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The Yilgarn Craton surface regolith

Hardpan in colluvium
and alluvium

- Salt lake and valley
calcrete

Salt lake
Red sands

Yellow sands

Calcareous clays,
pedogenic calcrete

|| Lateritic gravels, bauxite

Southwestern region 120°E

Image: Churhward & Anand, 2000
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Presentation Notes
The image shows the regional distribution of regolith and landforms in the Yilgarn Craton (from Churchward & Anand, 2000). Much of the Yilgarn surface is covered by a thick, partially stripped and locally buried deep weathered mantle. Salt lakes, red and yellow sands and ferruginsed colluvium and alluvium (“hardpan”) make up the surface materials across the Yilgarn. Below these surface materials are deep and highly weathered regolith, whose features we will examine in this module.  Two points to note. The first is that the Yilgarn in terms of surface materials is often divided into a northern and southern region by a line known as the Menzies Line. The second is that bauxites are dominant in the southwest corner i.e. Darling Ranges, the yellow sands and pedogenic calcrete (soil calcrete) are present in the southern region i.e. in the Kalgoorlie area, whereas red sands and valley calcrete are present in the northern region i.e. in the Leonora-Wiluna area. The Menzies line separates the occurrence of valley calcrete from the soil calcrete (south). The salt lakes or playas shown are indicative of an extensive paleodrainage system.
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Presentation Notes
The profiles described in the previous slide can now be placed in a landscape setting. Integrating regolith profiles with individual landforms allows to understand, map and construct regolith-landform maps and models. The background image shows a landscape with flat topped hills (mesas) with gradual slopes and flat plains in between the mesas. The concept behind the geochemical dispersion models is the stripping of profile in the landscape, which when applied to the individual landforms seen in the landscape image are as follows: the top of the mesas represent “complete” residual profiles with duricrust downwards, the slopes represent “truncated” or stipped weathering profiles with exposed saprolites and below, and the lower plains represent depositional sites with transported regolith overlying residual profiles. This concept is known as the Residual-Erosion-Depositional or RED scheme. The assumption in the concept is that the area was once covered by a weathering profile which has since been eroded and the only remnants remaining are the mesas.


Relict — Erosional — Depositional Scheme

R — lateritic gravel and duricrust dominated terrane
E — Saprolite, shallow soil and bedrock dominated terrane

D — Sediment dominated terrane
1 D | E | R | E D lE | R | E |

Sediments
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Presentation Notes
The landscape evolution model followed by the residual, erosional and depositional scheme (RED) is based on the extensive development and past presence of a ‘lateritic’ profile across region under study, with the extensive weathered mantle subsequently experiencing differential stripping or erosion (figure).  The differential erosion of an extensive lateritic plain led to the removal of in situ regolith materials from the profiles and distribution of these materials as sediments within the landscape, resulting in a complex arrangement of weathered, unweathered (in situ regolith) and sedimentary detritus (transported regolith). The model implies that the distribution of in situ and transported regolith is related to the residual, erosional and depositional landforms. Relict or residual regimes consist of areas represented by in situ or residual weathering profiles that have preservation of ‘lateritic’ residuum.  Relict regimes were originally considered to represent an old landsurface.  Relict regimes are characterised by low relief landforms such as mesas, etchplains, rises and erosional plains. Erosional regimes are characterized by the exposure of saprolite, mottled zone, thin soils or bedrock, all of which imply that eroisional processes are active and possibly stripped a previously existent ‘lateritic’ profile.  These regimes are characterised by rises, hills, escarptments etc. Depositional regimes are characterized by the widespread presence of unconsolidated to to weathered or recemented sediments (transported regolith) that can vary in thickness from a metre to tens of metres and bury an in situ profile or in situ regolith units.  The landforms typical of depositional regimes for this scheme are colluvial plains, alluvial and floodplains, sand dunes and plain etc.


Remote Sensing & Regolith-landforms
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Presentation Notes
Once the area has been narrowed down via geophysics, a regolith map of the area needs to be prepared. The regolith map should highlight the different regolith-landforms, the sample medium to be sampled (e.g soil or residual laterite or saprolite or drilling to subsurface saprolite); in residual landforms soil, lag and laterite is best; in erosional saprolite and in depositional areas drilling to subsurface residual material. Currently, geological surveys produce regolith maps, but in Africa and South America, consultants are used to produce regolith maps. It is important to have an understanding of the regolith, because surface sampling can work in some landform settings and not in others, and a regolith map can assist in defining the effective use of surface sampling.


Regolith-landforms of Northern Yilgarn

Transported cover
R = Relict regime Saprolite
(Ferruginous gravel and
duricrust-dominated terrain)

E = Erosional regime
(Saprolite and bedrock-dominated terrain)
D = Depositional regime
(Sediment-dominated terrain)

Bedrock
Ferruginous duricrust, gravel

From Anand & Butt (2010)




Main Phanerozoic Sediment relationships —
Transported regolith

4. Miocene gravelly 5._M|ocene 10
a sand Pliocene gravelly to 6. Quaternary sand

Local sand variable dunes
sediments
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3. Miocene Perkolli

1. Permian boulder 2. Paleocene shale (clays &
clays, grits, sandstone Wollabur gravel & lenses of gravel)
sandstone

From Anand & Butt (2010)



Stratigraphy of transported regolith in the Yilgarn

Litholo . . . Interpreted depositional
A 9 Regolith Unit Description prete D
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Compiled from Dusci (1994), deBrokert (2002), Anand et al. (2013)



Weathering history and landscape evolution - 1

Late Permian to Cretaceous — extension weathering with stable
landsurface conditions

a Older lateritic residuum [ Palaeovalley >
Mecha Nodules and pisoliths in residuum and colluvium

Late Cretaceous to Eocene — drop in sea-levels (base level change) caused
inset valleys to develop in the landscape with erosion

b Goethite cemented sediments (older ferricrete)

Inset valley

A
L ™

After Anand & Butt (2010)




Weathering history and landscape evolution - 2

Mid Eocene - Miocene filling of inset valleys due higher sea-levels

b1

Mid-Miocene —stable conditions favouring weathering

c Older ferricrete
L

Younger lateritic
residuum

LR %,

Late Miocene —to current — local erosion and sedimentation and

onset of aridity — drop in water tables

d Older lateritic Sail
¥ residuum formation

Aeolian dust Younger

ferricrete




Yilgarn Inset
valley
paleochannel fills

o Salt lakes

- Paleodrainage

- Trunkinset valley fill

~ — = Trunk inset valley fill (inferred)

After de Brokert (2002), compiled
from Kern & Commander (1993)




Yilgarn Inset Valley Paleochannels - Magnetics

RTP — southeast of Laverton 1VD — 30 km southeast of Laverton

e WL
e

Paleochannel sediments that have maghemite bearing pisolites show up on
magnetic survey images — distributary channel form




Paleochannels (Inset-valley fills)

Quaternary colluvium and alluvium
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Presentation Notes
Paleochannels are typically found over areas of deeply weathered bedrock, although it is unclear if the rock had weathered before or after the incision by the paleochannel. If the position of plaeochannels was structurally controlled, it may be that groundwater penetrated to deeper levels in these permeable zones, resulting in deeper weathering. Upland areas can contain relatively fresh bedrock that has been exposed during retreat of breakaways.



Inset valley paleochannel fill stratigraphy
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Late Cenozoic sediments & regolith

Stratigraphic column from Anand & Butt (2010)




Late Cenozoic sediments & regolith

within pebbly clay sand  ©
sediments- unconformable
over saprolite




Pleistocene sediments - hardpan




Regolith-Landform relationships
Erosional rises/low hills

Mystery Pit, Mt. Percy

Transported cover
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Presentation Notes
The Mystery Pit at Mt. Percy on the outskirts of Kalgoorlie has been examined in some detail with regard to the development of a regolith profile and mobilization of gold. The great depth of weathering and oxidation in the area is apparent from this photograph. Although deeply weathered, at least two distinct rock types can be distinguished. Basalt and ultramafic rocks have been intruded by felsic porphyry dikes. Gold mineralization was introduced along dike contacts which were sheared. Much of the profile in view is leached of many elements, including gold. The latter, along with calcium in the form of carbonate, has been concentrated in the thin ferruginous capping that is just visible on the lip of the pit.


Regolith-Landform relationships
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Presentation Notes
As mentioned previously, breakaways are prominent scarp slopes typically found on the margins of areas into which the present day drainage has incised. They are not simply the remnants of plateau
surfaces, as the back slopes also have a gentle gradient to them, suggesting the breakaways are the remnants of former hills or rises.


Regolith-landform relationships
Relief Inversion in landscapes
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Presentation Notes
Iron is reduced in the higher parts of the landscape and moves laterally in shallow groundwater (as Fe2+ species) to lower points in the landscape (valley floors). In these lower landscape locations, the groundwater is closer to the surface or emerges as discharge zones and the mobile Fe2+ on coming in contact with oxygen near surface oxidizes and precipitates as iron oxide/hydroxide cements, thereby cementing the valley floor cements or even the soil. Because the iron cemented valley floor materials are now hard i.e. Fe-duricrusts or ferruginized duricrusts called ferricretes, subsequent erosion over time leads to adjacent softer regolith eroding and eventually resulting in the ferricete becoming the higher landscape features. Because these iron duricrusts called ferricretes formed resistant cappings, often within transported materials (alluvial sediments), that withstood erosion, the topography is referred to as inverted topography i.e. the higher parts were once the lowest in the landscape.


Profile modifications across the Yilgarn-
Onset of aridity

Profiles have mineralogical & geochemical characteristics of present climate
superimposed on those from previous one

Humid

_ Iron oxides Acid Ferruginous duricrust, ferricrete
Silica Acid Pedogenic silcrete
Aluminosilicates Acid-nuetral Hardpan
Silica Acid-neutral Hardpan, groundwater silcrete
Carbonates, Alkaline Calcrete, gypcrete

<+ Halides, sulfates Alkaline Evaporites in playas, soils

Arid

Lowering of water-table

Leaching of vadose zone under oxidizing & possibly saline conditio
Dehydration of hardening of phases




Regolith Minerals
Types, Nature & Significance




Types of regolith minerals

Phyllosilicates or Clay Minerals (layer
silicates)

Smedctites, kaolinite, illite, vermiculite &
Interstratified varieties of these

Framework Silicates — opal A & opal-CT,
quartz

Oxides & hydroxides of Fe, Mn, Al & Ti
Geothite, hematite, maghemite (all Fe),
gibbsite (Al), lithophorite (Mn)

Sulfates - gypsum, jarosite, alunite

Carbonates — calcite, dolomite, magnesite

Chlorides - halite

Phosphates — crandalite, florencite,
plumbogummite
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Presentation Notes
Most regolith environments in Australia have a standard set of minerals. The secondary “regolith” minerals are kaolinite, illite, smectite or interstratified  (the phyllosilicate group or clay minerals), hematite, goethite, maghemite (the iron oxides/hydroxide group), gibbsite and boehmite (the aluminium oxide/hydroxide group), gypsum, jarosite (sulphates) and calcite and magnesite (carbonates) and microcrystalline forms of quartz (quartz, opal-A, opal CT). The critical point about regolith minerals is that they are fine grained and many are intergrown, which makes identifying them with standard optical methods difficult.


Regolith Minerals — Fine Grained Mixtures

Most are very fine-grained (high surface areas) o N

The fine size and crystal-chemical properties impart w

a dynamic nature to them

 hydrolyzable surfaces or functional groups =
excellent adsorbers of elements

o flexibility in exchanging metals (cation
exchange)
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Presentation Notes
The extremely fine-grain sizes (nano-particles) and the chemical and physical characteristics of the regolith minerals that bestow them with important dynamic properties.
Most regolith minerals (minerals formed due to weathering) have grain sizes in the clay range (< 2m).  Generally, the individual crystals are much finer (< 0.1m) and many are nano minerals! The fine grain sizes provide larger surface areas for surface oriented chemical and physical reactions as compared to the rock-forming minerals. Regolith minerals also have certain crystal-chemical features that make them excellent adsorbers/desorbers of elements, which again is very different from most rock-forming minerals.  Therefore, the secondary minerals and organic matter act as dynamic element hosts and subsequently are the main regulators of elements in the regolith.  



Why identify, quantify and understand regolith

minerals?
They provide clues to the physio- Present & past
chemical conditions of the regolith ::> environments
such as pH, Eh, temperature, and processes
drainage, presence of anions

They regulate trace and major element
mobility in the regolith and therefore Mineral
. . . C—>

Impact on geochemistry of regolith,

groundwaters and surface waters

According to a geochemist, to interpret most forms of geochemical
data- three rules apply: mineralogy, mineralogy and mineralogy!
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Presentation Notes
They main reasons for identifying and studying regolith minerals is because their nature and characteristics provide a clue to the environment conditions present during their formation and also because they act as sink or accumulator of trace metals such as targets and pathfinder metals. For example, identifying and quantifying the presence of hematite allows us to interpret likely conditions that existed during its formation like the oxidation rate and saturation state of the regolith. Furthermore, hematite and goethite adsorb and incorporate specific trace metals such as Cr, Ni, Cu to varying extents, and therefore regulate the trace metal behaviour.



Iron oxide types and their formation conditions

Red to reddish brown.

Hematite Favoured under low water activity,
Fe,O, low Al activity, high organic matter and
high temperature.

Forms due to transformation of
ferrinydrite (rapid oxidation of Fe?*)

Brownish-yellow.

Goethite High water activity, high organic
FeOOH matter, high Al activity and low
temperatures.

Forms from oxidation of Fe2*
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Presentation Notes
The presence of iron oxides and hydroxides provide a clue to formative or specific environmental conditions (water, pH, temperature, organics) present during the formation of the iron oxides (remember these conditions could have been in the past). Hematite has a red to dark red colour, prefers to form in parts of the profile where the water activity is low (rapid drainage), the Al activity is low, organic matter and temperatures are high (higher temperatures tend to promote faster drying = low water activity). In contrast, goethite, is brown to dark brown, prefers to form in high water activity parts of the profile (longer periods of saturation = wetter), with low temperatures. Often, hematite and goethite can occur mixed in a sample, but predominates over the other depending on the specified conditions.


Iron oxide types and their formation conditions

: Dark brown to black. Magnetic. Forms
Maghemite by the oxidation of magnetite, or
dehydration of lepidocrocite or heating S
of Fe hydroxides with organic matter. |
Highly weathered regolith & forest
fires

v-Fe;0,

Orange-brown. Polymorph of goethite (different
structure same composition). Forms by slow
y-FeOOH oxidation of Fe?*. Found in seasonally anaerobic
but non-calcerous soils by slow oxidation

Lepidocrocite

Magnetite Black. Magnetic. Inherited from parent rock or
forms in reducing conditions or via magnetotacti
Fe;O, bacteria. Submerged soils
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Presentation Notes
Maghemite is dark brown to black in colour and magnetic. Maghemite has a composition similar to hematite, but a crystal structure similar to magnetite.  It is a common mineral in the Australian regolith, especially as a component of the nodules and pisolites, as compared to the matrix around these features.  Maghemite is also common in soils of the tropics and subtropics.  There are three known pathways of maghemite formation.  One mechanism is the direct oxidation and addition of oxygen to magnetite. This mechanism does not appear to be significant in forming abundant maghemite at the surface. The second is the dehydration of lepidocrocite. The third is the thermal transformation (temperature of 200-400 0C) of iron oxyhydroxides such as goethite in the presence of organic matter.  This last reaction, widely considered to be promoted by forest fires, which provide the heat and the soil organic matter provides the catalyst.  Therefore, the presence of maghemite is samples is generally considered to be a product of bush fires. 


Iron oxide formation, dissolution and
transformations

Once formed, iron oxides
transform via two processes

 Via dissolution and
reprecipitation as
another oxide

* Via structural
rearrangement of
another oxide where the
structure reorganizes to
a new one

Modified after Bigham et al (2001)

Maghemite

Organics +
heat

[ Goethite | -

_________

—————————————

|

KFeSizO10 (OH)2
FeMgSiO4 FeS»2

Primary minerals

T dehydration

! Reductive dissolution

I Fe(lll) reduction related to
| bacterial metabolism -

| oxidation of organics

oo (D

Secondary iron minerals in soil,
ferricrete, mottles and sediments

<« Fechelates

with organics ?
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The iron oxide & hydroxide that form on oxidation of Fe2+, depends on hydrolysis of the Fe3+ and transformations of existing iron minerals at particular pH and hydration conditions. Fe2+ oxidises and hydrolyses and if the oxidation is rapid at pH> 5, then ferrihydrite is favoured which gradually transforms to hematite due to dehydration (rapid drying favours formation of hematite on Fe2+ oxidation). At acidic pH (pH <4) in presence of sulfate ions, schwertmannite is preferred. If the oxidation slow with high water activity (i.e. drainage is impeded, oxidation slow), then goethite is the preferred mineral over a range of pH (acidic to neutral). Hematite and goethite when heated in presence of carbon (organic matter) transform to maghemite. The formation of maghemite due to bush fires (organic carbon from trees and temperature from fire), but maghemite can also form due to the oxidation of magnetite.


Minerals & regolith environments
pPH vs Anions

The presence of specific minerals provides information on
pH and type of dominant anion present in the system

Chloride

Sulfate

Carbonate alcite  Magnesite

Silicate Feldspar

Smectite

Acid Neutral Alkaline
pH

ALIFS T

Modified — Taylor & EQEGEEs
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The pH is the master variable and pH of surface and groundwaters (shallow and deep) have a direct effect on the precipitation and stability or persistence of secondary minerals in the regolith. Often, the corollary is also true: presence of specific mineral or mineral assemblage is an indicator of pH and dominant anion present in the current or past environment. It is possible to also add an extra variable in the form of dominant anion in the surrounding environment (vadose and groundwaters) to pH and infer both these variables from the minerals present. The figure provides a guide to ranges of pH (acid, neutral or alkaline) and dominant anion (Cl, SO4, CO3, Si-OH) that are required to form minerals found in the regolith environment or sedimentary rocks. For example, in acid conditions such as those found in acid sulfate soils (AAS) or acid mine drainages (AMD) where the weathering of sulfides and oxidation of iron and sulphur species generates acid conditions, results in the dominance of iron-sulfate minerals such as  jarosite and alunite. In neutral to alkaline conditions (pH 6 and above), the presence of carbonate will result in formation of calcite and magnesite, the latter seen to form in nickel laterite profiles which are known to be alkaline.



Minerals & regolith environments
pPH vs Eh (redox condition)

Iron oxides, iron-sulfates, iron sulfides and carbonate
minerals are indicators of pH and redox (oxidizing or
reducing) conditions

£

&

S

X

@)
Sulfide weathering
Acid sulfate soils Eh
Acid Mine Drainage g Goethite
Salt Lakes §
Wetlands : Mong sulphides
Constructed drains Acjy Pyrite

pH

Modified after Taylor & Eggleton (2001)
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Specific minerals in the regolith are indicators of redox state of the environment under which they formed. They form and persist in a restricted Eh-pH range of oxidation potential. The figure illustrates the minerals with their approximate Eh-pH ranges. Pyrite (black) and mono-sulfides (“black ooze”) are indicators of reducing environments, where sulphur reducing bacteria catalyze oxidation of organic matter and link it to reduction of Fe3+. However, if high concentration of CO32- ion is present in pore waters as is the case in alkaline reducing environments, siderite (FeCO3) will be the dominant mineral present. Oxidizing, acid conditions favour the formation and persistence of iron-sulfate minerals -jarosite and schwertmannite. Jarosite is stable over a longer period while schwertmannite is metastable and transforms to goethite with time (months to a year). Therefore, the presence of jarosite and schwertmannite is used as an indicator of acid conditions (pH < 4), and this pH – mineral stability linkage has been used to spatially and temporally map surface acid conditions via hyperspectral remote sensing. Goethite and kaolinite are indicative of wide oxidizing pH range from mildly acidic to neutral to alkaline conditions. 



Minerals & regolith environments
Profile Drainage (& Climate)

ematite +.
Impeded or slow groundwater flow Well drained, EETeIlpi-Ra=
results in smectite-carbonate- dry GRevle s g
goethite association (

Free flow (well-drained) results in ‘
most stable assemblage -kaolinite-
hematite

Need to consider climate and
drainage together

e e.g. smectites may indicate
aridity and/or impeded drainage

Magnesite Smectite
+ smectite Goe
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The rate of flow of groundwater vertically (and laterally through profiles and/or sediments can affect the nature of the minerals that form, and the presence of resulting minerals can be used as indicators of the rate of flow of water, or in thermodynamic terms – the water activity. Slow rate of water movement through a regolith profile allows the water to become saturated with the ionic components being released due to the weathering of minerals, and therefore potentially achieve equilibrium with specific secondary minerals. In a vertical profile, the weathering of a mafic rock results in the release of Ca, Mg, Si, Fe, Al to varying degrees due to the weathering of primary minerals and slow water flow or impeded drainage can result in high ionic concentrations of all or some of the released components in the groundwater, leading to the formation of calcite-smectite-goethite assemblage. A similar profile under rapid flow or free drainage conditions is likely to attain saturation in Al, Si and Fe resulting in the kaolinite-goethite and/or hematite association. However, these assemblages cannot unambiguously be used to infer profile drainage, because local or regional climatic conditions can play as important a role. 


Regolith Environments

Wet vs Dry

Use iron oxides as indicators
Goethite (yellow-brown)— high water
activity
Hematite (red to dark red) — low water
activity
This association provides wet vs dry
environmental information on
* Micro — fine mottles
* Profile — brown mottles below red soill
» Landscape — red crests versus yellow
valleys

* Regional scale -red areas versus
yellow

Hematite dominant
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Iron oxides and hydroxides provide a good indicator of water activity and organic matter. The red hematite is favoured over brown goethite in low water activity and low organic matter environments and therefore free flowing profiles and macro and micro sites with lower water saturation will show a dominance of red hematite due to low water activity. In contrast, slow draining profiles or macro or micro regions having longer saturation will show brown or yellow (kaolinite + goethite) areas. In many deep weathering profiles, red-grey mottles dominated by hematite + kaolinite assemblage overly yellow-brown with grey mottles dominated by goethite + kaolinite (± smectite and illite). The vertical mineralogical sequence points to the varying water saturation regime. Coarse mottled zones are considered to represent the limits of fluctuating water tables in highly weathered regolith profiles. After the wet season, the water table recedes quicker near the top of the mottled zone, therefore the rapid drying and longer period of dryness favours rapid oxidation of Fe2+ resulting in the formation of reddish hematite and ferrihydrite. Conversely, the longer duration of saturation lower down in the profile favours yellow-brown goethite with possible illite and smectite. There are many profiles that do not have a current water table that show these mottled features, and therefore these mottled features are interpreted as representing paleo water table conditions.


Minerals & regolith environments

Drainage & Landsacpe

Local regolith environment is dictated by landscape position because
landscape position controls drainage

Generally, hill crests are drier because they are well drained
Valleys are wetter because poorly drained

Hematite

Poorly drained

Impermeable substrate -

fresh or weathered - Goethite
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Regolith minerals can be used as indicators of past landscape position, but interpretation is a combination of drainage and paleo-landscape evolution or substrate type. The iron oxides, especially hematite and goethite, having their formation pathways controlled significantly by water activity or saturation, provide the best indicators of drainage linked to catenary position i.e. landscape position (catena in regolith means a section along a slope). On convex slopes without incision, the hill crests are better drained whereas the valley bottoms are poorly drained. Accordingly the drier hill crests due to better drainage will be richer in hematite and therefore have redder soils, whereas the valley bottom soils due to slower drainage are dominated by goethite and therefore are coloured brown-yellow. 



In Situ vs Transported

Kaolinite “Crystallinity”

Kaolinite “crystallinity” or disorder

Kaolinite Crystallinity Index (KCI)
determined via reflectance spectra
(ASD or HyLogger) using kaolinite
doublet

In situ = well crystalline (ordered)
Transported = poorly crystalline

However, not always true

After Phang (2000)
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Presentation Notes
Kaolinite “crystallinity” (roughly equivalent to “disorder”) is suggested to be a discriminator between transported regolith (fresh to weathered surficial sediments) versus residual or in situ regolith (weathered bedrock) in drill chips or drill core.  Poorly crystalline kaolinites are considered to be dominant in the transported regolith on the reasoning that kaolinite grain structure has been disordered due to mechanical transport, while kaolinites crystallized in place are considered to be well crystalline with little defects (i.e. they are well crystalline). Several studies show this reasoning to hold in drill holes, with the Kaolinite Crystallinity Index (KCI) derived from spectral properties indicating a sharp difference at the interface (i.e. well crystalline kaolinites in residual regolith and poor crystalline kaolinites in transported regolith). However, few studies of kaolinites show this distinction of KCI does not always hold true with some in situ profiles showing poor crystallinty and some transported regolith kaolinites being well crystalline. The KCIis derived from spectral data. The kaolinite crystallinity is acquired from clarity or separation of 2160 nm (2.16 m) from the main 2200 nm absorption peak of kaolinite (Al-OH). If the 2160 nm peak is distinct as it is in the upper spectra, then kaolinite has good crystallinity and this is mostly shown by saprolite kaolinites. If the 2160 nm absorption peak is broad and merges with the 2200 nm peak as shown in lower spectras, then kaolinite is interpreted to be poorly crystalline. Poorly crystalline kaolins are in soil and transported cover sediments.
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