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Roadmap
! (1) What is soil, what is permafrost?

! (2) Distribution of Near-Surface Permafrost (NSP) 
in Alaska

! (3) Permafrost-Affected Soil Taxonomy and 
Taxonomic Change

! (4) Comparative Mechanisms and Morphology of 
Cryoturbation
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Roadmap
! (1) What is soil, what is permafrost?

1. What is soil, what is permafrost?
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Soil is:
The unconsolidated mineral
or organic material on the

surface of the earth that has
been subjected to and shows
the effects of alteration by:

Photo: Bethel, AK - N. Jelinski1. What is soil, what is permafrost?
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Soil is:
The unconsolidated mineral
or organic material on the

surface of the earth that has
been subjected to and shows
the effects of alteration by:

PARENT MATERIAL
CLIMATE

ORGANISMS
RELIEF
TIME

Photo: Bethel, AK - N. Jelinski1. What is soil, what is permafrost?
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Soil is:
The unconsolidated mineral
or organic material on the

surface of the earth that has
been subjected to and shows
the effects of alteration by:
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Photo: Bethel, AK - N. Jelinski1. What is soil, what is permafrost?

Typically, in Soil 
Science, we are 

investigating 
materials within ~2m 
of the earth’s surface

6

Soil: A multi-
component

system

1. What is soil, what is permafrost?

SOLIDS

PORE 
SPACE

Organic Matter ~5%

Mineral
Inorganic

~45%

Air
25%

Water
~25%

An “Average”
Soil

Dynamic!
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Some Soil 
Materials Are 
Dominated By 

Organic 
Matter

1. What is soil, what is permafrost?

SOLIDS

PORE 
SPACE

Organic Matter

Mineral
Inorganic

Air
25%

Water
~25%

Soil OM is ~½ 
Carbon (SOC)

Dynamic!
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Frozen Soils 
Contain Solid 

and Liquid 
Phases of 

Water

1. What is soil, what is permafrost?

SOLIDS

Organic 
Matter

Mineral
Inorganic

Air

Water

Ice

Dynamic!

)

An important distinction: 
Mineral Soil Materials vs. Organic Soil Materials

All soil materials have some organic and some 
mineral components.

Organic soil materials 
usually need to have > 
30% organic matter by 

dry weight. Very 
distinctive (i.e. peats). 

Mineral soil materials
have < 30% OM by dry 

weight. Much more 
common.

Photos: (L) N. Jelinski, Imnavait Creek, AK, (R) Gakona, AK1. What is soil, what is permafrost?

!*

Image: N. Jelinski, Sagwon Hills AK

! Permafrost is any material 
that remains at or below 0 
ºC for at least 2 
consecutive years.

! Permafrost is a thermal 
state, not a material type.

! Many types of materials: 
rock, soil, ice.

! Permafrost does not need 
to have ice. There is dry 
permafrost in Antarctica 
(Bockheim and Tarnocai, 
1998) and on the Tibetan 
Plateau (Luo et al., 2018)

Most permafrost is 
ice-cemented, 
however, esp. in the 
northern circumpolar 
region.

What is Permafrost?

1. What is soil, what is permafrost?

!!
Figure: French and Shur, 2010

What is Permafrost?
Active Layer
Thaws and re-

freezes each year

Permafrost
Remains at or 

below 0ºC

French and Shur, 2010
1. What is soil, what is permafrost?
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What is Permafrost?
Active Layer
Thaws and re-

freezes each year

Permafrost
Remains at or 

below 0ºC

PF: Transient Layer
May thaw every 

~20-30 yrs

PF: Intermediate 
Layer

PF: True
Does not thaw

Figure: French and Shur, 2010

French and Shur, 2010
1. What is soil, what is permafrost?
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What is Permafrost?
Active Layer
Thaws and re-

freezes each year

Permafrost
Remains at or 

below 0ºC

PF: Transient Layer
May thaw every 

~20-30 yrs

PF: True
Does not thaw

Upper PF 
(Transient and Intermediate) 

tends to be ice rich

True PF

Figure: French and Shur, 2010

French and Shur, 2010

PF: Intermediate 
Layer

1. What is soil, what is permafrost?

!$

Permafrost-Affected Soils: 
Gelisols

Figure: USDA-NRCS1. What is soil, what is permafrost?

!%
Photo: Imnavait Creek, AK- N. Jelinski

Permafrost-Affected Soils: 
Gelisols

Gelisols: Soils 
with permafrost 
within 1 to 2 m of 
the soil surface

1. What is soil, what is permafrost?

!&



11/15/19

5

Photo: Imnavait Creek, AK- N. Jelinski1. What is soil, what is permafrost?

!'
Photo: Noatak River Valley, Brooks Range, AK - N. Jelinski

Roadmap
! (1) What is soil, what is permafrost?

! (2) Distribution of Near-Surface Permafrost 
(NSP) in Alaska

2. Distribution of NSP

!(

Figure: N. Jelinski, Adapted From SRTM3 Data (USGS)

Prelude:
Some 

Alaskan 
Geography

Brooks Range

Alaska Range

North Slope

Interior Alaska

Southern  Alaska

Aleutian Islands

Yukon-Kuskokwim 
Delta

Seward Peninsula

Western Maritime
Alaska

Southeast 
Alaska

2. Distribution of NSP

!)
Figure: Pewe, 2000

Regional Patterns - PermafrostRegional variability in permafrost depth, continuity, and thickness

Continuous, Thicker, 
Shallow Active Layer

Discontiuous, Thinner, 
Deep Active Layer

Figure: Pewe, 20002. Distribution of NSP
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Figure: N. Jelinski, Adapted From SRTM3 Data (USGS) and Jorgenson et al., 2008

Generalized
Alaska

Permafrost 
Zones

Brooks Range

Alaska Range

Southern  Alaska

Aleutian Islands

Yukon-Kuskokwim 
Delta

Seward Peninsula

Western Maritime
Alaska

Southeast 
Alaska

“Continuous”

“Discontinuous”

“Sporadic/
Isolated”

North Slope

Interior Alaska

2. Distribution of NSP
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Near-surface Permafrost 
Probability

(< 1m)

Alaska
Near-

Surface 
Permafrost
Distribution

Figure: N. Jelinski, Adapted From SRTM3 Data (USGS), and Pastick et al., 20152. Distribution of NSP

""

Alaska
Near-

Surface 
Permafrost
Distribution

Figure: N. Jelinski, Adapted From SRTM3 Data (USGS), Pastick et al., 2015, and Jorgenson et al., 2008

“Continuous”

“Discontinuous”

“Sporadic/
Isolated”

Near-surface Permafrost 
Probability

(< 1m)

2. Distribution of NSP

"#

Soil is:
The unconsolidated mineral
or organic material on the

surface of the earth that has
been subjected to and shows
the effects of alteration by:

PARENT MATERIAL
CLIMATE

ORGANISMS
RELIEF
TIME

Photo: Bethel, AK - N. Jelinski2. Distribution of NSP
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Figure: N. Jelinski, Adapted From SRTM3 Data (USGS) and Jorgenson et al., 2008

Alluvium

Wind-Blown Sand

Wind-Blown Silt (Loess)

Colluvium/Residuum

Glacial Till

Material Category

Glacial Outwash

Glacio-Lacustrine

Marine Sediments
Coastal Deposits

PARENT MATERIAL
CLIMATE

ORGANISMS
RELIEF
TIME

Surficial 
Geology

2. Distribution of NSP
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Figure: N. Jelinski, Data from Many Sources

Poor Insulators

Processes: Thermal Conductivity & Heat Transfer

2. Distribution of NSP

Better insulators

26

Figure: N. Jelinski, Adapted From SRTM3 Data (USGS) and PRISM Climate Group

Mean Annual Average 
Air Temperature

(1971-2000)

St. Paul, MN
MAAT

~ 8.3ºC

PARENT MATERIAL
CLIMATE

ORGANISMS
RELIEF
TIME

Temperature

2. Distribution of NSP

27
Figure: N. Jelinski, Adapted From SRTM3 Data (USGS) and PRISM Climate Group

Mean Annual Average 
Precipitation
(1971-2000)

St. Paul, MN
MAAP

~ 830 mm

PARENT MATERIAL
CLIMATE

ORGANISMS
RELIEF
TIME

Precipitation

2. Distribution of NSP

28
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Images: (L) S, Miley, Getty Images; (R) N. Jelinski

Snow as a Dynamic Soil Property

2. Distribution of NSP

")
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Figure: N. Jelinski, Data from Many Sources

Good insulators
Poor Insulators

Processes: Thermal Conductivity & Heat Transfer

2. Distribution of NSP
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Figure: N. Jelinski, Adapted From SRTM3 Data (USGS) and LANDFIRE (2017)

Forest 
Cover

Forested

Non-forested

Tundra

Boreal Forest

PARENT MATERIAL
CLIMATE

ORGANISMS
RELIEF
TIME

2. Distribution of NSP
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Figure: N. Jelinski, Data from Many Sources

Good insulators

Poor Insulators

Better Insulation =
Shallower Permafrost!

Processes: Thermal Conductivity & Heat Transfer

2. Distribution of NSP
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Figure: (T) Jelinski et al. (In Press) – Copper River Basin Soils; (B) Fisher et al., 2016 Global Change Biology

! Organic materials are excellent 
insulators (poor thermal 
conductivity) and their thickness 
exerts a primary control on depth 
to permafrost.

1. What is soil, what is permafrost?

Organic layer thickness as an 
important control on 

permafrost depth

##
Figure: (T) Jelinski et al. (In Press) – Copper River Basin Soils; (B) Fisher et al., 2016 Global Change Biology

! Organic materials are excellent 
insulators (poor thermal 
conductivity) and their thickness 
exerts a primary control on depth 
to permafrost.

1. What is soil, what is permafrost?

Organic layer thickness as an 
important control on 

permafrost depth

#$

Figure: (T) Jelinski et al. (In Press) – Copper River Basin Soils; (B) Fisher et al., 2016 Global Change Biology

! Organic materials are excellent 
insulators (poor thermal 
conductivity) and their thickness 
exerts a primary control on depth 
to permafrost.

! Thermal conductivity increases 
with increasing  decomposition of 
organics and increasing water 
content.

! Dry, undecomposed organic 
materials provide the best 
insulation 

1. What is soil, what is permafrost?

Organic layer thickness as an 
important control on 

permafrost depth

#%
Figure: N. Jelinski, Adapted From SRTM3 Data (USGS) and BLM/AICC (2018) – Alaska Large Fires Database

Fire 
Perimeters

(1940-2018)

Cumulative Burns
(1940-2018)

1

2

3+

PARENT MATERIAL
CLIMATE

ORGANISMS
*FIRE*
RELIEF
TIME

2. Distribution of NSP

#&
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Images: N. Jelinski

Soils, Fire, and Permafrost

2. Distribution of NSP

#'
Figure: N. Jelinski, Adapted From SRTM3 Data (USGS) and Gruber et al., 2012

Terrain 
Ruggedness 

Index

Terrain Ruggedness
Class

Flat (< 1.5)

Undulating (1.5-2.5)

Hilly (2.5-3.5)

Mountainous (3.5-4.5)

Extremely Mountainous (> 4.5)

PARENT MATERIAL
CLIMATE

ORGANISMS
RELIEF
TIME

2. Distribution of NSP

#(

Figure: N. Jelinski, Adapted From SRTM3 Data (USGS) and the Alaska Paleoglacier Atlas, Kaufman et al., 2011

Glaciation
History

PARENT MATERIAL
CLIMATE

ORGANISMS
RELIEF
TIME

Last Glacial Maximum (~21,000 y.B.P.)

Pleistocene Glacial Maximum

2. Distribution of NSP

Pleistocene 
Glacial Limits

#)

Alaska
Near-

Surface 
Permafrost
Distribution

Figure: N. Jelinski, Adapted From SRTM3 Data (USGS), and Pastick et al., 2015

“Continuous”

“Discontinuous”

“Sporadic/
Isolated”

Near-surface Permafrost 
Probability

(< 1m)

2. Distribution of NSP

$*
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Figure: N. Jelinski, Adapted From SRTM3 Data (USGS), and Pastick et al., 2015

Alaska
Near-Surface 

Permafrost
Distribution“Ecosystem-

Driven”

Terms Generalized from Shur and Jorgenson, 2007

Near-surface Permafrost 
Probability

(< 1m)

2. Distribution of NSP

$!
Photo: N. Jelinski, Gakona AK

“Ecosystem-driven 
Permafrost”
Subgelic STR (+1 to -4C MAST 
@ 50cm)

Subarctic (Boreal) Alaska – Interior/Southern

2. Distribution of NSP

$"

Photo: N. Jelinski, Gakona AK

“Ecosystem-driven 
Permafrost”
Subgelic STR (+1 to -4C MAST 
@ 50cm)
! Boreal Forest
! Discontinuous Permafrost
! NSP Presence HIGHLY 

dependent on both static 
and dynamic ecosystem 
properties:

Subarctic (Boreal) Alaska – Interior/Southern

2. Distribution of NSP

$#
Photo: N. Jelinski, Gakona AK

“Ecosystem-driven 
Permafrost”
Subgelic STR (+1 to -4C MAST 
@ 50cm)
! Boreal Forest
! Discontinuous Permafrost
! NSP Presence HIGHLY 

dependent on both static 
and dynamic ecosystem 
properties:
! STATIC

! Aspect/Slope
! Parent Material

! DYNAMIC
! Fire
! Snow
! Vegetation Canopy
! Organic Surface Layer
! Water Content
! Hydrology

Subarctic (Boreal) Alaska – Interior/Southern

2. Distribution of NSP

$$
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Figure: N. Jelinski, Adapted From SRTM3 Data (USGS), and Pastick et al., 2015

“Climate-Driven” Alaska
Near-Surface 

Permafrost
Distribution

*Terms Generalized from Shur and Jorgenson, 2007

Near-surface Permafrost 
Probability

(< 1m)

2. Distribution of NSP

$%
Photo: N. JelinskiImage: N. Jelinski, Sagwon AK

Arctic Alaska – Brooks Range/North 
Slope

“Climate-driven 
Permafrost”
Pergelic STR (-4 to -10C MAST 
@ 50cm)

2. Distribution of NSP

$&

Photo: N. JelinskiImage: N. Jelinski, Sagwon AK

Arctic Alaska – Brooks Range/North 
Slope

“Climate-driven 
Permafrost”
Pergelic STR (-4 to -10C MAST 
@ 50cm)
! Tundra vegetation
! Continuous Permafrost
! NSP Presence does not 

depend very much on 
ecosystem properties.

2. Distribution of NSP

$'
Photo: Noatak River Valley, Brooks Range, AK - N. Jelinski

Roadmap
! (1) What is soil, what is permafrost?

! (2) Distribution of Near-Surface Permafrost (NSP) 
in Alaska

! (3) Permafrost-Affected Soil Taxonomy and 
Taxonomic Change

3. Taxonomy and Taxonomic Change

$(
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Permafrost-Affected Soil Taxonomy: 
Gelisol Taxonomic Criteria

Ø Gelisols. Soils 
with permafrost 
within 1m of 
the surface OR 
gelic materials* 
w/in 1m and 
permafrost w/in 
2m of the 
surface

STATSGO
Gelisol % by MU

(734,944 km2)

Figures: Jelinski and Pastick, SSSA Conference, Poster #1020 3. Taxonomy and Taxonomic Change

49

Ø Gelisols. Soils 
with permafrost 
within 1m of 
the surface OR 
gelic materials* 
w/in 1m and 
permafrost w/in 
2m of the 
surface

Ø Gelic materials. 
Evidence of 
cryoturbation 
and/or ice 
segregation

STATSGO
Gelisol % by MU

Figures: Jelinski and Pastick, SSSA Conference, Poster #1020 

Permafrost-Affected Soil Taxonomy: 
Gelisol Taxonomic Criteria

3. Taxonomy and Taxonomic Change

50

Ø Turbels. Gelisols…showing cryoturbation in the form of 
irregular, broken, or distorted horizon boundaries, involutions, 
the accumulation of organic matter on top of the permafrost, 
ice or sand wedges, and oriented rock fragments.

STATSGO
Turbel % by MU
(604,262 km2)

Figures: (L) Jelinski and Pastick, 2019 SSSA Conference, Poster #1020, Jelinski et al., In Prep, (R) N. Jelinski, Sagwon Hills, AK 

Permafrost-Affected Soil Taxonomy: Suborders

3. Taxonomy and Taxonomic Change

51

Permafrost-Affected Soil Taxonomy: Suborders

Ø Histels. Gelisols that have 
³ 40cm of organic 
materials or have organic 
materials that directly 
overly bedrock.

Figures: (L) Jelinski and Pastick, 2019 SSSA Conference, Poster #1020, Jelinski et al., In Prep, (R) N. Jelinski, Sagwon Hills, AK 

STATSGO
Histel % by MU
(88,271 km2)

3. Taxonomy and Taxonomic Change

52
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Ø Orthels. Other Gelisols

Figures: (L) Jelinski and Pastick, 2019 SSSA Conference, Poster #1020, Jelinski et al., In Prep,, (R) N. Jelinski, Copper River Basin, AK 

STATSGO
Orthel % by MU

(41,558 km2)

Permafrost-Affected Soil Taxonomy: Suborders

3. Taxonomy and Taxonomic Change

53

Ø Cryoturbated

Turbels Histels Orthels

Ø > 40cm of Organics

Ø Orthels: 
PF w/in 
1m

Gelisol Suborders and Taxonomic Criteria

Ø Other

Turbels
(~82%)

Histels
(~12%)

Orthels
(~6%)

Figures: Jelinski and Pastick, SSSA Conference, Poster #1020, Images: TL – J. Jastrow, TC – N. Jelinski, TR – M. Clark 3. Taxonomy and Taxonomic Change

54

Potential Taxonomic Change in Gelisols Under 
A1B Emissions Scenario – Input Data

Pastick et al., 2015 – NSP probability (1m)

GIPL 1.3 – Active Layer Depth < 2m

2000-2009 2050-2059 2090-2099

2000-2009 2050-2059 2090-2099

Figures: Jelinski and Pastick, SSSA Conference, Poster #1020 3. Taxonomy and Taxonomic Change
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Potential Taxonomic Change in Gelisols
Gelisols

(% of STATSGO MU)
STATSGO

Figures: Jelinski and Pastick, 2019 SSSA Conference, Poster #1020, Jelinski et al., In Prep3. Taxonomy and Taxonomic Change

56



11/15/19

15

Potential Taxonomic Change in Gelisols
Gelisols

(% of STATSGO MU)
STATSGO

2050-2059

% Change 
from 2000-

2009

! Potential for classification change in 40-50% of 
STATSGO Gelisols by 2050-2059

A1B Emissions Scenario:
Pastick et al. (2015) NSP Predictions (" 1m)

GIPL 1 Active Layer Depth (" 2m)

Figures: Jelinski and Pastick, 2019 SSSA Conference, Poster #1020, Jelinski et al., In Prep3. Taxonomy and Taxonomic Change

%'

Potential Taxonomic Change in Gelisols
Gelisols

(% of STATSGO MU)
STATSGO

2050-2059

2090-2099

A1B Emissions Scenario:
Pastick et al. (2015) NSP Predictions (" 1m)

GIPL 1 Active Layer Depth (" 2m)

% Change 
from 2000-

2009

% Change 
from 2000-

2009

! Potential for classification change in 40-50% of 
STATSGO Gelisols by 2050-2059 and 60-70% 
of STATSGO Gelisols by 2090-2099

Figures: Jelinski and Pastick, 2019 SSSA Conference, Poster #1020, Jelinski et al., In Prep3. Taxonomy and Taxonomic Change

%(

Photo: Noatak River Valley, Brooks Range, AK - N. Jelinski

Roadmap
! (1) What is soil, what is permafrost?

! (2) Distribution of Near-Surface Permafrost (NSP) 
in Alaska

! (3) Permafrost-Affected Soil Taxonomy and 
Taxonomic Change

! (4) Comparative Mechanisms and Morphology 
of Cryoturbation

4. Cryoturbation Mechanisms and Morphology

%)
Photos: From Bockheim, 2007Images: (TL) N. Jelinski, (BL) C.L. Ping, (TR) N. Jelinski, (BR) J. Jastrow

Cryoturbation: Ubiquitous and Important

4. Cryoturbation Mechanisms and Morphology

&*
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Photos: From Bockheim, 2007Images: (TL) N. Jelinski, (BL) C.L. Ping, (TR) N. Jelinski, (BR) J. Jastrow

Cryoturbation: Ubiquitous and Important
! Cryoturbation is critical for 

modeling the genesis and 
fate of high-latitude SOC 
stocks (Koven et al., 2009)

4. Cryoturbation Mechanisms and Morphology

&!
Photos: From Bockheim, 2007Images: (TL) N. Jelinski, (BL) C.L. Ping, (TR) N. Jelinski, (BR) J. Jastrow

Cryoturbation: Ubiquitous and Important
! Cryoturbation is critical for 

modeling the genesis and 
fate of high-latitude SOC 
stocks (Koven et al., 2009)

! Cryoturbated mineral soils 
account for > 40% of 
northern circumpolar carbon 
stocks to 3m and > 60% of 
Gelisol SOC stocks (Hugelius
et al., 2014).

4. Cryoturbation Mechanisms and Morphology

&"

Photos: From Bockheim, 2007Images: (TL) N. Jelinski, (BL) C.L. Ping, (TR) N. Jelinski, (BR) J. Jastrow

Cryoturbation: Ubiquitous and Important
! Cryoturbation is critical for 

modeling the genesis and 
fate of high-latitude SOC 
stocks (Koven et al., 2009)

! Cryoturbated mineral soils 
account for > 40% of 
northern circumpolar carbon 
stocks to 3m and > 60% of 
Gelisol SOC stocks (Hugelius
et al., 2014).

! Cryoturbation mechanisms 
and morphology vary across 
climate space (Ping et al., 
2008)

4. Cryoturbation Mechanisms and Morphology

&#
Photos: From Bockheim, 2007Images: (TL) N. Jelinski, (BL) C.L. Ping, (TR) N. Jelinski, (BR) J. Jastrow

Cryoturbation: Ubiquitous and Important
! Cryoturbation is critical for 

modeling the genesis and 
fate of high-latitude SOC 
stocks (Koven et al., 2009)

! Cryoturbated mineral soils 
account for > 40% of 
northern circumpolar carbon 
stocks to 3m and > 60% of 
Gelisol SOC stocks (Hugelius
et al., 2014).

! Cryoturbation mechanisms 
and morphology vary across 
climate space (Ping et al., 
2008)

! Understanding mechanisms 
of cryoturbation and their 
response to climate is critical 
for predicting soil response 
to environmental change 
(Bockheim, 2007).

4. Cryoturbation Mechanisms and Morphology

&$
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Figure: N. Jelinski, Adapted From SRTM3 Data (USGS), and Pastick et al., 2015

Mechanisms 
and 

Morphology 
of 

Cryoturbation 
in Ecosystem-

Driven 
Permafrost

Case Study:
Copper River Basin

“Ecosystem-
Driven”

Near-surface Permafrost 
Probability

(< 1m)

4. Cryoturbation Mechanisms and Morphology

65

Typic Histoturbels

Late Successional Black Spruce – Histoturbel

Images: N. Jelinski4. Cryoturbation Mechanisms and Morphology

66

Typic Histoturbels

Late Successional Black Spruce – Histoturbel

Images: N. Jelinski4. Cryoturbation Mechanisms and Morphology

Organic 
materials 
increasingly 
decomposed 
with depth

67

Water Content, Bulk Density and SOC Depth Profiles: 
Copper River Basin

Ø Upper permafrost is ice-rich

Figure: Jelinski et al., In Prep using Beaudette et al., 2013 AQP4. Cryoturbation Mechanisms and Morphology

68
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Suspended

Figure: Pastick et al., 2015

Cryostructures in NSP: Copper River Basin Gelisols
Suspended (ataxitic)

Lenticular

Micro-
Lenticular

Massive 
(pore ice))

Images and Figure: Jelinski et al., In Press4. Cryoturbation Mechanisms and Morphology
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Suspended

Figure: Pastick et al., 2015

Cryostructures in NSP: Copper River Basin Gelisols
Suspended (ataxitic)

Lenticular

Micro-
Lenticular

Massive 
(pore ice))

Images and Figure: Jelinski et al., In Press4. Cryoturbation Mechanisms and Morphology

Lenticular

70

Suspended

Figure: Pastick et al., 2015

Cryostructures in NSP: Copper River Basin Gelisols
Suspended (ataxitic)

Lenticular

Micro-
Lenticular

Massive 
(pore ice))

Lenticular

Micro-
lenticular

Images and Figure: Jelinski et al., In Press4. Cryoturbation Mechanisms and Morphology
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Suspended

Figure: Pastick et al., 2015

Cryostructures in NSP: Copper River Basin Gelisols
Suspended (ataxitic)

Lenticular

Micro-
Lenticular

Massive 
(pore ice))

Lenticular

Micro-
lenticular

Images and Figure: Jelinski et al., In Press4. Cryoturbation Mechanisms and Morphology

Massive

72
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Water Content, Bulk Density and SOC Depth Profiles: 
Copper River Basin

! Upper permafrost is ice-rich
! This leads to a density inversion and sets up conditions for diapirism during 

deep thaw years.

Figure: Jelinski et al., In Prep using Beaudette et al., 2013 AQP4. Cryoturbation Mechanisms and Morphology

'#
Figure: Adapted from Jelinski et al., In Press

FIRE

RECOVERY

5. Taxonomic Considerations in Preparation for Taxonomic Change

! Burned phases tend to 
have: 
! Thinner surface 

organics
! Deeper permafrost 

(thicker active layer)
! Lower surface soil 

moisture

! Under a stable climate it is 
often assumed that 
recovery to the unburned 
state will occur over 
periods of decades-
centuries.

Fire dynamics in 
ecosystem-driven 

permafrost

'$

Water Content, Bulk Density and SOC Depth Profiles: 
Copper River Basin

! Upper permafrost is ice-rich
! This leads to a density inversion and sets up conditions for diapirism during 

deep thaw years
! This leads to mixing of saturated, well-decomposed organic materials 

deeper into the subsurface
Figure: Jelinski et al., In Prep using Beaudette et al., 2013 AQP4. Cryoturbation Mechanisms and Morphology
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Cryoturbation in Copper River Basin Gelisols

!Diapirism and 
solutioning 
following post-fire 
active layer 
deepening can 
account for most 
observed 
cryoturbation 
patterns.

!9-67% of 1m SOC 
stocks are in 
cryoturbated 
materials

Figure: Jelinski et al., In Prep4. Cryoturbation Mechanisms and Morphology
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Figure: N. Jelinski, Adapted From SRTM3 Data (USGS), and Pastick et al., 2015

Sagwon Hills/Happy Valley

Mechanisms 
and 

Morphology 
of 

Cryoturbation 
in Climate-

Driven 
Permafrost

“Climate-
Driven”

Near-surface Permafrost 
Probability

(< 1m)

4. Cryoturbation Mechanisms and Morphology
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Physical Processes: C) Frost Cracking

Images: (L) N. Jelinski, Galbraith Lake, AK, (TR) T. Niermann - Iceland, (BR) M.H. Clark

Mechanisms of Cryoturbation: Frost-Cracking

4. Cryoturbation Mechanisms and Morphology
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Moist Acidic Tundra - Aquiturbel

Images: (L) N. Jelinski, (R) C.-L. Ping; Annotations: C.-L. Ping and N.Jelinski

Glacic Aquiturbel

4. Cryoturbation Mechanisms and Morphology

')

Moist Acidic Tundra - Aquiturbel

Images: (L) N. Jelinski, (R) C.-L. Ping; Annotations: C.-L. Ping and N.Jelinski

Glacic Aquiturbel

4. Cryoturbation Mechanisms and Morphology

Abrupt transition between 
undecomposed organics 

and mineral soil
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Figure: From Grosse et al., 2011Images: C.-L.. Ping

Cryostructures in NSP: HV/Sagwon Gelisols
Reticulate

Reticulate

4. Cryoturbation Mechanisms and Morphology
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Photo: N. JelinskiImages: N. Jelinski – Sagwon, AK

Frost crack: 
Downward 

movement of 
intact organics

Frost crack

Cryoturbation in HV/Sagwon Gelisols

4. Cryoturbation Mechanisms and Morphology
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Figure: From Grosse et al., 2011Figures: N. Jelinski

Ø Solutioning and Diapirism
following post-fire active 
layer deepening account 
for most observed 
cryoturbation patterns.

Ø XX-XX% of 1m SOC 
stocks are in cryoturbated 
materials

Ø A material dominant in 
cryoturbated horizons

Comparative Morphology of Cryoturbation & SOC Profiles

Ø In pergelic STRs 
(Continuous, Climate-
Driven PF), frost-cracking 
and differential frost-heave 
is more common, leading 
to cryoturbation of 
relatively intact organics.

Ø In subgelic STRs 
(Discontinuous, Ecosystem-
Driven PF), solutioning and 
diapirism of well 
decomposed organic 
materials occurs during 
periods of deep thaw.

4. Cryoturbation Mechanisms and Morphology

83
Figure: From Grosse et al., 2011Figures: N. Jelinski

Ø Solutioning and Diapirism
following post-fire active 
layer deepening account 
for most observed 
cryoturbation patterns.

Ø XX-XX% of 1m SOC 
stocks are in cryoturbated 
materials

Ø A material dominant in 
cryoturbated horizons

Comparative Morphology of Cryoturbation & SOC Profiles
Ø In pergelic STRs 

(Continuous, Climate-
Driven PF), frost-cracking 
and differential frost-heave 
is more common, leading 
to cryoturbation of 
relatively intact organics.

Ø In subgelic STRs 
(Discontinuous, 
Ecosystem-Driven PF), 
solutioning and diapirism
of well decomposed 
organic materials occurs 
during periods of deep 
thaw.

4. Cryoturbation Mechanisms and Morphology
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Figure: From Grosse et al., 2011Figures: N. Jelinski

! Solutioning and Diapirism
following post-fire active 
layer deepening account 
for most observed 
cryoturbation patterns.

! XX-XX% of 1m SOC 
stocks are in cryoturbated 
materials

! A material dominant in 
cryoturbated horizons
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Copper River
Basin (n = 22)

Sagwon / Happy 
Valley (n = 8)

Comparative Morphology of Cryoturbation & SOC Profiles

4. Cryoturbation Mechanisms and Morphology

(%
Photo: Noatak River Valley, Brooks Range, AK - N. Jelinski

Conclusions
! Near-surface permafrost and soil properties/soil genesis 

are intimately linked.

! Loss of near-surface permafrost may lead to extensive 
taxonomic change by mid- to late-century. 

! Turbels span large climatic gradients and are likely to 
undergo significant change over this century. These 
changes will affect cryoturbation mechanisms.

! Cryoturbation mechanisms vary significantly across climatic 
and vegetation gradients and affect SOC type, quantity, 
and distribution.

5. Conclusions

(&

Image: D. Swanson – National Park Service; Inset: J. JastrowAcknowledgements
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