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1 Introduction

This report presents the results of an assessment and historic site investigations carried out by
GeoSolve Ltd in the context of a proposed private plan change to incorporate a golf course to the
proposed development. The objective is to assess the suitability of the subject area, in terms of
geotechnical hazards, for the proposed plan change and new development.

2 Site Description

Figure 1: Locality Plan

The property is located on the western side of Cardrona Valley Rd (Figure 1), south of the existing
Cardrona Skifield access road.

Access to the site is off the Cardrona Valley Road. Several structures currently exist in the eastern
extents of the site, including remnants of the site’s only farmhouse, sheds and a wool shed.

The site is covered in grassed paddocks and sparse scrub and trees. The Cardrona Skifield access runs
beyond the northeast corner of the site. Several farm tracks and a driveway to the farmhouse site
also exist.

The site has a predominantly easterly aspect.
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2.1 Topography and Surface Drainage
The site has been surveyed and topographic contours are shown in Appendix A.
The site topography can be generalised as a gently sloping (~5-10°) alluvial fan surface.

Upslope and west of the main fan surface is a pronounced increase in gradient (slopes of up to 25°)
which coincides roughly with the alignment of the Cardrona Water Race. This escarpment is
considered to be a geomorphological expression of the NW Cardrona Fault Zone. A second water
race (Little’s Water Race) follows the approximate level of the 610 m contour and bisects the terrace
surface.

The alluvial fan surface has been offset by the NW Cardrona Fault Zone, and upslope of the
escarpment has a similar orientation and slope as the fan surface below. A minor ephemeral creek
dissects the upper escarpment, and is directed down the escarpment and over the lower terrace
surface (swampy in places) before joining with a small creek.

The southwest margin of the site area is aligned with part of Pringles Creek, a major watercourse
that has caused considerable incision of the terrace surface. The valley slopes of Pringles Creek are
moderate to steep (up to 35°).

The eastern boundary of the site area adjoins Cardrona Valley Road and corresponds to a steep
slope (~35°) that represents an erosional terrace edge formed by the Cardrona River. This has
subsequently been partially modified by quarrying activity adjacent to Cardrona Valley Road.

The development area (as shown in Figure 1, Appendix A) is a gently sloping alluvial fan surface that
is relatively unmodified by incision. It is essentially a planar topographical feature that slopes at a
gentle grade (~5-10°) to the east with minor undulations resulting from eastward flowing ephemeral
drainage paths. These would be expected to act as overland flow paths only during periods of
extended heavy rainfall.

The fan surface has been incised by two significant creeks beyond the site proximity. North of the
site Homestead Creek flows in a west to east direction. In its lower reaches constitutes a sub-
horizontal, swampy valley floor with a slight inclination towards the east. The upper reaches of the
creek have an increased gradient and some flow was observed. Homestead Creek has caused
incision of the alluvial fan terrace and the resulting valley sides slope at around 20° adjacent to the
northern boundary of the development area. Similarly, Pringles Creek has incised the fan surface
towards the southwest of the site.
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3 Site Investigation Data

3.1 Site Investigations

Sufficient subsurface investigations have been undertaken to ascertain the required information for
the purposes of the plan change report.

Site investigations have included the excavation of twenty-nine test pits to a maximum depth of 5 m.
A number of these test pits cover the proposed development area.

An engineering geological appraisal has also been undertaken to assess geomorphology and surface
conditions. Geomorphological mapping was completed, including outcrop mapping of the exposed
soil materials (see Figure 2, Appendix A).

Scala penetrometer tests were undertaken to determine strength parameters for the subsurface
soils. Test results are contained in Appendix B.

Locations of test pits are shown in Figure 1, Appendix A. All test pit logs are contained in Appendix B.

We understand that the Otago Regional Council has previously raised concerns about hazards
associated with the Pringles Creek catchment and the Nevis Cardrona Fault Zone, and that these
aspects have been investigated independently by Royden Thomson, Geologist (Appendix C).

3.2 Geological Setting

The regional basement rock comprises the ice-scoured Haast Schist Group. Sedimentary cover
consists of Early Quaternary outwash gravels overlain by alluvial fan deposits. More recent alluvial
sediments have been deposited from the Cardrona River and smaller local watercourses. The alluvial
deposits have been eroded and deposited during post-glacial times.

Published geological maps show the Nevis-Cardrona Fault in close proximity to the west of the site
but it does not traverse the plan change area. This fault is considered to be positioned upslope of the
water race. The Nevis-Cardrona Fault is a major active fault system with a reverse sense of
movement and a 5,000-10,000 year recurrence interval. The date of the most recent surface rupture
has not been established but field investigations found no evidence to suggest any recent movement
locally. A report by Mr Royden Thomson (Geologist) also found no evidence that the alluvial fan has
been tectonically deformed since its formation (assessed as 23,000 years before present).

A more significant seismic risk exists in this district from potentially strong ground shaking, likely to
be associated with a rupture of the Alpine Fault, located along the West Coast of the South Island.

There is a high probability that an earthquake with an expected magnitude of over 7.5 will occur
along the Alpine Fault within the next 50 years, which will subject the site area to strong, prolonged
ground shaking.

3.3 Stratigraphy

The plan change area is situated on a large alluvial fan surface with only minor modification to the
existing morphology by ephemeral stream activity. Consequently, alluvial deposits dominate the
subsurface in this area with overlying surficial topsoil and loess.

The topsoil comprises soft brown organic silt.

The loess comprises firm silt with some loose fine sand. Loess was typically observed to depths no
greater than 0.5 m, however in one location loess was observed to 1.1 m indicating that pockets of
deeper loess may be locally present on the terrace.
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The alluvial fan deposits are typical of such environments of deposition and comprise interbedded
fine and coarse-grained alluvium. The following soil types are represented within the interbedded
sequence:

Alluvial silt and sand — firm to very stiff silt with rare to some clay, silt with minor gravel and gravelly
pockets, firm to stiff/loose to medium dense silty fine sand, gravelly silt with minor sand, sandy silt,
etc.

Alluvial gravel — medium dense to dense sandy gravel with cobbles and boulders, silty gravel with
minor cobbles, dense large boulders in a silt matrix with lenses of silty gravels, etc.

Additional stratigraphic data was obtained from engineering geological mapping. A gravel quarry
situated on the eroded margins of the alluvial fan northeast of the Golf Course Villas observed
sandy, fine to coarse gravel with minor silt and rare boulders composed of angular to sub-angular
schist and quartz.

Further detailed description of the alluvial fan deposits can be obtained in the test pit logs contained
in Appendix B.
3.4 Groundwater

Test pits observed that the alluvial terrace deposits are generally in a moist condition with no
seepage (i.e. percolation of water through soil).

Some seepage was noted on the ground surface and in test pits (TP 26 & 27), excavated near the
base of the upper escarpment. Seepage is occurring on the face of the escarpment and is probably
related to the proximity of the Nevis-Cardrona Fault.

The static watertable is likely to be at depth (15 m+) in the development area. However, local
surface seepages have been observed as above.
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4 Natural Hazard Assessment

4.1 General

Current QLDC and ORC mapping identifies alluvial fan hazard and active faulting hazards within and
near the proposed site area (Figure 3, Appendix A). Detailed geological mapping has also identified
shallow landslide and mining hazards in the site area (Figure 2, Appendix A).

Owing to the terrain and the site location, it is appropriate to assess for a range of geotechnical
hazards including landslide, liquefaction, erosion, debris flow, and flooding.

A site inspection and mapping was undertaken with relevant features observed and mapped (Figure
2, Appendix A).

4.2 Alluvial Fan Flooding and Debris Flow Hazards

Watercourses run either side of the site, Pringles Creek to the south and the smaller Homestead
Creek to the north, with catchment areas of 435 ha and 86 ha and estimated (NIWA) 100-year flows
of 4.6 m3/s and 1.8 m3/s respectively. Two small artificial water races traverse the upper site, flowing
from north to south.

The modern watercourses are well incised, with the site generally elevated by at least 5 to 10 m
above the streambeds. The channels are hydraulically steep and it is estimated that Pringles Creek
can convey its 100 year flow at a typical depth of about 1 m. Thus, it is clear that there is negligible
probability of storm runoff alone causing flooding onto the site from these streams. However, the
possibility must be addressed of debris events causing channel avulsion, which might direct
floodwater and debris onto the site. The site is shown as ‘stabilised/isolated’ and ‘inactive’ alluvial
fan in ORC/QLDC hazard mapping. This classification is supported by observed alluvial fan deposits
underlying most of the site; these are ancient as indicated by overlying horizons of loess and topsoil.

Royden Thomson, Geologist (June 2006 report attached as Appendix C) has undertaken a
comprehensive geological and hydrological investigation into this site with particular reference to
alluvial fan hazards including debris flow. Thomson concluded that the fan surface has last
experienced alluvial activity approximately 23,000 years ago under a substantially different
geological setting than that of today. Thomson notes “...the major 1999 storm event had no
significant influence on the active channel and no impact at all... downstream from the Skifield Road
crossing. It can be assumed, therefore, that... no debris flows were generated... existing landslides
are not particularly susceptible... ”

Thomson also references an ORC assessment (April 2006) which involved modelling of a dam break
scenario for a proposed snow making pond associated with the Cardrona Skifield in the upstream
catchment. Based on the ORC results and his own interpretation, Thomson concludes that in this
vicinity: “A worst case scenario would generate a maximum flood/debris flow level 2m above the
channel thalweg... When the overall channel dimensions are considered this is a negligible impact...
No incursion onto the flood plain is depicted... The risk of channel overtopping and stream avulsion
on the left bank is considered to be effectively zero...”

Thomson’s work is considered thorough and his conclusions robust, therefore our position is that
there is negligible risk to the site from flooding and debris flow.

Small seepages and locally sourced runoff may affect the site; these will be minor and easily
addressed with local drainage arrangements.
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4.3 Landslide Hazards

Geological mapping has identified active landslides on steeper slopes north and south of Homestead
Creek and on the face of the upper escarpment west of the proposed development area (see Figure
2, Appendix A).

These are considered to be slowly creeping slides, probably developed in underlying Early
Quaternary Gravels. Movement appears to be associated with groundwater seepages.

It is recommended that development be avoided in these areas, and that detailed landslide
investigations be carried out for any proposed developments in their immediate vicinity.

4.4 Seismic Hazard — Active Fault
This issue has been addressed in detail in a report by Royden Thomson (Appendix C).

A north/south trending active fault scarp associated with the Northwest Cardrona Fault has been
identified crossing the upper escarpment west of the proposed development area (see Thomson,
Figure 3a, Appendix C). It has undergone multiple phases of movement in the past 140,000 years,
and has an uncertain relationship with the Northwest Cardrona Fault. The timing of the last
movement is unknown.

The average return period on the NW Cardrona Fault is in the range of 5,000-10,000 years. It is
recommended that development be avoided in the immediate vicinity of the fault scarp shown on
the Thomson Figure 3a, Appendix C.

4.5 Liquefaction

Seismic liquefaction occurs when excess pore pressures are generated in loose, saturated, generally
cohesionless soil during earthquake shaking, causing the soil to undergo a partial to complete loss of
shear strength. Such a loss of shear strength can result in settlement and/or horizontal movement
(lateral spreading) of the soil mass. The occurrence of liquefaction is dependent on several factors,
including the intensity and duration of ground shaking, soil density, particle size distribution, and
elevation of the groundwater table.

Within this site, the potential for liquefaction under seismic shaking is considered relatively low. The
vulnerable combination of fine grained sandy/silty soils with a shallow groundwater table is unlikely
to be extensive within the development area. The low liquefaction risk is due to the combination of
a deep static water table and coarse granular deposits associated with the alluvial fan deposits.

Investigations to confirm soil type and groundwater depths will be required at detailed design phase
to assess foundation options.

4.6 Historic Mining Activity

A gold mining tunnel hosted by Early Quaternary Gravel was observed northeast of the Golf Course
Villas (see Figure 2, Appendix A). There is a possibility that further tunnels are present as the
interface between the Early Quaternary Gravel and the overlying alluvial fan deposits was a widely
targeted gold-bearing horizon during the gold rush era. The tunnels are however likely to be of
limited length (perhaps 10 m maximum) and restricted to the incised margins of the fan deposits.
Tunnels are therefore not expected to present any geotechnical concerns for the plan change area
(subject to localised verification and checking of final plans).

The mining tunnel east of the Golf Course Villas will need to be traced to confirm its extent
(including any drives that feed from it). If construction is proposed in the tunnel the area it should be
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backfilled to the required foundation level using suitable engineered fill placed in accordance with
NZS 4431:1989.

4.7 Groundwater and Surface Drainage

Good natural drainage of the development area is expected and no major remedial drainage
measures are expected. If future development extends to the vicinity of the upper escarpment
drainage will be required.

If groundwater or springs are identified during construction, then subsoil drainage or similar
remediation will be required.

Flow within ephemeral watercourses in the development area is expected in times of high rainfall
and consequently cut off drains upslope of the development is recommended.
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5 Conclusions and Recommendations

Based on this preliminary assessment, the majority of the site is considered to be acceptably safe
from geotechnical hazards. A minor level of geotechnical hazard may be present at isolated locations
within the proposed development area, and site-specific investigation will be required to assess
building platform locations. However, we consider that the extent and degree of any such hazards
will be minor, such that they can be readily mitigated by standard planning and engineering
measures.

We conclude that, from a natural hazards perspective, the area is suitable for the proposed land use;
noting that site-specific assessments will be required and localised mitigation measures may be
necessary.

6 Applicability

This report has been prepared for the benefit of Brown and Company Planning Group with respect
to the particular brief given to us and it may not be relied upon in other contexts or for any other
purpose without our prior review and agreement.

Further geotechnical investigations and reporting will be required at the detailed design phase after
development plans are completed.

Report prepared by:
Hank Stocker Graeme Halliday
Senior Engineer Senior Engineering Geologist

Reviewed for GeoSolve Ltd by:

Fraser Wilson
Senior Engineering Geologist
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Appendix A: Site Plans

o Figure 1 - Site Investigation Plan
o Figure 2 — Geological Site Plan

o Figure 3 -QLDC Hazard Map

o Figure 4 — Aerial Site Plan

o Figure 5 and 6 — Site Photos

Geotechnical Hazards — Preliminary Assessment GeoSolve ref: 160677
Brown and Company Planning Group October 2016



Pin
% =
\ =
\'H- \
‘.
) 614 (Water Race)
{ &
.""\‘*—'-‘/& G
fi Driving Range
P ;" Irrigation  [Netting
A j Reservoir ;.
i 7 |
o{\%Qe’ {
L =
P _r'l 3
(:!(\‘b / = ]
‘6‘ "ﬁ i e <
o 57 L LACS o f T _
| a2 5 1) 3 N i fi== e ’ /R
\\ !
cam \\‘\ ’
-—___ =
-C\ N L 1
/ [
Hill Side Lots 30 <
Residential Lots 110
Medium Density Lots 124
Irrigation Reservoir
Golf Frontage Lots 26 g
Golf Frontage Medium 09

Density Lots

Golf Course Villas 33
Total Lots 332

Hotel . ‘
Hotel Villas " i"rr :

School & . 2
Golf Buildings Playing Field ~ \
Retail

-
@

«Q

@

3

Q

rameme TOpPOsed Horse Trails

Scale 1:5000
0 50 100 150 200(m)
[ e - e —
DRAWN GXS |10/16
Key DRAFTING CHECKED |FAW | 10/16 BROWN AND COMPANY PLANNING GROUP
APPROVED FAW 10/16 1
-E- = Test Pit location il Geotechnical Assessment
Eo OL E PDF Mt Cardrona Station Plan Change
® = Scala Penetrometer location ' SCALE: (AT A3 SIZE) Site Investigation Plan
GECTECHNCAL ENGNEERING + GEOHNDROLOGY & HDRowo&y | As Shown
ceooars STRUCTUR. TESTRS PROJECT No. FIG No. . - REV.
70 Macandrew Road, PO Box 2427, _
South Dunedin 9044. ph 03 466 4024 160677 Append X A F|gU re 1 O




#
L \/ S

Sec9 Sec 10 pra1ass
= o o N 5023628 =5023628
\ N/ - -
| TNy :
N0 P DP344432
I =0 Sec7
: [Upper terrace escarpmentl S023628

|

—__, |Homestead Creek‘ SWAMPY FLATS
M BESIDE CREEK

Active landslides on

DP21223 CARDRONA

73 —_—
face of upper terrace vvv/ ¥ T ¥ = ALLUVIAL TERRACE
escarpment MVUVV/.*, ¥ W W 9 \ —
7 ¢« ¥ ¥ ] -
/ vt e st N e .
/ J’u/ ¥ /*/ \ia 2 SHALLOW SLUMPING ON U > | Boulerson |0 D EORQ g {GOLD MINING TUNNEL]
v v B f : t] 0 ey TERRACE FACE. Jlencce suitace b AU [
\ 4 U/* */ ase o esclarpmen (% 1]__. \ - —F h@ﬂ-
By L & A "._ 1 1 v - ]
. % u"// A A S = Fan alluvium/ early
s 7 Swampy ground due to " o ) w P e - - quaternary gravel contact
4 seepages from escarpment face| ' - ML oy T 4
™ ' { : watercourse | & [IGravel quarry in fan alluvium] \
DP344432 ' B, s / ' /' /Knuckle Peak S.D.
Y[t M Pt:Sec 1/Blkli
SLOPING GENTLY TOWARDS
VALLEY AXIS, DISSECTED BY
[DRY WATER COURSES.
Can ) i = Il -~
Legend
- Hill Side Lots 30
Residential Lots 110 ' ;
= i
,/ " // DP324262
E Medium Density Lots 124 ) @iy o
- Golf Frontage Lofs 26
- Golf Frontage Medium 09
Density Lots
- Golf Course Villas 33
Total Lots 332
I:[ Hotel Villas
- Golf Buildings
- Retail Scale 1:5000
2 o 0 50 100 150 200(m)
i e
rameme TOPOSed Horse Trails DPSU{S‘]Q
g |orawn GSH [10/16
fey ' [orarmnG crecken [FAW | 10716 BROWN AND COMPANY PLANNING GROUP
77 = landslide scarp ——?—— = Fan alluvium/ early quaternary gravel contact y - APPROVED FAW. |10/t Geotechnical Assessment
V. = landslide area O0 - Boulders GEOSO LVVE & Mt Cardrona Plan Change
*Je = Swampy area TT=~ = Stream i BT 3308 Geologica[ Site Plan
5 .C swoeoosy | As Shown
8~ - Seepages ! PROJECT No FIG Mo ; ; REV.
160677 Appendix A - Figure 2 0




BROWN AND COMPANY PLANNING GROUP
Active Fault - Location Approximate Geotechnical Assessment
Mt Cardrona Station Plan Change

SCALE: (AT A3 SIZE) QLDC Hazard Map

Alluvial Fan, Inactive Composite (Regional Scale)
As Shown

= Alluvial Fan, Active Composite (Regional Scale)
PROJECT No. FIG No. . .
70 Macandrew Road, PO Box 2427, Appendix A- Fi
nedin 9044. ph 03 466 4024 160677 PP gu




e
BROWN AND COMPANY PLANNING GROUP

Geotechnical Assessment

Mt Cardrona Plan Change

SCALE (AT A3 SIZE) Aerial Site Plan

Scale 1:8500

1% 200 2% 490(m) 70 Macandrew Road, PO Box 2427,

South Dunedin 9044. ph 03 466 4024




Figure 5 - Site Photo



faw
Text Box
Figure 5 - Site Photo


Figure 6 - Site Photo



faw
Text Box
Figure 6 - Site Photo


10
GEOSOL/E

Appendix B: Test Pit Logs and Scala
Penetrometer Logs
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GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 3

PROJECT: mit Cardrona Stafion

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2195205 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: S5B6091 mN TNFOMAP KO COMPANY: Warkable Earth
ELEVATION: seg site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD:; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
[¥F)
= |
BB =
-r w —_
2l s E % SOIL / ROCK CLASSIFICATION, FLASTICITY OR E 53111';42 RAWLCKCOWMEEr ““‘Er:”'
E | B E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTE. STRLICTURE 1
E £ ] - WEATHERIMG, SECONDARY AND MINDR COMPONENTS il . J
E|&| ® & i FORMATION
£ £
g3 =
&
M Brown, arganic SILT with rare roots. Uniform, soft. Parallel to siope profile that TOPSOIL -
el dips to the east. B =
0.4 N E —
% W SILT with some sand. Sand is fine. Uniform, firm. Parallel to siope profile that dips LOESS B
0.8 }{ shghtly to the east. =
12 }C} 8 -
L '-:Ix" Tam oowr with omange tinge, sty CREVEL with minor sand. Sand i fine, gravel & fins o megum, medesiely. 2= ol FARLY (JLIATERNARY ]
';I: i .J! weatheres, ciasts ane sub-rounced o anguian, Su-munded © serangdar st boubders 1o TR0 ML Foorly e EFFUWEL L
s 0 & prased, geree. Dips sightly (o the east .—%1 7
20 :{J :1-:_'.: Tan browm, silty GRAVEL with some sand and minar cobbles. Sand is fine to EARLY QUIATERMARY -
-:-'-“':-'l % coarse, gravel s fine to coarse, cobbiles to 150mm, clasts ane sub-rounded o sub- 4 |GRAVEL o=
9.4 " angular, metasedimant dominant, moderately weathered, Poorly graded, dense, E k=
ey DS stightly to the east. o -
1-| T I-l E I
28 po " =
i :r-":: o
E 37 'iE:P;_ 1' Tan brown, GRAVEL with some =it and minor sand. Sand is fine to coarse, gravel EARLY QUATERMNARY e
) ::,'.‘ﬂ. q B fine to coarse, dasts are sub-rounded to sub-angular, metasediment dominant, %GM‘U‘EL
E l.:é::._-,: moderately weathared. Poorly graded, dense. Deps slightly to the sast. -
36 et —
Totzl Depth = 3.6 m =
4.0 =]
4.4 ]
4.8 -
5:2 ||
5.6 -
fdl
G.d
COMMENT: Lippert By: FAWS
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




/[

GEOSOL\E

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 4

PROJECT: mit Cardrona Stafion

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2195280 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: 5585859 mi TNFOMAP KO COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD:; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
[¥F)
= |
BB =
ele s E SOIL f ROCK TYPE, DRIGIN
= | = & SOIL [ ROCK CLASSIFICATION, FLASTICITY OR E ! A "
E 'ﬁ_ﬁ s % PARTICLE SIZE CHARACTERISTICS, COLOUR, 0 MINERAL COMPOSTTION,
g £ E WEATHERIMG, SECONDARY AND MINDR COMPONENTS B T S
i E = E FORMATICM
= =
g5 =
&
Briaatt, trjife ST mith i setel, miui ak it gran dn G nadlels Sand s i, gl & o Topsol
P ;_ :I! Py gradind, Korar, Saili-paralbel fin sk grodibe al digs, b D wad, ALLUVIAL FAN GRAVEL b
08 I'5'"0 ] Greyforown, sandy GRAVEL with minor cobbles and boulders, Sand is fine b0 |
:l'":""_h :ﬁ coarse, gravel is fine to coarse, clasts are sub-rounded to sub-angular, boulders to =
0.8 A gp 4 I0mm, clasts are schist dominant. Well graded, medium dense. Sub-angular to -
[« = n'u| slope profile that dips fn the east. -
o= -
12 el |
LT —
- e I
L6} L 'I! E =]
2] i
20 ‘f,lb '_: -
w e by
Pa"a -
24 :. ff- ! — |
'ﬁ_.?. ' -
* 28 jer-as -
b Grey to tan/brown, GRAVEL with some sand and minor silk and minor cobbles. = |EARLY QUATERNARY
q'._l:l. $ Land is fine to coarse, gravel is fine to ooarse, cobbles to 150mm, metasodiment ‘E GRAVEL ~
3.2 nynd  dominant, moderately weathered. Poorly grada, dense, Dips sightly to the west. & =
[ an ' E i -
ib |s '-.'g a A I
K gl g =
L o —
4.0 Total Depth = 3.8 m |
4.4 —
4.8 -
5:2 ||
5.6 -
fdl
G.d
COMMENT: Seepage & 2.7m, fast sespage, water pouring in &t 30Lmin Lexpeped By FAMW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1
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GEOSOL\E

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 5A

PROJECT: it Cardrona Station Job Number: js0e¢r
LOCATION: west of pit | Inclination: _ see Site map Direction: N/A
EASTING: 2195244 mE EQUIPMENT: 12T Digger OFERATOR: Joe
NORTHING: B5E5762 mi TNFOMAP NG, COMPANY: Warkable Earth
ELEVATIOMN: sea site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD: Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
&
— =T
ElH =
ele T § SOIL / ROCK TYPE, ORIGIN
E 1] E SOIL [ ROCK CLASSIFICATION, PLASTICITY OR E X '
ElB = = PARTICLE SIZE CHARACTERISTICS, COLOUR, B MJF’_‘EER&“T'-ECOS;";SHHU‘ ]RE““'
=L v i
g E E g WEATHERING, SECONDARY AND MINDR COMPONENTS E EORMATION
= =
g3 =
&
M Amwn, organic SILT with sme sand, minar si%, minor gravel and rare raotets. Sand Is fne, TOPSOIL e
W gravel is fine. Poorly graded, ioose. Sut-paraliel b slopa profie that dips to the east, =
0.4 -
Light brown, slty samdy GRAVEL with minor coblbles. Send & ine o cosse, gravel EARLY QUATERMNARY -
"
q'-ﬂ . b5 fine Lo codrse, cobides to 200mim, modorately weathered, Poarly graded, 0.4 GRAVEL ==
0B L2un-s] 0.7 medium domse, 0.7-3 donse, stands woll |
A -
12 [atial
iE4) =
e - -
16 et —
R =
20 H s S l—
: '.""é =
e >
24 |Mao —
= -
g f4.°d L
B 28 :E:":' [ -
tH e - il —
E & 8
b e il s
32 [ = i
Tedsl Depth = 3.2 m
ib =)
1.0 [
4.4 ]
4.8 ||
5.2 __
5.6 .
.l
6.4
COMMENT: Loxpgerd By: FaW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1
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GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 5B

PROJECT ! pit Cararona Station

LOCATION: east of pit

Job Number: je0ery

| Inclingtion:  see site map

Direction: N/A

EASTING: 2195244 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: 5585762 mN TNFOMAP KO COMPANY: Warkable Earth
ELEVATION: sea site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
5
— =
BB =
ele s E SOIL f ROCK TYPE, DRIGIN
E %, & 7y SOIL [ ROCK CLASSIFICATION, FLASTICITY OR E MINIERAL COMP A N "
E ,E'_E E = PARTICLE SIZE CHARACTERISTICS, COLOUR, g DESECTS STRU:CTSIU]REE 1
g £ ] WEATHERIMG, SECONDARY AND MINDR COMPONENTS lﬁ . J
El|& & e FORMATION
= =
g5 =
&
M Brown, organic SILT with some sand, minar silt, minor gravel and rare rogtsts. TOPSOIL e
:g: %and Is fine, gravel = fine. Poorly graded, boose. Sub-parallel to shope profile that ~
0.2 :h{ :!. dips o the east —
o -
04 P ~
-'EZF "i Grey, sandy GRAVEL with sand and gravel dominant pockets and some boulders. CARDROMA ALLUVIAL E=
-:5'-I'.I " Sand s fine coarse, gravel is fine to coarse, boulders to 1m. Poorly graded, foose DEPOSIT =
0.6 ~=r %] o mesium dense, fretting, stands poorty n Incalised zones due to boulders and —
Y = i loose gravel. Wedge of alluvial gravel pinches out tn the west. ==
[ ﬁs =
1k -
ke -
i'n ﬁ'. L] ] —
E' F -:'E s
12 pLird i
o PR -
B =
L4 [Hao ] —
- ﬁ .} -
S -
1.6 it ) =)
LR
5 Pinsk =
1 = —
e ml
S -
20 e '|: Light brown, =ifty sandy GRRAVEL with minor cobbles. Sand is fine to coarse, gravel EARLY QUATERMNARY -
-;'.-‘!fl "] fine to coarse, cobbles to 200mm, moderately weathered. Poorly graded, 0.4- GRAVEL 1
"q;;'h"l: 0.7 medium dense, 0.7-3 dense, stands well. -
22 hen A |
-]
(.5 -
2.4 ‘;%ﬂ:| —-—
A
"ﬂ?l 9 -
26 &Lk ]
e d
o i
g 28 e -
E | "": n‘l‘
0 JJjE:=a
2 228 _
)
33 Tobal Depth = 3.1 m
COMMENT: Lexpeped By: FAW
Checked Date:
PHOTO REF_: WA Sheat: 1of 1
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GEOSOL\E

GeoSolve Ltd
EXCAVATION LOG TP 6

EXCAVATION NUMBER:

PROJECT: mit Cardrona Stafion

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2195240 mE EQLIPMENT: 12T Digger OPERATOR: Ine
NORTHING: SSESHEI]L mi TNFOMAP WO, COMPANY: Warkable Earth
ELEVATIOMN: sea site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD: Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
&
— =T
ElH =
ele T § E | SOIL /RO TYPE, ORIGIN
= | - e "
HHERE PO AN N 5| “nenat conposmmon
g 5 & £ WEATHERING, SECONDARY AND MlMDFE CI:H'IPDFL'ENTS il DETLCT, STRUETOrE,
E|&| @ g . = FORMATION
= =
g3 =
&
M Brown, arganic SILT with some sand and gravel and minor roots. Sand Is fine, TOPSOIL -
;‘g: gravel is fine. Poorly graded, loose. Sub-parallel to slope profile that dips to the ~
0.2 W W et —
o =
04 [% =
:EJ i "i Sandy GRAVEL. Sand Is fine to medium, oravel |s fine to medum. Poorly graded, ALLUVIAL FAN GRAVEL |-
o “z % medium dense. Dips slightly to the sast. 'J'E:h % =
= T = -
e =
i1.B _I:] .If Whitte/browm, sity GRAVEL with minor cobbles and bowlders, rare [arge boulders: EARLY QUATERMARY L=
:‘L‘r‘u A Moderately weathered, boulders to 300mim, one boulder at 1m in size. Poorly GRAVEL =)
x."'_.':' graded, medium dense to dense, stands well.
1.0 .*: g |
= '.. - |.'l =
& b=
L2 Fefély sl
S L
L4 MiTSA —
naled =
e 9 =
1.6 4 Py b -
BT
LB (5625 |
e ey - —
20 PREA o -
heatd ]
2.2 ..-_.'.‘I'.l::g -
o
el 1= -
24 [ =
] f —
363
e 1
26
[ -
gLua
g lE "ﬂ - !‘IE —
] S0
Bl . PO
N —
- Wl |
3.2 Tatal Depth = 3.1 m
COMMENT: Loxpgerd By: FaW
Checked Date:
PHOTO REF_: NJA, Sheat: 1of 1
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GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 7

PROJECT: mit Cardrona Stafion

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2195159 mE EQLIPMENT: 12T Digger OPERATOR: Ine
NORTHING: S5R6004 mN TNFOMAP MO COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
[¥F)
= |
E|H =
ele s E SOIL f ROCK TYPE, DRIGIN
E %, & 7y SOIL [ ROCK CLASSIFICATION, FLASTICITY OR E MINIERAL COMP 4 N i
E ,E_E E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTS STRLI:I'_'TSIU]REE 1
g £ ] WEATHERIMG, SECONDARY AND MINDR COMPONENTS lﬁ ' i
El|& =) e FORMATION
= =
g3 =
&
Brtantt, rmjiafe GILT mith dite nicss, Ueafnm, wifl, Paswhel 1o Skope e St dijrs 1 e s L= T
12 |FiLL -
0.2 Light brown, sty SAND with rare gravel. Sand s fine, gravel is fine, Uniform, soft E “1 |-
':, oy firm. Sub-paralied 1o slope profile that dips 0o the sast. : BURIED TOPSOIL —
-x: Dark brown, organic SILT with minor sand and gravel and minor roots. Sand is -
0.4 }c :, fine, grawvel is fine. Uniform, firm. Sub-parallel to slope profile that dips to the east =
tl'.i |=
X B -
06 [y 3 n
08 |[X X —
W SILT with some sand. Sand is fine. Uniform, firm to stiff. Sub-paraliel o sope LOESS e
::g: profilz that dips to the east. ‘g
1.0 }{ } g |
1.2 fi*_ - Gray, sandy GRAVEL. Sand e fire bn cnarss, gravel = fine. Panely graded, lonse ha mesdam AlLLUNVIAL DEPOSIT
- ' :-f.l :E panse, Sub-paraliel to slope profile that dios to the east, Jﬁ I—
[
L4 Greyfheown, SAND with some siit. 5and s fine to medium. Undoem, loese. Sub- ALLUNTAL DEPDSIT |~
parallel to shpe profie thal dips Lo the ast, ]
1.6 g =
- LA —
i } Groy, sandy SILT with minor gravel, Sand is fine, gravel s fine. Uniform, firm. Sub- ALLUVIAL DEPOSTT —
= x parallel to slope profite that dips to the east, # ~
Kx‘.h B —
24 ?
%97 Bhinjgray, ity sancy GRAVEL with minor cobbles and houlders. Sand = fine to medum, b ALLTVTAL DEPOSIT
i ‘:-rif gravel |5 fine 1o noarse, boulders fo JImm, Pocey qraded, lose to medium dense, Sub- ; g =
24 |S T parielta dope prfie tat dins b the s,
3{ A Orange/brown, gravely SILT with rare cobbles, boulders and sand, Sand is Ning, EARLY QUATERNARY
. - geavel is fine Io onarse, cobbles to 200mm, modestely weathered, Poorly graded, DEPOSIT o
25 K’;{} mediuim derise to dense, sightly plastic. -
28 1K > g -
2
30 ‘K}{}
:’ -
3.2 }{\f

Total Depth = 3.2 m

COMMENT: Seepage satthed at 1.8m, filled bottom of test pit, perched water on top of the Early Quaternary

Grave|

PHOTO REF.: N/A

Lixppedd By: FAW
Checked Date:
Sheat: 1of 1




' / GEUSOIVE Ltd EXCAVATION NUMBER:
GEOSOL/E  EXCAVATIONLOG | Tpsg

PROJECT: it Cardrona Station Job Number: js0e¢r
LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2195088 mE EQUIPMENT: 12T Digger OPERATOR: Ine
NORTHING: SSEA06S mi TNFOMAP NC. COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
&
— =T
E & o
o @ — E =
Zlz| & = SOIL / ROCK CLASSIFICATION, FLASTICITY OR E 53111';4‘; mT"'MEE ““‘Er:”'
E ,E_E E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTE. STRLICTURE 1
g g i} WEATHERING, SECONDARY AND MINDR COMPONENTS lﬁ ' i
El|& & e FORMATION
= =
g3 =
&
M Brown, arganic SILT with rare roots, Uniform, soft. Parallel to siope profile that t [TOPSOIL e
- el dips to the SE @ 5-10°. E ~
- et L
:: SILT with minor send, Sand is fing, Wnifarm, firm. Paraliel to slope pralil: that dips 4 |LOESS -
i ':,{ to the 5E @ 5-10°. E —
‘Ei{ } Ught blue, grey, mattled orange, gravelly SILT, sty lense @& 1-1.1m. Gravel s fine ALLUVEAL DEPOSITS e
::g:.' to medium,. slightly weathered, Poorly graded, meadium dense, slightly plastic. =
0.6 5 3 Parallel to siope peofile that dips to the SE @ 5-10°. -
ol 08 [ =
o [ =
F}{_ e
12 [ - J! Light brown, grey, mattled orange, silty GRAVEL with rare sand. Sand is fine, ALLUVIAL DEPOSITS =
:q.'.il;l. p gravel is fine to coarse, sightly weathered. Poorly graded, medium dense. Parallel -
s -.-5‘;. to slepe profile that dips to the SE @ 5-10°. o
s |—
e —
3674 =
LG [eQasy =)
a
R, .
18 foas |
S :
2.0 By -
-.I:j :{_:f Qrange beown, silty GRAVEL with some sand and rare robbles. Sand = fine to EARLY QJUIATERMARY |-
3 .:;,'.'; 1 coarse, gravel s fine to coarse, cobbles to 150, clasts are sub-munded o sub- GRAVEL =
22 K& ml  angular, metasediment dominant, moderately weathered, Poorly graded, dense, -
[ oo D sttty to the eask, n
24 [y eyl
i 3 —
S elle' ]y E I8
26 [N =
i = —
55k g
L
28 | ?:-“J
£y 0 3 ]
[
a0 [Adn
qexd
37 Tatal Depth = 3.1 m
Total Depth =32 m
COMMENT: Minor sespage & 0.8m, show seep Legged By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




GEOSOL\E

/[

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 9

PROJECT: mit Cardrona Stafion

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2195021 mE EQLIPMENT: 12T Digger OPERATOR: Ine
NORTHING: 5585942 mi TNFOMAP KO COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
[¥F)
= |
E & =
2w = E =
Zlz| & = SOIL / ROCK CLASSIFICATION, FLASTICITY OR E 53111';4‘; mT"'MEE ““‘Er:”'
E ,E_E E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTE. STRLICTURE 1
g £ ] WEATHERING, SECONDARY AND MINOR COMPONENTS g . J
El|& & e FORMATION
= =
g3 =
&
M Brown, arganic SILT with rare roots, Uniform, soft. Parallel to siope profile that o [TOPSOIL e
ol dips to the east E o
0.4 BTLT wkh ot sasvel, Searal 7 fiowr, Lty T Para Bl s wgns vl (s, g slailly L [ Fas peial = T
- ALLUVIAL DEPOSITS s
-x: Light blue, grey, maottled orange, gravelly SILT. Gravel is fine to medium, sighthy -
0.8 }c :, wieathered, Poorly graded, medium dense, slightly plastic. Sub-horizontal, =
- > -
12 E -
1.6 :I::'x':lf Light brown, orange, sty GRAVEL with rare sand, Sand is fine, gravel (s fine to L HALLUVIAL DEPOSITS
> -:.'-.';l' " coarse, slightly weathered, Poorly graded, medium dense. Sub-horizontal. i il
20 [ul mM % —
[ fan a —
24 _J6. -
Lo -g .
ol 5
2B M Orange brown, sandy SILT. Sand = fine. Very sl Sub-horzoeal. ALLUVIAL DEPOSITS
X &= |
L )i
3.2 T
:I::' _':l::_;! Tam browm, silty GRAVEL with some sand and rare cobbles. Sand is fine to coarse, EARLY QUATERNARY
; _h-.‘,;.' 4 oeavelis fine to conrse, cobibles to 150mm, clasts are sub-rounded to sub-angular, o | GRAVEL =
25 K r;,‘:.' metasediment dominant, moderately weatherad, Poody graded, denss. Dips ] =
foy Soocal  sEighitly o the east. —
4.0 Total Depth = 3.8 m |
4.4 —
4.8 |
5:2 ||
5.6 -
fdl
6.4
Total Depth = 3.2 m
COMMENT: Three minor seepages from 1-1.8m Leepged By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1
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GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 10

PROJECT: mit Cardrona Stafion

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2194900 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: 55855925 mi TNFOMAP WO, COMPANY: Warkable Earth
ELEVATION: sea site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD:; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
[¥F)
= |
BB =
ele s E SOIL f ROCK TYPE, DRIGIN
= | = & SOIL [ ROCK CLASSIFICATION, FLASTICITY OR E ! A "
E|B] £ = PARTICLE SIZE CHARACTERISTICS, COLOUR, g | MINERAL mm”"m”'
g £ E WEATHERIMG, SECONDARY AND MINDR COMPONENTS il i KTt
i E = E FORMATICM
= =
g3 =
&
M Brown, arganic SILT with rare roots, Uniform, soft. Parallel to siope profile that o [TOPSOIL -
dips to the east E e
g4 } SILT with minor sand, Sand is fine. Uniform, firm. Paraliel to slope profile that dips |8 [LOESS
2 o the S5E i 5-10". E i
08 ‘}{ } Red/brown, SILT with some clay. Slightly weathered. Uniform, firm, sightly plasbic. ALLUVIAL SILT s
W | Sseb-horizontal g —
o e [
17 |2 W Bluefgrey, SILT with some clay, Unitarm, fiem, shahtly plastic, Sub-horgontal, a2 [ALLUNVEAL SILT
. ! -
Grey, granvelly SILT with meanor cobbles and boulders and rare sand. Sand s fine, ALLUNVEAL DERPOSITS =
1.6 :‘_‘{ gravel is fine to coarse, bowlders to 250mm. Foorly graded, medium dense. Sub- E =
':9{ } hosipontal, -
2 k7
: :h: ™ Blueigrey, gravely sandy SILT. Sand is fine, gravel is fine: to coarse. Poordy ALLUNVIAL DEPOSITS —
e geaded, medium danse. Sub-horizonkal. =
2.4 :9{ } a |
L g
28 H}*-’.} I
37 ’:5}::11 Light brown, grey, mottfed orangs, silby SRAVEL with rare sand. Sand is fine, ALLUVIAL DEPOSITS —
o gravel is fine to coarse, siightly weathered. Poorly graded, medium dense. Sub- -
e 3
o DR el =
= —{ a2 ¥ —
o -
A0l =]
':l‘ T v, milcy GRAVEL weth some sand and tare cobtles, Samt i e b coane, greveel = fine o mense, .
| tobbles 10 1HIm™, ciemts sre sio-munded S0 susranpulsr, metsedment dompank. moderstely
- a4 1_{1 " 1': Poory graded, medum cense, bes pi stes SUmpng awey with ssepage infuence, Sut-hoeomsl E EARLY QLUIATERMNARY
ey GRANVEL 1
Todal Depth =45 m S
48
5:2 ||
5.6 -
fdl
G.d
Total Depth = 3.2
COMMENT: Minor sespage from 4.3m Logpged By: FAW
Checked Date:
PHOTO REF_: WA Sheat: 1of 1
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GEOSOL\E

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 11

PROJECT: mit Cardrona Stafion

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2194808 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: S5E5901 mh TNFOMAP NOL. COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
5
— =T
BB =
ele s E SOIL f ROCK TYPE, DRIGIN
E %, & 7y SOIL [ ROCK CLASSIFICATION, FLASTICITY OR E MINERAL COMP L N "
E !-:'_5 E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTE. STRLICTURE 1
g £ ] WEATHERIMG, SECONDARY AND MINDR COMPONENTS g . J
El|& & e FORMATION
= =
g5 =
&
3 P, uomar STT with e sl and gravel. Unferm, s, Paralll i sk el . dis o B e E ATOPSOIL .
0.4 g :.'- Brown, crganic SILT with some sand and gravel, Uniform, soft. Pemlle to slope | TOPSCHL s
bl prafids that dips to the aast. E —
){ } Tan/brown, gravelly SILT with some sand. Sand Is fine, grave is fine to medium. ALLUVIAL FAN DEPOSIT -
0.8 }{ Poorly graded, medium dense, Dips 5* ko NE, thickens to the south with the slope =
}{ } angle, b=
12 | X
‘f:Fr 'f Light brown, sandy GRAVEL with minar cobbles and silt. Sared is fine to cosrse, ALLUVISL FAN GRAVEL =
':5.-“ o gravel is fine bo coarse, cobbles bo 200mm, dasts ane schist dominant, sub- =
L6 %y rounded to angular. Well graded, medium dense @ 1.2-2:4m, dense @ 24-4m. |
4 gn A Dios slightly to the KE, =
20 [as ol -
HEyd —
E.':-"_;" Gy
24 '.:.f?, " |
e ore
28 .l:j:; £ i
s ok —
BT =
3z |Naw -
AN E
e (B =
Bl 36 kil =3
L —
2 i —
40 NPl N =
Tobal Depth =4 m =
4.4 ]
4.8 -
5:2 ||
5.6 -
fdl
G.d
Total Depth = 3.2
COMMENT: Lippert By: FAWS
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




/
GEOSOLVE

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 12

PROJECT: mit Cardrona Stafion

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2194700 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: 555884 mN TNFOMAP WO, COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 25-Aug-05
METHOD:; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 25-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
[¥F)
= |
E & =
2@ . =
Zlz| & % SOIL / ROCK CLASSIFICATION, FLASTICITY OR E 53111';42 RAWLCKCOWMEEr ““‘Er:”'
E ,E'_E E = PARTICLE SIZE CHARACTERISTICS, COLOUR, g DESECTS. STRLICTLIRE 1
E £ ] - WEATHERIMG, SECONDARY AND MINDR COMPONENTS il . J
E|&| ® & i FORMATION
F =
2| 3 =
&
M Brown, arganic SILT with rare roots, Uniform, soft. Parallel to siope profile that t [TOPSOIL -
dips to the east e
04 | _.:':k E =
:: SILT with sorne sand. Sand s fine. Undlorm, firm. Sub-horieontal, o LOESS |-
0.8 ::":} g — |
::l Tanybrown, gravelly SILT with same sand. 5ana is fna, gravet s fine to mediim, Poarty ALLUNVIAL FAN DEPOSIT EH
) x oraded, mediumn dense. Dips 5%t KE, thickens to the snrth with the dopo angie.
T 'I: Light brown, sandy GRAVEL with minor cobbles, minor boulders and sift. Sand s ALLUNVEAL FAN GRAVEL =
1.6 ol ":l 1 fine tocoarse, graved is fine to coarse, cobbles to 3dmm, dasts are schist =
FrEmsi]  deminant, seb-rounded to angular. Well graded; dense, hard to excavate, Dips e
s 1‘;_,._":.-.'.! slightly to the cast. -
—2g —
o Light brown, SILT with miror/some sand. Sand & fine. Uniform. Dips slightly to the ALLUVIAL FAN DEPOSIT |-
2.4 » east |
EL =
28 | X — |
’ ?{}:}
3.2 =
. P A,
] 0 =
21 38 [ W -
- =
Total Depth = 3.7 m b=
40 =
4.4 ]
4.8 -
5:2 ||
5.6 -
fdl
G.d
Total Depth = 3.2
COMMENT: Lexpeped By: FAW
Checked Date:
PHOTO REF_: WA Sheat: 1of 1
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GEOSOL\/E

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 13

PROJECT ! pit Canarona Station

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2194710 mE EQLIPMENT: 12T Digger OPERATOR: loe
NORTHING: 5585767 mi TNFOMAP NO. COMPAMNY: Warkable Earth
ELEVATIOMN: sea site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD:; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
5
— =T
E|H =
-r w —_
Zlz| & % SOIL / ROCK CLASSIFICATION, FLASTICITY OR E 53111';42 RAWLCKCOWMEEr ““‘Er:”'
E ,ﬁ_s E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTE. STRLICTURE 1
g g i} = WEATHERING, SECONDARY AND MINDR COMPONENTS ] . '
E|&| ® & i FORMATION
E = 5
|3
&
M Brown, arganic SILT with rare roots, Uniform, soft. Parallel to siooe profile that TOPSOIL -
- el dips to the east. % ~
LA E —
o 5
L 2 W SILT. Uniarm, firm. Sub-honzootal. ALLUVIAL DEPDSIT —
N E -
X = =
> -
0.8 ™ o |
X >
10 IS¢ 3| SILT with minor clay. Uniform, stiff. Thickens to the south. — |ALLUVIAL DEPOSIT —
x 2 -
1.2 X M = —
e 5 L
1.4 }{ } ] [
1{:, 4 Brown, silty GRAVEL with sorno cobbics and boulders and minor sand. Sand is fino ALLUNTAL FAN GRAVEL
q'-':l. i to ooarse, gravel is fine to coarse, boulders ba 1m, dasts are schist dominant, ~
1.6 it n;;. clasts are angular to sub-angular, minor sub-rounded dasts. Poorly graded, dense —
.,.,:;—.J to wery dense, hard to excavate. Dips to the east. =
1.8 .;.: o 'a' —
3 =
e 2y —
20 [ A -
] =
22 [ _
< 0 ]
i, 3n i
24 [Dao']
q6X L]
- oo g -
2EH [RTeE
" e -
-
I
[y I
H Taetll
= e 0
a0 [
Total Depth = 3 m
3.2
COMMENT: Lixppedd By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1
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GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 14

PROJECT ! pit Canarona Station Job Number: js0e¢r
LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2194845 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: SSE5777 mi TNFOMAP KO COMPANY: Warkable Earth
ELEVATION: sea site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD:; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
[¥F)
= |
BB =
ele s E SOIL f ROCK TYPE, DRIGIN
E ‘EE & 7y SOIL [ ROCK CLASSIFICATION, FLASTICITY OR E MINERAL COMP A N "
E|E E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTE. STRLICTURE 1
g £ ] WEATHERIMG, SECONDARY AND MINDR COMPONENTS E FDP:r-'LﬁTIDH J
HHE g
g3 =
&
9 Pt v ST wih i s, st W, Pasadbal b g e Bhal lijes 11 the st E JTOPSOIL I
0.4 g :.'- SILT with some sand. Sand is fine. Undform, firm, Sub-normontal, E |VOESS s
_'ﬂ ‘I! Brown, sty GRAVEL with some boulders and cobbles and minor sand. Sand is fine 8 ALLUVIAL FAN GRAVEL -
0.8 -::.'.-';I. " toooarss, gravel is fine to coarse, boulders to 1m, sub-rounded to angular clasts. E )
e n_.,‘;; Well graded, medium denses Dips 5° to e east, = o
W H -
WLl
B I L =
Ll - m |
T _I: Brown, sandy GRAVEL with some boulders, cobbles and minor silt. Boulders to ALLUNVEAL FAN GRAVEL
1.6 q,"':l  Sd0mm. Well graded, medium dense to dense. Dips 5° to the sast =
o B
20 |Rae o -
. - —
. g s
Ty -
24 [ 5 o |
[T §1
=g T = =
= i .-—I' 'I!
g L9
A -
o —12an 4 ]
z Fhegie
qp PEA =
- Total Depth =35 m
4.0 -
4.4 —
4.8 -
5:2 ||
5.6 -
fdl
G.d
COMMENT: Lippert By: FAWS
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1
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GEOSOL\E

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 15

PROJECT ! pit Canarona Station Job Number: js0e¢r
LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2194367 mE EQUIPMENT: 12T Digger OPERATOR: lne
NORTHING: 5585845 mi TNFOMAP KO COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD: Ml A EXCAV. DATUM: Ground Leve| HOLE FINISHED: 26-Aug-05
ENGIMEERING DESCRIPTION GEOLOGICAL
[¥F)
=5
5| B =
elm E E S0IL f ROCK TYPE, ORIGIN
& | % E SOIL f ROCK CLASSIFICATION, FLASTICITY Of E ! A "
E|B] £ = PARTICLE SIZE CHARACTERISTICS, COLOUR, 1 ey
g £ E WEATHERING, SECONDARY AND MINOR COMPONENTS B T S
i E o E FORMATICN
= =
g5 =
&
y } Rt wrnjiares SEUT with g nots. Ui, will, Pailel i oy geesfie Shat ifirs 1 the s E STOPSDIL L
SILT, Unifarm, firm. Paradied fo slope profile trat dips slightly 1o the east, LEIESS [
04 E f el ol le trat dips sligh 4
X 2 |
08 E-Fr J! Brown, sandy GRAVEL with some cobbles and boulders and rare silt. Sand is fing ALLUVIAL FAN GRAVEL -
= "1 toooarse, gravel is fine to coarse, boulders bo 500mm, clasts are angular to sub- -
*r_‘_:‘lrg-.f rounded, schist dominated. Well graded, medium dense to dense. Dips 3 o the =
12 [aggq east |
[ E —
[ [N b
a4 =
1.6 o .j;. JI:I:_l
o C -
IE‘_.?. ] w
2 pi-ek =
T -
24 | ; 1 Light brown, sandy GRAVEL with minor cobbles and silt. Sand is fine to coarsa, ALLUVIAL FAN GRAVEL |
:5-‘“ d gravel isfine to coarse, cobbles to 200mm, clasts are schisk dominant, sub- =
l-.:élrﬁ‘ #] roundad toangular. Wekl graded, dense. Dips slightly to the E. -
2R i III.L'.-.“II =
W
g il E ; -
= 3.2 eta 4
- i
H b
n &y 8 =
S| 38 o] =
Total Depth = 3.9 m —
4.0
4.4 ]
4.8 -
5:2 ||
5.6 -
fdl
6.4
CIOMMENT: Lexpeperd By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




GeoSou.'/E

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 16

PROJECT: mit Cardrona Stafion

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2194970 mE EQLUITPMENT: 12T Digger OFERATOR: Ine
NCRTHING: 5585756 mi TNFOMAP NO. COMPANY: Warkable Earth
ELEVATIOMN: sea site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD: ) EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGIMEERING DESCRIPTION GEOLOGICAL

[¥F)
-
E & o
2w = E =
Zlz| & = SOIL / ROCK CLASSIFICATION, FLASTICITY OR E 53111';4‘; mWMEE ““‘Erz”'
E E E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTE. STRLICTURE 1
g g i} WEATHERING, SECONDARY AND MINDR COMPONENTS Iﬁ ' i
El|& & e FORMATION
= =
g3 =
&
i } Rrtantt, trmjiafe GILT sith dite nicss, Uealnm, wifl, Paswhe o Slops preie that A 1 e s E JTOPSOIL —
0.4 " EILT, Uniform, firm. Parate ro slope profile that dips sightly to the east, w |LOESS s
X g —
08 5‘( } Goeyforowm, sandy SILT. Sand & fine. Uniform, firm, Sub-horizontal, + [ALLUVTAL SILT s
i3 M Geey/brown, SILT with rare clay, Unetorm, firm bostiff. Sub-horizonil, -E JALLUMIAL SILT
T .'E Sandy GRAVEL with minor cobbles and rare boulders. Sand is fine to coarse, gravel ALLUNVEAL FAN GRAVEL
1.6 ':5-"“ ' Efinsto coarse, boulders o 350mm, cases are schist dominated, sub-rounded to E =
=n,n] sub-gngular. Poorly graded, mediem dense, Sub-horizontal, e
20 |Rae o g -
. - —
e =
4.2 3
24 SAND. Sandy lense. Unilorm, leose, Seb-horzontal, [=, _JRLLUVIAL FAN DEPOSIT  |—
=
28 |/ "'I: Sandy GRAVEL with minar cobbles. Sand Is line to coarse, gravel 18 line U coarse, ALLUVIAL FAN GRAVEL |-
:,‘._"“g o chasts are sub-rounded o anguies, cobbles Lo 150mm, Poorty graded, medum ]
*.;irh‘hq dense, Sub-hotizontal, . —
§ 3.2 1':.,,.: z ,. § |
W =
i 2 =
| 3 e, 7 g -~
tltom iy —
2 iy -
o v L
a0 e s
Tobal Depth =4 m =
4.4 -
18 |
52 ||
56 .
il
6.4
COMMENT: Loxpgerd By: FaW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




/ Geuso Ive Ltd EXCAVATION NUMBER:

GEOSOL/E  EXCAVATION LOG | Tp 17

PROJECT: it Cardrona Station Job Number: js0e¢r
LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 21950099 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: 5585740 mi TNFOMAP WO, COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
5
— =
E|H =
ele s § SOIL f ROCK TYPE, DRIGIN
E %, & 7y SOIL [ ROCK CLASSIFICATION, FLASTICITY OR E MINERAL COMP A N "
E !-:'_5 E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTE. STRLICTURE 1
g £ ] WEATHERIMG, SECONDARY AND MINDR COMPONENTS lﬁ ' i
El|& & e FORMATION
= =
g3 =
&
9 Pt v ST wih i nicts, Dt W, ol b g e Bhal lijrs 11 the st E JTOPSOIL —
0.4 2 L} SILT weith some sand, Sand s fre, Undoem, bem, Pemliel io sope pohle thet dips sightiy o e eest E ﬁlE]ESE s
Eroiwm, sily GRAVEL with minor sand, organics and Tme rootists. Sand b fins to coane, grave) s fne o ooarse, ALLUVTAL FAM DEPCSIT  |—
| Foorsy graded, looss, Sub-horizonml
08 |ids J! ALLUVIAL FAN GRAVEL |-
~ = Brown, sandy GRAVEL with rarefminor cobbles and boubders, Sand s fine to —
"‘-", g,’i‘: coarss, gravel |s fine fo coarse, boulders to 200mm, clasts are subangutar to =
i3 -; o subrounded, schist dominant. Well graded, medium dense. Dips 2° to the sast.
——Ji 8 o |
[ [N b
("
1.6 "rsl.:::ﬂ o -
B ey =
#;?. o
20 %{ = =
TEK ST E i
oL iR
2.4 :'ry:.; |
TR
2 8 é& - I
E =
& 32 |1
t# i ]
g e -
36 |=1 0 -
Totzl Depth = 3.6 m =
4.0 -
4.4 —
4.8 -
5:2 ||
5.6 -
fdl
G.d
COMMENT: Lippert By: FAWS
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




GEOSOL

/[

(5

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 18

PROJECT: mit Cardrona Stafion

Job Number: js0e¢r

LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2195055 mE EQLIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: 5585602 mi TNFOMAP WO, COMPANY: Warkable Earth
ELEVATION: seq site map m DIMEMNSIONS: HOLE STARTED: 26-Aug-05
METHOD: Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
[¥F)
-
E|H =
21@ 7 E S0IL / ROCK TYPE, ORIGIN
= | = E SOIL [ ROCK CLASSIFICATION, FLASTICITY OR E ! 4 i
E|B] £ = PARTICLE SIZE CHARACTERISTICS, COLOUR, 1 ey
g g E WEATHERING, SECONDARY AND MINDR COMPONENTS il i KTt
m E = E FORMATION
= =
g3 =
&
M Brown, arganic SILT with rare roots, Uniform, soft. Parallel to siope profile that o [TOPSOIL -
dips to the east E e
0.4 :’ SILT waith i swavied, Sl s B iiidarm, e Pava barl b sispee onslie U gl sdigjlilly Lis Pt dutnd E g LOESS |
){ ':v- Grey brown, sandy SILT. Sand is fine. Unifarm, firm. Dips slightly to the south ALLUVIAL SILT -
0.8 }{ east. E =
> A =
12 | X
}( } Geiy brown;, SILT with rane chy, Unifarm, firm o 567, Dips slightly o the south 4 [ALLUVIAL SILT |
}: cask E
7, T Y
T Ry Brower, sanly GRAVE wih raie Cobéskrs and Souklers. Saol s e o e geivsed m e Claese, Inaukiens | AL WIAL FAN GRAVEL S
z 'I: e 30Wven, wutenpsleg B0 scguiar clesis. Wel grafied, merdoom derae, T slg bty o e evsd E =
20 = ' - : ALLUVIAL FAN GRAVEL |—
J! Brown, sandy GRAVEL with rarefminor cobbles and boulders, Sand is fine o =
.:E omarse, gravel is fine to coarse, bouldors to 400mm, clasts ame subangular o =
24 =] subrounded, schist dominant. Well graded, medium dense. Dips 2° to the cast. —
.‘- [
28 4] -
5
32 |[wed g 3
_'ﬁ e = E i
el -
g 36 [0 'fu:‘ i
e g, 1
L i = |—
ATR -
e 2 e —
o i) ﬂ.'-ﬁ -
= peted a
2 Total Depth = 4.3 m =
4.8 -
52 ||
5.6 -
il
G
COMMENT Lexpeped By: FAMW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1
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GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 19

PROJECT: it Cardrona Station Job Number: js0e¢r
LOCATION: see site map | Inclination: _ see Site map Direction: N/A
EASTING: 2194935 mE EQUIPMENT: 12T Digger OFERATOR: Joe
NORTHING: 5585657 mi TNFOMAP WO, COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
[¥F)
= |
E|H =
21@ 7 E SOIL  ROCK TYPE, ORIGIN
E 1] E 7 SOIL [ ROCK CLASSIFICATION, FLASTICITY OR E MINERAL COMP X N '
E ,E'_E E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTS STRLI:CTSIU]REE 1
g g i} WEATHERING, SECONDARY AND MINDR COMPONENTS lﬁ ' i
El|& & e FORMATION
= =
g3 =
&
} Rt wrnjiares SEUT with g nots. Ui, will, Pailel i oy geesfie Shat ifirs 1 the s E STOPSDIL o=
0.4 2 L} SILT weith some sand, Sand s fre, Undoem, bem, Pemliel io sope pohle thet dips sightiy o e eest E ﬁlE]ESE s
:: Gy, sandy SILT. Sand is fine, Unifoerm; firm to still, Sub-horizontal, 4 [ALLUVIAL SILT o~
0.8 ,::’{._ N e _ =
'fn{ M Grey brown, SILT. Uniform, firm to stiff, Thickens to the southwest. 3 ALLUVIAL SILT =
1.2 ::l:'- £ —
Brown, sty GRAVEL with some cobbies and boulders and minor sand. Sand is fine ALLUNVEAL FAN GRAVEL
1.6 o coarse, gravel Is fine o coarse, boulders to 500mm, clasts anre schist dominarnt, =
clasts are angular to sub-anguilar, minor sub-rounded clasts. Poorly graded, dense % =
s o wery dense, hard Lo excavale, Thickens to the south, E -
24 Grey brown, SAND with rare grawel and some bands of =#t. Sand is fine to ALLUVIAL FAN DEPOSIT |
medium, gravel is fine to medium. Uniform, medium dense. Sub-harizontal.
28 |
3.2 § ||
36 | — |
40 A
o : ;_ :[‘ Grey hrown, sandy GRAVEL with some cobbies and boulders, Sand is fine o ALLUVIAL FAN DEPOSIT  [—
-:;'.‘EI | coarse gravel is fine to coarse, Doulders to S00mm, clasts & angular to sub- E =
s *-.;.‘:ln_.;k.f roundsd, schist dominated. Poorly graded, medium dense o dense. Dips slightly to | —]
sl 1 the gast,
4.8 Total Depth = 4.6 m
5.2 .
5.6 .
il
6.4
COMMENT: MinGr, show seep @ 2.6m Leepged By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




3 ‘./ Geusulve Ltd EXCAVATION NUMBER:
GEOSOL/E  EXCAVATION LOG | TP 20

PROJECT: it Cardrona Station Job Number: js0e¢r
LOCATION: {cut] | Inclination: _ see Site map Direction: N/A
EASTING: 2195215 mE EQUIPMENT: 12T Digger OFERATOR: Joe
NORTHING: 5585931 mi TNFOMAP WO, COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD:; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
5
— =T
E & =
21@ 7 E = SOIL  ROCK TYPE, ORIGIN
E 1] E SOIL [ ROCK CLASSIFICATION, PLASTICITY OR E ! X '
= E E = PARTICLE SIZE CHARACTERISTICS, COLOUR, 8 MJEEER#EWJ;UGCS{E&N'
=4 v ]
% 3 i g WEATHERING, SECONDARY AND MINOR COMPONENTS g i iyt
g2 :
&
} Rt wrnjiares SEUT with g nots. Ui, will, Pailel i oy geesfie Shat ifirs 1 the s E STOPSDIL L
0.2 ﬂ‘}:i'q Grey brown, sty GRAVEL wath minor cobbles and sand and rare gravel, Sand |s ALLUNVIAL FAN GRAVEL s
h'.ﬂ.'#l‘ fieve, aravel 15 Tine to coarse, houlders o 300mm. Poorly graded, medium densa. —
x'.g o] Dies 1o the east, B
04 fatad =
" i_‘; ™ =
L& ?n'g::?l —
[ =
05 &5 £
nikew =
L] u‘ L
LD e > =
REL -
12 jye3 — |
L
1.4 :{r‘)
I ':, 4 Light brown, sty GRAVEL with minor cobbles and boulders. Grave! is fine o ERRLY QUATERMNARY
e :i..‘l; Q coarse, boulders to 300mm. Poorly graded, dense. Dips 57 to the east. GRAVEL I~
[, 2 -
[ Ham =
1.8 :‘l':'; a =)
e 2y —
20 [ S =
- I = ]
22 NS =
m Lo L] U_ '\'_' |
g i, 3n i
B 24 |40
t oy .
5 ; _
26 peftes
Totzl Depth = 2.6 m
28 .
30
3.2
COMMIENT: Standing & F0°-R0°, bt weathensd out In road track Lexpgerd By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1
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GeoSolve Ltd

EXCAVATION

EXCAVATION NUMBER:

LOG | T1P21

PROJECT ! pit Cararona Station

Job Number: js0e¢r

LOCATION: {cut] | Inclination: _ see Site map Direction: N/A
EASTING: 2195003 mE EQUIPMENT: 12T Digger OFERATOR: Ine
NORTHING: 55855900 mi TNFOMAP NG, COMPANY: Warkable Earth
ELEVATIOMN: sea site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD:; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
2
Elg =
2w P =
2l s E % SOIL / ROCK CLASSIFICATION, FLASTICITY OR g SE:I';‘"E mT"'MEE ““‘Er:”'
E|E E > PARTICLE S1ZE CHARACTERISTICS, COLOUR, DESECTS mUGCTS[UHRED ]
= E : M MI ] ; '
% E E g WEATHERING, SECONDARY AND MINDR COMPONENTS E FORMATION
g3 =
&
Briwat, wrnjiare SIUT with e nots. Ueiform, wll, Pasilel i wopse grefie Shat ifirs e s = omoesnn
ﬂ ,I! ALLUVIAL FAN GRAVEL -
o fies Light grey, broawn, sty GRAVEL with some sand, minar cobbles and boulders. b
G W cand iz Mne, gravel & fine to coarse, houlders to 300mm, clasts are sub-angular to ]
-I‘:":."'-‘_-?: sulb-rounded quasiz deminated gravel, Well graded, medium dense fo dense. Dips —
08 [+82 ) 5o the sast. s
Nao the =
et -
S I~
13 [PrLE el
[ s ]
s [t
' 'iu'-g -
o L
20 Ferds -
" la =+ s
- -
364 -
2.4 .hq_'-:l -
e T g B
2B |a* ;E_ £ -
22 |39 B
ey =
e -
36 {3633 |
o ey -
an [0 -
i = g |—
- -
1 -
A 4.4 ﬂ:-:{nl —
g & T el
i B
t ag [Aaed [=
P i e |
= El" };:5
53 Total Depth = 5 m ||
56 .
6.0
6.4
COMMENT: Stamiing vertical to 80F in cut Lexpagerd By: FaW
Checked Date:
PHOTO REF_: /A Sheat: 1of 1




3 ‘./ Geusulve Ltd EXCAVATION NUMBER:
GEOSOL/E  EXCAVATION LOG | Tp 22

PROJECT: it Cardrona Station Job Number: js0e¢r
LOCATION: M/f& | Inclination: _ see Site map Direction: N/A
EASTING: 2104078 mE EQLUITPMENT: 12T Digger OFERATOR: Ine
NORTHING: SEE5410 miN TNFOMAP NG, COMPANY: Warkable Earth
ELEVATIOMN: sea site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD: Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
&
— =T
ElH =
ele T § E | SOIL /RO TYPE, ORIGIN
= | - e "
§|g = 5 SOIL [ ROCK CLASSIFICATION, PLASTICITY OR 3 MINERAL COMP N,
ElE E = PARTICLE SI1TE CHARACTERISTICS, COLOUR, DEEECTS muucrmui ]RED
4 v :
% E E g WEATHERING, SECONDARY AND MINDR COMPONENTS E EORMATION
g3 =
&
} Rt wrnjiares SEUT with g nots. Ui, will, Pailel i oy geesfie Shat ifirs 1 the s E % TOPSOIL L
0.4 g :.'- SILT with some sand. Sand is fine. Undform, firm, Parallel to shope profile that dips |VOESS s
bl shghtly to the east. E —
% | Grey/booum, SILT with rare dlay. Uniform, firm bo sHIT. Dips sightly to the ALLUVIAL SILT B
0.8 }{ soaitheast. =
> A =
12 x} # -
£
1.6 }{x}
x =3
20 [# M =
}{ } Greyfbeowm, SILT with minar [ some clay. Uniform, stff. Dips slightly to the ALLUVIAL SILT =
b soutneast " =
2.4 E wl
E -
.ol s
2B . ;F; 1 Brown, sandy GRAVEL with cobbles and baulders. Sand is fine to coarse, gravel is ALLUVIAL FAN GRAVEL [
q'f_l:l Y fine tocoarse, dasts are schist dominant, sub-rounded to angular, boulders o |
3.2 a.ﬁ.‘.'--,g Foomim. Poorly graded, medium denss to dense. Dips 5% to the east.
Mg A —
i} 4-' & r-' |-
2| 36 PiA =
.d a2 —
B Aeed =
g 40 ey
— s ]
Total Depth = 4.1 m -
4.4 =)
9.8 -
5.2 __
56 .
.l
6.4
COMMENT: Loxpgerd By: FaW
Checked Date:
PHOTO REF_: NJA, Sheat: 1of 1




/[

GEOSOL\E

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 23

PROJECT: it Cardrona Station Job Number: js0e¢r
LOCATION: M/f& | Inclination: _ see Site map Direction: N/A
EASTING: 2194765 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: 5585136 mh TNFOMAP MO COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
5
— =
BB =
2@ = E
z|=| E SOIL / ROCK CLASSIFICATION, FLASTICITY OR E | SOIL/ROCK TYPE, ORIGIN,
E lﬁ_ﬁ s % PARTICLE SIZE CHARACTERISTICS, COLOUR, 0 MINERAL COMPOSTTION,
g £ E WEATHERIMG, SECONDARY AND MINDR COMPONENTS lﬁ i KTt
El|& & e FORMATION
= =
g3 =
&
M Brown, arganic SILT with rare roots. Uniform, soft. Parallel to siope profile that t [TOPSOIL e
el dips to the east E =
u'z et L =
:: SILT with sorne sard. Sand i fine. Undloem, firm, Paraliel to slooe profile thet divs LOESS |-
it }c'x::, shightly to the east. E =
g o
0k H } Tan/brown, SILT with minor clay. Unifore; sHIF, Sub-horizontal. ALLUNVIAL FAN DEPOSIT
X 5 ]
P E
.8 vl
(reyfoeowm, large BOULDERS i a st matr with minor lenses of sifty gravel. ALLUNVIAL FAN DEPOSIT |
Gravel ts fine tn coarse in the [Bnses, houlders to 2m of sub-angular schist. Poarly -
Lo graded, medium dense to dense. Dips slighthy 1o the east, -
1.2 ~ |
1.4 E —
E =
1.6 -
i =
LA —
= —
ﬁ —
o 0 -
Z —
2.2 Total Depth = 2.1 m
2.4 -
Zh ||
28 -
R
3.2
COMMENT: Digger refesal dus to lasge boulders Lpeperd By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




GeoSou.'/E

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 24

PROJECT ! nit Cararona Station

Job Number: js0e¢r

LOCATION: M/f& | Inclination: _ see Site map Direction: N/A
EASTING: 2194501 mE EQLUITPMENT: 12T Digger OFERATOR: Ine

NCRTHING: 5585307 mi TNFOMAP NO. COMPANY: Warkable Earth

ELEVATIOMN: sea site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD: ) EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05

ENGIMEERING DESCRIPTION

GEOLOGICAL

[¥F)
= |
BB =
2@ =
Zlz| & % SOIL / ROCK CLASSIFICATION, FLASTICITY OR E 53111';4‘; mWMEE ““‘Erz”'
E F'_E E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTE. STRLICTURE 1
g £ ] WEATHERIMG, SECONDARY AND MINDR COMPONENTS lﬁ . J
El|& & e FORMATION
= =
g5 =
&
M Brown, arganic SILT with rare roots, Uniform, soft. Parallel to siope profile that o [TOPSOIL e
dips to the east E e
0.4 :’ SILT waith i senvied, Sl s Wi il e Pava barl b siapee onsli U gl sdigjlilly Lis Pt duinl E _g LOESS |
:N: | Tan/brown, sty SAND. Sand is fine. Uniform, finm to stiff. Dips at 2° to the east. 1 [ALLUVEIAL BILT N
0.8 —
i ) B : =
- o] G fowmram, wly GRAVEL walf minor cobhies. Gorad 6 fing o maese, oobblkes o 200emm, clasis 2 wife uy ALLUVIAL FAN DEPOSIT -
i3 'l:-" - ..IE argular i sebemusted Peorly grded, mediem deree. Digs ar 22 (o e el E ]
- = la |
Brown, SILT with rmnor gravel and rare cobbles and boulders, Gravel i fine to ALLUATAL FAM DEPOSIT |
A o
i x coarse, boulders to 400mm. Uniform, s o wery stiff, Dips ot 27 to te cast, E
A Gravelly SILT with minor sand, Sand is fine to medium, gravel is Tine bo ooarse, 4 [ALLUVEAL FAN DEPOSIT
20 x Poorty graded, stff to very s, Dips at 2° to the cast, E =
vl LY
Brown, SILT with menor gravel and rare cobbles and boulders, Grave! i fina to ALLUVIAL FAN DEPOSIT |-
i
2.4 }r‘: coarse, boulders to 400mm. Uiniform, stff to very stiff, Dips at 2° to the east. E -
4 b
= 2B Gy Becwn, |arge BOULDERS i a silt matrix with minor lenses of sity gravel. ALLUNVTAL FAMN DEPOSIT |-
b Gravel is Mo to coarse in e lenses, boulders o 2m of sub-angular schist, Poorly g ]
2 graded, medium dense to derse. Dips slightly 16 the st E =
3.2
Total Depth = 3.2 m
36 =)
4.0 -
4.4 =
4.8 -
5:2 ||
5.6 -
fdl
G.d
COMMENT: Digger refesal dus to lasge boulders Lpeperd By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




/
GEOSOLVE

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 25

PROJECT ! nit Cararona Station

Job Number: js0e¢r

LOCATION: M/f& | Inclination: _ see Site map Direction: N/A
EASTING: 2194356 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: 5585501 mi TNFOMAP KO COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD:; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
5
— =
BB =
ele s E SOIL f ROCK TYPE, DRIGIN
= | = & SOIL [ ROCK CLASSIFICATION, FLASTICITY OR E ! A "
E|B] £ = PARTICLE SIZE CHARACTERISTICS, COLOUR, g | MINERAL CUMPOSITION,
g £ E - WEATHERIMG, SECONDARY AND MINDR COMPONENTS B T BT
E|&| ® & i FORMATION
£ £
g5 =
&
M Brown, arganic SILT with rare roots. Uniform, soft. Parallel to siope profile that t [TOPSOIL -
dips to the east e
n"z e -':::\. E =
:: SILT with sorne sard. Sand i fine. Undloem, firm, Paraliel to slooe profile thet divs LOESS |-
b the sast. I =
o }c':,q'} shghtly to the E - |
g o
0k H } Greyfoeown, sandy SILT. Sand s fine. Uniform, stilf. Sub-horzontal, ALLAUNVIAL SILT
.8 H}:} |
B y ~
o | X g |
o =
1.2 x =
A |
14w —
Birown, SILT with minor clay. Uniform, very stiff, Sub-horizontad, ALLUNTAL 5ILT
1.6 X i
}{:’{:ﬁ 2 ]
LA
o Groy/brown, large BOULDERS & a silt matrix with minor lenses of sty gravel, ALLUVIAL FAM DEPOEIT |-
= Geavel is fine to coarse, in the lenses, boulders to 3m. Poorly graded, medium 2o ~
ﬁ 20 dense to dense. Dips slightly to the east. E -
24 =
Total Depth = 2.2 m
2.4 -
Zh ||
28 -
A
3.2
CoMMENT: Refusal of digger due tn boekters Loxpeped By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1
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GEOSOL\E

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 26

PROJECT: it Cardrona Station Job Number: js0e¢r
LOCATION: M/f& | Inclination: _ see Site map Direction: N/A
EASTING: 2193955 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: 5585763 mN TNFOMAP WO, COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
5
— =T
E|H =
-r w —_
2l s E % SOIL / ROCK CLASSIFICATION, FLASTICITY OR g 53111';4‘; mT"'MEE ““‘Er:”'
35| E | & WEATHERING, SECONDARY AND MINGR COMPONENTS DEFECTS, STRUCTURE,
E|&| = g . E FORMATION
= =
g3 =
&
M Brown, arganic SILT with rare roots, Uniform, soft. Parallel to siope profile that t [TOPSOIL e
dips to the east e
u'z e .-':::\. E =
:: SILT with sorne sard. Sand i fine. Undloem, firm, Paraliel to slooe profile thet divs LOESS |-
it e shightly to the east. E =
HV:’ 1
0k " ™ Tan/brown, SILT with minor boulders, Boulders to SO00mm. Poarly graded, firm fo ALLUVIAL FAN DEPOSIT
¢ | st Dips to the east 5-10°. =
.8 H):} |
R ~
o | X |
o : =
1.2 x a =
i : -
x E s
L4 B¢ =
x =
16 | A N
X
s X c
= W =
20 W Greyfbrown, gravelly SILT with some cobiies and boulders, rare sand, rare ALLUVIAL FAN DEPOSTT
: :g: geavelly lenses acting as conduit for water. Sand is fine to medium, gravel s fine k=l 1
H } to coarse, bouldsrs to 2-3m, clasts are sub-rounded to angular. Poorly graded, E |-
22 x firm (becoming weak with seepage Influence). Dips to the east 5-10°. ﬂ_ =)
:’(x:" % % -
2.4
> ! :
=] s
2 X B
B q ||
x
28 M
Total Depth = 2.8 m
R
3.2
COMMENT: Mingr tn moderate seepaos @ 1.9m, 2001 in test pit hase after 10 minutes Lexpged By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




GEOSOL\E

/ GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 27

PROJECT ! nit Cararona Station

Job Number: js0e¢r

LOCATION: M/f& | Inclination: _ see Site map Direction: N/A
EASTING: 2194150 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: 5585988 mi TNFOMAP WO, COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD:; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
5
ela
5|8 o | g z
Zlz| & = SOIL / ROCK CLASSIFICATION, FLASTICITY OR E SE:I';‘"E RAWLCKCOWMEE ““‘Er:”'
E ,E_E E T PARTICLE S17E CHARACTERISTICS, COLOUR, 8 BEFECTE. STRLICTURE 1
E £ ] WEATHERIMG, SECONDARY AND MINDR COMPONENTS il . J
i E = E FORMATICM
= =
g3 =
&
| P, o ST it tane e, Ui, Wi, Psallel b e geeafie Shat s U tha s E ATOPSOIL l_
0.2 g :.'- SILT, Uniform, firm. Paratel fo slope profile that dips to the east., LOESS s
0.4 x}{:’ e
E -
0k | W a -
X 2 =
.8 x }
x —
L0 o -
12 o Compmeows, ST with nénar qrnal Gravel & e o moduum, Peorly graded, fre. D 2 the e, E fALLUVIAL FAN DEPOSIT [
} Bed/brown, SILT with some clay and minor sandy gravelly pockets, pockets are ALLUVIAL FAN DEPOSIT
x saturated, weak, act as a condulk for water. Sand s fine to medium, gravel & fine bt [
14 ‘}{ :, to medium. Ponrly graded, silt s stiff, slightly plastic with motsture, gravel is E
x medium dense, ioose with water influence, Dups o the east, g |
16 [ i |
< % ik _
s X A
*'lq ‘I! Feed/brown, silty GRAVEL with some boulders and rare sand. Gravel is fine o ALLUVIAL FAM DEPOEIT |-
* A q.'.-él.e coarse, sand i fing, boulders to 2m. Poordy graded, medium dense. Dips o the =
: =] st i
b o = -
> [ an E -
22 lassaa C =
363 —
S -
24 [ A -
il - =Ty i
|
*6 Total Depth = 2.5 m ||
28 -
A
3.2

COMMENT: Minor seepages fram 1.7 - 2,1m, refusal of digger owe o houlders

PHOTO REF.: N/A

Legpedt By: FAW

Checked Date:
Sheat:

Lofl




/[

GEOSOL\E

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 28

PROJECT: it Cardrona Station Job Number: js0e¢r
LOCATION: M/f& | Inclination: _ see Site map Direction: N/A
EASTING: 21594427 mE EQUIPMENT: 12T Digger OPERATOR: Ioe
NORTHING: SEESHTI mih TNFOMAP MO COMPANY: Warkable Earth
ELEVATION: seq site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD; Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
5
— =T
BB =
ele T § E | SOIL /RO TYPE, ORIGIN
= | = v .
2zl £ | Y AR, MATL 08 3| “Miena composton
Z|E|l E £ 5 e i DEFECTS, STRUCTURE,
% E o g WEATHERIMG, SECONDARY AND MINDR COMPONENTS E FORMATION
= =
g3 =
&
M Brown, arganic SILT with rare roots. Uniform, soft. Parallel to siope profile that t [TOPSOIL e
dips to the east e
02 | _.:"':h E =
:: Tenybrown, SILT, Uniform, firm. Paselle! to slope profile that dips slightly to the LOESS |-
it e easl, E =
HV:’ 1
0k H } Red/brown, SILT with some 1o minor gravel, menor clay. Gravel is fine to coarse. ALLANVIAL DEPDSIT
' | Poory graded, firm. Dips to the east. =]
1.8 }{:’:} E =
B ~
o | X |
L, -
1z | 1 Greyfbrowin, sandy GRAVEL with some boulders & cobbles and rare sitt. Sand is ALLUVIAL FAN GRAVEL |
:5-‘“ 4 finetncoarse, gravel IS fine to coarse, dasts are schist dominant angular to sub- =
l-.:élrﬁ‘ #] angular, boulders to 3m. Poorly graded, dense. Dips to the east. -
L4 fadsd -
e B
1.6 E{-&?ﬂ;. i
|' r'
&y 8 =
18 Ricad |
Pl .I! E —
o 0 o = [~
0 ‘n_'\.:_:.q. B a i
L a2 =
22 e - |
i i
24 |%wed
g s |
[ 2o 3 g
n = T 1]
g L';‘i:- *_,
?_E i m iy ..l
Total Depth = 2.8 m
R
3.2
COMMENT: Resfusal of digger due to boulders Leepged By: FAW
Checked Date:
PHOTO REF_: N/A Sheat: 1of 1




GEOSOL

/[

(5

GeoSolve Ltd
EXCAVATION LOG

EXCAVATION NUMBER:

TP 29

PROJECT ! nit Cararona Station

Job Number: js0e¢r

LOCATION: M/f& | Inclination: _ see Site map Direction: N/A
EASTING: 2194704 mE EQLIPMENT: 12T Digger OPERATOR: Ine
NORTHING: S5R5585 mN TNFOMAP NO. COMPAMNY: Warkable Earth
ELEVATIOMN: sea site map m DIMENSIONS: HOLE STARTED: 26-Aug-05
METHOD: Ml A EXCAV. DATUM: Ground Level HOLE FINISHED: 26-Aug-05
ENGINEERING DESCRIPTION GEOLOGICAL
&
— =T
ElH =
-r w —_
Zlz| & % SOIL / ROCK CLASSIFICATION, FLASTICITY OR E SE:I';‘"E RAWLCKCOWMEE ““‘Er:”'
E ,'-:'_5 E = PARTICLE SI1TE CHARACTERISTICS, COLOUR, g DEEECTS STRLIGCTS[UE ]RED v
g g i} WEATHERING, SECONDARY AND MINDR COMPONENTS ] . '
Ly E = E FORMATION
g2 z
a3
&
M Brown, arganic SILT with rare roots. Uniform, soft. Parallel to siope profile that t [TOPSOIL -
- el dips to the east. E ~
. o e
':, SILT with some sand, Sard i fine, Unitorm, firm. Pariizl o siope profie that dips siightly to e east. E -aLﬂESE e
04 A Geey/brown, SILT, Uriform, very stiff. Digs slightly to the east. |5 [PLLUVIALFAN DEPOSIT |
= g 1
Bk }{'-.-'} E Tl
}( :.‘- Taay'brown, SILT with minorsome bowlders, Boulders o 800mim. Pocely graded, g ALLUAVIAL FAN DEPOSIT |
o x very stiff. Dips slightly to the cast, .:g Ag
— E —
Sy
o [P Tasybrown, SILT with somejminc gravel, cobibies, boulders and minor sand, sil ALLUVIAL FAM DEPOSIT |-
b bertses from 1,5 to 2m. Sand s fine, gravel is fine o coarse, boulders Lo S00mm, =]
W ™ clasts are sub-roundsd to sub-angular schist dominated. Poorly graded, very G, e
1.2 :h:: Driprs stightly Lo U easl. -
B =
L4 x —
1.6 .:"‘-
H}:} " -
B -
L8 P =
x =
20 [ 3 |
> ..
22 X 2
}{x,} L
2.4
E TE Groyovowin, BOULDERS with =t matrix and cobbles. Boulders to 2-3m. Poorly ALLUVIAL FAN DEPOSIT
i graded, dense. Dips slighthy to the cast, g —
2 E
=1 G5
Total Depth =28 m
an
3.2
COMMENT: Loxpgerd By: FaW
Checked Date:
PHOTO REF_: NJA, Sheat: 1of 1




\é TONKIN & TAYLOR
GEOSOL SCALA PENETROMETER LOG
Job Mo: 160677 Date: 16082005 Test Number SC71 & SC2
Project: Mt Cardrona Station Operalad by: FAW
Logged by: ASC Sheel
of 7
sC1 SC2
Location: Beside TP Lacation: Beside TP4 o SC1
RBL: From Surface AL: From Surface k
mm N, of mrn Mg, of 200
Drivan Blowes Dirivan Biows
50 0.5 50 0.5 400
100 .5 106 0.5
154 ! 150 = e
i S T & |3
. 2 £
300 1 300 3 ;“‘ll]ﬂﬂ .
350 1 350 G
400 r 400 5 E'ﬂm ]
450 1 450 5 1400 4
SH) 1 00 &
550 f 550 Hafiisal 1600
G ! B0
550 f B50 1800
700 1 700 2000
750 E 750 5 s
o r o Blows / 50 mm
850 3 B50
200 1 800 oo 13.3 6.7] 4.4| 3.3
954 2 50 mm / blow
1000 z 1000 scz
1050 7 1050 | 0
1100 2 1100 L‘\I
1150 2 1150 200 4 L.
1200 5 1200 400 _ z_-
1250 3 1250
1300 2 1300 00 -
1350 3 1350 -
1400 3 1400 E 800
1450 3 1450 =
1500 4 1500 1000
1550 d 1550 EIZUD 4
1E'_HJCI 5 1600
650 | 6 1850 | 1400
1700 1 1700
1750 1750 1600 1
1800 1800 1800 +
1850 1850
1800 1800 2000 r
1950 1450 0 3 4 5 8
2000 2000 Blows / 50 mm
1 |
o 25 12.5J 8.3| 6.3
mm |/ blow
BEFERENCE Me. 890234 Healambes 20085 111



GeosoL /-

SCALA PENETROMETER LOG

Job MNe: 160677 Date: 16082005 Test Number SC3 & S5C4
Project: Mt Cardrona Station Operatad by: FAW
Logged by: ASC Sheet
of 7
sSC3 SC4 ]
Location: Beside TPS Location: See Sile Plan SC3
RBL: From Surface AL: From Surface
mm N, of mrn Mg, of 100 H-.
Drivan Riows Drivan Riows \
50 ] A0 I 200 \‘
100 05 100 ' s N
150 0. 150 ' o
EE_HJ 3 2ﬂﬂ_ 2 iE' 400
260 i 250 : (] E
300 g 300 z ;“ 500
350 Refusal 350 Fi
400 400 1 600
450 4450 Ralugal 200 -
S0 00
550 550 800 -
G (s 4]
50 B50 900
700 700 1000
750 750 5 i
= o Blows / 50 mm
850 a0 I
a00 800 o) 20| 6.7| 5.0
950 850 mm / blow
1000 1000 SC4
0
100 4
200 +——
300
'E 400
E
= 500
E 600
700
. — 800
Q00 +
1000
0 5 10 15
Blows / 50 mm
L |
o 13.3 ?J 4.4| 3.3
mm | blow
REFERENCE Hp. 880894 Sadlamber 2005 [



G_EpSQL\?é

SCALA PENETROMETER LOG

Job Mo: 160677 Date: 16082005 Test Number SC5 & SC&
Project: Mt Cardrona Station Operalad by: FAW
Loggad by: ASC Sheet
of 7
SC5 SCo |
Location: Beside TPG Location: See Sile Plan 0 SC5
RBL: From Surface AL: From Surface '\|
mm N, of mrn Mg, of 200
Drivan Blows Dirivan Biows i
50 1 50 ! 400
100 1 100 4 ?
150 2 150 7 o s
A ElE AR g
~ : 2 E
300 3 300 d = 1000 e
350 2 350 3
A0 4 400 4 E'ﬂm )
450 a 250 4 1400 -
SH) 5 00 4
550 & 550 a 1600
G g B0 £
850 g B50 g 1800
700 _9 700 2 2000 .
i < 7 2 0 5 10 15
i A e & Blows /| 50 mm
850 i RS0 4 |
a0 P 800 4 ca| 13.3] 6.7| 4.4| 3.3
950 i 850 q mm / blow
1000 8 1000 5 scﬁ
1050 0 1050 | ] ] s
1100 i) 1100 5 '
1150 8 1150 7 200 (/:
1200 fir 1200 & 400 ~—
1250 ] 1250 5
1300 E 1300 g 600 - |
1350 ] 1350 & -
1400 8 1400 | E 800 j\
1450 g 1450 £ =
1500 a 1500 1 10na
1550 1550 ﬁunu . l
1E'_rIJCI 1600
1650 1650 1400
1700 oo | s
1750 1750 1600 +
1800 1800 1800 +
1850 1850
1800 1800 2000 - : .
1950 1950 0 2 4 [ g 10 12
2000 2000 Blows / 50 mm
1 |
o 133 5.?J 4.4| 3.3
mm |/ blow
BEFERENCE Me. 890234 Healambes 20085 11



GEOS

LT AL

vt

SCALA PENETROMETER LOG

Job Mo: 160677 Date: 16082005 Test Number SC7 & S5C8
Project: Mt Cardrona Station Operalad by: FAW
Logged by: ASC Sheel
of 7
sCy 5Ca |
Location: See Sis Plan Lacation: See Siie Plan o SCT
RBL: From Surface AL: From Surface \‘,:
mm N, of mrn Mg, of 200
Drivan Blows Dirivan Biows <
50 1 50 z 4010
100 3 100 g r)
150 3 150 ¢ v P
o v i o L
i : 4 E
300 1 300 5 ;“‘IEHZHJ
350 2 350 7 3
400 2 400 7 E'ﬂm I
450 2 450 & 1400 -
SH) 1 00 &
550 ] 550 Hahisal 1600
G ! B0
850 2 B50 1800
700 2 700 2000
= : = 0 10 15
i 3 e Blows /| 50 mm
850 4 B50 |
a0 1 800 oo 13.3] 6.7| 4.4| 3.3
954 2 50 mm / blow
1000 3 1000 SGB
1050 5 1050 0
1100 8 1100 - .}
1150 g 1150
1200 8 1200 400 ‘h""':ﬁ _
1250 12 1250 ——
1300 Aefusal 1300 600
1350 1350 -
1400 1400 E 800
1450 1450 =
1500 1500 10na
1550 1550 ﬁunu .
1E'_rIJCI 1600
1700 1700
1750 1750 1600 +
1800 1800 1800 +
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SCALA PENETROMETER LOG

Job Ma: 160677
Froject: Mt Cardrona Station

Pate: 16082005
Operatad by: FAW

Test Number SC8 & SC10

Logged by: ASC Sheel i
of 7
sSCa SC10 |
Location: Beside TP3 Location: See Sile Plan 0 SC9
RBL: From Surface AL: From Surface L\|
mm N, of mrn Mg, of 200
Drivan Blowes Dirivan Biows
50 0.5 50 ! 400
100 0.8 100 !
154 | ! 150 = e
i ~ v [ ok
. : £
300 1 300 3 ;“‘IEHZHJ
350 2 350 f
400 1 400 i E.ﬂm )
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SH) 1 00 f
550 2 550 ! 1600 -
G 2 (s 4] f
£50 4 E50 ! 1800
700 2 700 3 2000
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500 3 800 4 9 3
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an0 2 800 7 ca| 40] 20 13.3| 10.0|
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1000 z 1000 1 s5C10
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1150 2 1150 200 -
1200 2 1200 400 |
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2000 2000 Blows / 50 mm
1 |
o 133 5.?J 4.4| 3.3
mm |/ blow
BEFERENCE Me. 890234 Healambes 20085 11



GEQSQL\?I{E

SCALA PENETROMETER LOG

Job Mo: 160677

Froject: Mt Cardrona Station

Pate: 16082005
Operatad by: FAW
Logged by: ASC

SC11
Location: Beside TP15

sC12 |
Location: See Sile Plan

Test Number SC171 & 5C12

Sheet
of 7

SC11

RBL: From Surface AL: From Surface
mm N, of mrn Mg, of 100 I
Drivan Blowes Dirivan Biows \
50 0.5 50 i 200 '\
1 .5 100 2
150 1 150 4 2 [/
EE_HJ f Eﬂﬂ_ o | -"E' 400
250 f 260 J £ \l
300 z 300 3 ;“ 500 -
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400 ! 400 Rafusal 600
450 2 A50 ?{]n |
S0 z 00
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'E 400
E
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o 133 5.?J 4.4| 3.3
mm | blow
REFERENCE Hp. 880894 Sadlamber 2005 [
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SCALA PENETROMETER LOG
Job Mo: 160677 Date: 16092005 Test No. s5C13
Pmjact: Mt Cardrona Station Opearated by: FAKW
Location; Beside TFP13 Logged by: ASC Sheet 1
RL: From Surface Checsed by, FAW of i
SC13 SC13 cont... SC13
mrm Mo, af il Mo af 0
Driven Elows Dinven Blows
50 o8 2550
100 05 600
150 I 2650
200 I a700 500
250 i 2750
300 ! 2600
350 0.5 2850
|
0 aa S 1000 -
S00 05 3000
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650 ! 3150
700 ! 3200 1500
750 1 3250
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900 f 3400 2000
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1200 £ 3700 E — —
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_i_:_g_ﬁ_ ':_ %- 0 2 3 4 = & 7 B
2800 - 000 Blows [ 50 mm

Test Method Used: NZS 4402:1988 Test £.5.2 Dynamic Cone Penetrometar
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SCALA PENETROMETER LOG

Job Ma: 160677
Froject: Mt Cardrona Station

Dale: 16082005
Operatad by: FAW

Test Number 5C14

Logged by: ASC Sheet
of 7
5C14
Location: Besids TP13 Location: " SC14
RBL: From Surface AL:
mm N, of mrn Mg, of 200
Drivan Blows Dirivan Blows
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SCALA PENETROMETER LOG

Job Mo: 160677 Date: 16082005 Test Number SC15 & SC16
Project: Mt Cardrona Station Operalad by: FAW
Logged by: ASC Sheet
of 7
5C15 SC16
Location: Beside TP14 Lacation: Beside TP16 " SC15
RBL: From Surface AL: From Surface |\
mm N, of mrn Mg, of 200
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SCALA PENETROMETER LOG

Job Mo: 160677 Date: 16082005 Test Number SC17
Froject: Mt Cardrona Station Operatad by: FAW
Logged by: ASC Sheel i
of 7
SC17
Location: Beside TP18 Location: o SC17
RBL: From Surface AL: L‘
mm N, of mrn Mg, of 200
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SCALA PENETROMETER LOG

Job Mo: 160677 Date: 16082005 Test Number SC23 & SC24
Project: Mt Cardrona Station Operalad by: FAW
Logged by: ASC Sheet
of 7
SC24
Location: Location: Besida TPT 0 SC23
RL: AL: From Surface
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Phone 03 @45 H1Es
Fax 45445 0029

20 June ‘06

Jenny Parker

Arrow Resource Management
11 Argyle place
ARROWTOWMN

Dear Jenny
Mt. CARDRONMNA STATION: FAULT LINE AND HYDROLOGICAL REPORT

Dlezze find below a discussion on the six fems you listed as being pertinent to the proposed
development on Mt. Cardrona Station. Each item related to one or more natural hazards that
have been identified by the Otago Regional Council near the sile and which require lo be
assessed and clarified in order to progress the resource consent process.

Geological Selting
Pringles Creek drains east from the ridge crest immediately south of #Mt. Cardrona (Fig.1). The

upper half of the catchment comprises a moderate to steep sided basin that spans a vertical
relief of more than 1000m. Beyond the basin, Pringles Creek is variably incised into a set of
alluvial fans, of different ages, that effectively extend down to the Cardrona Valley floor. A
prominent fan, at lower levels, is the dominant area for the proposed development on Mt
Cardrona Station.

From both a field inspection and a photogeological study | have come to the conclusion that the
physiography in the area is dominated by glacial processes. All tributaries draining east and
south off Mt. Cardrona have upper morphologies indicative of past glacial occupation; valley
glaciers to in excess of 3km in length during the Late Quaternary (probably larger for some older
events), and snowfields/cirque glaciers for events associated with very recent cold periods. The
alluvial fans are also considered to be fluvioglacial sedimentary deposits that formed by
aggradation, in sympathy with the infilling of the main valleys during the same glaciations. In the
interglacial periods rivers and streams degrade, there is progressive erosion of exposed
surfaces by both aerial weathering and landslide processes, and tectonism impacts irregularly.
More or less typical of many areas in Central Otago.

Faulting is a known hazard within the Cardrona Valley and its projections, and the approximate
trace of the fault (zone) that trends along the north-west margin of the valley should be marked
on the QLDC hazard maps. Apart from a single, defined trace on Mt. Cardrona Station there is
little local evidence on which to define past and future tectonic deformation, however. Please
note that for this exercise no attempt was made to investigate the distribution of tectonism or to
research previous work on seismicity and likely return periods.

item 1: Ages of Alluvial Terraces and Fans

Profiling of both field determined and photogeologically defined Cardrona River terrace surfaces

and proximal fan margins was undertaken for this study. To establish best-fit ages the profiles
|



were extended to the main Clutha Valley, for which thers is an approximate to relatively precise
geometric relationship and chronology. On this basis a set of ‘lucal’ values was detarmined for
the mid Cardrona area.

Tabla 1 lists the assessed ages of the principal features of interest.

ltem 2: Fault Trace Posilion

Figures 3a and 4 indicate the approximate position of the fault trace in plan while Figure 3b
shows a likely atiitude at depth, assuming a compressional regime for local tectonism. Several
photos also lllusirate the position and morphology of the fault scarp.

Features of nate!

a) The fault only dislocates the upper, prominent fan surface with an assessed 140,000 year
age. A west-side-up displacement suggests reverse movement on a west-dipping plane.

h) There is a prominant but eroded scarp on the Skifield Road at RLE70 approximately (Photo
8).

¢) Across a gully, to the south of the road, a prominent, arcuate scarp is present which is also
hightighted by springs. | suspect the arcuate nature is a function of siream incision and that
the trace is on a line trending from the fereground in Pholo 6.
From contour profiling it is estimated the fault throw is about 10 — 15m. As indicated in the
sketch below,
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it is probable that the trace lies about at the centre of the fault riser; the initially uplifted
margin of the western block would collapse then erode, to produce a debris apron on the
downfaulted side.

d) A 10 = 15m throw appears to be excessive for a single event Multiple, same-sense
movements are assumed to have occurred along this fault strand.

e) |he riser near the apex of the “Village Terrace” fan does not reflect the tecionic displacement
in total as the adjoined fans have different ages. Significant landslide deposits mantle the
riser and mask any prospective fault trace (Photo 1).
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A Mo faull trace is visible on the floor or margins of Prngles Creek. There is no apparent
deformation of the “Village Terrace” fan but the irace probably lies to the wesl of the Tan apex
(Fig. 3a). As a consequence, it is not possible to estimate whether the latter fan has been
disrunted or not when it siill existed upstream from The Bend.

) To the south of Pringles Creek the fault scarp Is again evident as an irregular step in the
140,000 year old fan, the downthrown side of which is only slightly higher than the "Village
Terrace” fan apex. The surface trace is highlighted by springs.
it is alsc apparent that:

= the older fan has been significantly degraded south of Pringles Creek.
» fault scarp heights are small to negligible.

Perhaps only the most recent deformation phase has been preserved here.

hy South of a peint 300m south of Pringles Creek there has been extensive landsliding which
has obliterated any pre-existing fault tfraces (Photo 1).

in summary, the fault scarp is evident on both sides of Pringles Creek but if does not disrupt the
channel perimeter. As well as can be projected, the trace will cross the channel just upstope
from the apex of the “Village Terrace” fan i.e. approximately in the centre of the large radius
hend The time of last movement has not been assessed.

fiem 3: Sources, Movement and Agegradation of Stream Sediment

a) Sediment Sources
Although there is some potential for erosion of stream channel marging below RLB00, most
potential sources of sediment in Pringles Creek lie within the steep, upper basin. In the latter
area | have both visually and photogeologically defined (Fig. 2):

it an apparently creeping slide mass in the central gully area; toe at RL820, crest at RL1220
(Photos 2, 3, 5).
From a photo in an ORC memo, supplied by Lamorna Cooper, | understand this feature is
called the Arcadiz Slip. Mo maps have been supplied so | cannot compare absoluie

boundaries.

il an extensive slide area on the lower to mid section of the north flank of the Pringles Creek
basin. Various lobes and degrees of activity. Some potential for relatively small debris
flows — my assessment.

jiif multiple slides feeding into the upper reach of the Arcadia Slide. Not particularly active.

i/ an incipient failure in schist, incorporating a spur in the central basin, with the upper limit
of distress at RL1700, approximately. No perceived debris flow potential.

v iregular, small failures in the road switchback area of the south flank of the basin.
Minimal debris flow potential.

From comment in the April 2006 “Snow Making Pond" report (supplied), plus notes provided
by Lamoma Cooper, ! interpret the contentious pond is sited in a pre-existing depression,
near the south fringe of the basin, at RL1550-1560. The inference from the ORG
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b)

publications Is that the dam itself would be sited on a landslide, with a large areal extent, and
that there is potential for mass movement on the slope above which puts the pond at even
greater risk of failure. (! also note there is a geotechnical report by Jeff Bryant, which |
haven't seen.) Information supplied suggests the pond site is on the Scum Valley Landsiide,
but | may be in error, here, especially as | have not visited the area.

My interpretation of the geology at and near the ponds site is that there are séveral glacial
cirques on the upper siopes, one of which will be effectively ceeupied by the pond. While
indeed there is an apron of debris on the downslope side of the depression, and there may
he local erosion on the outer edge of the apron, the mass will be clastic, glacial till, which
should not be debris flow prong.

In summary, | assess:

w the proposed pond is within a cirque glacier moraine loop. No debris flow potential.

¢ a landslide on the valley axis in the lower basin appears to be cresping and have
same debris flow potential. (Bui not as 2 result of dam leakage.)

» landsiides on the north flank of the basin also have limited debris flow potential during
storm events.

Sediment Movement and Agaradation
Recent storm events, such as that in November 1999, have had no significant influence on
the active channel and no impact at all on the broad floodpiain downstream from the Skifield

Road crossing. It can be assumed, therafore, that:

il no debris flows were ganerated.

iif existing landslides are not particularly susceptible to debris flows, either in part or as a
whole.

And the question can be asked as to whether any debris flows of significance have actually
passed down the central and lower reaches of Pringles Creek since it has been in iis
degradational phase; also whether similar conditions have occurred even within the present
inner gorge, which is clearly the voungest merphological feature. My view is that debris flows
have probably occurred but they would have heen small at mid reaches of the lower half of
the catchment, which actually has a low channel gradient (Fig. 3b). The scaftered boulders
along and near the channel cannot be used as a guide, as they may be merely a lag from the
erosion of the last fluvioglacial fan, and there is no unequivocal evidence of aggradation in
the channel segment that | saw.

The ORC repert {April 2008) has assessed debris flow impacts assuming & range of
scenarios, including a rapid failure of the pond during a rainstorm event. Assuming a debris
fiow can actually be generated on the Arcadia Slip area, the analysis defines a worst case
situation as having a 150,000m® volume, travelling at 3.5m/sec. and passing debris at
91m¥sec. While the Skifield Road would be destroyed at the crossing, the diminished
gradient and widening floodplain further downstream will cause debris deposition and a
termination of the debris flow before reaching the floor of the main valiey. Levels of peak
flow at different segments in the catchment have been plotted and it is informative that all are
within the inner gorge and only to about 2m above the channel thalweg downstream from the
road crossing. No incursion onto the flood plain is depicted.



One assumes 3 certain amount of aggradation will oecur as a consequence of the debris flow
event but most detritus should be rapidly removed from the inner channel during nonmal
stream functions. Boulders may cause some aggradation of a more permanent nature.

in summary, | conclude the modelling undertaken as part of the ORC dambreak report is
sensible, with end results fifting observations In the existing Pringles Creek
channelffloodplain complex. A worst case scenasio would generate a maximum flood/debris
flow level 2m above the channel thelweg downstream from the bridge crossing and a limited
amount of aggradation will occur in the inner channel as a consequence.

ltemn 4: Risk of Aggradation and Overflow at the Pringles Greck Bend

Pringles Creek, on the laft bank, is flanked by an assessed fluvioglacial deposit that has a
surface tread variously grading to the east and south-east (Fig. 3a). Al the apex of the ("Village
Terrace”) fan there appears fo be a remnant of the primary aggradational surface which is
slightly higher, and less channelled, than the clearly degraded equivalent that forms most of the
fan surface and the area marginal fo Pringles Ck. (Photo 2).

The right margin, and marginal strip, of the fan is obviously a key feature in the overflow hazard
scenario and | measured some sections, in a simple way, to illustrate channel geometries. An
dentified most susceptible left bank position was located just downstream from the fan apex
(Section 1 on Fig. 3a) and a couple of other sections (Sections 2 and 3) were measured as well.
it should be noted that the ORC Report Section 1130 corresponds closely with Section 1 while
ORC 1020 and Section 3 are near each other.
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Please note: 0 Hoseng
a) The deeply incised floodplain (6m below fan margin) and active stream channel (almost 5m

b)
21
d)

below floadpiain) on Section 1.
Even more deeply incised profites on Sections 2 and 3, relative to the fan margin.
The large cross sectional area for each section below the level of the fan margin.

On ORC Section 1130, a modelled 2m rise in fluid level in the stream channel during the
peak flow for a worst case scenario invalving a simultaneous rainstorm and dam bresk.
When the overzll channel dimensions are considerad this is a negligible impact,

Further Camreant:

)

B)

d)

A catastrophic slopa failure in the caichment leading to & major debris flow in Pringles Creek
cannot be precluded in the future. However, one hasn't occurred to a level of intruding onto
the "Village Terrace” fan in the last 23,000 years so the risk of it cccurring in the Hife of the
sroposed development is assessed as exiremsiy low.

The risk of a moderate sized debris flow even exiting the inner channel of Pringles Creek at
“The Bend” in the next 50 years or so is alzo assessed as low when considering!

e the ORC modeliing.
¢ the rather low channet gradient downslope from the road crossing.

» the broad floodpiain upstream from The Bend, which will substantially reduce
velocities and allow appreciable sediment deposition.

My intuition also indicates a flood or debris flow won't overiop the left bank along the fan
margin, even allowing for surging. As illuetrated by Photos 4 and 8, the cverall channel is
very wide and generally deep and The Bend is, in reality, a large radius curve.

The ORC continues to have residual flood and debris flow concemns, including the risk to the
“Village Terrace™ fan development. | had a discussion with' Lamorna Cooper, who also
supplied memoranda of March and May vintage, and it transpired that her main concemn
regarding a left bank breach was the apparent presance of a "switching point” (new term to
me) between ORC Cross Sections 850 and 1020. At this junction the freeboard on the true
left reduces to ca. 1.5m.” The high level dam is considered to exacerbate the risk compared
with the existing condition.
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{amorna’s area of concer lies more-or-less at my Saction 3, whera there is a desply incised
active channel at the left of the broad valley. One point she raised was an initial valley floor
aggradation phase which would diminish the superelevation on the lefl at the time of the
fiondidebris flow wave. But, the latier will be at the front of the flow and will pass down an
unaffected channel, so there will be no precursory aggradation, in my opinion.

| believe continuing dialogue with the ORG, perhaps with some dedicated cross sections
being constructed at kev localitiss, may easily resolve the issue of "Village Terrace’ fan
inundation without resorting to remedial works such as embankment consiruction.

itain §: incremental Hazards for Kidson Development Mode!

@) Flooding

)

As previcusly discussed, the flood/debris flow hazard to the “Village Terrace” fan from an
event traversing Pringles Creek has essentislly been negated by the ORC Dambreak Report
that can, in turn, be diminished in impact terms if it is accepiad the dam location is within a
cirque moraine rather than on a landslide. ORC staff have a residual issue with one srmak
saction of the Pringles Creek chanriel, however, and this needs further prudent aftention.
Assuming a positive outcorne here, | cannot perceive any difference in flood hazard and risk
from the creek to either the existing Rural Visitor Zone or the enlargad Kidson version
(Attachment 1).

There are surface flows on the upper "Village Terrace” fan that need fo be considered,
however. These include groundwater seepages in the Upper Terrace Escarpment and
limited runoff from the terrace above the scarp. These either intrude, or potentially intrude,
into the north-west guadrant of the "Village Terrace” (Attachment 2) from where they will be
directed to the north-east to the creek that runs down Homestead Valley. Attachment 1
cantours in this area depicl a shallow basin on the fan which will be & subcatchment. As the
entarged Rural Visitor Zone will be entirely to the east of this catchment no hazard and risk
from surface flooding should result.

Faulting
The Upper Terraca Escarpment brackets the indicated fault scarp which:

if has a slightly uncertain trace posifion.

il reflects probable multiple events, an individual one of which will have a likely maximum
throw of 2 - 3m.

iif could have a zone of deformation rather than a single plane.
iv/ is west-side-up on a presumed west-dipping fault.

v/ is due to & fault strand that has an uncertain relationship to the regionally persistent NW
Cardrana Fault Zone. Perhaps itis the master fauil.

Iirespective of these uncertainties there is no evidence that the “Village Terrace” fan has
been tectonically deformed since its formation - assessed as 23,0600 years BP — nor has the
assessed 140,000 vear old fan that caps the ridge to the north been deformed apart from the
one distinctive scarp at RL6B0 approximately. On ihe basis of these interpretations the
“Village Terrace” fan as a whole is assessad as having a very low to exiremely low risk of
tectonic deformation in the lifetime of the proposed development, apart from, perhaps, the

T



fan apex. As both the assumed existing Rural Visitor Zone and the Kidson enlargement are
well away from the existing fault scarp they wiil be equally in the same risk category and be
affected by the same levels of future seismic shaking.

Landsliding
The southern half of the Upper Terrace Escarpmant is affected by landsliding, the toe zone of

which locally extends to below the water race. Mobility is influenced by groundwater
seapages but movement rates are clearly low.

it is assumed that there will be an increase in the size of the landslide toe zone, should
rupture again occur on the fault in the life of the proposed development, but the wet margin of
the enlarged Kidson zane lies 450m away from the present toe and should net be adversely
affected by future slide enlargement.

Conciusions

a)

b)

c}

d)

Both the existing Rural Visitor Zone, and its proposed enlargement, span a fan/gully complex
just west of the Cardrona River. The various prominent surfaces are aftributed to
aggradation caused by both regional glacial events and the contemporaneous devaiopment
of small valiey glaciers on the flanks of Mt. Cardrona.

The surface of the fan to the north of lower Pringles Creek ("Village Terrace”), on which
development is proposed, has an assessed 23,000 year age. The remnant surface at higher
levels to the north has an assessed minimum age of 140,000 years.

A north-south-trending fault disrupts the older fan approximately 800m west of the present
Visitor Zone and 600m west of the proposed enlargement. The fault is west-side-Up, has
indicated multiple phases of post 140,000 year movement, and has an uncertain relationship
to the master fault in the NW Cardrona Fault Zone. Timing of the last movement event is
uncertain as the projected trace will lie just to the north-west of the "Village Temrace” fan.

Concerns have been expressed by the Otago Regional Council with respect to the potential
for Pringles Creek fo overtop its left bank in the lower reach and flow down the "Viliage
Terrace” fan to the proposed development area during a major flood or debris flow event.
The latter includes a rapid release from & proposed pond on the skifield, which would
exacerbate the hazard.

However, modelling of a worst case scenario Pringles Creek flow indicates only a minimal
rise in the level of the creek in the active channel will occur at key stations. As the aclive
channel constitutes only a emall fraction of a wide, high sided valley incision that adjoins the
“Village Terrace" fan, the risk of channel overtopping and stream avulsion on the left bank is
considered to be effectively zero for perceived sensible events in the upper catchment.

This study concludes the proposed snowmaking pond is sited within a cirque moraine, rather
than a landslide mass as previously interpreted. A diminution of the risk of dam failure as a
consequence will have a beneficial influence on flood or debris flow risks in the lower
catchment.



f) Expanding the proposad Rural Visitor Zone on the “Village Terrace” fan, as per the Kidsorn
concept, should not incrementally increase the risk factors from flooding/debrie flows, direct
displacement by faulting, or landsliding in the development area.

| trust the various discussions on requested items are informative and pertinent.  Personally |

don't foresee significant geotechnical hazards in the proposed development area but items such
as lhe more regional extent of faulting have not been addressed for this report and there are

ohgoing elernents of the study by ORC of Pringles Creek hazards which have yet fo be
concluded: a timeframe for this aspect is unknown.

Regards
- b
A grgr e
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| Featurs and Location Age Glaciation Comment -

1 (yrs. BF) .

! . I: - e —

| "Village Terrace” fan surface, north 23,000 Ctira Prefile on outer edge fan, close to proto Cardrona River |
of Pringles Creax (Photos 7, 8). i surfacs.
Skifield Road remnant terrace by EM{‘I,GGG Waimea Surface faulted on road west of pine rees, '
pine trees. (Phcto 1)
Faulted fan south of Pringles Creek | 2140.000 | Waimea | Same surface as Skifield Road, above. N
Bend (Photos 1, 4}

“Nominal moraine, north side of 300,000 | Waimaunga | Equivalent likely on south side of Pringles Creex.

. Pringles Creek, RL830 '

|

'Cirques in head of Pringles Creek | =1,000yrs? | Ora | Probably multiple occupancy phases in recent times.

Table 1 Assessed ages for surfaces rear the proposed development area.



Captions for photos illusirating hazard sources and fan surfaces.

by

4

2,3

Description

Looking west to the Pringles Creek catchment and seme nearby geomomnic
features.

Head basin of Pringles Creek catchment §reeping landslide mass at centre.

View up Pringles Creek. Mote:

a) edge of “Village Terrace” at centre right.
by very wide flopdplain with stream incised right of centre.
¢) fault scarp, upper left.

View up Pringles Creek. Note:

a) large, glaciated basin at head.
b} wide floodplain in foreground.
¢) fault scarp, lower lefi.

d) landsliding at right of centre.

LLooking south along fault scarp from the Skifisld Road terrace remnant. Note:

a) steep slope in foreground is the northernmost fault scarp.
by road just beyond fence.

c} estimated 10 — 15m throw on fauli.

d) surface trace probably mid height of scarp.

Looking south-west across much of the "Village Terrace” fan (at left of centre} and
faulted higher terrace at night.

Looking WSW across “Village Terrace” fan. It grades out to an indicated proto
Cardrona River surface behind the pine trees at left.
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