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METHODS AND SPECIFICATIONS  FOR ANALYTICAL PACKAGE 
GROUP IF-MS - ULTRATRACE BY ICP-MS ANGLO OPTION 

Analytical  Process 

Oven Dry at 60'C  Ash at 
550'C 

or beakers, addduplicates 

reagent blanks added to 

No 
Computer attached to ICP 

comcls  dahfw 
interferences and drift 
Operator inspects Raw 

requested anldyses 
combined as if final 

Verification 

Comments 

Sample  Collection 

field sample  weight of 200 gm  is  recommended. 
Samples  may  consist of soil,  sediment, plant or  rock.  A  ininimum 

Sample  Preparation 
Soils  and  sediments  are  dried  (60'6)  and  sieved  to -80 mesh (- 
177 microns).  Moss-mat  samples  are  dried  (60"C),  pounded  to 
loosen  trapped  sediment,  then  sieved to -80 mesh.  Rocks  are 
dried (60'C) crushed (>75% -10 mesh)  and pulverized (>95% . 
150 mesh).  Splits  weighing 1 to 30 g  (Optional  packages) are 
placed in bottles.  Each  batch (34 samples)  contains 8 duplicate 
pulp  split  for  monitoring  precision  and  reference materkl DS2 for 
monitoring  accuracy. 

Sample Digestion 
Aqua  Regia is added  to each bottle (3mUgm of sample). 
Aqua  Regia is a 2:2:2 mixture  of ACS grade concentrated 
HCI, concentrated HNO, and distilled H20. Sample solutions 
are  heated for 1 hr in a boiling hot water bath (95'C).  The 
solutions  are  then diluted to 20:l mUgm ratio.  A rea~jent blank 
is carried in parallel  through  leaching  and  analysis. 

Sample Analysis 
Analysis  is  by  an  Elan 6000 ICP  Mass  Spec.  For  the  Anglo 
Option, 51 elements are determined  comprising:  Au.  Ag, AI, As, 
E, Ba. Be, Bi,  Ca.  Cd.  Ce,  Co,  Cr,  Cs.  Cu,  Fe.  Ga.  Ge,  Hf,  Hg, In, 

Sn,  Sr,  Ta.  Te,  Th, Ti, TI, U, V, W, Y, Zn  and  Zr.  Oth(:r  optional 
K, La,  Li, Mg, Mn,  Mo,  Na.  Nb,  Ni.  P,  Pb.  Rb.  Re, S, Sb.  Sc.  Se, 

elements  include  the REE suite, Pt and  Pd.  Sample  volumes of 

other  elements  subject to the  nugget  effect  are of impo!tance. 
10 to 30 gm  are  recommended  when the  determination of Au or 

Data Evaluation 
Raw  data  are  reviewed  by  the  instrument  operator and  by the! 
laboratory  information  management  system.  Tho  data is; 

Technician.  Finally all documents and  data  undergo  a  final 
subsequently reviewed  and  adjusted by the Data Verification 

verification  by  a  British  Columbia  Certified  Assayer  who  then 
signs  the  Analytical Report  before  it  is  released  to  the  client. 
Chief  Assayer is  Clarence  Leong.  other  certified as!;ayers  arc: 
Dean  Toye  and  Jacky  Wang. 

[ Document: Methods and Specifications for Group 1F-MS.dQc 1 Date: November. 22 1999 1 P r e p a r e d :  J. Gravel , 
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METHODS AND  SPECIFICATIONS FOR ANALYTICAL PACKAGE 
GROUP 4A: WHOLE ROCK ANALYSIS BY ICP 

Analytical  Process I Comments 3 
j Sample Preparation 
I 
I Soils and sediments are rarely analysed by Group 4A, howwer 

method of  sample preparation is provide  for completeness. Soil ,and 
3 sediment  samples are dried (60'C) and sieved to -80 mesh ASTM (. 

177  microns).  Moss-mat  samples are dried (60"C), rnaceratecl hen 
I sieved to recover -80 mesh sediment or ashed at 550°C (upo.~ ;a 

client's request).  Rocks and  drill core are crushed and pulverizec to - 

graphite  crucibles and a LIE02 flux is added. Duplicate split:, cf 
150 mesh ASTM  (-100 microns). Sample splits (0.2 gni) are placcri ill 

crushed (rejects duplicate) and pulverized (pulps dupiicate) fraclionj 
I are included with evely 34 drill core or trench samples  to d f h ?  

sample  homogeneity [reject duplicate) and analytical precision (pulp 
I duplicate). Duplicate pulp  splits (only) are included  in  evely batch c8f 

soil,  sediment and routine rock  samples. A blank and in-house 

I 5 digestion and analytical stages to monitor accuracy. IiTD  SO-I5 has 
I been  cellified in-house against USGS  CRMs AGV-'I, ECR-2, W, i GSP-2 and W-2. 
I 
I 
j S a m p l e   D i g e s t i o n  
I 

The molten sample is dissolved in 5% HNO3 (ACS  grade nitric ,acid 
I Crucibles are placed in  an oven and heated to 1025'C for  25  minllte!;. 

i 
I diluted in demineralised water). Calibration standards and res,gerlt 1 blanks  are added to the sample sequence. 
3 
I 
I 
I Sample Analysis 

' I Sample  solutions are aspirated into an ICP emission spectrogaph 
I (Jarrel  Ash  AtomComp Model 975) for the determination of  the  basic 

Re-split I standard  reference material STD  SO-15 are canied  thlough weigllincl, 

Verification Standards 

package  consisting  of the following 17 major oxides and element::: 

Ea, Ni, Sr,  Sc, Y and Zr.  The extended package also includes: Ce, Co, 
SiOz,  AIz03, Fe~03, CaO,  MgO,  NazO, K z 0 ,  MnO, T i h  Pz05,  Cr203. Data correction and 

3 Cu,  Nb, Ta and Zn. Loss on ignition (LOI) is  detelmined  for Iboih i packages by igniting a 1 g sample split  at 950°C for !IO minutes i.hen 
measuring the weight loss. Total Carbon and Sulphur are detemned I 

I by the Leco method (Group 2A). :. 

' Data Evaluation I 

Raw and final data from the ICP-ES  undergoes a final verification by a 
$ British Columbia Certified Assayer who must sign the analytical repcrt 

before release to the client. Chief assayer is  Clarenx Leong, otht:r 
certified assayers  are Dean Toye and Jacky  Wang. 

and Analytical R ~ p o l l  

i 
Final  Verification  and 
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METHODS AND  SPECIFICATIONS  FOR ANALYTICAL PACKhGE 

GROUP 4.B: W/ROCK TRACE ELEMENTS BY ICP-MS ANGLO OPTION 

Analytical Process 

I Sort and Log S a n i m  

into  aravhite crucibles. 1 Sam&stand;ds and 1 , 
pulp duplicates (rerun) 

added to se ue rm 
Re-split 

*7 Mix with LiB02 and fus 

1 1  Blanks, Calibration  and 
Verification Standards 

added  to se uence 

verification based on all acceptable 

and Analytical Report 

I 
i 

Comments 
Sample Preparation 

Soils and sediments are rarely analysed by Group 48,  however m!elhod 
of sample preparation is provide  for completeness. Soil and sedimerlt 
samples are dried (60%) and sieved to -80 mesil ASTM (-177 

to  recover -80 mesh sediment or ashed at 550°C  (dpon a cli(mt's 
microns). Moss-mat samples are dried (60"C), macerated then sit?veJ 

request).  Rocks and drill core are crushed and pulverized to -151) 
mesh  ASTM (-100 microns).  Sample splits (0.2 gm: are placed ill 
graphite crucibles and a LiBOz flux is added. Duplicate splits. c f  
crushed (rejects duplicate) and pulverized (pulps duplicate) fraclion.; 
are included with every  34 drill core  or trench samples to define sarrlpllt 
homogeneity (reject duplicate) and analytical precision (NIP  duplic82te). 

and routine rock  samples. A blank and in-house stardard referwcr? 
Duplicate pulp splits (only) are included in every batch of  soil, sedirrent 

material STD SO-15 are camed through  weighing, digestion and 
analytical stages  to monitor accuracy. STD SO-I5 hac; been  certilied 
in-house against USGS  CRMs AGV-I, BCR-2,  G-2,  GSP-2 and \N-2. 

S a m p l e   D i g e s t i o n  

Ctucibles are placed in an oven and heated to 1025'C ::or 25 mintles. 
The molten sample is dissolved in 5% HNO3 (ACS glade nitric, ?ckI 
diluted in demineralised water). Calibration standapk, verificetiorl 
standards and reagent blanks are added  to the sample .. ':e q uence. 

Sample Analysis 

Sample solutions are aspirated into an ICP mass spectrt!meter  (PolRin. 

of the following 34  elements: Co, Cs, Ga, Iif, Nb, Rb, Sn,  Sr,  Ta,  Th. TI, 
Elmer Elan 6000) for the determination of the basic package consisting 

U, V, W, Y, Zr,  La, Ce,  Pr,  Nd,  Sm, Eu, Gd, Tb, Dy, Ho, 1 3 ,  Tm, Yb snd 
Lu. A second sample split  is analyzed by Group 1 EX to  determine  Ihe 
concentrations of: As,  Bi,  Cd,  Cu,  Mo,  Ni,  Pb,  Sb and Zn. 

Data Evaluation 

Raw  and final data undergoes a final verification by a British Columbia 

the client.  Chief  assayer is Clarence  Leong, other cerlified assayers 
Cerlified Assayer  who must sign the analytical report be'ore release to 

are Dean Toye and Jacky  Wang. 

7 and Specifications for Group 48 for Anglo.DOC I Date:  May, 2000 m P r e p a r e d b y : J " ' -  "._ 1 
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HBED Quality Control Procedures: Unconsolidated Surficial  Materials 

The following  standard HBED quality control  procedures  were used over  the  course of 
sample collection and analysis: 

1 field duplicate sample pair collected in every block of 20 samples as a measure 
of combined sampling, preparation and analytical variation. In all, a total  of 5 
field duplicate pairs were collected in each 100-sample sequence. 

3 control  standards  were inserted in each 100-sample sequence to monitor 
analytical accuracy. 

Overall, each  complete 100-sample sequence  contains 92 routine field samples, 5 field 
duplicate  samples and 3 control  standards. 
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HBED Quality Control Procedures: Rock and Drill  Core 

The following standard €BED quality control procedures were used over the  course  of 
sample collection and  analysis: 

1 field duplicate sample  pair collected in every block of 20 samples (5%), as a 
measure  of combined  sampling, preparation and  analytical variation. In all, a 
total  of 5 field duplicate pairs were collected in each 100-sample sequence. 

1 preparation duplicate sample in every block of 20 samples (5%), as a measure 
of combined sample preparation and  analytical variation. A total of 5 prep 
duplicate pairs were prepared in each 100-sample sequence. These  were split, 
where possible,  from the first samples of each  field duplicate pair. 

3 control standards were inserted in each 100-sample sequence (3%) to monitor 
analytical accuracy. 

Overall, each complete 100-sample sequence contains 87 routine field samples, 5 field 
duplicate samples, 5 prep duplicate samples and 3 control standards. 
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' Standards Report 
p u d s o n  Bay  Exploration and Dev. Co. Ltd. 

Scientist: Gerry  Bidwell 
Project: Eureka Projecl -Till Geochemistry Batch:  Fail,: 0 +/-2 $td. dev. 

Standard: TILL3 
Project  date: 2000/12/19 Report  date: 2000/12/19 Historic: 0 

Pass : 
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I Duplicates Report 
la dudson Bay Exploration and Dev..Co. Ltd. I- Project:  Eureka  Project - 'I'll Geochemistry 

Scientist: Gerry  Bidwell 
Proiect date: 2000/12/19 

Duplicate: Duplicate 
Batch: Fail: 0 +/-IO '# 

Pass: m 
Report date: 2000/12/19 Historic: 9 
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EUREKA ASSAYS -LAB REPORTS & TURN AROUND TIME 

Group 1EX - ICP bytotal digestion 

Group 1F . Ullralrace by ICP MS 

Group 4A - Whole Rock by ICP 

Group 48 - Whole Rock Trace Elements by ICP MS 

Group  7AR - Multi-Element Assay by ICP (high  grade) 

LO1 - 1 0 s  on ignition 
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The property is located north of Wells, between the Bowron  and  Willow riqer 

valleys, and  extends north past Slender Lake (parts of  NTS  93W3, H/4, IY5 and H!6). 

The property includes  Two Sisters Mountain, at the northernmost extension of the Palmer 

Range, within the northwest part of the Caribou Mountains. A study was initiated to 

interpret an~d  map  out  the distribution of surficial sediments  and  to  document regional End 

local variations of the Cordilleran Ice Sheet. The results of the mapping, in turn, are to 

support relzional and local till sampling programs and to apply drift geochemistry 

methods to  find  the up-ice source of the copper-rich boulders found at  the Lottie, Bow 

and Tow float showings. 

Background 

Several times during the Pleistocene, British Columbia was covered by an 

interconnected mass  of valley glaciers and mountain ice sheets, collectively known as the 

Cordilleran Ice  Sheet (Flint, 1971). The mountain systems remained the major soul%e 

areas of glaciers and ice flow was controlled by topography (Fig. 1). However, as ice 

thickened to form ice domes, radial flow occurred away from their centres. In cent::al 

British Columbia, glaciers flowed eastward from the Coast Mountains and westward from 

the Caribou Mountains to merge over the Interior Plateau (Fig. 2) (Fulton, 1971; Tipper, 

1971; Clague, 1981). 

Each glacial cycle terminated with rapid deglaciation with complex frontal retreat 

in peripheral glacial areas and by downwasting accompanied by widespread stagnation 

throughout much of the interior (Fulton, 1967, Tipper, 1971, Clague, 1989). In cenkal 

British Columbia, the ice front retreated and several glacial lakes formed in  the valle,ys 

and adjacent plateau surfaces. Regional evidence suggests that the British Columbia 

interior  became deglaciated about 11 i 1 ka  BP (Clague, 1980, 1981) and deglaciation 

was well advanced,  if not complete, by 10 ka BP. 



u/ GSC 

Fig. 1. Growth  and decay of the Cordilleran Ice Sheet. A. Mountain glaciation at  the 
beginning of a glacial event. B. Development of a network of  valley glaciers. C. 
Coalescence of valley and piedmont lobes to form an  ice sheet. D. Decay of ice  sheet by 
downwasting, upland areas are deglaciated before valleys. E. Residual dead  ice masses 
confined to valleys (from Clague, 1989, p. 42). 
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There  was intense erosion and paraglacial fluvial aggradation in the valleys during 

the early Holocene. Rapid sedimentation occurred in the glacial lakes and  as these 

drained, modem drainage patterns established in their present valleys. Rivers then became 

to  incise  their valley fills, producing terraces. 

Methods 

Work on  the property consisted of three components: 

1. Mapping the nature and distribution of the surficial sediments. 

2. Recognition of landforms and  striations  in  the region to confirm and outline 

3. Outlining  and discussing the properties and nature of the surficial sediment:; at 

the local and regional ice flow history. 

the property and their implications for continuing drift prospecting. 

Access to the property is excellent. There is an extensive network of logging roads 

on the slopes  and plateaus. Some  of  the  areas  are only accessible by all  terrain vehicles 

due  to  recent alder growth on the  older  roads  and Forest Renewal British Columbia 

(FRBC) efforts to protect watersheds in the region. Fieldwork was conducted with 4- 

wheel drive vehicles and all terrain vehicles. In some cases, traverses were completed on 

foot where access was blocked or non-existent. 

Ground truthing observations were noted on 1:50 000 and 1:20 000 airphotos. 

Key stations  were noted at  sites  of striations, outcrop or elevation control points  at arci:as 

of glaciofluvial activity maximum (former terrace limits). Identification and  recogniti'm 

of various :facies of sediments deposited during  and following the last glaciation wci:re 

conducted both within the property and  along  its margins, up to 3 km from propelty 

boundaries. Generally, comments about till thickness, its texture and properties were 

noted for  the benefit of the sampling crew. This information was later used to aid  in 

airphoto  interpretation  of  the surficial geology and the information was transferred to a 

map  at 1:20:,000 scale. 

Recognition  of  landforms  was  first interpreted from airphotos and  confirmed  with 

the  identification of several large landforms such  as rock-cored drumlins, Craig and tail 
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features and glacial striations. This included observing these landforms outside the claim 

block to provide a regional sense of ice-flow that affected the area. 

Surfkial deposits 

Several  types of surficial deposits  were  observed  in the region including: groimd 

moraine (basal and ablation till), colluvial, glaciofluvial, glaciolacustrine, fluvial, orgsnic 

and anthropogenic. General observations suggest the hills and plateaus are mainly 

covered by combinations of till and colluvium, whereas glaciofluvial glaciolacustrine ;and 

fluvial sediments occur mainly in the valleys. A 1:20 000 scale map accompanies ]:his 

report. 

Till 

Throughout  the region, the bedrock topography is mantled by various amountc: of 

massive, very poorly sorted matrix-supported diamicton. Deposits range in thickness 

from thin (<1 metre) veneers to thick (>lo metre) blankets. The till is compact, fissile ind 

clast content  ranges from 10 to 25%. Clasts  are often faceted and striated, commonly 

subangular to subrounded shapes. Characteristics of  this diamicton suggest that it is most 

likely a lodgement depositional environment (Dreimanis, 1988) Basal till facies tend to be 

variable with respect to  the underlying bedrock. The  till directly overlies bedrock except 

in  the larger valleys, where sediments from the last glaciation overlie older fluvial gracels 

and are often the targets of placer gold operations (Clague, 1991). 

Locally overlying the basal lodgement till is ablation till and/or basal melt-out iill, 

sometimes  combinations  of both. Ablation till can be expected at  the higher elevations, 

with  deposits rarely exceeding 1 metre. The distribution of ablation till is discontinuous 

and not overly abundant. Basal melt-out till was found in the lower elevations 2nd 

diamictons commonly exhibit crude stratigraphy. The till is moderately to weakly 

compacted with clast contents ranging from 35 to almost 50%. Areas of clast-supporred 

till  are  not uncommon. Clasts are sometimes faceted and striated, but many are not, 

suggesting supraglacial transport. Roundness  ranges from subrounded to very angular. 
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Till is ubiquitous throughout the region, occurring in varying degrees of thickuess 

and usually directly overlying bedrock. In the valleys, meltwaters from deglaciation and 

intense early Holocene erosion have reworked and subsequently overlain the tills with 

various tyyes of glaciofluvial, glaciolacustrine, colluvial and fluvial sediments. Till can 

generally be found exposed at surface above  1160 m asl. Meltwater activity and perched 

gravel deposits  such  as  kames and deltas  can occur above  this elevation. Table 1 lists the 

major valleys and  the corresponding elevations that till outcrops within that valley. 

River Valley 

Bowron River Valley 
Ketchum Creek 

Big Valley Creek 
Lottie Creek 
Willow River 

Boyce and Fourteen Mile Creek 
Slender Lake 
Towkuh Lake 

Stephanie Creek 

~~ 

Elevation (m asl) 
.- 

1035 - 1100 
1050- 1075 
1200 - 1235 
1125 - 1150 

1115 
1110-1150 

1085 
1150 
1160 

Table 1. Major river valleys and corresponding elevation ranges in which ground 

moraine (till) outcrops above the late glacial and Holocene waterlain sediments. 

Glaciofluvial Sediments 

As mentioned above, meltwaters from retreating and mass wasting glaciers flowed 

into  the bedrock-controlled valleys, depositing glaciofluvial sands  and gravels. The 

meltwaters coalesced into larger valleys and formed glaciolacustrine lakes. Associated 

sediments  such  as subaqueous fans, deltas and terraces were formed in the me1twai:er 

channels. Often, small  deposits are perched above the terraces, formed from tributary 

channels  flowing  into the larger valleys. These sediments range from poorly sort1:d 

immature gravels  to well-sorted pea gravel and fine sand. They are commonly stratified 
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and are very susceptible to erosion. Blocks of ice were sometimes trapped in the rapi.dly 

deposited :;ediments and their subsequent melting formed kettle depressions and lakes. 

Glaciolacustrine Sediments 

Deposits of glaciolacustrine sand and silt occur in the Bowron River and Lottie 

Creek valleys. Lower terraces have developed in these valleys during peak glacial 

meltwater flow. These sediments are thick, often exceeding tens of metres, and consist of 

massive to rhythmically bedded very fine  sand  and  silt  with minor clay. These  sediments 

are highly :susceptible to erosion once  the vegetation mat is disturbed. 

Colluvium 

Colluvium is a genetic term to describe sediment that has been affected by gravity. 

This includes, talus, soil creep, slope wash and mass movements such as  debris flows. 

Factors that  control downslope movement include the slope angle and the nature 

(stability) of  the sediment  or bedrock on the  slope. 

Various types of colluvium occurs on the steeper slopes within property. Rock 

talus can  be  found below bedrock ridges. Colluviated till is common on  the steeper hill 

slopes  and  occurs locally throughout the property, often as a thin layer overlying till 

unaffected by gravity. The glaciofluvial and glaciolacustrine terraces were subjected to 

intense erosion prior to the establishment of vegetation and formed coalescing colluvial 

fans in the larger valleys. 
. .  

Fluvial Sediments 

Modem  streams and rivers are locally depositing small areas of fluvial sands a:nd 

gravels. Fluvial sedimentation was most intense during the Holocene and modern 

drainage patterns were formed as the vegetation established itself. Large broad fluvial 

fans occur i.n every valley. These  sediments include river gravels, sands  and occasionally 

are mixed with organics. 



Organics 

Organic  deposits occur locally in  all types of terrain. Areas with poor drainage , c a n  

have up to 0.5 m of organic deposits. These  deposits commonly form in  depression:;  in 

the bedrock topography but also form on slopes where compact silty till is impermeable 

to  surface drainage. 

Anthropogenic 

Anthropogenic deposits are not widespread and can be found only near past and 

present placer operations. Extensive workings  can  be found at  the  southern  end  of the 

study area and minor placer operation is taking place in the vicinity of the Lottie showhg. 

Ice Flow Indicators 

The striation record in the region is poor due to the lack of preserved outcrop 

exposure. Striations were observed at a few  locations where logging operations has 

exposed  fresh bedrock. The majority of striation measurements are bi-directional, that is, 

they contain  no information regarding direction of ice that gouged the outcrops. Cross- 

cutting relationships are rare, only a few sites  with multiple ice directions were observed. 

Other directional indicators such as rat-tails and large scale landforms were used to aid in 

ice  flow reconstruction. The thick drift cover, bedrock structure and weathering nature of 

the bedrock all hamper the observation of striae. 

At  the eastern edge of the property and  in the vicinity of the  Bowron River vallcy, 

large glacially streamlined landforms can be seen in airphotos and clear cuts. The 

dominant  ice  flow features indicate a north to north-northwest ice  flow  directica. 

Additional landforms were observed east of the Bowron River with similar trends. 

At  the western edge  of the property, large glacial landforms and striations indicate 

a strong northeasterly ice  flow direction. These  features occur at the highest e1evatio:ns 

and possibly suggest ice  flow to the northeast during the Fraser glacial maximurn. 

However,  these  strong features are absent from  the middle and eastern areas of the 

property. 
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In  the central area  of the property, ice  flow indicators can  be found with a a ide  

range of bi-directional striae and a few landforms. Fabric work conducted at  the Lottie 

property by the author  for Eureka Resources show that topography was likely the 

dominant factor affecting glacial sediment distribution during the late Wisconsinan. 

There is evidence  that  Two Sisters Mountain did not undergo stagnation and mass 

decaying of  ice  as is typical of the higher peaks rimming the interior plateau (Clague, 

1989; cf. I?aulen et al., 1999). Ice-recessional lateral and terminal moraines are observed 

on the western slope  of  Two Sisters Mountain. A cirque lakes are also noted high up on 

the mountain, likely dammed by a moraine. 

Deglaciation was typical of that described by Clague (1989), ice downwastei at 

the higher elevations, and flowed locally in the valleys. Striae and ice-flow indicators are 

poorly preserved due to  the thick sediment pile in  the valleys and the erosion of bedrock 

by glacial meltwaters. 

Discussion 

The  major  source of ice in the region was the Caribou Mountains to the southeast. 

Ice flowed locally during the onset of glaciation, following the topography. Regional 

work by Clague (1987), shows  as the ice sheet thickened, ice flowed southwesterly from 

the Caribou Mountains, across the Mowdish Range and then flowed to the northHest 

roughly parallel to the regional bedrock structure that is occupied by the Bowron, Swan 

and Speci.acle lakes. Clague (1988), reports northeastward flowing ice west of the Fraser 

River  at  Quesnel  and  to  the north at Prince George. There is no known publitshed 

evidence indicating a northeast direction of  ice  flow  for  the regions east of Quesnel, in 

close proximity to the Caribou Mountains. 

The nature of glacial ice flow and ice dynamics would throw caution al. ice 

flowing towards a major topographic feature such as the northwestern Caribou 

mountains. However, if maximum build-up of interior plateau ice exceeded the ice b d d -  

up in the foothills  of  the Caribou, it is possible that ice-sheet conditions prevailed in  the 

interior plateau and topographically controlled ice  was short lived during the onset and 



waning of glaciation. Caution must be exercised here, because unlike the  ice reversals 

seen  in  the  Nechako area (Levson et a[., 1998), the northeasterly ice  flow  here is probsbly 

an  extension of the northeast flow  directions observed by Clague (1988) at Quesnel 'and 

Prince George. 

Given the known striation observations, interpreted landforms and pubkhed 

regional glacial ice flow, a cautious interpretation of ice flow events that affected the 

property is presented here. Cross cutting relationships indicate that the  oldest  ice flow in 

the region was topographically controlled and ice flowed from the Caribou west ;and 

northwest to the Interior Plateau. During glacial maximum, ice flowed from the interior 

plateau, possibly behaving as  an ice sheet with ice divides migrating to the thickest area 

of ice  accumulation. Flow here was to the northeast and was deflected to the north and 

northwest in the vicinity of the Bowron River as  the  ice sheet converged with mountain 

glaciers flowing from the Caribou Mountains. During late glacial times, the ice sheel:  in 

the interior would have gradually thinned and topographically controlled ice would again 

affect the property. Ice flow directions were highly variable and ranged from northward to 

southwesterly flowing  ice, depending on topography and  ice thickness. Cirque glaciation 

on Two  Sisters Mountain extended into the Holocene as ice flowed from the mountain 

into the valleys below. The maximum extent of this mountain glacier likely only reached 

the  bottom of Big Valley Creek. 

Implications for Drift  Prospecting 

The basal till mantling the uplands, the scarcity of ablation till, and  the defined 

valley systems provide an excellent landscape for drift prospecting. Basal tills directly 

overly the bedrock and  are representative of the last glaciation to have affected the region. 

Exceptions include the larger valleys that contain advance glacial gravels and preglacial 

deposits (Clague, 1991). 

Previous geochemical studies of C-Horizon sampling in the region is unknown. 

These  could provide,an indication to the style of mineralization, configuration of the 

anomaly trains  and local ice dispersal patterns. Once  the pattern of dispersal is 
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recognized, then  the application of known dispersal models can be applied. Locally, the 

application of  Krumbein's (1937) concept of half distance decay can be used to compare 

transport distances (e.&.  Lett et aL, 1998). Application of models from Miller (1934), 

Klassen ('1997) and Paulen (1999) to illustrate dispersal in varying degrees of till 

thickness and transport distances can  also  be applied to aid in tracking down unknwm 

sources. A recent example of dispersal in three dimensions has been recently presenteti. by 

Bobrowsky et al. (2000) and should be taken into consideration when discussing potential 

climb angle of dispersal from source subcrop. 

However, conditions such as variable relief and a strong local influence of ice 

flow should be considered as well as a regional flow component. Examples show that in 

areas of moderate relief, these dispersal fans can range from hundreds of metres to sevwal 

kilometres down-ice from source (Paulen, 1999). The down-ice dispersal model at  the 

Samatosunl and Rea Gold mines in the Adams Lake area also show that the distance from 

source to the initial surface expression is almost 2 km (Lett et al., 1998; Paulen, 1999). 

Lottie 

The initial discovery boulders are established to be contained within basal 

lodgement till. This eliminates the possibility of long distance transport and the mineral- 

rich boulders  being deposited in supraglacial debris.  The low frequency of boulders 

discovered suggested that the immediate area is likely within a distal dispersal fin. 

Additional basal till geochemistry should provide indications of distance to source, but, I 

am reluctant to  speculate the transport distance without studying the regional basal till 

geochemistry. 

Local flows appear to be the predominate factor in controlling the deposition of 

sediments within the Lottie Creek Valley below the Twin Sisters Mountains. In fact, ice 

probably flowed around the Twin Sisters and  into  the valley, flowing east to west. As ice 

thickened and topped over the  Twin Sisters, ice flowed to the northwest, as indicated by 

flutings and striations to the northwest of the property, likely out of the influence of the 

Twin  Sisters Mountain. These features indicate a regional ice flow trending 

approximatcly 250". Late cirque glaciation is not present at the discovery float  site. The 
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fabric work at the  site  in 1999 provides a good indication of  the &t dispersal direction, 

but not ncxessarily the true glacial direction  of dispersion if more than  one direction 

affected the distribution of the mineralized boulders. 

Bow 

The  Bow float was found distributed in an extensive area of glaciofluvial 

sediments.  The mineralixd cobbles  occur at the surface of the glaciofluvial sediments. 

The glaciofluvial sediments are quite  thin (<2 m) at the float site  and are directly 

overlying weathered bedrock. The clasts  are well rounded and  the sediments are 

moderately to well sorted, indicating a more mature gravel deposit. Source is possibly 

eroded from the nearby tills to the southwest, but the maturity of the sediments could also 

indicate a  long  distance glaciofluvial transport. The lack of till exposed in the immediate 

vicinity also is problematic and other methods of prospecting may have to be employed. 

However, the relative abundance and  clustering  of mineralized cobbles  in  a 

glaciofluvial deposit is promising of  a potential local enriched till that the cobbles were 

derived from. Interpretation of the regional basal till sampling program could shed some 

light on the: source  of  this float. 

Tow 

The Tow float occurs in till at  a high elevation. The till blankets the topography 

but is likely less than  three metres thick. The float occurs  in an area surrounded areally by 

basal till. Ice flow  at  the east side of  the property is south to north, with variations up to 

20 degrees. This  provides  an excellent area to apply property scale drift prospecting. 1:'he 

float itself consists of small clasts and the relative abundance indicates that the discovt:ry 

site is conta.ined in  the distal part of a dispersal train. 
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Ice flow history within the property is complicated but likely a combination of' ice 

sheet-like conditions  and topographically controlled ice flow. Tracing of anomalies will 

be a challenge, if a dispersal train is affected by early, peak and  late glacial ice. 

Palimpsesr glacial trains are possible and recognition of their patterns is essential to avoid 

chasing down  false geochemical anomalies. This could be especially true of the Lc'ttie 

float. Recommendations for the whole property include: 

1. Confirmation of ice flow directions from the higher hills in  the region. 

This includes Two Sisters Mountain, Slide Mountain and other hills within 

and adjacent to the property. The question here is, how far east does the 

northeast ice flow extend  and where does  it  stop  becoming the dominant 

dispersal direction? 

2. Fabrics  to be done  at any high basal till anomaly. Understanding the 

distribution of the till at any anomalous  site is essential. The lack of ice 

flow indicators mean relying on pebble fabric analysis. However, any 

effort to expose additional striations would help immensely. 

The Lottie float will require not only till but multi-media geochemistry to help 

sort out the net dispersal of the mineralized boulders. False anomalies may become 

problematic: if palimpsest trains do exist. Existing fabric data does indicate a sou:h- 

southwesterly flow direction for late glacial activity in the area. Additional fabric data in 

the local area is unnecessary. If complications arise with the dispersal train, retrenching 

the discovely  site  and conducting a sedimentological and fabric profile may be necessa~y. 

That is, several  fabrics from the bottom to the top of the till unit to aid in pinpointi;lg 

directional sources. Also studying mineralized boulders in situ would also be beneficial. 

The  Tow  float is ideally situated for  drift prospecting. Great care should be taker.\ 



interpreting  the regional till samples in  order to see where the dispersal train fits exisling 

models. If the regional geochemistry is promising, then fabric work or trenching for 

outcrop is necessary to augment the interpreted ice  flow direction. 

The  Bow float will be difficult at best to track down due to its occurrencc-:  in 

glaciofluvial gravels. If the tills to the  southwest do contain additional boulders, {.hen 

perhaps long distance transport can be eliminated. Gravels in the area have possibly come 

from the I3oyce Creek - Fourteen Mile Creek valley but directional studies of clasts, 

imbrication and paleoflow of the gravels at  the  Bow  showing would have to completed. 
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