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GROUND PENETRATING RADAR (GPR)

BACKGROUNL

Igaluit is located at the head of Frobisher Bay and is underlain by Precambrian rocks of the
" Cumberland batholith. As the primary source of aggregate in glaciated terrains is normally the
- E—— __ product of glacial and post-glacial processes, it is imperative to understand the Quaternary
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Ground Penetrating Radar is a high-resolution survey tool that emits
electromagnetic waves into the subsurface to image subsurface features. A
transmitter antenna emits a signal to the subsurface, which is then reflected at
structural interfaces and detected by a receiver antenna. By moving the antenna
pair along a survey line, an image of the subsurface structure can be determined.
Contrasting dielectrical impedances are detected and recorded as reflected
amplitudes/energies, as well as the time it takes the signal to reach the interface
and return to the receiver. Depth of penetration into the subsurface depends on
the choice of frequency (high frequency gives higher resolution, but less depth
penetration; low frequency gives lower resolution, but greater depth penetration)._:__
The geophysical properties of the subsurface material also affects the return |
signal and resolution of the data. Velocity of the subsurface sediments can be _
variable and will partly depend on material type, moisture content and the 3
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geology. The most comprehensive study of the Quaternary geology of the Igaluit area was
completed by Hodgson (2003, 2005).

The main area of interest is located between the Sylvia Grinnell River to the west of Igaluit and
Burton River to the east. Late Wisconsinan (Foxe) Glaciation was the glacial episode most
responsible for the surficial deposits around Igaluit (Hodgson, 2005). Ice-flow within this
domain, was predominantly eastwards and discordant with flow distal to the Frobisher Bay
Moraine System, thus indicating that the Frobisher Bay Moraine System represents a
readvance of ice (Hodgson, 2005).

INTRODUCTION

Within the confines of the two rivers, the terrain is dominated by deposits of till blanket and till
veneer. The till is characterized as clast to matrix supported. Clasts are subangular, boulder

In 2005, an assc_essmerllt of granular aggreg_ate resources was _co_nducted in the area around the city of Iqaluit. The survey was carried and cobble, and mainly consist of Precambrian rocks of local origin. Only one till unit was fﬁ.g::?gengi?jgﬁgigc:\s‘trI:u?\ilrm'l?;?gszg::S?r;evofwii::lgisi’fr:rlﬁfsgr;gzeass :;%:‘eas ;-"*'

out tc_) address |mmed_|ate concerns regarding depletion of existing granular aggr(_egate_resources at the current source of aggregate for identified (Hodgson, 2005). Till veneer is dominant towards the south, and till blanket is more e i Hsanf J di : ¢ ’ K T locit fil ¢ I o

Igaluit, the North 40 Pit. Alternate sources of aggregate are needed to address critical infrastructure needs. dominant in the north and east of the area. The eastern portion of the area is characterized by ;mexpose R act SeUIMENts Mancegemst| CUlaLig cac ! ey s = XS Y F
_ _ . _ _ _ o _ _ the thickest till deposits occurring in a series of linear and convoluted ridges interpreted as T

To carry out the survey, all potential areas of aggregate were identified through air-photo interpretation. This information, combined | multiple end-moraine ridges of the Frobisher Bay Moraine System. Glaciofluvial deposits occur

| GPR does not produce a section through the ground, rather it produces a
| representation of structural discontinuities such as geological interfaces, which
must be interpreted. Without borehole data or exposed cross sections to verify

with a review of previous assessment reports, provided a focus on which to base follow-up field work. Target areas with the best

: _ > b : _ “i _ _ as patches and are concentrated along drainage channels now occupied by modern rivers and
potential to yield aggregate resources were visited in the field, and basic information was gathered regarding the nature, extent and

streams including the Sylvia Grinnell, Niaqunguk, and Burton rivers, and an unnamed creek

volume of the deposits. In addition, physwgraphy of each of the areas was examined. A minor amount of Ground Penetratmg Radar draining into the North 40 Pit. In the eastern part of the area, and bounding the Burton River S o ali O it of ANt [
GPR) dat llected to i th bsurf h t fd it d depth to the bedrock tact : e . ; : Previous Granular Aggregate Assessment Surveys and 2005 the GPR data, only broad assumptions can be made. However, these |
( ) dla was coliiected 10 iImage tne subsuriace chnaracier or aeposits, an ep O the bearoCckK contact. Va"ey IS a Slgnlflcant topographlc hlgh trendlng northwest to southeast. and dominated by CNGO Survey (Canadian-Nunavut Geoscience Office - CNGO) g - -
; 3 : . uy . - | assumptions are helpful for determining the subsurface morphology of i
_ - _ _ _ _ exposed bedrock. This ridge makes a topographic barrier to the Burton River valley from the co e i B -cdimentary deposits. Theserdata caftbaln withisubsedluentiGiE T an |
The results of the assessment identified two areas haV|ng the best pOtentlaI for f0||OW-up work and pOSSIble development. The first west. Modern day fluvial deposits occur in significant quantities along the Syl\"a Grennell and ocsveéh'\éégégzgzggéegg;:ég?:cl’%%r:)tg:fsdgé‘sgrgztﬁgZr;%ftlgﬂlders ’ _‘ g F b hol ryd P i y h h pb h q p hg d I‘)Il
area, informally named the Northwest Area, contains good-quality aggregate, including high-quality gravel. Potential volumes Burton river valleys, and to a lesser degree along Niaqunguk River. (> CNGO: Fedchecks raqurc 1 cofim natreof dgst , ¥, A aadiiiin s - %S 'I:I g jt” tr):,tvet;: yllon%w ire : teretmay 2achange T stialigiSBisAanc the -
contained in the Northwest area include: 1 000 000m’ of gravel and 4 000 000m® of combined sand and gravel (minimum estimates EBA Engneorng Consulans L, 2000 Onyres s wi B POSRLRC UCPULANEF U O TOCK GO dCESE
based on a consistent depth of 1 m). Total potential aggregate may be > 14 000 000m’ for the Northwest Area. The second area, near Iqaluit and Apex are mainly built on massive to cross-bedded glaciomarine delta deposits " iy B 5 TS e v : . :
: : : . ; . : gl . : : O Area of main gravel depost (fed verifc) € I Richards 1976: Agaregate mapped by JL Richards (porton) | For this study, an antenna GPR system with an unshielded 100MHz antenna was |
Tarr Inlet, contains undifferentiated sand and gravel deposits. The total volume of undlfferent!ated sediments (mlnlmum volume ' |nc|ud|ng sand, silt, boulders, and grave| that coarsen upwards_ The current source of o Y RN > HEBT 1991: Aggregate mapped by HBBT | listtto produce profiles in hiah priorit TN 2
estimate based on a consistent depth of 1 m) for the Tarr Inlet area is approximately 300 000m™. Gravel in the Tarr Inlet area is thought | aggregate at the North 40 Pit and the abandoned pit at Apex are composed of such deposits. EREFCI O RO oo ecourcagieninedly ojfhoice S0 S O CNGO: Agregats e ol by L Rhards and T an ~ g y '
| r i . - interpretation) conis
to compose less than half of the total aggregate volume. | Deltas also exist at the head of Burton River, and perched ice-contact deltas exist at the head of B il ot s il ies o g
. extensive aggregate resources has been re-interpereted by CNGO Y | O LI e ¥ < &
| Tarr Inlet and Apex Hill (Hodgson, 2005). Patches of exposed bedrock outcrop are e l bniet Gepossand moaines (noranesvre mapocdas 8 i P L g i
The Northwest Area has significant potential to be a long-term aggregate supply. | concentrated along the shoreline and just inland of the glaciomarine deposits. S RN .o 2 ety of ideatd  ncororotig confimed by CNGO. L%nﬁzss'i"f:::)F::—fﬁ e
as till and not aggregate. o HBBT 1991: Aggregate mapped by HBBT exaggerated, ‘0’ deth,h is centred on
= = = = = = = . . . . . . . . . gl 3 regate resources identifie airphotos and field visits e Save! P.it . ; direct wave, velocity 0.15m/ns used "-r
The gravel deposits in the Niagunguk River Valley are small, sandy gravel deposits occurring as gravel bars along the river and may | Figure 1 shows details of the 2005 survey with the objective of identifying gravel deposits. g Zzz/ggggggddwgpyydd ENEG e v by NGO conlted s doss ot o ﬁ?;r processing.
g . . . . . 4 s h b i . Gravel bar on which data for
have |_ootent|_al to meet some short-term aggrggate demands. Dep_osns adjacent to the Sylvia Grinnell River are c_:omposed of gr_avel and Figure 2 shows a summary of previous aggregate assessment surveys. Accurate air-photo 7 A I o S gy _ e L R
| sand in varying amounts, however the quantities of gravel are neither abundant nor clean. The Northeast Area, in the Burton River | interpretation is critical to obtaining good results and for forming a basis for follow-up O CNGGFSC 155 Loregae mappad ngraly by 50 e S e Tl ;'Sfﬁ ;:eo?megrglaj taken on a lat
Valley, contains varying amounts of sand and gravel, although sand is inferred to be more abundant than gravel. - | investigations. O FSC 1998: Aggregate mapped by Ferguson Simek Clark surface expression is consistent.
The profile reveals significant .
s : i = ™ F ¥ j_._. L) ¥ # _ ; — T & difference in the thickness of the
" ' _ B -~ — - underlying sediments and the
e "5 " : " _ I "y - ] - a possibility of a buried channel.
4 o J o | ! ' - N SUMMARY OF RESULTS . 20. GPR profile File_63 (see 1
’ - ' ¥ r 2 : - Northwest Area) depth axis is 5x .
b - i ¥ ! : - e ] n'. ‘N’ .
S | TS - Ll . : ' ‘ Gravel resources within a 5-km radius of the centre of Iqaluit occur along the Niaqunguk Valley (1, 2) r z’i‘ra;%?s\',r:\t,?’Vgloi?&tg_;ss‘,flﬂgeuigg
and the Sylvia Grinnell River. Limited time was spent at these sites due to the thorough nature of the . for processing.
previous work and/or the lack of a substantial gravel components to the deposits. The other sites 21. Location of data collection for | |
Potential Gravel S()urces 68°4048"W 68°3936"W - 68°3824"W 68°37°12"W 68°360"W 68°34°48"W 68°3336"W 68°32’24"W7 68°31'12"W 68°300"W 68°2848"W 68°2736"W 68°2624"W - 68°25°12"W 68°240"W 68°22°48"W 68°21736"W 68°20‘24'iW 68°l9’12"W 68°180"W 68°1648"W visited include the deposits in the Northwest Area and near Tarr Inlet. The Iatter two areas Were the , gll:ervgg.was taken on the crest of a
Iqaluit, Nunavut _ focus for this assessment due to the high potential for gravel resources and the fact that gravel was not Arfia of Survey e mNotoliheclirfice coditels
r Direction of Suryvey g
e o identified in these areas during previous assessments. The Tarr Inlet area depsoits are less than 10 i become finer and thinner with
o kilometres southeast of Igaluit, and 5 kilometres east of Apex. The Northwest Area is 7 to 14 kilometres g'sta““;, :“d i TeatSre SpRERIE
| aemEs : 'y from lgaluit, and is an extensive area comprising several concentrated gravel deposits. SR SCrOCK COTS,
Lm was done between July 15th, 2005 and August Sth, 2005. 1 - o I
“ Polygons around the deposit areas of interest were mapped in ArcView (1), and from this, the e 25 CRTINE filo File 65 (SEE Il apthlaxia s, 5% oXaggorated, ‘O Meptn e
o relsioLocions y approximate corresponding area was calculated. This allowed for general estimates of potential A centred on direct wave. This image shows the results of migration
SOL/EOL GPR Lines ; v volume to be calculated for each area of interest. Table 1 presents approximate minimum volumes for processing using three different velocities. Lines mark distinct contacts.
. i . Lk B Giaciofiuvial and Moraine each area based on a uniform, 1-metre thick deposit. Table 2 presents approximate volumes for each Eﬁf'e'I."neess'ﬁlvﬁ;;'??,guggft';?\'l;'g I;) 5 |rtr¥lr(‘\go.12 -
oo i:, IR o Sediments (sand. area based on estimated (visula and GPR estimations,) average thickness for each deposit. Field Black lindkabighe r tHAmnormal e locillh(7=0.18 rine) =3
Esker s o vl investigations and detailed air-photo analysis allowed for further refinement of the volume estimates for : The important thing to notice here is the change in apparent layer thickness |
Gravel Depasi Clases % ORI hocidiand the Northwest Area (see Table 3). The results presented in tables 1 and 2 demonstrate that the d mhe" it'?cret?smgfthe milgragfn Ve'°§itV-IThis "Bi_" h_aveta Stigr_‘tificafgleffgqt"?"
* C1= e om0 Marn Sediments (a poto Northwest Area contains significantly more potential gravel than the other areas. i ',:';i:s’ga‘:ygt’;a;'jngrraiﬁrtﬁznde;‘t’h";?fl;e e P kil
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4 : Wi - Sand and Gravel Deposits Undifferentiated (air photo interpretation — minimum area) !S é T P Tarr Inlet 295,069 Tarr Inlet 762,289 on direct wave ’ rocessed usin
| o 5 (N =7 KA B AN R R, AL W ) 3 TR RY SR e Sl Sand and Sand with some Gravel (field checked) Skl - Area 2 55 628 Gravel 1,053,857 3,754,927 S4RE 9 .
Radius from Tqaluit (A . \ : L o, (T & | : . s | s B - ; - : g P 3 Area 2 55,628 normal velocity (v=0.15 m/ns)
adius from Iqaluit (Approximate) R S | . \ : o h\ ;H o ~-\“:\‘\l\ o - o A S | T 7 ere N R o , , ‘ ‘»- i ! : = | PlrobablelSand and Sand with some Grgvel (a|rlphoto mterpretahon) Glaciofluvial/Moraine (Sandy Area 2b 138.579 Undifferentiated 2,612,057 9,530,073 y : . .
) DN g R P 5\ b S T i ot \ LG \ ! e ‘ Till and Till Veneer (field checked and air photo interpretation ; Area 2b 138,579 E
A . 1 2 N Q= b , Aread 02\ 1 : s 3 ok _ ‘ i —J ( p p ) Surface) 24. Survey was carried out above
Sk Radius Tk p PO B U B At NGyt o ¢ : AR AT | e R : | ‘ | Buieran fai dhofolintammbabion g SENIS AR . Area 9 102.209 Sand with Gravel 92,556 637,602 - - y
. - ] \ & O "\\\ J[i,f 0 \\ : - o TS . 2 e o ‘ At vy N ! ¥ 1 p (airp p ) [ Glaciofluvial/Moraine ’ Area 9 371,731
M e P} T b ik « o = 9 %o b Fi ! Open Area is till and til T D—— T - Gri e . Sand 8.569 17.139 this section along the Sylvia
O 10km Radius . ", \‘_} ety ; N Afead ™ NRt - X = N ; - g drgf:ag;e(aai'fp'h;;‘ int'er*;*?gfa?iro:)vary'ng egrees; and areas affected by meltwater . - ﬁ;fa\;ﬁLSurfaCE) Sylvia Grinnell 21,954 Sylvia Grinnell 175,637 ’ ’ Grinnell River banlf to provide
) 19k s . B esaris e Total 4,380,483 Total 15,443,608 Total 3,767,040 13,939,742 g grfa":; i
o 8. Simple test pits give an indication
- 3 g of the nature of the surficial
z : deposits.
2 9. Geomorphic features give insight
to deposits. (Lake waters removed
the fines leaving a spit showing the 3 =3
gravel size at this location.) S5
B ot Alon 10. Close-up of 9. A
4 ;‘igﬁ?e 8c.t1AIZalmo;;gma vietvr\]/ fro[[n IeskerI rili:ige 11. Tarr Inlet lag gravels on surface. Z ‘_
IR ROTYGOITETO 10 0KINg e S Sl 2 12. Small natural exposure reveals
: E ?ié’ﬁfﬁ%ﬁ.“faﬁ%'lgﬁﬁ;@%ﬁﬁSo?]g);m 14 sand underlies the lag gravel.
ik sl
igure 8e. Flat gravel bar in polygon 14;
Io_gation of GPR ﬁne File_60. polyg 25. GPR profile for File_84 (see 1, Sylvia Grinnell area) depth axis is The results of the GPR survey show that GPR data can provide
oo SRl accoss rail 5x exaggerated, ‘0’ depth is centred on direct wave processed using some useful information on locating subsurface boundaries and
For all areas note variation in gravel size lower than normal velocity (v=0.12 m/ns). detecting contact interfaces. However, processing at various
and presence of patches of sand deposits. 26. GPR profile for File_84 processed using higher than normal velocities shows that control through observed sections,
ARl D e 8 goafislartioleaiy velocity (v=0.18 m/ns). digging test pits, and/or drilling is necessary for accurately
27. GPR profile for File_84 processed at norlam velocity with interpreting the data. Velocities can also vary with depth, and
= | g interpretation for lower and higher overlayed the permafrost table will further complicate this issue. |
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63°43°’12"N
’ ]
F =

1. Airphoto analysis and review of previous studies. Using available airphotos, target areas for potential aggregate resources
should be chosen for future follow-up and planning of fieldwork. It is crucial that an individual with experience in airphoto

13. Upper Gravel Pit

area. Exposed . N ) e - . . m
Bedrach Iiondicates interpretation and an understanding of surficial geology reviews the airphotos to ensure mapping is as accurate as possible.
Figure 17. Oblique aerial
feature is bedrock photograph of Iqaluit, the Iqaluit ; . oy = i . Jr Ea, L - .
- cored y ?ﬁiﬁhﬁ'ﬁ;ﬂfﬁfﬂ';";" River. » 2. Communicate. Network with communities to obtain information regarding aggregate needs and environmental concerns.
* 14. Typical fluvial e sediments on the peninsula to the .
. ; _ - y
# i . - bar deposits - not ks CONCLUSIONS Phase Il: Reconnaissance Fieldwork
2 ¢ substantial and (] Beckock Outcrop
& . 1 Marine Sediment = c - - - . . 0 F c - - - . . . .
near drainage — light satSh;rgzgnSqV, Drainage systems dissecting the area surrounding Iqaluit are oriented in 3. Visit target areas. This phase should involve reconnaissance ground-truthing of airphoto interpretations. Once suitable
o e an ) a northwest to southeast direction following the ‘bedrock grain’. These aggregate areas having potential as a resource are identified, follow-up work including more detailed descriptions, small easily
] B ren Adoat o systems were utilized by both glacial and post-glacial drainage, so it is excavated test pits to assess sediments (not sampling) and ground-truthing should be carried out. GPR studies can be
via Lrinnell ~iver = = H H = . . . . . .
@ Buldozad Debris (Bufer] not surprising that the main concentration of aggregate deposits occurs performed at this phase to attempt to gain an understanding of subsurface morphology. A basic idea of potential access routes
’ B e i in these northwest- to southeast-trending drainage systems. Where can be established at this time. To most productively utilize time and provide the maximum information and aerial coverage,
Al Sad ot I el glacial drainage met the sea, glaciomarine deltas were deposited. In excavation of large scale test-pits and sampling should be reserved for Phase Il. However based on Phase Il studies,
VI | ngm = - . . .
. ’ Gravel Bar Sk ok barrea Thay addition, other areas of concentrated aggregate deposits occur as recommendations for areas where detailed field work should be carried out can be made.
ol linwtoten  Atasindee 4 - 5 > e remaining area is ether composed patches along the modern shoreline
Aftairs Canada &t du Nord Canada 3 3 ? ‘ : Py of b_edrock ogtcmp, marine F il . .
‘ September. 2005 - 68°40'48"W 68°3936"W 68°3824"W 68°37°12"W 68°360"W 68°34'48"W 68°3336"W 68°3224"W 68°31°12"W 68°300"W 68°2848"W 68°27°36"W 68°2624"W 68°25’12"W 68°240"W 68°2248"W 68°2136"W 68°2024"W 68°19°12"W 68°180"W 68°1648"W A :&_‘wgﬁ'p" Eﬁ?f;ml'ea?tesa(:!::;ec:'ﬁsta;?f:éogaiks of P _ . i B . e K = . 4' Preser-lt prellmlnary flndlngs' F . ; e
‘ - Sylvia Grinnell Rl Sylvia Grinnell River. The southem Detailed aerial photographic interpretation and field visits to high priority Note: It is recommended that a local guide be used for Phase Il work. A local guide will have knowledge on gaining easy access
o ggf;ggg;éhgfmmg'g% o areas resulted in a good synopsis of the various potential sources of to areas of interest, and also may have knowledge of deposits. Such assistance is invaluable for completing fieldwork.
il sedimernts similar to this image. aggregate in the Iqaluit area. GPR data was collected and provides Depending on budgets and the amount of ground to be covered, helicopter support may be of assistance.
insight for potential applications towards aggregate assessments.
Based on this work, a proposed methodology is presented that could Phase lll: Detailed Field-Work

1. Map of gravel deposits near Iqaluit. The sediments of most significance to an aggregate assessment include glaciomarine, L o assETlIeart /I St o aggregateldssasane hihl Fale)
glaCIOﬂUVIal, and fluvial depOSItS. These depOSItS are malnly characterized by variable amounts of sand, gravel, boulders, and havmg - = ; 5. Once priority sites for potential development have been selected, detailed fieldwork t<; address geotechnical issues can be
variable degrees of sorting. They are normally well drained and contain minimal amounts of silt, unless overbank or marine sediments | kit elage it it ahe U el gt G © L Ll LA ) DT L S LD

choosing locations for possible drill testing and/or excavation to ground-truth with GPR data. Detailed surveying of the

= = = - - - - i ¥ REFERENCES Hodgson, D.A., 2003. Surficial Geology, Frobisher Bay, Baffin Island, Nunavut; Geological Survey of Canada, Map 2042A, scale 1:100 000. . 5 . ) 1
are aSSOC|ated Wlth the deOSltS_ Sedlments SUltable for pOtentlaI agg regate resources are Concentrated prOX|ma| to the mOdern -day Sankeralli, L.M., and Taylor, J. Granular Aggregate Assessment Iqaluit, Nunavut, 2005. Geological Survey of Canada, Canada-Nunavut Geoscience Office. Report morphology to gain more accurate volume estimates can also be carried out during this phase.
h I' I b I 1 I d I 1 I d 1 th 'th = th F b- h B M = S t d I d d - AGRA Earth & Environmental, 1998. Geotechnical Investigation, Granular Source Investigation, Iqaluit, NT. Draft report submitted to Ferguson Simek Clark, Igaluit, NT, October, 1998. AGRA File: prepared for Indian and Northern Affairs Canada. Draft version.
- - Yc00570. . . .

snoreiline, along sup-giacial and pro-giacial drainage patnways witnin tne rrooisner bay vioraine sysiem, and along modern drainage o e T i AT S s s pion FIEE S 2000, Fio sbraeey o vieaqrmerts 6. Based on the discovery of suitable development sites, cost assessments and access routes can be assessed.
systems EBA Engineering Consultants Ltd., 2003. Igaluit Granular Resource Study. Report submitted to the city of Igaluit, Igaluit, Nunavut. EBA project number 1700059. Thank-you to Donald James for support during the project and inviting us to present this work at the 2005 Yellowknife Geoscience Forum. Gratitude is also extended to Dr. Ulrich

3 Hardy BBT Ltd. Iqaluit 20-year Granular management Plan Preliminary Investigation. Report submitted to the Municipality of Igaluit, December, 1991. HBT File: CE01122. Theune with the Physics Department of the University of Alberta. Dr. Theune graciously produced all of the GPR profiles used for this poster and reviewed the GPR section. His
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