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Abstract 

 
Clay grain-coats preserve favorable reservoir quality in deeply buried eolian sandstones by inhibiting quartz cement. Reported 
mechanisms for clay-coat formation include: 
 
1. Translocation of airfall/rainout dust into eolian sands. 
 
2. Inheritance of coated sand grains from ephemeral fluvial systems. 
 
Sparse information exists regarding where the coating processes are most effective, the distribution of clay-coated sands in fluvial-
eolian environments, and survivability of coats during eolian transport. Such limited knowledge makes pre-drill predictions of coated 
grains difficult. Consequently, we are conducting field studies in modern eolian environments focused on the genetics and distribution 
of clay-coated sands. This work will form the basis for predicting the presence, continuity, and composition of clay grain-coats in 
ancient eolian strata that are potential reservoir targets. 
 
The Chaco dune field, northwest New Mexico, was selected as one of several investigation sites. A transect from the Chaco River to 
the northeast was sampled that includes sand sheets, barchanoid dunes, parabolic dunes, ephemeral fluvial channels, and Cretaceous 
age bedrock. Consistent with literature, clay-coated grains are found in Chaco River sediments. These fluvially coated grains appear to 
be transported by wind into the adjacent dune field from the river bed and lose their coats by abrasion. Clay coats are subsequently 
regenerated in nascent soils by translocation of dust into vegetation-stabilized dunes and sand sheets. 



 
Climate is a key control on vegetation which promotes stabilization of the sands and coat regeneration. Climate cyclicity also is 
important. Conditions must periodically be dry enough to allow eolian transport, but wet enough at intervening times for stabilization 
and translocation. The results are being incorporated into a probabilistic predictive model. 
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Project Motivation, Goal, and Challenges

Motivation for research:
• Grain-coating clays impart favorable RQ to eolian sandstones by inhibiting quartz cement. 

clay coats no clay coats

Main Goal:
• Develop process-based forward model(s) for prediction of eolian grain-coats. 

Challenge:
• Understand the genesis and distribution of clay coats.
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Clay coatings in eolian sands … how do they form?

Clay coats form by translocation of clay and clay-sized particles in vadose zone
(Translocation concepts and fluvial model after Crone, 1975; eolian model after Ahlbrant and Fryberger, 1980; and Ehrman, 1987).

Eolian:       Dust settling ……………..…………. rain-out / translocation ………….…………….. infiltration and coating

Fluvial:     +/- Dust settling ……………... overbank flooding by clay-laden water .………… infiltration and coating

Alluvial: +/- Dust settling ………………... sheetflood by clay-laden water …….……… infiltration and coatingAlluvial:    +/ Dust settling ………………... sheetflood by clay laden water …….……… infiltration and coating

Infiltration, overbank flooding, or sheetflood

……………   Dry   ………………….…….................…..…   Wet   ………………..…………………………   Dry   …………..
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Infiltrated clays; morphologies and interpreted processes

Translocated clay morphologiesy p g

Modern

Paleozoic
coat

bridge

ridge Modern

Criteria for Interpreted Processes from SEM or thin section observations:

Cl b id id t l l t l ti (C 1975)• Clay bridges or ridges = current cycle clay translocation (Crone, 1975)
• Partly abraded clay coat without bridges or ridges = no clay translocation, inherited coat
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Chaco Dune Field Location

CU h ColoradoUtah

San Juan River

Farmington

AztecShiprock

g

Arizona New Mexico

Chaco River

Study Area

Tohatchi

Brovey transfomed satellite data



New Play
Concepts

Chaco Dune Field Sample Sites and Eolian Features

Mapped eolian features from Wells, et al. (1990)

blowouts

parabolic dunes

6
5

p

1

72

sand sheetsbarchanoid dunes

1
2

3

4
1 mile1 mile

2006 sample sites1
3 4 5

2007 sample sites2

Brovey transfomed satellite data
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Summary Diagram of Genetic Clay-Coat Processes

SW NE
1 1

2007 sample sites 2006 sample sites

Model for fluvial-eolian clay-coat genesis in 
Chaco Dune Field, New Mexico

Eolian Sands

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

Eolian Sands

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

Prevailing Wind
Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

blowouts down to Upper Cretaceous 
bedrock remobilize coated sand from 
older sand sheets and alluvium

stabilized sand sheets and dunes 
accumulate illuviated claycoats

active dunes accumulate partly coated 
grains from river and locally coated 
grains from stabilized sand sheets; 
abrasion evident

1 2
3

clay-coated sands 
mobilized from dry riverbed

grains undergo partial coat 
abrasion during transport

3

4
5

Multiple cycles of clay-coat 
growth and abrasion occur

active clay infiltration and 
coating in riverbed

Sheetwash over sheet sands from 
clay-rich bedrock locally provides clay

3

Upper Cretaceous sands and shales

infiltration accumulation                           abrasion    illuvial accumulation                     abrasion        illuvial accumulation …
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Which translocation process is dominant at Chaco?

NE SW

Prevailing southwesterly wind before passage of front

Eolian: wind mobilizes and transports dust on a widespread basis; rain illuviates settled dust into sands.

Prevailing southwesterly wind before passage of front

gusty windswindborne dust

rain rain

Fine-grained Cretaceous bedrock

Fluvial: overbank flooding contributes little to clay All ial sheetflood processesFluvial: overbank flooding contributes little to clay 
translocation in eolian sands at Chaco; most eolian 
sands are located well above the fluvial floodplain on 
extensive pediments. 

Alluvial: sheetflood processes 
locally translocate clay derived 
from fine-grained Cretaceous 
bedrock.  
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Observations/Interpretations at Chaco site 2007-3
Fluvial Sands and Small Dunes

Abundant clay on all grain surfaces and intact 
clay bridgesObservations:

• Sands from fluvial channel have abundant 
coats, bridges and ridges.
E li d t i f i h l h• Eolian sands at margin of rive channel have 
bald high spots and clay in surface 
depressions.

Interpretations:p
• Active clay infiltration occurs in Chaco River.
• Eolian transported grains loose ridges and 

coats from transport abrasion over small 
distances. 

Ephemeral fluvial channel

Small dune at margin of fluvial channel

SW NE
1 1

2007 sample sites 2006 sample sites

Model for fluvial-eolian clay-coat genesis in 
Chaco Dune Field, New Mexico

blowouts down to Upper Cretaceous 
bedrock remobilize coated sand from 
older sand sheets and alluvium

stabilized sand sheets and dunes 
accumulate illuviated claycoats

active dunes accumulate partly coated 
grains from river and locally coated 
grains from stabilized sand sheets; 
abrasion evident

Prevailing Wind

Eolian Sands

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

Eolian Sands

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

1 2
3

clay-coated sands 
mobilized from dry riverbed

grains undergo partial coat 
abrasion during transport

Multiple cycles of clay-coat 
growth and abrasion occur

Upper Cretaceous sands and shales

infiltration accumulation                           abrasion    illuvial accumulation                     abrasion        illuvial accumulation …

active clay infiltration and 
coating in riverbed

Sheetwash over sheet sands from 
clay-rich bedrock locally provides clay

3

4
5

Clean high points; clay in low points
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Observations/Interpretations at Chaco site 2006-1

Barchanoid Dunes and Dune Apronp
Observations:
1) Clay ridges or bridges are not present. 
2) Grains have bald high areas.
3) Clay coats are present on flats and low3) Clay coats are present on flats and low 

areas.

Interpretations:
1) Illuviation is not effective in active dunes.
2) Transport abrasion removes preexisting2) Transport abrasion removes preexisting 

grain coats from high areas on grains.
3) Grain coats are inherited.

barchanoid dune

SW NE
1 1

2007 sample sites 2006 sample sites

Model for fluvial-eolian clay-coat genesis in 
Chaco Dune Field, New Mexico

blowouts down to Upper Cretaceous 
bedrock remobilize coated sand from 
older sand sheets and alluvium

stabilized sand sheets and dunes 
accumulate illuviated claycoats

active dunes accumulate partly coated 
grains from river and locally coated 
grains from stabilized sand sheets; 
abrasion evident

Prevailing Wind

Eolian Sands

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

Eolian Sands

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

1 2
3

dune apronclay-coated sands 
mobilized from dry riverbed

grains undergo partial coat 
abrasion during transport

Multiple cycles of clay-coat 
growth and abrasion occur

Upper Cretaceous sands and shales

infiltration accumulation                           abrasion    illuvial accumulation                     abrasion        illuvial accumulation …

active clay infiltration and 
coating in riverbed

Sheetwash over sheet sands from 
clay-rich bedrock locally provides clay

3

4
5
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Observations/Interpretations at Chaco site 2006-4

Ob ti
Sand Sheets

Observations:
1) Concave upward depressions in clay 

coatings.
2) Clay present in depressions.
3) Meniscate clay ‘fillets’ between grains.) y g
4) Weakly developed clay ridges

Interpretations:
1) Grain contacts apparent.
2) Grains coated before deposition2) Grains coated before deposition.
3) Clay ‘fillets’ and ridges result from post-

depositional clay illuviation

Stabilized sand sheet

SW NE
1 1

2007 sample sites 2006 sample sites

Model for fluvial-eolian clay-coat genesis in 
Chaco Dune Field, New Mexico

blowouts down to Upper Cretaceous 
bedrock remobilize coated sand from 
older sand sheets and alluvium

stabilized sand sheets and dunes 
accumulate illuviated claycoats

active dunes accumulate partly coated 
grains from river and locally coated 
grains from stabilized sand sheets; 
abrasion evident

Prevailing Wind

Eolian Sands

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

Eolian Sands

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

1 2
3

clay-coated sands 
mobilized from dry riverbed

grains undergo partial coat 
abrasion during transport

Multiple cycles of clay-coat 
growth and abrasion occur

Upper Cretaceous sands and shales

infiltration accumulation                           abrasion    illuvial accumulation                     abrasion        illuvial accumulation …

active clay infiltration and 
coating in riverbed

Sheetwash over sheet sands from 
clay-rich bedrock locally provides clay

3

4
5
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Blowouts and desert pavement

Remobilization of clay coated grains

Upper Cretaceous bedrock w/ chert pebble lag Thin remnant sand sheets

SW NE
1 1

2007 sample sites 2006 sample sites

Observations:
Model for fluvial-eolian clay-coat genesis in 

Chaco Dune Field, New Mexico

blowouts down to Upper Cretaceous 
bedrock remobilize coated sand from 
older sand sheets and alluvium

stabilized sand sheets and dunes 
accumulate illuviated claycoats

active dunes accumulate partly coated 
grains from river and locally coated 
grains from stabilized sand sheets; 
abrasion evident

Prevailing Wind

Eolian Sands

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

Eolian Sands

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

1 2
3

Observations:
1) Stabilized sand sheets have been blown out.

Interpretations:
1) Coated grains from sand sheets can be 

remobilized
clay-coated sands 
mobilized from dry riverbed

grains undergo partial coat 
abrasion during transport

Multiple cycles of clay-coat 
growth and abrasion occur

Upper Cretaceous sands and shales

infiltration accumulation                           abrasion    illuvial accumulation                     abrasion        illuvial accumulation …

active clay infiltration and 
coating in riverbed

Sheetwash over sheet sands from 
clay-rich bedrock locally provides clay

3

4
5

remobilized.
2) Some grains may experience many cycles of 

coating and abrasion.
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Observations/Interpretations at Chaco site 2006-6

Clay coats in older paleosols

north limb of parabolic dune nose of parabolic duneQe1 paleosol

y p

Interior erosion on nose of dune

Bt soil horizon 
(clay-rich)
Bk soil horizon 
(carbonate-rich)

SW NE
1 1

2007 sample sites 2006 sample sites

exposed Upper Cretaceous bedrock
Model for fluvial-eolian clay-coat genesis in 

Chaco Dune Field, New Mexico

blowouts down to Upper Cretaceous 
bedrock remobilize coated sand from 
older sand sheets and alluvium

stabilized sand sheets and dunes 
accumulate illuviated claycoats

active dunes accumulate partly coated 
grains from river and locally coated 
grains from stabilized sand sheets; 
abrasion evident

Prevailing Wind

Eolian Sands

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

Eolian Sands

Fluvial Sands

Upper Cretaceous ss/sh

Alluvial Sands and Gravel

paleosol / soil
grasses and sages

1 2
3

clay-coated sands 
mobilized from dry riverbed

grains undergo partial coat 
abrasion during transport

Multiple cycles of clay-coat 
growth and abrasion occur

Upper Cretaceous sands and shales

infiltration accumulation                           abrasion    illuvial accumulation                     abrasion        illuvial accumulation …

active clay infiltration and 
coating in riverbed

Sheetwash over sheet sands from 
clay-rich bedrock locally provides clay

3

4
5
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Observations/Interpretations at Chaco site 2006-6

6-1

6-11
Observations:
1) Clay coatings increase downwards 

from 6-1 through ~ 6-6; clay does not 

6-5
6-4

6-3
6-2

g ; y
occur as pore fill.

2) Carbonate increases from 6-6 
downwards through ~ 6-9

3) Abundant rhizoliths

6-7

6-6
Interpretations:
1) Bt zone
2) Bk zone

6-8

6-9

6-10
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Summary of hypothesis testing at Chaco

Results of hypotheses testing at Chaco:
• Sand stabilization is required for grain coat development

• Grain coats in eolian systems form very near the surface in association with arid-climate soils

• Grain coats form rapidly• Grain coats form rapidly

• Clay coats form from eolian dust

• Climate is a key control on surface stability and grain coat development

Polar Front

Polar High

Polar Front

Polar High

Subtropical High
(dominantly dry stable air)

Chaco Dune Field
60°

Semi arid more s rface stabilit
Subtropical High

(dominantly dry stable air)

Chaco Dune Field
60°

Semi arid more s rface stabilit(dominantly dry, stable air)

Saudi Arabia

30°
Arid: less surface stability

Semi-arid: more surface stability(dominantly dry, stable air)

Saudi Arabia

30°
Arid: less surface stability

Semi-arid: more surface stability

ITC

Modified from Trewartha (1968)

EquatorITC

Modified from Trewartha (1968)

Equator
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Prototype Probabilistic Eolian Grain Coat Model

Artesian Recharge
yes
no

   0
 100

Local Topographic Gradient
High
Medium
Low

   0
 100
   0

Exposure Time of Landscape
Long Time
Moderate Time
Short Time

   0
   0

 100

Annual Wetness (ave.) 
> 100 cm
38 cm to 100 cm
13 cm to 38 cm
< 13 cm

   0
   0
   0

 100

Wetness Seasonality
high
medium
low

   0
   0

 100

Temperature Seasonality 
> 20 °C delta
10 °C to 20 °C delta
< 10 °C delta

   0
   0

 100

Snow Cover
> 3 mo
3 mo to 1 mo
< 1 mo

   0
   0

 100

Summer Average Temperature 
> 25 °C
15 °C to 25 °C
5 °C to 15 °C
< 5 °C

60.0
40.0
   0
   0

Detrital Solute Sources
Carbonate Rock Fragments
Volcanic Rock Fragments
Fe-Mg Heavy Minerals
Amph/Opaline Silica
None

50.0
50.0
   0
   0
   0

Early Diagenesis

Early Diagenetic Cements
Microcrystalline SiO2
Carbonate
Clay or Zeolite
Sulfate
None

2.83
20.2
14.4
18.8
43.8

climate
hot humid
hot semiarid
hot arid
hot hyperarid
temperate
cold humid
cold semiarid
cold arid
cold hyperarid

   0
20.0
24.0
48.0
8.00
   0
   0
   0
   0

Vegetation
true desert
grassland
shrubland
forest

50.4
32.8
12.8
4.00

Overall Seasonality 
high
medium
low

   0
   0

 100

Evap_Concentration
Low
Moderate
Extreme

35.0
17.0
48.0

Marine/Coast Proximity
Coast LT2km to sea
Coast LT50km to sea
Continental interior

 100
   0
   0

Parent_porewater
Meteoric
Marine
Groundwater

5.00
95.0
   0

Climate and Vegetation

y g

Bedrock Dust Contribution
High
Medium
Low

   0
   0

 100

Dust_availability
high
medium
low

51.9
28.0
20.1

Recycled Dust Contribution
High
Medium
Low

   0
   0

 100

Local Dust Flux
High
Medium
Low

   0
   0

 100Downwind from Bedrock
true
false

   0
 100

Local Bedrock Clay Source
high
medium
low

   0
   0

 100

Early Diagenetic Cement Amount
High
Medium
Low

6.01
3.04
91.0

Soil Orders 
Entisols
Inceptisols
Aridisols
Spodosols
Mollisols
Alfisols
Vertisols
Ultisols
Oxisols

77.6
6.00
13.2
   0

1.60
0.80
0.80
   0
   0

Clays Present
Vermiculite
Smectites
Kaolinite
Halloysite
Gibbsite

0.24
85.6
14.2
   0
   0

Clay Formation
Inherited 79.9First Cycle Clay Source

Sand Stabilization (Topo. Low)
Dominantly
Intermittently
Rarely

30.8
16.2
53.0

Sand Stabilization (Topo. High) 
Dominantly
Intermittently
Rarely

16.8
32.8
50.4

Crust present 
true
false

41.1
58.9

Weighted Sand Stabilization
Dominantly 28 1

Topographic High Surface Coverage (%)
High
Medium
Low

   0
 100
   0

E li l

Pedogenesis

Long-distance Dust Contribution
High
Medium
Low

   0
   0

 100

Total Dust Flux
High
Medium
Low

   0
   0

 100

Local River Dust Contribution
High
Medium
Low

   0
   0

 100

Deposited Eolian Clay
High
Medium
Low
None

   0
   0

 100
   0

Distance from allochthonous source
Far
Moderate
Close

 100
   0
   0

Down-wind from allocthonous clay source
True
False

   0
 100

Surface Water Delivery 
Perennial
Ephemeral
Bypass

   0
   0

 100

Permeability (mD) (RQFM calc)
400 to 5000
5000 to 20400
20400 to 40400
40400 to 60400
60400 to 80400
80400 to 1e5
1e5 to 1.2e5
1.2e5 to 1.4e5
1.4e5 to 1.6e5
1.6e5 to 1.8e5
1.8e5 to 2e5
2e5 to 2.2e5
2.2e5 to 2.4e5
2.4e5 to 3.5e5

14.1
37.8
41.1
2.42
4.12
.050
0.13
.067
 0 +
0.13
 0 +
 0 +
.067
 0 +

Mean Grain Size (mm)
pebble
very coarse sand
coarse sand
medium sand
fine sand
very fine sand
coarse silt

0.33
0.67
13.8
63.1
9.59
6.25
6.25

0.363 ± 0.25

Grain Sorting (phi) 
Very well-sorted
Well-sorted

33.5
13.2

Depositional Environment
Dune
Sand sheet
Dune apron
Dry interdune
Wet interdune

37.7
29.7
6.74
3.61
3 12

Wind Frequency
constant
variable
infrequent

 100
   0
   0

Sand Availability
high
medium
low

 100
   0
   0

Transformational
Neoformational

11.9
8.24

Pedogenic Clay Formation
High
Medium
Low
None

0.48
9.44
23.2
66.9

Caliche Development
High (Stage 4-5)
Medium (Stage 3)
Low (Stage 1-2)

5.28
5.90
88.8

Air Delivery 
Dust Fall
Rain Fall
Bypass

 100
   0
   0

yes
no

   0
 100

Dominantly
Intermittently
Rarely

28.1
20.2
51.7Eolian clay sources

Facies and Texture

Translocation_Potential
High
Medium
Low

33.0
13.4
53.6

Transported Clay Abundance
low
moderate
high

46.6
32.7
20.8

Fluvial Storage Potential
low
moderate
high

78.7
21.3
   0

Generated Clay AbundanceGenerative Modification Potential

Transport Modification Potential
low
moderate
high

19.8
59.5
20.7

Total Flushing Potential
low
moderate
high

   0
30.7
69.3

Climate Flushing Potential
high
moderate
low

   0
 100
   0

Hinterland Transport Distance
short
intermediate
long

 100
   0
   0

Climate Weathering Potential

Regional Topographic Gradient
low
moderate
high

   0
   0

 100

22500 ± 18000 Moderately Well-sorted
Moderately Sorted
Poorly-sorted
Very poorly-sorted

24.1
15.7
13.2
0.33

0.624 ± 0.38

Wet interdune
Wadi
Playa
Sabkha

3.12
6.66
   0

12.5

Sand Stability and Abrasion
Light Abrasion
Moderate Abrasion
Heavy Abrasion

47.0
18.1
34.9

Fluvial_coat_enhancement
yes
no

   0
 100 Wadi_Proximity

near
far

   0
 100

10 k yr Average Hydrology
Above PWT
At PWT
Below PWT
Perched Ephemeral

50.0
50.0
   0
   0

Pedogenic Coating Potential (% coating ...
0 to 40
40 to 80
80 to 90
90 to 100

86.6
2.68
2.78
7.98

28.9 ± 26

Soil Pore Filling (% of IGV)
0 to 40
40 to 80
80 to 100

80.9
6.77
12.3

31.3 ± 27

Sub-Soil Pore Filling (% of IGV)
0 to 40
40 to 80
80 to 100

91.0
3.04
6.01

25.4 ± 21 Accommodation
positive   0

Fluvial clay sources

AbrasionGenerated Clay Abundance
low
moderate
high

55.8
34.7
9.54

Generative Modification Potential
low
moderate
high

12.5
62.5
25.0

Climate Weathering Potential
high
moderate
low

   0
 100
   0

Dust Production from Abrasion
high
low

45.2
54.8

Inherited_coated_grains
abundant
sparse

3.71
96.3Coated Grains from Bedrock

abundant
sparse

   0
 100

Fraction Grain Coat Surface
0 to 40
40 to 80
80 to 90
90 to 100

90.1
4.79
1.84
3.24

25.5 ± 21

Remnant Clay at Grain Contacts
clay present
clay absent

40.6
59.4

p
neutral
negative

   0
 100

Inherited clay-coated grains

Abrasion
and

Dust Production

Calibration sites:
Predicted clay-coat coverage

Calibration sites:
• Chaco Dune Field, New Mexico
• Saudi Arabia
• Coastal Namib Sand Sea
• Interior Namib Sand Sea
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Future Work

Analytical Methods:
• SEM-image-analysis grain coat quantification

– Esch and Rudnicki in progress

Calibration and Testing:
• Refine predictions based on quantitative data from modern study sites

– Chaco Dune Field
– Interior and Coastal Namib Desert

S– Saudi Arabia
• Validation ongoing in ancient eolian sandstones
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