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> (1) What is soil, what is permafrost?

Soil is: i
= The unconsolidated mineral
"< 'oF erganic material on the'

surface of the earth that has
been subjected to and shoW§

Brooks Range, AK - N. Jelinski
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1. What is soil, what is permafrost?
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Frozen Soils
Contain Solid
and Liquid
Phases of

Water

SOLIDS

1. What is soil, what is permafrost?
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An important distinction:

Mmeral Soil Materials vs. Organlc SO|I Materlals

Organlc soil materlals Mineral soil materlals
usua” need to have A

weight. Much more
common.
L

What is Permafrost'?

» Permafrost is any material

-

that remains at or below 0
°C 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

s soil, what is permafrost?

SRS S Active Layer

X, \;,y
"V‘?/{‘f ¢ Thaws and re-
& freezes each year

Permafrost

Remains at or
below 0°C

French and Shur, 2010

soil, what is permafrost? igure: French and Shur, 2010
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What is Permafrost?

Active Layer
Thaws and re-
freezes each year

PF: Transient Layer

May thaw every
~20-30 yrs

PF: Intermediate

Layer Permafrost
Remains at or
below 0°C

PF: True
Does not thaw

Figure: French and Shur, 2010
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What is Permafrost?

Active Layer
Thaws and re-
1 freezes each year

PF: Transient Layer

May thaw every
~20-30 yrs

PF: Intermediate

Layer Permafrost
Remains at or
below 0°C

PF: True
Does not thaw

Permafrost-Affected Soils:

Gelisols

Robinson Projection
Scale 1:130,000,000

Soil Orders

Alfisols

- Andisols

Aridisols

Inceptisols Spodosols - Rocky Land
I wolisols Ultisols Shifting Sand

1 oxisols B vertisols [ rcerciacier

Figure: USDA-NRCS
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Figure: N

Prelude:

Some
Alaskan

elinski, Adapted From SRTM3 Data (USGS)

Roadmap

» (1) What is soil, what is permafrost?

18

Regional variability in permafrost depth, continuity, and thickness
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Generalized
Alaska
Permafrost

Aleutian Isl

om SRTM3 Data

Near-surface Permafrost L AlaSka
Probability Deadhorse
(<1m) N ea r_
Surface
Permafrost

“Spora
Isolated” :

Figure: N. Jelinski, Adapted From SRTM3 Dat:

astick et al., 2015, and Jorgenson et a

Near-surface Permafrost
Probability
(< 1m)

Deadhorse

Alaska
Near-

Surface

Permafrost

Soil is: ;

The unconsolidated mineral
of organic material on the'
surface of the earth that has
been _subjécted to and shows

PARENT MATERIAL
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RELIEF

TIME

othel, AK - N. Jelinski
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Material Category

Ao ' ~ PARENT MATERIAL

Wind-Blown Sand
Wind-Blown Silt (Loess)

IREREREDD

Surficial
Geology-

Mean Annual Average
Air Temperature
(1971-2000)

B <-0c

[ 101075
[ 750-5c
[]-sct-25c
[ 25ct0c
[ oco0sc
B >osc

CLIMATE

St. Paul, MN

) MAAT
~ ~8.3°C
:
s S /’*s
2. Distribution of NSP Figure: N. Jelinski, Adapted From SRTM3 Data d PRISM Climate Group

Processes: Thermal Conductivity & Heat Transfer

80T Rock

4.0 +—

Sand

2.0 4 Clay gl
Better insulators %I Poor Insulators

Thermal Conductivity (W m™ K1)

Material Type

N. Jelinski, Data from Ma

Mean Annual Average
Precipitation
(1971-2000)

B < 250mm
[ 250-400mm
[ 400-600mm
[ 600-800mm
[ 800-1,000mm
[ 1,000-5,000mm
[ >5.000mm

Barrow

CLIMATE

Precipitation

St. Paul, MN
MAAP
~ 830 mm

B

2. Distribution of NSP Figure: N. Jelinski, Adapted From SRTM3 Data (USGS) and PRISM Climate Group
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Snow as a Dynamic Soil Property

Tundra =
Y Deadhorse
W

ORGANISMS

Boreal Forest

.~ Forest
. Cover

LANDFIRE (2017)

Processes: Thermal Conductivity & Heat Transfer
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Figure: N. Jelinski

Processes: Thermal Conductivity & Heat Transfer
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Organic layer thickness as an
important control on
permafrost depth
» Organic materials are excellent

insulators (poor thermal
conductivity) and their thickness

exerts a primary control on depth
to permafrost.

vhat is permafrost?

Figure: (T) Jelinski etal. (In Press)
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Organic layer thickness as an

important control on
permafrost depth
» Organic materials are excellent

insulators (poor thermal
conductivity) and their thickness

exerts a primary control on depth

to permafrost.
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Figure: (T) Jelinski et al. (In Press)

Organic layer thickness as an
important control on
permafrost depth

» 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 i soil, what is permafrost? Figure: (T) Jelinski et al. (In
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erm afrOSt Terrain Ruggedness
TR T ST W

Class 2

Flat (< 1.5)
Undulating (1.5-2.5)

(] | (5[N]

Hilly (2.5-3.5)
Mountainous (3.5-4.5)
Extremely Mountainous (>4.5) RELIEF

Terrain <
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Index

Figure: N. Jelin

Pleistocene
Glacial Limits

Alaska
Near-
Surface
Permafrost

Near-surface Permafrost
Probability
(< 1m)

——  Last Glacial Maximum (~21,000 y.8.P)

[——  Pleistocene Glacial Maximum

Glaciation
History

2. Distribution of NSP Figure: N. Jelinski, Adapted From SRTM3 Data (USGS) and the Alaska Paleoglacier Atlas, Kaufrman et al., 2011 2 Figure: N. Jelinski, Adapted From SRTM3 Data (USGS), and Pastick et al., 2015



Near-surface Permafrost
Probability
(<1m)

Alaska
Near-Surface
Permafrost
Distribution

Terms Generalized from Shur and Jorgenson, 2007

Figure: N. Je S al, 2015

"Ecosystem-driven
Permafrost”

Subgelic STR (+1 to -4C MAST
;| @ 50cm)

» Discontinuous Permafrost

> NSP Presence HIGHLY
dependent on both static
and dynamic ecosystem

properties:

2. Distribution of NSP Photo: N. Jelinski, Gakona AK
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"Ecosystem-driven
Permafrost”

Subgelic STR (+1 to -4C MAST
;| @50cm)

2. Distribution of NSP Photo: N. Jelinski, Gakona AK
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"Ecosystem-driven
Permafrost”

Subgelic STR (+1 to -4C MAST
;| @50cm)

» 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
> Hydrolog

2. Distribution of NSP Photo: N. Jelinski, Gakona AK
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Near-surface Permafrost

Probability
(<1m)

Alaska

Permafrost

Figure: N. Jelin n SR

Near-Surface

| Distribution

*Terms Generalized from Shur and Jorgenson, 2007}
m S 015

-

Arctic Alaska - Brooks Range/North
Slope

“Climate-driven
Permafrost”

Pergelic STR (-4 to -10C MAST
@ 50cm)
» Tundra vegetation
l__| > Continuous Permafrost
» NSP Presence does not
depend very much on
ecosystem properties.

-

Arctic Alaska - Brooks Range/North
Slope

“Climate-driven
Permafrost”

Pergelic STR (-4 to -10C MAST
@50cm)

Roadmap

» (1) What is soil, what is permafrost?
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Permafrost-Affected Soil Taxonomy:

Gelisol Taxonomic Criteria
» Gelisols. Soils

- with permafrost
o within 1m of
i the surface OR
— oo gelic materials*
—{ w/in 1m and
N —eed permafrost w/in
2m of the
b surface

STATSGO
of " Gelisol % by MU
¥l (734,944 km?)

3. Taxonomy and Taxonomic Change

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

Permafrost-Affected Soil Taxonomy:

Gelisol Taxonomic Criteria

» Gelisols. Soils

N with permafrost
i within 1m of
the surface OR
gelic materials*
w/in Tm and
permafrost w/in
2m of the
surface

» Gelic materials.

STATSGO

> > . Evidence of
& Gelisol % by MU cryoturbation
P and/or ice

segregation

3. Taxonomy and Taxonomic Change

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

Permafrost-Affected Soil Taxonomy: Suborders

» 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 km?)

3. Taxonomy and Taxonomic Change

51

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

» Histels. Gelisols that have
>40cm of organic
materials or have organic
materials that directly
overly bedrock.

STATSGO
Histel % by MU
(88,271 km?)

3. Taxonomy and Taxonon ge Figures: (L) Jelinski and Pastick, 2019 SSSA Conference, Poster #1020, Jelinski et al., In Prep, (R) N. Jelinski, Sagwon Hills, AK
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Permafrost-Affected Soil Taxonomy: Suborders

» Orthels. Other Gelisols

No Orthlsor Rockice
0%
T020%
2030%

T so-s0%

. oo

.+ STATSGO
& Orthel % by MU
ot (41,558 km?)

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

Gelisol Suborders and Taxonomic Criteria
urbelsv 7 Histels

ol P G #
»  Cryoturbated » > 40cm of Organics

Turbels
(~82%)

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

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

i,

2000-2009 7 2050-2059 7 2090-2099

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

3. Taxonomy and Taxo Figures: Jelinski and Pastick, SSSA Conference, Poster #1020, Images: TL — |. astrow, TC — N. Jelinski, TR — M. Clark

3. Taxonomy and Taxonomic Change

Potential Taxonomic Change in Gelisols

Gelisols
(% of STATSGO MU)

STATSGO 1-10%

Figures: Jelinski and Pastick, 2019 SSSA Conference, Poster #1020, Jelinski et al., In Prep
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Potential Taxonomic Change in Gelisols

Gelisols
(% of STATSGO MU)
STATSGO 110% 4
020% % Change
. ~ from 2000-

2009

A1B Emissions Scenario:
s - Pastick et al. (2015) NSP Predictions (< Tm)
. GIPL 1 Active Layer Depth (<2m)

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

Figures: Jelinski and Pastick, 2019 SSSA Conference, Poster #1020, Jelinski et al., In Prep

Potential Taxonomic Change in Gelisols

Gelisols
(% of STATSGO MU)
STATSGO 1-10% b
10:20% % Change
2030% from 2000-

2009

A1B Emissions Scenario:
i Pastick et al. (2015) NSP Predictions (< Tm) .
- GIPL 1 Active Layer Depth (<2m)

from 2000-

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

onomy and Tax icC Figures: Jelinski and Pastick, 2019 SSSA Conference, Poster #1020, Jelinski et al., In Prep

Roadmap

» (1) What is soil, what is permafrost?

AK - N. Jelinski

4. Cryoturbation Mechanisms and \

59

Cryoturbation: Ub

PoLT e

ig L‘gitous and I\rbn portant
4 - Y * ¥ 4

(BL) C.L. Ping, (TF

60
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Cryoturbation: Ubic

> Cryoturbatlon is critical for
4 modeling the genesis and
fate of high-latitude SOC

stocks (Koven et al., 2009)

quitous and Important
HItous and in 1L

Cryoturbatlon

4 > Cryoturbatlon 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

bs  Gelisol SOC stocks (Hugelius §

etal., 2014).

e B
4. Cryoturbation Mechanisms ar

61 62

Crloturbatlo

i,« > Cryoturbatlon is critical for
modeling the genesis and modeling the genesis and
fate of high-latitude SOC - f\|  fate of high-latitude SOC

stocks (Koven et al., 2009) : G ! s %| stocks (Koven et al., 2009)

> Cryoturbatlon is cntlcal for

» Cryoturbated mineral soils
account for > 40% of [ account for > 40% of
northern circumpolar carbon ‘s northern circumpolar carbon
stocks to 3m and > 60% of > Tk stocks to 3m and > 60% of

Gelisol SOC stocks (Hugelius § R - > ¢ ks Gelisol SOC stocks (Hugelius §
etal, 2014). . - etal., 2014).

’ » Cryoturbation mechanisms < & o . ﬁ

ld{ and morphology vary across 5 fos o E o
climate space (Ping et al., S . f
2008) s :

» Cryoturbated mineral soils

» Cryoturbation mechanisms
and morphology vary across
climate space (Ping et al.,

i 2008)

= > Understanding mechanisms
2 of cryoturbation and their |
§ response to climate is critical
~for predicting soil response
to environmental change

e e - < .
4. Cryoturbation Mechanisms and Morpho ages Je L. Ping, (TR) N. Jelin

4. Cryoturbatio

63 64
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Barrow.

Near-surface Permafrost

Probabilty Mechanisms
- and
EL’;" Morphology
= of
B Cryoturbation
SR in Ecosystem-
Driven

Permafrost

ke Case Study:
Cop per River Basin

Figure: |

Organic
materials
ngly
decém} sed
with depth

4. Cryoturbation Me 4 Morphology nages: N. Jelinski

S — e A Y

N. Jelinski

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

a 9, (%) b 0, (%)

50 -

Depth (cm)

Ice-Rich
+ Upper
i Permafrost

100

1
0 100 200 300 0 20 40 60 80
» Upper permafrost is ice-rich

4. Cryoturbation Mechanisms and Morphology Figure: Jelinski et al., In Prep using Beaudette et al., 20
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Cryostructures in NSP: Copper River Basin Gelisols
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ure: Jelinski et al., In Press

Cryostructures in NSP: Copper River Basin Gelisols
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Cryostructures in NSP: Copper River Basin Gelisols
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Copper River Basin

a 9, (%) b 0, (%)

¢ Bulk Density (g cm™)

Average Depth

i
s
! Average Depth to ﬂ
Permafrost 70 £19 cm |

Depth (cm)

Ice-Rich TH 1.
Upper !
i Permafrost |

1001 [Bulk Density” — 5
] | Inversion

T R T o B Y SO S VR T
0 100 200 300 0 20 40 60 80 00 05
» 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 usi

Water Content, Bulk Density and SOC Depth Profiles:

Water Content, Bulk Density and SOC Depth Profiles:

Copper River Basin
a 9, (%) b 0, (%)

¢ Bulk Density (g cm™) d In (SOC)

Average Depth
of Organics 1x10em ¢

o B0 L
£ : Average Depth
S toFrozen 55212 n)\'
7= T
= ! Average Depth to 7
@ Permaiost 70 £19.cm |
a 3 B > T +
100 - Ice-Rich S

Upper

; i Bulk Density” 5T i
i Permafrost

i| Inversion

-- Carbon-
enriched

cryoturbated
materials

=i 11— 11 i
0 100 200 300 0 20 40 60 80 00 05
» 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

15 -2 0 2 4

Fire dynamics in
ecosystem-driven
permafrost

» Burned phases tend to

have:

> Thinner surface g
organics ;

» Deeper permafrost s e
(thicker active layer) 4 : : s

> Lower surface soll
moisture

Burned

Unburned
Inceptisols

Gelisols

» Under a stable climate it is :
often assumed that Fire-Scar it Siecessional
Even-Aged Spruce Mixed-Age Spruce
recovery to the unburned I P mariana- glauca P mariana
state will occur over
periods of decades-
centuries.

3 S
Permafrost Table

ations in Preparation for Ta Figure: Ad

74

lechanisms and Morphology Figure: Jelinski et al., In Prep using Beaudette et a

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

»>9-67% of 1Tm SOC
stocks are in
cryoturbated
materials

Figure: Jelinski et al., In Prep

[1/15/19



Near-surface Permafrost

Probability
(<1m)

Mechanisms
i and
Morphology
of
Cryoturbation
in Climate-
Driven
Permafrost

Figure: N. Jelins|

Mechanisms and Morphology

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

Mechanisms of Cryoturbation: Frost-Cracking

(TR) T. Niermann

i' Abrupt iransition betweén

—~~undecomposed otganics. &
B\and mineral soil .~

Ba/Ajf

frost'tablg

4. Cryoturbation Mechanisms and Mor Images: (L) N. Jelinski, (R) C.-L. Ping; Annotations: C.-L. Ping and N.Jelinski
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Cryostructures in NSP: HV/Sagwon Gelisols

C

omparative Morphology of Cryoturbation & SOC Profiles

> In pergelic STRs

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

Zone of
Dessication

7 Verticalfrost 1\ CglOejj
K crack \
{

\
Oejjf

SAGWON, AK: s
-9C MAAT, ~20cm MAP 3

N. Jelinski

lechanisms an Figure

Frost crack:
Downward
-movement of
intact organics

sols

e Y T

Seasonal

LenticulangryGstiu
warped by frost crack

Dessication

7 Verticalfrost 1\ CglOejj
4 crack \

|
{

\
Oejjf

SAGWON; AK By
-9C MAAT, ~20cm MAP &8

Comparative Morphology of Cryoturbation & SOC Profiles
B R ;

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

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

Figures: N. Jelinski

[1/15/19

21



Comparative Morphology of Cryoturbation & SOC Profiles

wi) SOC (%)

Seasonal
Jce

50
B
K
k=]
o
Zone of ®
Dessication o
100 d . —
— . Copper River
. Vertical frost \ CglOejj 1 Basin (n = 22)
_E Sagwon / Happy
\ i Valley (n = 8)
ejif . H '
I I I I
SAGWON, AK:
0 20 40 60
Figures: N. Jelinski
»  Mentors: >  Students:

»  Dr. Chien-Lu Ping (UAF) »  Mike Sousa
»  Dr. David Swanson (NPS) »  VanessaZachman
>  Collaborators: »  Ashley Hansen
>  DOE (ANL): Dr. Julie Jastrow, Dr. Roser Matamala, T. Vugteveen, J. »  Spencer Shaver
Lederhouse > SaraBauer
USGS (KBR): Dr. Neal Pastick »  Katie Ring

>
>

USDA-NRCS: Mark Clark, Jessica Lene, Cory Cole, Dennis Mulligan,
Drea Williams
> @Ahtna, Inc.: Karen Li I, Edwi

anson - National Park

Conclusions

» Near-surface permafrost and soil properties/soil genesis
are intimately linked.

ice permafrost may lead to extensive

>n - National Par
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