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_Introduction and State of the Art

AClimatechangec permafrostdegradationd monitoring of theice

contenthas become an essential task also in the Europgdps
APermafrost measurements

ABorehole temperatures (only point information)

AGeophysical measurements: Electrical Resistivity Tomography (ERT),
Refraction Seismic Tomography (RS3tandard measurement techniques in
permafrost

ElectricalResistivityTomography
RefractionSeismicTomography e

2010-08-24 Resistivity
2010-08-23 Velocity € 0 |
0

-
o ’
’ 2 10
q’ N
" Q90 LAP 1108 min: 3.1e+02
20 LAP 1108 min: 342 err.3.3 % -
err. 6.4 % = LAP_0198

Depth (m)

LAP_0198 max: 1.4e+05
max: 5160 0 50 100 150 | Mollaret et
_ " : Resistivity
Measuredquantity: Velacity Measuredquantity: al., 2020
P-wavevelocity [ —— Resistance
500 2000 4000 6000

ur 19 I 10° General
v (m/s) p (Qm) <EGUAssemny 2020



A N D A |
\ /’,

5 . Introduction and State of the Art

Temperature Water
LAV LAP_1208 content

AJointinversion of ERRST to ° ¥

estimate the volumetric N / :% I | ]
fractions of liquid water, ice and ,_ | _E | | ]
air and rock matrix Coline € o 1 - g y
Mollaret and Florian Wagner ™~ il i ] ]
A Joint inversion contributes to . | ik _ ] |
Improved quantification of 6 | - |\ - - -

water ice and air 18 —r A —
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: . C . : : Mollaret et al., 2020
A Butstill someremainingambuiguitiesbetweenice and rock matrix

Sinceresistivityand Rwavevelocityof iceand rock areften too similarto be
distinguishedoy ERT and R&Ibnec additionalinformationis needed
Thereforewe propose and test thapplicabilityof a newmethod: Induced
Polarization(IP) ¢ ComplexResistivityTomography

(ESUsR, 2020
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< InducedPolarizatiorandPolarizatiorMechanisms h
C- C+ . .
§ 1 InducedPolarization

In FrequencyDomain:

- Analternatingcurrentisinjectedat low frequencies
(commonlybelow 1 kHz on thdield and below
50 kHz in theéaboratory)

- In polarizablematerialswe observe a phasshift
(. ) betweenthe injectedcurrentandmeasured
voltage

- Complexelectricalresistivity conductivity
expressedn termsof the real andmaginary
components or byts magnitude (ratio

alternating
current

magnitude

time

Voltage voltagefcurrent) and phase (shitbetween
voltage/current)
*="Q "8QA r +E 23 - Real part: Conductiomechanisms

- Imaginarypart: Polarizatiorprocesses @Ugggggngozo
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SpectralinducedPolarization

- Repetitionof the measurementt different
frequencieq0.01-:1000 Hz)

- To gain information about thequencydependence
of the electricalproperties(resistivityand IP)

- Fastpolarizationeffects¢ e.g, smallgrainsc take place at
highfrequenciegsmallpulselengthg

- Slowpolarizationeffects¢ e.g, big grainsc take place atlow
frequencieghigh pulse o
lengthg 8o}
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@_ Hypotheses LA TURCS

Polarizationmechanismsn permafrostenvironments
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Hypotheses|P anomalies areauseddue to the contact oflifferent medias

air/rock air/water air/ice rock/ice rock/water water/ice

?

no IPeffect no IPeffect nolPeffect nolPeffect medium IPeffect high IPeffect

(ESUszsi, 2020
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@ Applicabilityof IPmethodfor AlpinePermafrost

Challenges otollectingreliable SIP data at thdield-scale?

A Heavy equipment, higalectrode contact resistances (sometimes >100 kilo Ohms) because of
blocky surfacéy weak signal strength, low curremtjections (as for ERT surveys)

A Additional challenges for Slpolarization of the electrodes, anthropogenic structures (high
metal content), electromagneticoupling(crosstalking with the cables, induction effects in the

ground)

A How much can we trust
In our date?

To enhance data qualitpf field

SIP measurements

A Testsof different measuremt
protocolsandcablelayouts

A ldentification and quantification of
errorsin the data

General
Assembly
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@ Applicabilityof IPmethodfor AlpinePermafrost "
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Electromagneticcoupling

AMain limitation offield frequencydomainSIPimaging contamination of the data
due toparasiticelectromagnetidields(especiallyat frequenciesabovelO Hz)

AEM _couplingcausedby inductive or capacitive sources

A Crosdalkingbetweencablesusedfor currentinjection and voltageneasurements
Induction of EMieldsA tests ofdifferent cablesetups for anmprovementin dataquality

oaxialcables(shieldedcableg

Separationof current and potential cables

-
-

:‘sdl ﬁgv'ty stainless steel
5 electrodes
instrument

multicore P
cable

relay switch

Dahlinand Zhou, 2012

(ESGUsR, 2020
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@ Applicabilityof IPmethodfor AlpinePermafrost

Removalof outliers and guantification of dataerror via normal and

reciprocalanalysis

A Normal andreciprocal(N&R)measurementsefer to arepetition of the measuremenby
Interchangingcurrentand potential dipoles¢ usedto identify outliers, quantify the dataquality and
the dataerror, filtering approach FloresOrozco, 2019

1Hz
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- largeNE oriented talus slope (~=500m wiglth

- composition of the taluslope definedrom four boreholes geophysical measuremenéndground
temperaturerecords

- metamorphicblocks (mainly gneiss arsghists)

- temperatepermafrost close to the meltingoint (internall A NJ OA NDdzf | 0 EdYy GOKAY

- Ice rich permafrost bodylém), 4- 5.5mthick active layer

(EGUszsi, 2020
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Extensivefield tests in LAPIRES, Val@ips, SwissAlps

. Lapires applicabilityof IPmethodfor AlpinePermafrost ="

We chose this site due to:

the spatial variable, but clearly define

ground ice occurrences
Comparatively high ice content

4 boreholes

Extensive additional geophysical dat
present

Medium size blocks at the surface
(average for permafrost)

All contacts between different media .

(air/ice, rockl/ice, water/ice etc.)
potentially present

Analysis ChristianScapozza
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Mappingof complexresistivity
(DipoleDipole: 0.5225Hz,
Multiple Gradient: 0.2225Hz)

- ProfilesP2, P3, PA5with 10m
electrodeseparation

- Profile Piwith 5m electrode
separation

- ERTmonitoring profile with 3m
electrodeseparation

- Theblue polygonmarks
permafrostoccurencedefinedby
previousstudies(Staub et al.,
2015)
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: < Additionalqualitative or spatidhformation fromlPresponse*

—

A Arewe able toseea differencein our spectralinducedpolarizationdata forice-

rich areas and areawithout ice?
A Therefore we first hada lookinto our raw data (theelectricalimpedance

A apparentresistivtyand phase fodifferent frequenciesand observedhe
lateralchange of thegquantities
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: < Additionalqualitative or spatidhformation fromlPresponse*

Lateralchange in apparent phase
collectedalongprofile P2 foiselecteddipoles
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A Foricerich parts: higherpolarizationresponse
constantincreaseof polarizationmeasurements
from 7.5 Hz

A For partswith noice, lower polarization
response the increasewith frequency issmaller
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"'Additionalqualitative or spatiahformation fromlPrespons

¢R

A Arewe able toseea differencein our spectralinducedpolarizationdata forice-

rich areas and areawithout ice?
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A Extractedcomplexresistivityvalues inice-rich part and partwith noice .

NO ICE
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@_ IPresponseat different permafrost sites

We testedthe method at 8 different permafrost sitesvithin the Swissltalianand
AustrianAlpscoveringdifferent ice contents and contactbetweenmaterials
(e.g wet, dry,coarseblocky bedrocksitesetc). Herewe show 3additionalsites.

Measurements2018:
- Lapires

- Cervinia

- Schilthorn

- Stockhorn

- Murtel
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Sonnblick; 3106m
Austrian Central Alps

N

: -
Meanannualair temperatures

~4.7°C

Geologyof the Tauernfenster
(mainlygranitegneisswith
potashfeldspal

3 boreholesof 20mdepth
ALTaround1-2m
Whatwasthe aim of the
study. Additionalinformation
from SIP?
Additionalinformation for
validation RefractionSeismic
TomographyElectromagnetic
measurementsGPR

//. R

EGU

General
Assembly

2020



|IPresponsemeasurecat SonnblickAustria 2

A Complexesistivitydata collectedalonga profile invicinity of the 3boreholes
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_-mmilthom Switzerland

U Schilthorng 2970ma.s.l, BerneseAlps

U Lithologydominatedby micaceoushales
deeplyweatheredc bedrockwith alayerof
fine-graineddebris(sandyandsilty material)

U 4 boreholes(temperate permafrosi

U Permafrostthicknessat least 100mactive
layerdepthsof about5m

U Whatdid we measure 1.3 kmprofile from
permafrostto non-permafrost

U Whatwasthe aim of the study. Canwe seea
changein the SIPdata?

U Additionalinformationfor validation
RefractionSeismicTomographyand
Electromagnetieneasurements

i . G, A ) - . St - .
Legende f ; 300 - |\ G ERT Monitoring
Permafrost lokal mdglich, fleckenhatt, punituell - < ; -

Permafrost lokal méalich, fleckenhaft haufig
B9 permafrost lokal maglich, fleckenhaft bis grossfidchig

B Permafrost fidchenhaft wahrscheinlich
B oo imarrost iachenhaft wahrscheinlich, Machtigkeit zunehmend General
B pomafrost flachenhatt wahrscheinlich, zT. grosse Machtigkeiten bis Gber 100 m EG U Assembly 2 O 2 O




