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The

weathering
interface between weathered rock
and pristine bedrock. In this zone,

the weathering front
unknown.
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the

chemical dis-equilibrium results in Water
intense mineralogical and Infiltration
geochemical transformations.

Its depth is poorly known due to

the inaccessible nature deep

beneath the Earth’s surface.

Studies in humid and temperate —
climate suggest a maximum depth Lateral
of 20 m in granitoid rocks [1]. In Groundwater
semi-arid climates, the depth of Flow

largely

Fig. 1 Processes involved in setting
the depth of the weathering front.
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1) Take a rock and fracture it.

2) Diffuse atmospheric O
meteoric water througi1 fractures.

3) Let the gases and fluids sit in the rock.
O, induces Fe oxidation that leads to
microfracturing providing new
pathways. Meanwhile, tectonically
uplift the rock and simultaneously
erode the surface.
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Even in dry climates this recipe results in
deeply weathered rocks. We detected multiple
weathering fronts in a semi-arid climate zone.
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Final product:
A soil that supports life

2. Geological settinc
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To explore the depth of the weathering front in semi-arid
climate, we drilled into fractured rock in the Coastal Cordillera
in Central Chile.

The drilled rock can be classified as quartz monzodiorite with
hydrothermal overprinting. We found weathering features
down to 76 m beneath the surface.

Fig. 2 Schematic
overview of the
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drilling core and
exemplaric core runs

Depth below surface [m]

60—

showing A: saprolite,
B: saprock, and C:
bedrock. Left side of

the cores (top)
points to the surface,
right side (bottom)
to bedrock.

3. Petrophysics -lﬂﬂ-

Density,
porosity

minerals

formation
Water-available
pathways for fluids and gases.
changes towards the surface are minor
because secondary minerals with high
density are enriched towards the surface.

porosity,
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Matrix vs. Bulk
Density [g cm™]

Porosity [%]

weathering
Porosity increases due to dissolution of
also decreases
of secondary minerals
porosity

and wate[‘—a\_/ailable
indicators.
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3 Density and porosity at deepest
weathering front. Grey area shows strongly
weathered zone.
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We found mul

tiple weather-
ing fronts with

varying weath
ering

iIntensity

at 76, 36 and

20 m.

Weathering
features are
often found

near fractures.
In the wupper

10m,
"top-down
weathering
recognizable.

Fig. 6 Analysed para-meters compared to borehole imaging (Televiewer). Blue zones
indicate higher degree of weathering. The specific surface area(SSA) increases in more
weathered zones (indicated by low CDF values). Grey parts indicate zones with higher
weathering, upper 10 m (white) show top-down weathering.
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The chemical depletion fraction (CDF)
shows bulk elemental loss relative to
bedrock composition. It is calculated using
the immobile element zirconium (Zr):

CDF = 1 — [XZr]bedrock

[XZr]weathered

The CDF decreases towards the surface.
Close to fractures and in fracture zones, the

CDF is also lower compared to less
weathered rock.
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depletion.

Fe(IIl)/ Fe

total

ratios indicate the state of
iron (Fe) oxidation. The measured ratio
increases towards the surface.

T values indicate the loss of an element

UFG

Fe(Illl)/ Fe,,

_, ratios in saprolite (white) and
saprock (grey). Dashed line indicates zero loss.

relative to bedrock concentration. T[Fe]
values show depletion towards the surface
and close to fractures.
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