and the events of the Variscan ore formation continued in a climate-related,
and lateritic to saprolitic weathering took place near-surface rock layers that have been deeply decomposed under
the influence of relatively high temperatures and abundant precipitation, which eventually formed the nickel ore
deposit. According to [10], serpentinite weathering products are mainly clay minerals like saponite, as well as
iron oxides and hydroxides such as hematite and goethite. As a result, Ni is likely to increase with increasing
replacement. However, the nickel hydrosilicates are characterised by an absolute enrichment or concentration of
Ni in the saprolite zone which comprises altered primary minerals such as secondary serpentine [23]. The
occurrence of nepouite is macrocrystalline and is unstable under hydrothermal conditions and partially transform
into chlorite, with an additional supply of Mg [24]. The serpentinite body with their metal contents are available
to clarify the metal distribution (Figure 7), which indicates that the enrichment is cementative, a dependence on
the thickness of the decomposition, and indicates the influence of major tectonic faults (Figure 7). The distribution
of Ni grade and their relationship to the Ni-profile are illustrated in (Figure 7). The highest Ni grades occur,
particularly in the upper zone, and Ni grades of 1 to 2.

10° 42 11° 00" 11432.
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Figure 7. Map of distribution of nickel ore from SMG shows a parallel bedding of the nickel-rich deposits
modified after Jubelt (1956). The distribution profile shows clearly enrichment of a different concentrations of
Ni (less than 1% and more than 2%). The highest values are more north-south oriented. However, the low values
correspond in their areal extent to the general strike of the deposit. The map is based on the distribution of nickel

ore concentrations by using the (Surfer 2024 software).
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Source rocks of the nickel hydrosilicate laterite deposit of SGM

There is an exothermic hydration known as serpentinization in which water reacts with mafic minerals such as
olivine and pyroxene to produce lizardite [24]. As a result, serpentine minerals replace olivine and pyroxene in
ultramafic rocks minerals due to the subprocess of serpentinization, namely hydration, serpentine recrystallization,
and deserpentinization, which is equivalent in composition to olivine but without of aluminum and chromium
[24]. During the change of serpentine, Al and Ni are relatively immobile, thus remaining in their original
microstructural site with a predominance of nepouite. Due to the presence of magnetite in serpentine, the amount
of iron varies with the abundance of magnetite. Generally, in order to form smectite clays and Nickel is altered in
a mildly alkaline environment [17].

Ionic exchange reactions are important in this stage of alteration such as:

Mg serpentine Ni*? = Ni serpentine + Mg*? with continued leaching of Mg+2 in all but stagnant ground-water
conditions, smectitec lays (nontronite) may form in a mildly alkaline environment (pH-9), Ni serpentine Ni-rich
nontronite+ Mg*?+ silica. The silica may be either precipitated or removed in solution. Nepouite breaks down in
more acid conditions and silica lost solution: Ni-rich nontronite = quartz + Si*?+Ni"2. [24]; [17]. The ores
occurring in the serpentinite of SGM are mostly the ore formations associated with the serpentinization process
(especially magnetite and hematite). A large part of the bronzite serpentinite was exposed to greater stress in the
epizonal area and stripped under chloritization (Figure 3b), whereby the associations were loosened, which
favored the following reactions up to the extreme separation of materials. In the northern part of the SGM, mainly
near Kiefernberg serpentinite body. Individual bodies lie on top of the granulite during the uplift of the schist
envelope of SGM with its ultrabasite intrusions on the granulites (Figure 8), which led to granulite and gneiss
inclusions in the serpentinite, can also be expected to occur under climatic and hydrothermal conditions.

Serpentinite Gabbro Ni-Ore

NNE Hydrothermal sypthesis

1Km

Figure 8. A conceptual cross section of nickel hydrosilicate deposit at the southern margin of the Paleozoic
Saxon Granulite through NNE-SSW direction. The section shows how nickel is distributted in the close contact
area of source rocks of nickel hydrosilicate.

Conclusion

The Ni-hydrosilicate in SGM shows large variations in total thickness, and in continuity of individual zones and
forms part of an extensive belt in the predominantly granulitic and ultramafic terrain as a result of magmatic,
hydrothermal, sedimentary, lateritic, and metamorphic processes. The common processes and conditions involved
in the formation of nickel ore deposits in the SGM area are related to Serpentinization, which is a process in which
anhydrous Fe-Mg silicate is converted to serpentinized Fe-Mg silicate by hydrating ultramafic rocks. As a result
of an interaction between fluids and ultramafic rocks, serpentinites are commonly formed by processes such as
metamorphism, metasomatism, or hydrothermal alteration in a variety of tectonic environments.The highest Ni
grades occur, particularly in the upper zone, and Ni grades of 1 to 2 percent are common.
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