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Introduction Signal Detection Summary

Icy-ocean worlds have thick icy shells covering subsurface oceans (1,2). Due to We can use these characteristics to detect events in passively recorded data. Events are detected using a short-term

the poteqtlal hab'tab'“t_y O_f the subsurfape ocean, .Europa has bgcome a target for average/long-term average approach (10,11). We can then compare the results with weather data. For Greenland, we
a potential lander mission (3,4). Seismology is the preeminent method for recorded temperature and wind measurements with our own weather station. Gulkana wind data was provided by a
constraining the thickness of an icy shell. The Seismometer to Investigate Ice and nearby USGS weather station (12). Temperature data was collected by the MERRA weather satellites (13).
Ocean Structure (SIlOS) uses flight-candidate instrumentation to develop The detection rate at Gulkana Glacier has a clear periodicity. The detection rate is correlated with temperature (top)
approaches for seismic studies of icy bodies. Here we discuss how we used two but more so with the change in temperature (middle). We found a lack of detections could be related to periods of high
analog sites to characterize seismicity of the local ice structure. wind (bottom) which caused background noise to increase, thus increasing long-term average values. Greenland does
O i e - not show the same strong correlation with temperature and wind speeds.

 Analogs allow us to
search for local seismicity.
Gulkana was a more
active site, Greenland was
quieter

. Gulkana's  thermal
events were strongly tied
to temperature and

00A..FNZ Gulkana AOA FNZ Greenland changes in temperature

=407 | | | | | | | | | < - 270%‘5
g 280 % g:g _ Total No. of Events:1778 M [ § Greenland’s thermal
g20r 275‘5 ; > I %262§ events coincident with
5 mé s 20 | m%mmmm o %258:% temperature variations
540 N '2§ j§1oo_Tota| No. of Events:1778 13 5 -Cluster analysis allows
*- | Vol 5 - d 112 . :
image Credit: NASA/JPL W‘w A o Reve
] S0 o 27 il ... mumwﬂ}%umuum L e 30 variations among
Expenmental Setup o 8 | 6 § categories
SIIOS was deployed on Gulkana | | %:]120‘ © 135] ‘ ) "<
Glacier in September 2017 (top). M. "GU”(ana GlaC'L %;]jg g1 ‘M o A \l““ 'A “W\\ 1° 25 *An anthropogenic signal
Gulkana is classified as a “benchmark” | + S S e . Q;}gg T ;122 W w \ W‘m ) g g in Greenland was
glaCier by the USGS (5) and has ice \ - : C” Hours S1|r?(c)e 2515280 oc; gg oo 1w 200 2 S0 T|m1ez§|nce114§5 00183 00 192 26 20 264 recorded
~100 meters thick (6). Gulkana's| T AL . NN\ T
seismic signals include regional and e CIUSter Ana ,—ySIS Thermal ICequakeS *Cluster analysis revealea
teleseismic earthquakes, icequakes, e wa . For the thermal events at both sites we performed a cluster analysis on the detected events. This analysis allows us to ESRWERCIZEIEREEL el To[[gE1 (ETe
rockfalls, and water drainage events F = “‘“_f‘*‘"k s ot~ M find similar waveforms that may have similar origins or other characteristics. For Gulkana there were 3 Group (left) for JEICIURUEREEIER el
fr.om a nearby mou“r.] It. _experlences ws et ngl S GreenIangul’f(ggr%emgrgeasG roups (right). Cluster 1 were o . |
diurnal changes in seismicity. | | Cluster 1 had lower Greenland Thermal Clusters shorter events. Variations in detections
SIIOS was then deployed in A » frequency content, RN T T Cluster 2 were high rey(?aled more ab.out the
Northwest Greenland in  June 2018 3 _ but no strong time A R R quality events. d.rlvmg force behind the
(bottom). This site has ice ~850 m § preference. ° Cluster 5 were most signals (wind)
thick (7), and sits above a sub-glacial 2, 54MWWMMWMWMMMMMWMWWWM W similar to Gulkana
lake (8,9) . Greenland is a quieter site SR - 2 Cluster 3 35 events. albeit with ‘We identified the source
due to low-temperatures, isolation, 51 i preferentially , 'a lower frequencies. of the signal as bambqo
and the enclosure around the occurred during | Cluster 6 had longer poles with flags. Audio
instruments. daylight. T durations. conversion of the seismic
0o 05 1 15 2 25 3 35 0 2 4 6 8 10 signal and analysis of
: Time (s) Time (sec) dominant frequencies
BaCkg rOu nd S|g naIS Dom. Freq Time Event Dom. Freq Time Event confirmed the hypothesis
Cluster | # of Cluster | # of
00A..FNZ Gulkana AOA..FNZ Greenland (Hz) Preference |Length (s) (Hz) Preference |Length (s)
(144/144 segments) | ~ (160/160 segments) Events Events Refe rences
. _ 1 325 5-15 None 0.3 .
5 T 1 1713 4-8, 15-21 None 1.45 1. F. Nimmo, R. T. Pappalardo, J.
X g 2 3 20-00 - 15 Geophys. Res. Planets. 121,
. 2 % 3 4 2-7 8.4 ;37&_1399Cfr?1§)'al Nature. 391
: S 2 7 4-11 gjO e_\gents 2.45 ' 363-365 (1998). ’
3 = am-spm 4 1 3-7 - 10.5 3. C. D. Parkinson et al., 38,
: = ~369 (2008).
. phod (o) . 01 i) 3 532 11-20 4am-6pm 1.45 O 1413 1-9 12pm-6pm 1.5 255R3€'5I'9 I(?e(i/(zli)lds et al., Icarus. 56,
= S = _ — = 6 32 2-11 8am-8pm 5 246-254 (1983).
2017-09-12 2017-09-16 2017-09-21 2018-06-05 2018-06-10 2018-06-15 5. E. H. Baker et al., (2018,
Gulkana (left) was predicted to be more active due to the presence of surface doi:10.5066/F7BG2N8R.
runoff, moulins, and potential for rockfalls. Greenland (right) had thicker ice and a CIUSter AnaIyS|S Greenland Anth rOpOgenlc Slgnal g-oi_@ater_:ésourxzrc?ﬁvesﬂ(Zact)ig?]t
subglacial lake which helped insulate it from basal icequakes. A template was used to locate the Greenland anomaly signal. The series Greenland Anthropogenic Signal Report 00-4074. 7
2 ANCEETo oIS [ (SNYERCEY (o 1=Tei (<To [ (ol (Toto] o IS g F= | M (o Ter- | REAY/STp ST I [oa RS ST E L WYA T (o [VoI=To Il \wa s found in passively recorded data 100 times. A cluster analysis found 7. C. Leuschen et al, (2010), ,

doi:http://dx.doi.org/10.5067/GDQOC

[of=To|NF=1 (SIS0 TR/ (oo B=AV/=T ol s o Tol s A/l A s EE S o g = T (ol (e g S (ol (= Lo T R=Ta e A= (o (o [ M0 1 i they fell into 5 groups. Unlike the thermal events which tended to peak in the
ofo]nglla=lilaToRif=To[SI=Talo] (I o] i a LT EEIREALETR I SRRNYIERTEETTo REW o =Ta (o [o - BRI ST eI RS EZ{ 00 o PR 1s [o Ml afternoon. Very few of these events occurred between 5:30 PM and 10 PM.

UCVTEZ2Q. (Date accessed 2016).
8. S. J. Palmer et al., Geophys.

CI Tl laa(OTagRi (e[ aE=1 MM (oM pTol FETMN p=T i [0 o) i KSR (U HO) RSN AR L I E I =TTa | TRl ST SR/ SM g [el ([ef<To -1 NI All Of the events originated between 340-360°, suggesting they originate . Res. Lett. 40, 6154-6159 (2013).
anthropogenic signal with a fairly consistent recurring interval and characteristic [oBIR iR et lLe =) E " %O n“]';nui' 15";‘&"{‘3 (23t19§"-’ AELS
frequency (right). Cluster # of Dom. Freq Pattern Event I 10. M. Withers et al. Bull.
. 40 Gulkana Thermal c Greenland Anthropogenic Signal Events (Hz) Length (s) L L Seismol. - Soc. Am. 88, 95106
S~ S 2 1 5 Repeats every 5 ! ke | (1998). _
géZO = 230-340 0.1 second 11. M. Beyreuther et al., Seismol.
3 E O * g 0 Repeats every I : ; ; ; : Res. Lett. 81, 530-533 (2010).
£ o < 2 2 220-320 second 1 Time (sec) 12. D. Lombardi et al., Ann.
5 €0 g 3 Repeats every Converting the unfiltered seismic data to audio revealed Glaciol. 60, 45-56 (2019).
£400 80 & __N40 0% 3 15 320-390 01 q 1 . . 13.  US  Geological  Survey,
~a 100383 23 .1 secon the likely cause of this signal were flags attached to Neftorzl Wty I meien Sy
O | OO - i .
200 12058 22 ot @ 2 30 220-330 ()4 ror ol b3t iargel  1-5 bamboo poles so the array could be spotted from air. The R e R Cl e TR I e R
3 0 s 3 s 5 46 930-380 | cpeats every 05 1 meter long poles buried at one end would have a XlVetP (UZ%?E? Water Data for the
0 o = . . .
- - Time (secs) 0 0.1 second resonant frequency of 320 Hz, matching the signals. ation (2016).




