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Introduction

NAMA Greenland Ltd. holds the exploration license no. 2011/25 in the Pituffik/Thule area,
and has, in association Red Rock Resources plc, requested GEUS to provide available
ASTER data and geological maps of the area of interest, with the aim to provide available
data in digital format in order to allow visualisation and analysis in a Geographic Informa-
tion System (GIS).

This report and enclosed DVD should be regarded as an addendum to the GEUS report by
Thomassen and Tukiainen (2009) on geochemical data and geological observations from
the Pituffik/Thule area. Additional digital elevation models derived from ASTER data are
included on the DVD. Geological information extracted from the One Geology map (preview
of present (non-released) GEUS contribution to http://portal.onegeology.org, Geological
map of Greenland, 1:2.500.000 (Escher & Pulvertaft, 1995), digital version (shape files,
2008) are provided in digital format as a separate GIS project. Information on geological
environments reported in Stendal et al. (2005) is furthermore added in digital GIS format to
the DVD. The included data are described in some details below in separate sections.
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Data

ASTER data, topographic contours and digital elevation models

Data acquired by the Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) were utilized in order to improve the map base for the Pituffik/Thule area. The
new Global Digital Elevation Model (GDEM) produced by the Ministry of Economy, Trade
and Industry (METI) of Japan and the United States National Aeronautics and Space Ad-
ministration (NASA) from ASTER optical stereo data was released to the public on June 29,
20009.

ASTER DEM standard data products are produced with 30 m postings, and have vertical
precision generally between 10 m and 25 m (root mean square error, RMSE).

The following geo-coded themes/data layers are included:
e [False color composite map from ASTER VNIR data; lateral resolution/accuracy 15
X 15 m
e Coastline (sea level) extracted from ASTER VNIR data; lateral resolution 15 x 15 m
e Topographic contours with 50 m contour intervals based on the GDEM
e Digital elevation model (GDEM) re-sampled to 30 x 30 m grids

Screen dumps from the ArcGIS project window with false composite images are shown in
Figures 1-3. Screen dumps of coastline data are shown in Figure 4 and the topographic
contours are shown in Figure 5. A screen dump of the GDEM is provided in Figure 6.
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Figure 1. Screen dump of false colour composite image from ASTER VNIR data covering map 4 in
Thomassen & Tukiainen (2009).
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Figure 2. Screen dump of false colour composite image from ASTER VNIR data covering maps 5-8 in
Thomassen & Tukiainen (2009).

mxd - ArcMap - ArcView

Ele Edi View Bockmarks [nsert Selection Inols Window Help
|| QQEEOHPeEeT POk OM RS &
= = = (i) & |[1192258 | |:f & & O 3= R? | ceosoftserp v oap v g () Help v
= = |

= O 5_&_coast_om -~

= [ 4_contours_Som
= [0 4_coast_Om

= O Supracrustal_environment
all ather values
Archaean supracrustal rack ¥
M Palzeoproterozoic supracrustal rack
[ sediment_snvironment
all other values
Phanerozoic basins ( <400Ma)
I Lower Palagozoic and Meoproterozoic basins
M Mesoproterozoic basin
= O Infracrustal_environment
all other values
Loe caps | Lakes
Proterozaic basement:
Reworked Archasan basement:
I &rchaean basement
O sedlogical_environment

m
_WNIR@15m_LITM_Z19,tF
O aress_vnir@15m_TIFF.tf
O map_8_dem_ENVLbil
[ map_5_5_dem_envi.bi
= O map_4_dem_envi.bil
Yalue
High : 1121

HEEEEE
[m]
Fl
g

Low: 0

3 >
Display | Sowice | Selection | Catalog LR ﬂ
Drawing > R O~ A~ 0] trial ~0 «| B r u|lAx dr Fr s~

613644.75 8437598.909 Meters

Figure 3. Screen dump of false colour composite image from ASTER VNIR data covering map 9 in
Thomassen & Tukiainen (2009).

GEUS 5



&

B L A L -1

B X | o ‘ +* | 1:944,355 - |;€ ‘ aan0 ?-‘ r? j Geosoft Setup = DAP ~ @ £ Help v‘
S |
& ~

= [ Table_db_join
@

= O Tables
()

=] 9_coast_Om

= [ 9_contours_S0m

= O 5_8_contours_S0m
= B 5_8_coast_0m

= O 4_contours_S0m

= M 4_coast_om
= O Supracrustal_enviranment
all ather values
Archaean supracrustal rock
M Palaeoproteroznic supracrustal rock
=1 O Sediment_enwironment
all other values
Phanerozoic basins (<400Ma)
I Lower Palasozoic and Meoproterozoic basins
M Mesoproterozoic basin =
= O Infracrustal_environment:
all ather values
Loz caps | Lakes
Proterazaic basement:
Reworked Archasan basement
I &rchaean basement &
# O Geological_environment
1 1 TR T L
< i 3

Display | Source | Selection | Catalng o e | ..!J_J

(O~ a~Z|ldsa ][0 x| B 7 G|A~ B~ dr .~ |

| orawng v K )

| 438244.995 8434079.763 Meters

Figure 4. Screen dump of coast line data derived from ASTER VNIR data.

B JBd gleansz0@as 8o vensa’ 18|
0 m‘@immiﬂ“ﬁ&EI:v-‘k?jGeusuftﬁetupvmpvbfgﬁHelpv‘

~

= O Table_1
@

= O Table_zb_join
®

= O Tables
®

= O Table_4b_join
@

= O Tables
()
= B 9_roast_Om

=] 9_contours_S0m

= M 5_8_contours_50m

= B 5_8_coast_om

4_contours_S0m

=] 4_coast_Om =

= O Supracrustal_snwironment
all other values
Archaean supracrustal rock
M Palzeoproterozoic supracrustal rock.
= [0 Sediment_enwironment
all other values
Phanetozoic basing { <400Ma)
I Lower Palasozoic and Meoproterozaic basins
M Mesoproterozoic basin
= O Infracrustal_enviranment
A b sein

< i | >

. _Dipley [ Souce | Selecton | Extaa Fo |2 u ] |

(O~ a~Z|ldsa ][0 x| B 7 G|A~ B~ dr .~ |

(3

| orawng v K )

| 435514.518 8557082.036 Meters

Figure 5. Screen dump showing all topographic contour data.
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= _ASTER.mxd - ArcMap - ArcView
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Figure 6. Screen dump of GDEM covering maps 4-9 in Thomassen & Tukiainen (2009).

Geological map in scale 1:2.500.00 and One Geology map

The Geological map of Greenland, 1:2.500.000 (Escher & Pulvertaft, 1995) is provided in
digital shapefile format (.SHP) for two separate GIS projects — GmoG_2_5M_dd.MXD and
GmoG_2 5.MXD. Both .MXD projects use WGS84/UTM24N for data display. The digital
data included are:

e Two georeferenced tagged image files (.TIF) of the printed map sheet and the legend
e Shapefiles corresponding to some of the themes of the printed map sheet

e Display applications for ArcGis and ArcReader (free download from
http://www.esri.com/software/arcgis/arcreader )

A screen dump of the map presentation in ArcGIS is shown in Figure 7. The map in Figure
7 is identical to the excerpt from the (unofficial) GEUS One Geology contribution. The ex-
cerpt provided corresponds to the area of map 1 in Thomassen & Tukiainen (2009). The
GEUS contribution expected for the official release of the One Geology map is likely to in-
clude more details.
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Figure 7. Screen dump showing the geological map in scale 1:2.500.000.

Maps of geological environments

The geological environments outlined by Stendal et al. (2005) are included in the ArcGIS
project ASTER.MXD and as four separate ArcGIS projects. The figures 8 -11 show screen
dumps of the maps. Note that the superimposed coastline derived from the ASTER data on
these maps show a significant discrepancy with respect to the base map used for the dis-
play of the geological environments.
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Figure 8. Screen dump showing the geological environment as defined in Stendal et al. (2005). Coast
lines derived from ASTER data are superimposed.
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Figure 9. Screen dump showing the infracrustal environment as defined in Stendal et al. (2005). Coast
lines derived from ASTER data are superimposed.
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Figure 10. Screen dump showing the supracrustal environment as defined in Stendal et al. (2005). Coast
lines derived from ASTER data are superimposed.
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Figure 11. Screen dump showing the sediment environments as defined in Stendal et al. (2005). Coast
lines derived from ASTER data are superimposed.
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Tabulated data in the report by Thomasssen & Tukiainen (2009)

The screen dumps in the figures 12—14 show the sample locations of data in Tables 1, 3 &
5 as given by Thomassen & Tukiainen (2009). The data in tables 2b and 5b have been
geo-referenced and are include on the accompanying DVD.
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Figure 12. Sample location corresponding to data in Table 1 in Thomassen & Tukiainen (2009). Data are
provided on the DVD in shapefile format, Microsoft Excel .XLS format and as comma separated files.
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Figure 13. Sample location corresponding to data in Table 3 in Thomassen & Tukiainen (2009). Data are
provided on the DVD in shapefile format, Microsoft Excel .XLS format and as comma separated files.
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Figure 14. Sample location corresponding to data in Table 5 in Thomassen & Tukiainen (2009). Data are
provided on the DVD in shapefile format, Microsoft Excel .XLS format and as comma separated files.
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Content of DVD and data format

The directory structure of the DVD is displayed in Figure 15. Three directories with tabu-
lated data from the report by Thomassen & Tukiainen (2009) are provided. The original
tables have been reformatted for easy import into a GIS project. The tables are provided in
both shapfile format, Microsoft Excel .XLS format and as comma-separated files. Eight
ArcGIS .MXD project files are included in the subdirectories located within directory Arc-
GIS. The ArcGIS .MXD filenames and directories are shown in Figure 16. A complete list of
directories and filename are included in Appendix.
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Figure 15. Directory list of the DVD

@Supracrustal_enviru:unment_ThuIe.mxu:l ArcaIS Thule_Geological_Environment/Supracrustal _environment_Thule
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Figure 16. List of ArcGIS .MXD project files and associated directories
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Geographic location accuracy

The data provided are derived from sources of different scale, accuracy and precision. For
example the digital elevation model derived from the ASTER data has a lateral resolu-
tion/accuracy of 15 m and 30 m, whereas the geological map from the One Geology data
source is based on maps in scale 1: 2.500.000; i.e. roughly an order of magnitude or more
in terms of difference in accuracy. Some of the older geological observations made prior to
the introduction of GPS are furthermore subject to lack of precision. The data are therefore
not fully compatible geographically if joined into a common GIS-project.

Maps 1 and 4-9 in Thomassen and Tukiainen (2009) show sample locations and locations
of rivers superimposed on a topographic basemap with height contours. The basemap is of
low spatial accuracy and sample positions located from GPS were not displayed properly
on this basemap unless shifted laterally. The basemap was initially utilised for maps in
scale 1:250.000, but the accuracy (“systematic shift”) was not fully adequate for this scale
in this particular region. Some of the samples are from fieldwork prior to the introduction of
GPS and geo-referenced visually to the basemap. Adjustments were applied to some of the
sample locations (samples located by GPS) when these maps were produced for the report
by Thomassen & Tukiainen (2009). The maps should therefore be used with some precau-
tion and field work should be based on the GPS data whenever possible and by using more
accurate topographic information. The discrepancy between different data sets is exempli-
fied in Figures 8-11, where ASTER derived coastlines are superimposed on maps using
the 1:250.000 basemap for display of geological environments.

The topographic information derived from ASTER data has an accuracy of about 30 m lat-

erally and the maps provided on the DVD are based on this accuracy. No shift of GPS de-
rived coordinates has been applied.
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Appendix — directory and file listing

HE Tables_shapefile_format

H HTable_5.dbf

H HTable_5.chp

H HTable_5.shx

H HTable_5.prj

H HTable_5.sbn

H YTable_5.shx

H HTable_3.dbf

H YTable_3.shp

H HTable_3.shx

H H9Table_3.prj

H HTable_3.5bn

H HTable_3.shx

H YTable_1.dbf

H HTable_1.chp

H HTable_1.shx

H HTable_1.pr

H HTable_1.5bn

L YTable_1.shx

HE Tables_shapefile_join

H YTable_2b_join.dbf

H 8Table_2b_join.zshp

H 8Table_2b_join.shx

H HTable_2b_join.prj

H HTable_2b_jain.sbn

H HTable_2b_join.shsx

H HTable_4b_join.xls

H HTable_4b_join.dbf

H HTable_2b_joinxls

H YTable_4b_join.zhp

H QTable_4b_join.shx

H YTable_4b_join.prj

H HTable_db_jain.zbn

L HTable_4b_join.shx

HE AreGlS

HEE Thule_Gieological_Environment
HE Sediment_environment_Thule
H 8 Sediment_environment.shp
H 8 Sediment_environment.shx
H HSediment_environment.dbf
H HSediment_environment.prj
H Y Sedirment_snviranment.shpsml
H YSediment_environment.she
H YSediment_environment.sbx
H 8 Sediment_environment_Thule. rmxd
L g Sediment_environment.|lyr
HEr Infracrustal_environment_Thule
H HlInfracrustal_erviranment.zhp
H HInfracrustal_ervironment sha
H Y Infracrustal_ervironment.dbf
H 9 Infracrustal_environment.pr
H HlInfracrustal_environment.shp.seml
H Ylnfracrustal_ervironment.sbn
H YHlnfracrustal_environment. she
H Ylnfracrustal_ervironment_Thule.raxd

L YInfracrustal_environment lyr

GEUS



HEr Gealogical_enviranment_Thule
H 9 Geological_ernviranment.shp
H 8 Geological_erviranment.shx
H 8§ Geological_enviranment.dbf
H_HGeological_environment.prj
H_HGeological_enviranment.shpaml
H HGeological_ernviranment.sbn
H Y Geological_environment.sbx
H 8 Geological_environrment.mxd
LY Gealogical_srwvironment v
= Supracrustal_environment_Thule

H Y Supracrustal_ervironment shp
H 8 Supracrustal_erviranment shx
H 8 Supracrustal_environment. dbf
H 8 Supracrustal_environment.prj
H_ 8 Supracrustal_environment.shpxml
H_ 8 Supracrustal_ervironment.sbn
H 8 Supracrustal_environment.zbx
H 8 Supracrustal_environment_Thule.mxd
L™ Supracrustal_environment lyr
HEr Orne_Gealogy_Thule_excerpt

H Y GmoG_2_5k.rrixd

H HGMOG_2 5 D0_Thule.zhp

H HGOG_2_5_DO0_Thule zhx

H HGk0OG_2_5_D0D_Thule.dbf

H HGkOG_2_5_DD0_Thule.pr

H {GMOG_2_5_DD_Thule.shp.=ml
H H&Ek0G_2 6 DD Thule.sbn

L HGMOG_2_5_DD_Thule.sbx
HEASTER

HErrmap_9_dem

H Yrmap_9_dearm_EMYLbIl

H Yrmap_9_derm_EMNYLhdr

H Yrmap_9_dern_ENWl st

H 9rnap_9_dern_EMNWl aux

H 9rap_9_dern_EMWl.trd

H 9rmap_9_derm_EMNYLbil.auxxml
H Hrmap_9_derm_EMNYlprj

H Hrmap_9_dern_EMNWLbil vat.dbf
L Yrmap_9_dern_EMNYLbilxml
HEap_5_8_dem

H Hrnap_5_2_derm_envi.bil

H Ytrmap_5_8_der_erwi hde

H Yrmap_5_8_derm_snvi.st

H Yrmap_5_8_dern_envi.aux

H 9rmap_5_8_derm_envi.rrd

H 8rnap_b_8_derm_envi.bil.auxxml
H 9rmap_b_8_dem_envi.bil vat dbf
H Hrnap_5_8_dern_envi.pr

L Hrmap_6_8_dem_envi.bil xml
HE bap_4_dem

H H9rmap_4_derm_envi.bil

H Hrnap_4_dern_ervi.hdr

H Yrmap_4_dern_srmwi st

H Yrmap_4_dern_srvi.aux

H Yrmap_4_dern_ervi.red

H 9rap_4_derm_envi.bil. auxxml
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LM map_4_dem_envi.prj

H 94 _coast_Orm.dbf

H 94 _coast_Om.sbn

H Y94 _coast_Om.shx

H Y94 _coast_Om.shp

H Y94 _coast_Om.shx

H Y94 _contours_50m.dbf

H Y94 _contours_50m.sbn

H 94 _contours_50m.shx

H Y94 _contours_50m.shp

H Y94 _contours_50m.shx

H Y5_8_coast_0m.dbf

H Y5_8_coast_Om.zbn

H Y5_8_coast_Om.zhx

H H5_8_coast_Om.chp

H H5_8_coast_Om.ghx

H H5_8_contours_50m.dbf

H H5_%_contours_50m.zbn

H H5_8_contours_50rm.sbx

H H5_8_contours_50m.zhp

H H5_8_contours_50m.shx

H Y9_coast_Om.dbf

H H9_coazt Om.pr

H H9_coast_ Om.sbn

H H9_coast Om.shx

H H9_coast_Om.shp
HH9_coast_Om.shx

H H9_contours.dbf

H H9_contours.shn

H H9_contours.shx

H H9_contours.shp

H H9_contours.shx
HH9_contours_50rm.dbf

H H9_contours_S0rm.pr

H H9_contours_S0rm.sbn

H 99_contours_50m.shx

H 99_contours_50m.zhp

H 99_contours_50m.shx

H YHaread_dem

H YHaread_dern hdr

H Haread_wnir@15m_pyramid

H Haread_wnir@15m_TIFF. aux

H HJaread_vnir@15m_TIFF.rrd

H YHaread_vnir@15m_TIFF th

H YHaread_vnir@15m_TIFF tif

| THASTER. mxd

H Y¥rnap_G_8_ VMNIR@1Sm_UTh_Z18. aux
| TYmap_5_&_ VMIRGE15m_UTh_Z18.rrd
| Hmap_5_8_VNIR@E1Gm_UTh_Z10.th
H 8map_5_8_YMNIR@15m_UTh_Z19.1if
H HYMIFR_MOSAICET Brm_utmzl 9.aux
H HYNIR_MOSAICE 1 5m_utmz1 9.tw
H HYMNIF_MOSAICET5m_utmz1 9.t
H Yrnap_9_derm_EMY

H Yrnap_9_dern_EMNYLhdr

H Yrrap_5_9_der_envi

H Yrrap_5_8_derm_ervi.hdr
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Yourbir 31052011 15831 Paged

tgmap_él_dem_envi
map_4_dem_envi.hdr
HE Gmo_G_2_5M_shape_export
H Y GmoG_2_ 5k rrixd
H Y9 GmaoG_2_5h.pmt
H Y9hdap_400.tif. qi

H Y{GmoG_2_5h_dd.rmxd
H HGmoG_2_5k_geo prmf
H Ylegend_400.aux

H YlLeagend_400.rrd

H YLegand_400.tif

H HLegend_400.tif.xml
H Jhdap_400.aux

H YJhdap_400.rrd

| Hhdap_400.4f

H YHhdap_400.tif.xml

H Y¥TermsOfDelivery.doc
H Yareas_arc.dbf

H Qarsas_arc.pr

H Qareas_arc.shn

H YHareas_arc.shx

H YHareas_arc.shp

H Hareas_arc.shpxml
H Hareas_arc.shx

H Yareas_p_20m.dbf
H Yareas_p_20m.pti

H Qareas_p_20m.shbn
H Qareas_p_20m.sbx
H YJareas_p_20m zhp
H Hareas_p_20m.chpxml
H Hareas_p_20m.zhx
H Ycolour polygan.lyr

H Ygenlogy_a.dbf

H Yaoeology_a.pti

H Haoeology_a.sbn

H YHgenlogy_a.zhx

H YHgenlogy_a.zhp

H YHgeology_a.shpxml
H YHgeology_a.shx

H YHgeology_p.dbf

H Hg=ology_p.pri

H Qaoeology_p.sbn

H Qaoeology_p.shex

H YHgenlogy_p.zhp

H YHgeology_p.shpxml
H YHgeology_p.shx

H Yreadrme t

H Yzchema.ini

H Ytrends.dbf

H Qtrends.pr

H Qtrends.shn

H Ytrends zhx

H Ytrends zhp

H Ytrends.shpxml

L Ytrends. shx

HE Sereen_dump

HTable_1 jpa
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H YTable_2b_jainjpg
H YTable_3.jpa
H YTable_4b_jainjpg
H HTable_5.jpa
H Ycontours.jpg
H Y Supracrustal_environmentjpg
H Y Sediment_environmentjpg
H Qlnfracrustal_srvironmentjpag
H Y Geological_ervironment.jpg
L THYNIR_MOSAIGE Sr_utmz1 Btif jpg
L HVNIR_5_8_MOSAICET Sm_utmz1 3tif jpg
H YJaread WHIR_@15m_tiff jpg
H Y¥rmap_2_der_EMNYljpg
H Y¥map_&_8_dem_ENYljpg
L Yrnap_4_dern_EMNYlLipa
HE Map1_shapefiles
H YQpitu_coa_p.pri
H Ypitu_coa_p.zbn
H Ypitu_coa_p.zhx
H Ypitu_coa_p.chp
H Ypitu_coa_p.shx
H Ypitu_lake_l.dbf
H Ypitu_lake_l.pr
H Qpitu_lake_l.sbn
H Qpitu_lake_| sk
H Ypitu_lake_l.shp
H YQpitu_lake_l.shx
H Ypitu_lake_p.dbf
H Ypitu_lake_p.prj
H Ypitu_lake_p.zbn
H Ypitu_lake_p.zbx
H Ypitu_lake_p.zhp
H Qpitu_lake_p.shx
H Y pitu_riv.dbf
H Ypitu_riv.pri
H Ypitu_riv.sbn
H Ypitu_riv.sbx
H Ypitu_riv.shp
H Y pitu_riv.shx
H Ypitunet.dbf
H YQpitunet.pr
H Ypitunet.sbn
H Ypitunet.shx
H Ypitunet.shp
H Ypitunet.shx
H Ypitu_coa_l.dbf
H Ypitu_coa_lpr
H Ypitu_coa_lsbn
H Qpitu_coa_lshex
H Ypitu_coa_l.shp
H Qpitu_coa_lshx
H Ypitu_coa_p.dbf
L Ypitu_coa_l.zhp Geozofthieta
H H4rcGlS_projectfiles jpg
L 8Thumbs.db
L= Tables_reformattet
|—ETabIe_‘I _Pituffik_2007 cav
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H 8Table_1_Pituffik_2007 xs

H YTable_24 Pituffik_2007 cav
H HTable_24_Pituffik_2007 xls
H YTable_2b_Pituffik_2007.csv
H H9Table_2b_Pituffik_2007 xLS
H YTable_3_Fituffik_2007.cav
H H9Table_3_Fituffik_2007 s

H YTable_4a_Pituffik_2007.csv
H YTable_4a_Pituffik_2007 xls
H YTable_4b_Pituffik_2007 csv
H HTable_4b_Pituffik_2007 x«ls
H YTable_5_Fituffik_2007 .cav
H HTable_5_Fituffik_2007 xds

H YQtable_FRa_pituffik_2007.csv
H YQtable_FRa_pituffik_2007 s
H YTable_FBb_Pituffik_2007.csv
H HTable_Bb_Fituffik_2007 x5
H HTable_7_Fituffik_2007 xls

H HTable_8_Fituffik_2007 xls

H HTable_1_Fituffik_2007_DO0S tat caw
H YTable_2b_Pituffik_2007_refarmat xXLS
H YTable_4b_join.xls

L YTable_2b_join.xls
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