What are clay minerals?
Where do they come from?

What stories can they tell?



What are clay minerals?



Clay Minerals Serving the Global Environment

Biogeochemical cycling
Buffering capacity of the oceans

Natural containment of toxic materials

Clay Minerals Serving the Human Environment

Design of environmentally sound, catective
chemical and biological remediation strategies

Accurately assessing environmental and human health
risks from contaminants



The Importance of Size
-Limits of abrasion

-Limits of crystallite size

-Surface to volume ratio an_”‘»\\_\ / o

conseguential properties . -
-permanent charge Clay—SIZe gl‘am
-reactivity Q
-CEC
-adsorption
-origin of life
-plasticity

Silt-size grain
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Sand-size grain




Making a tetrahedron
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Possible orthorhombic cell

Half dimple
Plane of closest-packed oxygens or hydroxyls



Possible orthorhombic cell
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Halt dimple

Plane ot closest-packed oxygens or hydroxyls



Triocahedra
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Using the 060

Values of d(060) and 28 for micas and clay minerals

Dioctahedral

Trioctahedral

Mineral d(060) 28
Kaolinite 1.490 62.31
Montmorillonite  1.492-1.504 62.22-61.67
Illite (Muscovite) 1.499 61.90
Glauconite 1.511 61.35
Saponite 1.520 60.95
Nontronite 1.521 60.91
Hectorite 1.530 60.51
Serpentines 1.531-1.538 60.47-60.16
Biotite 1.538 60.16
Chlorites (Tr,Tr)  1.538-1.549 60.16-59.69
Sepiolite 1.540-1.550 60.07-59.65
Vermiculite 1.541 60.03
Berthierine 1.555 5944
Palygorskite 1.56 59.23

Bailey, 1980; Brindley, 1980




Tetrahedral site under here
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Lower plane = ™ e’ Upper plane

Upper plane of oxygens or hydroxyls closed packed
on the lower plane.
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Assembling a 2:1 clay mineral
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Tetrahedral Accomodations
for Joining Sheets




Ternary rdationsof 2:1layer silicates
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Classification of Phyllosilicates,

Emphasis on Clay Minerals
1. Layertype: 1:1or 2:1 (or 2:1 inverted ribbons)
2. Layer charge: from 0 to 2 & variable
3. Dioctahedral or trioctahedral

4. Chemical variations



VI=01V =0
MQsSi,O1(OH), Serpatines

VI=0 IV =0
Al,Si,0:0(OH)s Kaolins



Example of halloysite from natural hydrated
state to completely dehydrated

| @tah halloys it%

humid 9.9A I}f air, 30 min

microwave, 2 min
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VIi=01IV=1
(K, Na)Al,(AlSiz)(OH), Muscorite

VI=0 IV =1
(K, NaXMg, FE)g(AlSlg)lo(OH)z Biotite

(K, Na)u[(Al,FE),(Mg,FE),]SisAl)1o(OH), llite
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VI=-033 IV=0
R0_33+ (A|167|V| go_33)8i4010(OH)2 Montmorillo nite

VI=0 IV =-033
Ro_33+ A|2(8|367A| 0_33)010(OH)2 Beidellite (Feg+ = NontronitE)

Interlayer ion
() Water molecule
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An idealchlorite consistsof anegatively chaged 2:1layer
[(R*",R*)3SisxR*")100H,]
and apositively chamgedinterlayer octahedragheet

[(R*,R¥")3(OH)e]”
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A. Paygorskite with b approximately 18A
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B. Sepiolitewith b approximately 27A



Regularly Stacked, Mixed-Layered Clay Minerals

Aliettite 1:1 Talc/trioctahedral smectite

Corrensite 1:1 Two varieties, a trioctahedral chlorite/low-
chargetrioctahedral smectite and a
trioctahedral chlorite/high-charge
trioctahedral vermiculite

Dozyite 1:1 Serpentine/chlorite

Hydrobiotite 1:1 Biotite/vermiculite

Kulkeite 1:1 Talc/chlorite

Rectorite 1:1 Dioctahedral mica?/dioctahedral smectite
Tosudite 1:1 Dioctahedral chlorite/smectite
Tarasovite? 3:1 Illite/smectite?

4T he Nomencl ature Committee recognized K-, Na-, and Ca-rectorites (S. W. Bailey,
Universty of Wisconsn, written communication 5/14/1990).
bTheregularity of this species has not yet been established.



Common transformation
seguences or mixed-layered

Smectite
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Hydrotalcite

|deal hydrotalcite is MggAl ,CO3.4H,0 and

has anion-exchange capecity.



Where they come from



They come from:

-Weathering
(f) climate
(f) parent material
(f) fauna and flora
(f) Oreverseodo WwWEe

-Hydrothermal alteration



QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.



