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Abstract: This study aims to observe the relationship between SiO, content and
Ni content with variations in the depth of laterite nickel production in the Towara
area. The independent variable was nickel extraction at depths of 1, 5, 10, and
15 meters from four drill holes spaced 100 meters apart. The dependent variable
was nickel ore samples. Samples were obtained through drilling activities,
followed by wet and dry preparation, including size reduction, drying, grinding to
200 mesh, and pelletization, before being analyzed using XRF according to the
JIS M-8109-1996 standard. The results of the study showed a negative
relationship between SiO, content and Ni content. A depth of 10 meters had the
highest Ni content of 1.977 % at a medium SiO, content of 33.577 %. A depth
of 15 meters showed a very high SiO, content (>66%) with a low Ni content
(<0.3 %). The Limonite and Saprolite zones dominated the interval with high Ni
content, while the Bedrock and Below Laterite Deposit zones were dominated
by high SiO, and low Ni content. An increase in silica content at a certain depth
indicates a decrease in nickel enrichment potential, making silica an important
parameter in evaluating nickel prospect zones.
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1. Introduction

Due to its geological location, Indonesia is rich in natural resources, particularly non-
renewable mining materials [1]. One such strategic resource is nickel. Nickel is a metal with
numerous uses, including as a base material for the manufacture of anti-corrosion metals, an alloy
in stainless steel production, and various other industrial products [2][3]. Due to its versatility, nickel
is a highly valued commodity on the global market. Since 1950, demand for nickel has increased
by an average of 4% per year and is expected to continue to rise in the coming decade, in line with
technological developments and industrial needs, particularly in the electric vehicle and renewable

energy sectors [4].

Nickel Laterite Ore (Nickel Ore) is a nickeliferous deposit formed when olivine minerals in
peridotite are decomposed by acidic groundwater [5]. Nickel laterite ores are classified as limonite,
saprolite, and serpentine [6]. Silica minerals are compounds commonly found in mining or quarrying
materials, such as quartz sand, granite, and feldspar, all of which contain silica crystals (SiO,) [7].
The presence of silica and other elements in laterite nickel ore (Ni) is one factor influencing the
nickel content of the ore [8]. Therefore, highly accurate and precise chemical analysis is required to
accurately determine the elemental composition [9]. One analytical method capable of producing
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results with a high degree of accuracy is X-Ray Fluorescence (XRF), which is effective for quickly
and non-destructively detecting and measuring elemental content, including silica [10].

Nickel content is a major concern in the nickel mining industry. According to the Minister of
Energy and Mineral Resources Regulation No. 11 of 2019, nickel content below 1.7% is prohibited
for export [11]. This presents a major challenge for all nickel mining companies [12]. One of the
obstacles in nickel mining is the instability of the nickel content obtained from each ore extraction
[13]. This issue has become a major challenge in laterite nickel mining, particularly in determining
the appropriate location and understanding the structure of the rocks and soils that make up the ore
to meet the desired nickel content standards [14]. The decline in nickel content can be influenced
by various factors, one of which is the internal composition of the ore itself, including elements and
other compounds that make up the ore [15]. These factors form naturally during the laterization
process in the soil and contribute to variations in the nickel content produced from laterite deposits
[16].

Research on the effect of silica on nickel content in laterite ore has previously been conducted
by Mahadika [17] [18], who analyzed the correlation between SiO, and nickel content in the Ussu
laterite deposit, Malili District, East Luwu Regency, South Sulawesi Province. The results showed
an average SiO, content of 46.87%, while the average nickel content was 0.28%. The study
concluded that the presence of silica influences nickel content at that location [19].

This study differs from previous studies, particularly in terms of the location and characteristics
of the laterite deposits analyzed. While Mahadika [20] This study was conducted in East Luwu
Regency, and it was conducted in North Morowali, which has different geological conditions and
laterite deposit characteristics. Furthermore, this study will further explore the extent to which silica
content can affect nickel content using an analytical method that focuses more on elemental
distribution using Energy Dispersive X-Ray Fluorescence (EDXRF) [21]. Therefore, this study is
expected to provide deeper insight into the relationship between silica and nickel content in laterite
ore at different research locations [22].

2. Research and Methodology

2.1 Sampling

Nickel samples were taken from several drilling locations at depths of 1 meter, 5 meters, 10
meters, and 15 meters in four different holes spaced 100 meters apart. Preparation was then
performed.

2.2 Wet Sample Preparation

Each sample increment from the special check and test pit sampling is reduced in size to -10
mm using a jaw crusher, wet preparation, and a -10 mm sieve, or manually using a hammer on a
metal plate. Composite the sample by mixing and quartering the sample to a minimum of 25 mm and
34 mm x 10 mm. Then, take a cross cell for general analysis weighing approximately 1.5 - 2 kg. Oven-
dry the sample for general analysis at 150°C for approximately 4-5 hours.

2.3 Dry Sample Preparation

After the sample is confirmed dry, reduce the grain size using a jaw crusher for dry preparation
to -10 mm. Reduce the grain size with a double-roll crusher, then composite it by mixing, and then
reduce the volume using a 4x5 matrix cross cell method using a 5D scope. Then, split the sample with
a 3 mm splitter twice: one portion for general analysis (approximately 500 grams) and the other for
backup (3 mm). + 500 grams, perform grain size with a mill or disk mill pulverizer, continue the
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screening test to ensure all sample particles have reached a size of 200 mesh then composite with
mixing and matrix 4x5 samples cross cell method using a 1D scoop for General Analysis + 250 grams
and some for back up 200 mesh weight £ 250 grams. Then the General Analysis sample is weighed
and put into an aluminum cup of £ 10 grams to continue the process of making coin-shaped plates
using a pellet press which is then continued for the analysis process (JIS M-8109-1996) [23]

Sample
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Figure 1. Research process design

3. Results and Discussion

This study aims to observe the relationship between silica (SiO,) content and nickel (Ni)
levels based on analysis data at various points and depths in the Towara area. The data show
variations in the concentration of this chemical element at depths of 1, 5, 10, and 15 meters at
several drilling points.
3.1 One Meter Drilling Depth
The following is the analysis data at the 1-meter depth.

22,000
20,000 18,993
18,000
16,000

)
o
N
N
o
—
X
o
\I
\I

15,705

—
—
~
o
=

0
)
0
_

_

21000 § 0:965\\\ 12.1.3\ 0£6\ 120\ oig\

B4 32102 B4 20110 B4 38108 B4 08106 B4 10108
Hole

M % Ni % % Si02

Figure 2. One Meter Depth Analysis Results
Description:
B4 _32102: First drill point, B4 _20110: Second drill point, B4_38108: Third drill point, B4_08106:
Fourth drill point, B4 10108: Fifth drill point

Based on the graph at a depth of 1 meter from five drill points (B4_32102, B4 20110, B4_38108,
B4 08106, and B4_10108) in Towara Village, East Petasia, North Morowali, the silica (SiO,) content
varies significantly, ranging from 11.404% to 20.270%. Point B4_08106 shows the highest silica
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content at 20.270%, while point B4 38108 has the lowest silica content at 11.404%. Meanwhile, the
nickel (Ni) content is relatively low and stable, ranging from 0.776% to 1.013%. The highest nickel
content is found at point B4_20110 (1.013%), while the lowest is at point B4_38108 (0.776%).

The striking variation in silica content at this depth indicates that the rocks in the 1-meter layer
are dominated by materials with varying degrees of weathering, likely still in the surface zone or upper
laterite, which has not yet reached the typically nickel-rich saprolite zone. No direct correlation
between silica and nickel is apparent at this depth. For example, although point B4_08106 has the
highest silica content, its nickel content is not the highest. Conversely, the point with the highest nickel
content (B4_20110) has an intermediate silica content.

Based on these results, it can be concluded that at a depth of 1 meter, silica content tends to
remain high, while nickel content is not significant. This indicates that this layer is still part of the upper
weathering zone and has not yet reached the optimal depth for economic nickel exploration.
Therefore, to fully understand the relationship between silica content and nickel distribution, further
analysis at greater depths is necessary [24].

3.2 Five-Meter Drilling Depth
The following is the analysis data from the 5-meter point.
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Figure 3. Five Meter Depth Analysis Results

Based on the element content graph at a depth of 5 meters at five drill points (B4 32102,
B4 20110, B4_38108, B4 08106, and B4_10108) in Towara Village, East Petasia, North Morowali,
significant variations in silica (SiO,) and nickel (Ni) content are evident. The highest silica content was
recorded at point B4 32102 at 41.684%, while the lowest was at point B4_10108 at 13.287%.
Meanwhile, the nickel content at this depth showed a higher range than at a depth of 1 meter, with
values ranging from 0.737% to 1.474%. The highest nickel content was recorded at point B4_08106
at 1.474%, while the point with the lowest nickel content was B4_32102 at 0.737%. Compared with
data at a depth of 1 meter, nickel content increased at most points, particularly at points B4_08106
and B4 20110. Conversely, silica content showed a variable pattern, with point B4 32102
experiencing a very significant increase (from 18.993% to 41.684%), while other points decreased or
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experienced only a small increase. In general, there is a tendency for nickel content to increase with
depth, particularly at points with relatively lower silica content [25].

This indicates that at a depth of 5 meters, some points are approaching or have entered the
saprolite zone, a deeper weathering layer that is generally rich in nickel and poorer in silica. This is
consistent with the geological characteristics of laterite, where silica tends to be concentrated in the
upper layer (limonite), while metals such as nickel accumulate more heavily at the bottom due to
leaching processes. Therefore, observations at this depth reinforce the hypothesis that nickel
distribution is negatively correlated with silica content, especially when compared between points,
which show a striking contrast in both parameters [26].

2.3 Ten Meter Drilling Depth

The following is the analysis data from the 10-meter point.
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Figure 4. Ten Meter Depth Analysis Results

Based on the analysis results at a depth of 15 meters from five drill points (B4 32102,
B4 20110, B4 38108, B4 08106, and B4 _10108) in Towara Village, East Petasia, North Morowali, a
significant decrease in nickel (Ni) content was observed compared to the previous 10-meter depth.
The highest nickel content was recorded at point B4_10108 with a value of 0.787%, while the lowest
point was at B4_38108 with a content of only 0.168%. Overall, nickel content at this depth was well
below the average content at depths of 5 and 10 meters, indicating a reduction in Ni metal
accumulation in this layer.

Conversely, silica (SiO,) content showed a sharp increase at several points, particularly at points
B4 38108 and B4 20110, reaching 69.319% and 66.181%, respectively. Other points, such as
B4 32102, B4 08106, and B4 10108, recorded silica levels in the 32-38% range, which is still
considered high. This drastic increase in silica indicates that the 15-meter depth has likely re-entered
the nickel-poor, silica-rich limonite zone, or a transition zone where most heavy metals have been
leached downward due to prolonged leaching [27].

This phenomenon indicates that after reaching the optimal depth for nickel accumulation at 5—
10 meters, the zone below again shows a nickel-poor, silica-rich trend. Geologically, this could occur
due to a stratigraphic shift or a vertical non-uniformity in the soil layer structure. Silica accumulation
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at this depth could potentially originate from advanced weathering of silicate minerals or a higher
concentration of silica-bearing material at certain depths.

Thus, at a depth of 15 meters, observations indicate that silica content dominates, while nickel
content decreases significantly. This indicates that the optimum point for economic nickel exploration
is not in this layer, but rather at an earlier depth, specifically in the 5 to 10 meter layer, which exhibits
the highest nickel content and relatively lower silica content. This finding is important as a basis for
technical decisions regarding nickel exploration and mining in the Towara Village area [28].

4. Conclusion

Observations show that silica (SiO,) content tends to increase with depth, particularly at 15
meters, indicating higher silica accumulation in the lower layers due to leaching. Silica content in the
North Morowali nickel mining area ranges from 11.404% to 69.319%, with the highest value recorded
at the 15-meter drill point.
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