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Collection of active source seismic data for GreenISE  in Greenland (Aug. 2015). Picture by N. Schmerr.


Experiment Description: During July and August of 2015 and 2016, the Greenland Ice Seismic Experiment (GreenISE) project investigated the structure of a firn aquifer using active source seismics in the southeastern Greenland Ice Sheet, 70 km west from Sermilik Fjord in the upper portion of Helheim Glacier, 40 km from the glacial terminus. Our field site was chosen based on the presence and structure of the firn aquifer determined by NASA Operation IceBridge airborne ice core data (Forster et al., 2014; Miège et al., 2016). This field site is positioned to assess the impact of the firn aquifer, a tide-water glacier significantly contributing to sea-level rise through ice discharge and melt (Enderlin et al., 2014). Past field campaigns using radar and ice coring established that the water table is 10-20 meters below the surface, with the firn-ice transition at 30 meters depth (Forster et al., 2014; Koenig et al., 2014). Data from the multi-channel coherent radar depth sounder (MCoRDS) obtained by Center for Remote Sensing of Ice Sheets (CReSIS) determines the ice in this region to be 800-1000 meters thick (Gogineni, 2012). During these field seasons, the aquifer site was also assessed by a range of hydrological and geophysical methods, including active source seismics, magnetic resonance soundings, boreholes, radar profiles, and hydrology (Montgomery et al., 2017; Miller et al., 2017).
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Figure 1. Location of the GreenISE firn aquifer field site in southeastern Greenland. A) Geographic context of the field site, Helheim Glacier (black dot). B) Geometry of seismic deployments; geophones (blue triangles) and shot locations (black dots) for summers of 2015 and 2016. C) Locations of seismic refraction lines; circles indicate location of first and last geophone of the station geometry shown in part B. Drill sites (DS) from each year are also indicated. Surface topography is obtained from a WorldView-1 (DigitalGlobe©) digital elevation model generated by the Polar Geospatial Center; elevation contour interval is 25 meters. Figure modified from Montgomery et al., (2017).

Experiment Layout: To assess the structure of the firn aquifer and measure the depth of the aquifer-ice transition, we used a series of active source seismic refraction experiments situated every 1-2 km over a profile 15 km in length. Each experiment was positioned parallel to the local ice flow line (approximately east-west) and consisted of a 115 meter long cable with geophone takeouts every 5 meters. Each seismic line was instrumented with 24 vertical-component, 40-Hz geophones. The geophones were buried 5-25 cm into the firn to isolate them from wind and thermal noise at the surface. This creates up to a 0.25 millisecond offset which is similar to and less than the picking error. In general, noise at each site was minimal, consisting of blowing wind or snow, distant generator noise, or human movement. Data were recorded on a Geometrics Geode multichannel data recorder using a record length of 1 second at a sample rate of 62.5 milliseconds. In 2016, an Geometrics ES-3000 was used to record the data with the same parameters.
[bookmark: _30j0zll]For the seismic source, a steel (2015) or aluminum (2016) plate was struck manually with an 8-kg sledgehammer, producing seismic waves with a dominant frequency of 150-200 Hz. Where appropriate, multiple hammer strikes (or “shots”) were stacked from 3-30 times each to enhance the signal to noise ratio of each manual source. These shot locations were positioned up to 270 meters off the seismic geophone lines, with spacing between individual shots ranging from 10-30 meters. The attenuation in this environment is quite high so more shots were needed as we moved further from the geophone array to produce high signal to noise arrivals for analysis. Two separate array configurations were used in the field experiment. In 2015, shots were spaced apart regularly by 10 m. The first shot was 80 m in front of the first geophone, the last one 80 m after the last geophone, resulting in a maximum offset of 195 m. In 2016 shots were spaced 30 m apart and the initial shot was 270 m from the first geophone and the last resulting in a maximum offset of 385 m for each line.  To provide further depth imaging, the array was repositioned in 2016 to provide both forward and reverse coverage allowing for a maximum offset of 500 m from the initial geophone position. The final dataset consisted of over 7000 shots, 18 separate seismic lines, and 21,312 individual seismogram recordings.

[bookmark: _GoBack]File Naming Convention: Data accompanying this report are presented in SEGY format, along with the original SEG2 files produced by the Geode recording system. The file naming convention is as follows: SITEID_YEAR_shot_#_src_DIST_stacks_#.sgy where SITEID follows the location convention in Fig.1; although some sites were occupied in multiple years or had extra lines, so an [A,B,C,D,E,F,G] is appended to the SITEID to differentiate each occupation. A SITEID with a “P” appended was collected perpendicular to the local flow line. YEAR indicates the year (either 2015 or 2016) the data were collected in. The shot_# is the number of the shot that matches the naming convention used for the SEG2 files (shot_#.dat). The src_DIST is the distance of the source from the first geophone in the array, given in meters. The first geophone in the line is placed at location 0 meters, and is defined as the westernmost station in 2015 (Fig. 1B) and the center station in 2016 (the symmetry point in the array geometry, when the array was flipped). Thus, negative shots indicate positions to the west of the first geophone, positive shots to the east. The field stacks_# is the number of shots stacked for that shot location. Each site’s directory contains a simple ascii text file SITEID_linelocation.txt with the latitude, longitude, and elevation of the lines, referencing to the start (negative) and end (positive) points of each seismic line. 




Table 1. Field Notes For Seismic Lines

	SITEID
	Year
	Notes

	Site01
	2016
	

	Site02A
	2015
	To north of 2016 Site02B; windy during data collection

	Site02B
	2016
	

	Site03
	2016
	

	Site03P
	2016
	Perpendicular to Site03

	Site04
	2016
	

	Site05
	2016
	

	Site06A
	2015
	Drill site spring 15-1, Weather station 1

	Site06B
	2016
	

	Site06P
	2015
	Perpendicular to Site06A

	Site07
	2016
	Camp 1, 2016; Drill site summer 16-1

	Site08A
	2015
	

	Site08B
	2016
	Drill site summer 16-2

	Site08P
	2015
	Perpendicular to Site08A

	Site09A
	2015
	Snow shovel used as source; Camp summer 2015

	Site09B
	2015
	Hammer redo of Site09A

	Site09C
	2015
	1-meter station spacing, afternoon melt

	Site09D
	2015
	1-meter station spacing, morning freeze; windy

	Site10A
	2015
	Snow shovel used as source; Drill site summer 15-2

	Site10B
	2015
	Drill site summer 15-2; Weather station 2

	Site10C
	2015
	

	Site10D
	2015
	

	Site10E
	2015
	

	Site10F
	2015
	

	Site10G
	2016
	Drill site summer 15-2

	Site11
	2016
	

	Site11P
	2016
	Perpendicular to Site11

	Site12A
	2015
	

	Site12B
	2015
	In-line with Site12B

	Site12C
	2016
	Camp 2, 2016; Drill site summer 16-3
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