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Methodological development and tests were carried out in the Savukoski-Pelko-
senniemi area and eastern Rovaniemi during the project ‘Novel technologies for 
greenfield exploration’ funded by Tekes. The aims were to develop or provide rec-
ommendations for suitable drilling equipments and methods that would enable the 
sampling of both basal till and bedrock at the same time, as well as stratigraphical 
control during soil sampling, confirmation that the bedrock has been reached and, 
the collection of sufficient till samples for indicator mineral research, and also to 
identify the best till sampling technique to minimize the environmental impacts. 
Practical testing demonstrated that the goals would be best achieved using tradi-
tional deep drilling methods with soil and diamond drills supported by test pit 
research or the use of high-frequency sonic drilling. Furthermore, future recom-
mendations for the equipment or drilling configuration are proposed.
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INTRODUCTION

In glaciated terrains, where glaciogenic overbur-
den predominantly covers the bedrock surface and 
till with varoius types of glaciofluvial and -lacus-
tric sediments forms the prevailing soil types, the 
use of effective till sampling techniques is impor-
tant in mineral exploration. Till, being glaciogen-
ic, is useful as a sampling medium because it is a 
mixture of fresh and weathered bedrock and older 
sediments. Till material and rock fragments are 
always derived some distance from the source(s) 
and are dispersed in a down-ice direction, i.e. in 
the direction of ice-flow (Kauranne et al. 1992). 
For this reason, till represents a larger and more 
homogenised source for the debris and rock frag-
ments than bedrock outcrops.

The goal in Task 1 of the project ‘Novel tech-
nologies for greenfield exploration’ funded by 
Tekes was to compare and develop different drill-
ing techniques to obtain more representative and 
stratigraphically controlled samples from till lay-
ers, and from weathered bedrock and/or fresh 
bedrock at the same location. Samplers mounted 
on crawlers- or 6x6 forest tractors equipped with 
different drilling devices were used to obtain sub-
stantially larger samples from the till and bedrock 
than by the traditional technique, in which percus-
sion drilling with a flow-through bit is used (sam-
ple size normally 200−300 g; typically used in so-
called conventional till geochemical research; cf. 
Salminen 1995). The aim was to obtain till samples 
that would be suitable for both geochemical analy-
ses and indicator mineral (e.g. heavy minerals) re-
search, i.e. a sample size of at least 5 litres (about 
8−10 kg). Furthermore, one of the aims was to en-
sure that the bedrock surface was reached instead 

of only large boulders in till. This means that at the 
same time as basal till sampling, it would be pos-
sible to obtain a reliable, continuous sample from 
the fresh bedrock (+/- 5 m) or from the weathered 
bedrock.

An objective underlying the development work 
was to identify the best possible till sampling tech-
nique to minimize the environmental impacts. 
This means the development of not only the sam-
pler but also the whole concept for collecting till 
and bedrock samples for geochemical and min-
eralogical investigation, and for observing the 
overburden stratigraphy at the same time. Ideally, 
it would be good to have readiness for continu-
ous soil sampling for stratigraphical research and 
special sampling i.e. for granulometric analysis 
and dating purposes. Furthermore, the timing of 
sampling should take environmental aspects into 
consideration. 

In addition, Task 1 aimed to further develop 
sampling and data management by using rugged 
field computers together with GPS units for data 
acquisition and navigation in the field. The field 
unit used geographical information systems to 
optimize the route between sampling sites so that 
the sampling could be carried out efficiently and 
with the minimum impact on environment. GPS 
can also be used in route planning for the service 
transport (fuel, flushing water, repairing etc.) dur-
ing different drillings. This methodological testing 
has been more carefully introduced and discussed 
in a separate report (Sarala & Taivalkoski 2014) 
stored as an archive report into the database of the 
Geological Survey of Finland (GTK).

STUDY AREA AND GEOLOGICAL SETTINGS

Study area is located in the Savukoski-Pelkosen-
niemi area in eastern Lapland (Fig. 1). The whole 
study area covers about 980 km2, but the heavy 
mineral studies focused on a smaller area of about 
850 km2, as sampling was not possible in the Akan-
vaara claim area and Sakkala-aapa mire area dur-
ing the project.

The lithology of the Savukoski-Pelkosenniemi 
study area comprises Archaean and Palaeoprote-
rozoic rocks. The eastern part is composed of gran-

ite gneisses, with an association of greenstones of 
the Archaean basement, and the western part of 
the Palaeoproterozoic Central Lapland Green-
stone Belt, dominated by metasedimentary rocks 
with narrow mafic volcanic rock and diabase veins 
(Lehtonen et al. 1998). The two groups of rocks 
are separated by a north−south-oriented chain of 
komatiite and graphite sulphide schists.

Northern Finland is located in the central part 
of the last continental glaciations in the area of 
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Fig. 1. Location of the Savukoski-Pelkosenniemi study area in eastern Finnish Lapland with points where samples were col-
lected using test pits and different drilling methods. Contains data from the National Land Survey of Finland Topographic 
Database 03/2013.

the Scandinavian ice sheet (Johansson et al. 2011). 
Central Lapland is situated in the latest ice-divide 
zone of the Late Weichselian glaciation, where 
the glacier had only a low erosional effect on the 
ground (Hirvas 1991, Johansson et al. 2011). Ear-
lier knowledge of the surficial deposits and the 
glaciogenic formation in the study area is mainly 
based on research during the 1970s by Hirvas et al. 
(1977) and the 1990s by Johansson (1995). Based 
on those investigations, till units of three differ-
ent glacial phases can be found in the Savukos-
ki-Pelkosenniemi area, representing a northern 

ice-flow direction in the older phase and north−
western and western flows during the younger 
phases. These provide some estimation of the gla-
cial transport directions of the till material. 

Based on new observations during this project, 
the study area is dominated by glacial overburden. 
Sandy, matrix-dominated till is the main sediment 
type having a thickness of 2−5 m in the higher 
ground and 5−15 m in the lowland areas. The high-
est hill tops are usually without a soil cover, con-
sisting of a bare bedrock surface or frost-heaved 
boulder fields, and they only occasionally have a 
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shallow till veneer. In the topographic depressions, 
the thickness of sediment deposits is usually great-
er than in other areas. Particularly in the Kemijoki 
River valley, the overburden is thick, reaching over 
50 m in the northern parts due to structural con-
trol, i.e. the river is located in a deep and almost 
north−south- oriented weathered shear or weak-
ness zone. The basal parts of the valley deposits are 

glaciogenic in origin, composed of glaciofluvial 
sands and gravels, but also layers of till. The upper-
most sediments have been deposited during post-
glacial fluvial processes. Under the overburden, 
the surface of the bedrock is commonly weathered 
from some centimetres up to several tens of me-
ters, being mainly of the saprock type and rarely 
saprolite (cf. Sarala & Ojala 2008).

METHODS

Sampling and sample processing

Sampling was carried out using test pits and five 
different drilling methods (Table 1). Tractor-ex-
cavated test pits have long been used in surficial 
geological research and till geochemical or heavy 
mineral sampling in mineral exploration. This 
method provides high stratigraphical control of 
till and bedrock sampling together with large sam-
ple sizes when the glacial overburden is not thicker 
than six metres. In total, 71 test pits were dug in 
August to September 2012 covering most of the 
study area (Fig. 1). Different stratigraphical units 
were observed and described from the test pit 
walls and till geochemical and heavy mineral sam-
ples were collected from the lower and upper parts 

of the sections. Two types of heavy mineral sam-
ples were collected from the bottommost till unit: 
the first in a traditional manner in a ca. 20−30 cm 
thick horizontal layer (12 litres), about one metre 
from the bedrock surface upwards, and the sec-
ond as a 10 x 5 x 100 cm vertical pillar (volume ca.  
5 litres), of which the lower end was about one 
metre above the bedrock surface (Fig. 2). The lat-
ter resembles a drilled soil sample when the length 
of the rod is one metre and the diameter is about  
8 cm. Consequently, the sampling was comparable 
with the tested soil drillings. Finally, the bedrock 
was observed and chip samples collected for the 
geochemical and lithological analyses.

Table 1. Summary table of the realisation of bedrock and till sampling using test pits and different drilling methods.

Drilling 
type

Operator Time Working 
days

Number 
of  

points

Soil 
drilling, 
total m

Bedrock 
drilling, 
total m

Bedrock 
core m

Drilling, 
total m

Heavy 
mineral 
samples

Till 
geochem 
samples

Test pit GTK 20.8.-
13.9.2012

19 71 321* 78** + 
86***

116

GM100 GTK 22.8.-
5.9.2012

15 20 385 337 4-6 m 722 20 31

Pneumatic ADC 7.11.-
30.11.2012

14 21 210 70 2-4 m 280 31 29

GM200 DESTIA 27.11.2012-
29.1.2013

30 25 301 354 2-4 m 655 31 31

Percussion MÄCKLIN 24.1.-
14.2.2013

18 8 215 205 1-2 m 422 8 8

GM100 GTK 7.3.-
26.3.2013

13 13 168 287 4-6 m 455 14 14

Sonic drill SONIC/ADC 4.-
10.11.2013

6 6 78 12 1-3 m 90 - -

* Test pit thickness, total m (average 4.5 m/test pit)  ** Number of 5-litre profile samples, *** Number of traditional 12-litre samples
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The five different drilling methods were: 
1) A crawler-mounted GM100-type diamond 

drilling unit (Fig. 3a) with casings of 90/68 mm 
in diameter for the soil drilling (in this context, 
the term soil is used to describe whole glacial 
overburden above the bedrock surface). Soil 
samples (ca. 5 litres/1 m) were drilled without 
flushing (i.e. casing sampling). Bedrock sam-
ples (4−6 m continuous drill core) were drilled 
with rods and a core sampler, the diameter of 
which is 60 mm (core diameter 41 mm), using 
water flushing. Flushing water was transported 
using a farm tractor and a 5-m3 water tank. 
This method (operated by GTK) was used at 20 
sample points in 2012 and 13 sample points in 
2013.

2) A 6x6 forest tractor -mounted pneumatic drill-
ing unit (Fig. 3b) with a ca. 100-mm-diameter 
drill bit. Soil and bedrock samples (5−10 litres/1 
m) were drilled without flushing but using 
high-pressure air (reversed circulation meth-
od). Sample material was crushed (grain size 
<10 mm) and collected into plastic bags (one 
metre interval). A separate, crawler-mounted 
air compressor was needed to support the drill-
ing unit. This method (operated by the Arctic 
Drilling Company Ltd.) was used at 21 sample 
points in 2012.

3) A crawler-mounted GM200-type diamond 
drilling unit (Fig. 3c) with 83/62-mm-diameter 
casings for the soil drilling. Soil samples (ca.  
5 litres/1 m) were drilled with casing sampling 

using compressed air as flushing but 55-mm-
diameter R38 rods for cleaning the casings dur-
ing drilling. Bedrock samples (2−4 m continu-
ous drill core) were drilled with rods and a core 
sampler, the diameter of which is 60 mm (core 
diameter 42 mm), using water flushing. Flush-
ing water was transported using a farm tractor 
and a 5-m3 water tank. This method (operated 
by Destia Ltd) was used at 25 sample points in 
2012−2013.

4) A light-weight, crawler-mounted (Bandvagn) 
percussion drilling unit (Fig. 3d) with 45-mm-
diameter rods and a crushing bit. The drilling 
system is based on a small GM50-type hydrau-
lic top hammer with rotary crushing. Soil sam-
ples (0.5−1.5 litres/2 m) were drilled without 
flushing, but for the bedrock samples (0.5− 
1 litres/2 m), water flushing was used. Flushing 
water was transported using crawler-mounted 
1-m3 water tank. This method (operated by 
Moreeni Mäcklin Ltd.) was used at 8 sample 
points in 2013.

5) A crawler-mounted sonic drilling -type drill-
ing unit (CRS-V CompactRotorSonic (Son-
icSampDrill BV; http://www.sonicsampdrill.
com); Fig. 4) with 114 mm diameter casing and 
100-mm-diameter drilling rods and bit (sample 
size 85 mm in diameter). The drilling method 
is based on high-frequency (150 Hz) vibra-
tion. Soil samples with a body length of two 
metres (ca. 5 litres/1 m) were drilled without 
flushing. Bedrock samples (1−3 m continuous 

Fig. 2. Sampling strategy for the till samples using soil drilling and test pit excavations. 
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Fig. 3. Different drilling methods used in the Savukoski-Pelkosenniemi area in 2012 for basal till and bedrock sampling. a) A 
GM100 deep drilling unit (operated by GTK), b) a GM200 deep drilling unit (operated by Destia), c) a pneumatic drilling unit 
(operated by ADC) and d) a percussion drilling unit with crushing bit (operated by Moreeni Mäcklin). Photos: a, c, d P. Sarala, 
GTK and b H. Hirvasniemi, GTK.

Fig. 4. The sonic drilling machine that was tested in the Sa-
vukoski-Pelkosenniemi area and eastern Rovaniemi in 2013. 
Photo: P. Sarala.
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drill core) were drilled by the same rods and 
core sampler, but using water flushing. Flush-
ing water was transported by car using a 1-m3 
water tank or by tractor with a 5-m3 tank and 
stored in the 450-litre built-in water tank. This 
type of drilling was only tested for one week at 
two locations in the Savukoski-Pelkosenniemi 
study area and at four locations in the eastern 
Rovaniemi area in November 2013.

All drillings was carried out at a 90° angle, and 
from all sampling points the aim was to obtain 
samples from the basal till for till geochemical and 
indicator mineral research and from the bedrock 
for lithological and geochemical analysis (Table 
2). The sampling procedure included initial bed-
rock sampling followed by till sampling with all 
other methods except pneumatic and sonic drill-
ings, which were based on one-time continuous 
sampling. The crew for all drilling equipment was 

same type, i.e. including two operators and one 
geologist/assistant for stratigraphical observa-
tions, sampling and directing. Drilling and test 
pit placement were planned beforehand based on 
geological and geophysical data and topographic 
maps with a GIS program. The sampling points 
were selected to cover the whole study area and 
the main lithological units, but following the pre-
existing road network (i.e. the drilling points were 
located near the main and forest roads). Drill-
ing units were transported between the sampling 
points via roads using trucks. In the field, actual 
sampling points were selected as close as possible 
to the planned points taking into account the local 
conditions and by choosing locations where envi-
ronmental and forest damages could be avoided 
or minimised. New co-ordinates were determined 
using a field computer supported by GPS or by a 
Garmin 60 GPS. All sample point, sample attribute 
and analysis data were stored in the GTK database. 

Drilling type Soil sample 
size

Bedrock  
sample

Till 
geochem 
sample

Indicator 
mineral 
sample

Stratigraphy 
observation

Bedrock 
sample

Bedrock 
observation

Test pit No limit Chip/continuous Yes Yes Yes Yes Yes

GM100 c. 5 l/1 m Drill core Yes Yes Yes/No Yes Yes

Pneumatic 5-10 l/1 m 5-10 l/1 m Yes Yes No Yes No

GM200 c. 5 l/1 m Drill core Yes Yes Yes/No Yes Yes

Percussion 0.5-1.5 l/2 m 0.5-1 l /1 m Yes Yes/No Yes/No ? No

Sonic drill c. 5 l/1 m Drill core Yes Yes Yes Yes Yes

Table 2. Application of different sampling methods for the stratiraphical and lithological observations and the bedrock and till 
sampling. 

RESULTS

The Savukoski-Pelkosenniemi study area proved 
to be a good area for comparing different sampling 
methods. Based on test pitting and soil drilling, 
the thickness of the soil cover varied from one to 
over 50 m, being 3−5 m in most of the area. Fur-
thermore, the good road network allowed sam-
pling to be implemented with a sufficient point 
density to obtain a good indicator mineral sample 
dataset from the basal till and to cover almost the 
whole study area. The number of sampling points 
for each sampler type was enough to gain a realis-
tic impression of their applicability to till and bed-
rock sampling, and to identify positive and nega-
tive features during the sampling (Table 3).

Test pitting is a traditional surficial geological 
observation and sampling method in which the 
stratigraphical control is excellent, the sampling 
is effective and there are no limits tothe sample 
size or type (Fig. 5a). Test pits are most effective 
when the thickness of the soil cover is four metres 
or less. With the crawler-mounted equipment, the 
maximum limit that can be reached is 7−8 metres, 
which limits the use of the method in areas of deep 
glacial overburden. Moving between the sampling 
points is easy and relatively quick in sparsely for-
ested areas, and by using forest roads and trails. 
Traces on the ground are only slight particu-
larly during the frozen or snow-covered periods.  
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Disturbance to the ground from the test pit dig-
ging is notable, although very local, but overall the 
environmental impact is moderate. However, the 
test pit survey is a relatively rapid (about 20−25 
pits/week) and economical method, which can be 
considered as a basic method for surficial geologi-
cal research, particularly in poorly known study 
areas.

Deep drilling methods that included both the 
diamond and soil drilling choices appeared to 
work best out the tested drilling methods. Both 
the GM100 and GM200 are excellent machines for 
drilling and sampling bedrock. The casings (diam-
eter 82−90 mm), which go through the soil and 
prevent the drill holes from collapsing, are also 
suitable for basal till sampling (Fig. 5b). The rou-
tine approach is to first cross the soil layers and en-
sure that the bedrock surface is reached by drilling 
4−6-m core sample (Fig. 5c) using water flushing 
(or without water in the case of weathered bed-
rock), and in the second phase, after moving the 
equipment 1−2 m, a basal till sample (continuous) 
is drilled from 1−2 m above the bedrock surface or 
from the lowest till bed to give a sample size of ca. 
5 litres (Fig. 5b). In thick soil sections, water flush-
ing is used to empty casings when drilling. The 
flushing is then stopped about three metres above 
the bedrock surface to collect a dry till sample into 
the casing rod from the target sampling depth. 
This process usually leads to one sampling point 
per day being completed. Traces of drilling activ-
ity are usually minor, because natural and existing 

Drilling type Application for 
soil sampling

Stratigraphi-
cal control

Application for 
bedrock sampling

Environmental 
impact (1-5)

Cost effi-
ciency (1-5)

Overall 
rate (1-5)

Test pit Excellent, various 
type of samples

Excellent Good, samples 
from the surface

3 5 4

GM100 Good, samples for 
indicator minerals

Possible Excellent, 4-6 m  
drill core

4 4 4

Pneumatic Moderate, badly 
disturbed samples

Moderate/Weak Moderate, no litho-
logical observation

4 4 3

GM200 Good, samples for 
indicator minerals

Possible Excellent, 4-6 m  
drill core

4 3 4

Percussion Weak, small and 
disturbed sample

Weak Weak, small and 
disturbed sample

5 1 1

Sonic drill Excellent, samples  
for indicator minerals

Excellent Excellent, 1-3 m  
drill core

4 3* 4

* Sonic drilling as a commercial sampling method is not available in Finland

Table 3. Ranking of the different methods for the soil and bedrock observation and sampling. The environmental impact 
(1=high, 5=low), cost efficiency (1=weak, 5=excellent) and overall rate (1=weak, 5=excellent) are also considered.

routes and trails are used to transfer the machines 
in forested areas, and furthermore, the work can 
be carried out during the winter, particularly in 
sensitive natural areas (such as mires and treeless 
fell areas). The only trace that usually remains is a 
small amount of drill cuttings (sand and clay) that 
comes to the surface in the drilling fluid. However, 
the volume of fluid is small in the case of short drill 
holes and when only a small amount of flushing 
water is used. Nowadays, good systems are avail-
able to collect drilling fluid and drill cuttings and 
in this way to minimize the environmental impact. 
Deep drilling requires two machines (one for the 
drilling unit and another for the water tank) to 
work. Wheel-based vehicles can leave clear marks 
on the ground, but when crawler-mounted ma-
chines are used they leave behind very slight trac-
es. Deep drilling units are also commonly used in 
geological research, and this is why their availabil-
ity is high, which makes them economical to use.  

Pneumatic drilling is commonly used at mine 
sites and in well drilling, where wide holes and 
quick operation are needed. Drilling is based on 
the crushing of the rock and removal of the grind-
ed material via drill rods using high-pressure air 
or water flushing. When using air-pressure, two 
equipments are usually needed (a drilling unit 
and an air compressor), which increase the envi-
ronmental impacts. Grinded material is collected 
into plastic bags one sample per core meter af-
ter reducing the pressure by using a cyclone over 
the sample collector. However, the pipeline and  
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Fig. 5. Samples collected during test pit and drilling method 
testing in 2012; a) different types of till samples from one 
test pit, b) ca. 5 litres/m till sampled by soil drilling using a 
GM200, c) crushed/pulverised till and bedrock samples ob-
tained using a pneumatic drilling machine, d) a disturbed till 
sample obtained using percussion drilling with crushing bit 
and e) 5.5 m long bedrock core sample taken using diamond 
drilling with a GM100 for bedrock confirmation and sam-
pling. Photos: a−d  P. Sarala, GTK and e J. Valkama, GTK.

cyclone form a possible source of contamination, 
particularly during freezing conditions in winter. 
In ideal conditions (i.e. shallow, tight till cover 
and hard bedrock), pneumatic drilling is usually a 
quick and effective method (1−2 drill holes/day). 
However, when the soil cover is thick and there are 
soft inter-till layers together with a high ground-
water level, air pressure escapes to the sediment 
layers, reducing the sample yield. A high loss of 

air pressure in the soil layers can also cause a high 
output of drilling fluid to the ground via the rods. 
The main problem, however, is the loss of infor-
mation on the sample material, i.e. if till material 
is mixed with other sediments, at the contact of 
soil and fresh bedrock/weathered bedrock. It is 
also difficult to distinguish the bedrock lithology, 
mineralogy or structures from the grinded sam-
ples (Fig. 5d). However, in local studies where the 
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till stratigraphy and the thickness of the overbur-
den are well known, this method can be useful for 
basal till sampling and indicator mineral research.

The percussion drilling equipment used in this 
study was based on hydraulic top hammering with 
rotary crushing and crawler-mounted vehicles (for 
drilling and water transport). Unfortunately, the 
equipment was old with small top hammer and in 
poor condition, which led to poor operation and 
impacted on the results of sampling. This sampling 
was arranged in the middle of winter, when the 
weather was cold (-10 °C to -20 °C). However, this 
represents normal winter conditions in northern 
Finland and the drilling equipment should work 
normally at these temperatures providing sam-
pling also in the places impossible to reach dur-
ing summertime (like mires and lakes). Neverthe-
less, even when the drilling worked relatively well, 
only small till and bedrock samples were obtained 
(Fig. 5e). A major problem was the use of flush-
ing water, even during the till sampling, which led 
to badly disturbed samples and the loss of fine-
grained material. As a conclusion, only some of 
the till samples could be used in indicator mineral 
research. The drilling was stopped after eight sam-
pling points (after one month of trying). However, 
this type of light-weight, crawler-mounted vehi-
cle and small drilling unit would be practical in 
till sampling and has a very low environmental 
impact. Problems in the penetration to the fresh 
bedrock should be considered, particularly in ar-
eas with a thick glacial overburden. This increases 
uncertainty in the recognition of large boulders 
in till from the bedrock surface. If modern equip-
ments with bigger hammer and rods are used, this 
type of drilling can be cost-effective.

The last tested drilling method was sonic drill-
ing, which was based on high-frequency hammer-
ing with rotation. In the Savukoski-Pelkosenniemi 
area, this type of drilling was only tested at two 
previously drilled points. The first was near the 
centre of Savukoski, where a 13.5-m-deep hole 
was drilled, including about 11 m of stony till 
and a 2−2.5-m drill core from the bedrock (mafic 
volcanic rock). Several rod and drilling bit con-
figurations were tested to find the best solutions 
to obtain continuous till and bedrock samples. It 
took about six hours to finalise the first drill hole. 
The second sampling point was ca. 25 km to south 
of the centre of Savukoski, in the Kemijoki River 
valley. Earlier drilling ended at the depth of 38 m 
without a confirmed observation of the bedrock 

Fig. 6. A 13-m-long soil drill core drilled using the sonic 
drilling method from Kuluskaira, eastern Rovaniemi. Strati-
graphic units explained in the text. Photo: P. Sarala, GTK. 

surface. At this time, a continuous soil sample core 
was drilled from the surface to the depth of 16 m 
to test how the method can be used for till strati-
graphical observations. The results were very im-
pressive, because three different till units with one 
stratified sandy inter-till layer were observed. To 
save time, the drilling was continued with water 
flushing directly to the depth of 36 m, where the 
sampling was continued with soil drilling without 
flushing. However, the till, gravel and obviously 
the weathered bedrock layer were very tight, and 
the sampling was not as easy as in the upper tills. 
Water flushing was needed, which caused some 
core loss. Finally, at the depth of 40−42 m, the bed-
rock (mafic volcanic rock) was reached. This hole 
took 1.5 days to drill.

The sonic drilling testing continued in the Ku-
luskaira area, eastern Rovaniemi, where four con-
tinuous drill cores were drilled during two days. 
The area is composed of ribbed moraine ridges, a 
typical feature of which is a boulder-rich surface 
and upper part of the till cover (cf. Sarala 2005a, 
b and Sarala & Nenonen 2005). Two of the holes 
were about eight metres deep, penetrating some six 
metres of till and two metres of metamorphosed 
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firmation of the bedrock surface being reached. 
Stratigraphical units and the sediment structures 
were easily recognised from the cores. Further-
more, the drilling and sampling were rapid. A 
major problem that was recognised concerned the 
drilling of metamorphosed mafic volcanic rocks 
and schists, which are too resilient for the drilling 
bit used in sonic drilling. The sonic drilling unit 
was installed on a crawler-mounted vehicle, which 
makes it easy to move in the forest and along tracks 
(although the tested model was not suitable for 
frozen, snow-covered ground). During this test, 
the water service in Savukoski was handled using 
a car-transported tank, which is not suitable for 
off-road use. Although, sonic drilling appears to 
be a very good method for this type of exploration, 
the real costs are not possible to estimate based on 
this testing, because the device and the crew were 
transported to Finland from the Netherlands, and 
this type of drilling unit is not available in Finland. 

amphibolite rocks. The third hole was about 13 m 
deep, consisting of bouldery till on top (Unit 1) 
and loose, sandy till in the middle (Unit 2) above 
varved, silty sediments (Unit 3) at the depth 9−11.8 
m (Fig. 6). At the bottom, there was a one-metre-
thick pebble-rich, dark grey basal till layer (Unit 4) 
above the weathered surface of mafic volcanic rock 
that changed to fresh bedrock at the depth of 13 m 
(Unit 5). The drilling of this 13-m hole took only 
2 hours. The fourth drill hole was only six metres 
deep, comprising 3.5 m of till above the fresh mafic 
volcanic/amphibolite bedrock.

Based on the one-week testing of sonic drilling 
in basal till and bedrock sampling the experience 
and the results were very good. Continuous, ap-
proximately 8-cm-thick core samples from both 
the glacial overburden and the weathered/fresh 
bedrock completely fulfilled the goal of strati-
graphically controlled sampling (for both till 
geochemistry and indicator minerals) and con-

CONCLUSIONS AND DISCUSSION

This testing and development project for differ-
ent soil drilling types and test pitting in northern 
Finland was successful. The total of 164 sampling 
points in both the Savukoski-Pelkosenniemi area 
and in eastern Rovaniemi provided a broad over-
view of the applicability of different methods for 
basal till and bedrock sampling considering the 
needs to confirm the bedrock surface and obtain 
sufficiently large till samples for indicator mineral 
research. Half of the sampling points were sam-
pled as a test pit survey to reduce the sampling 
expenses, speed up the field work and to obtain 
general information on the glacial stratigraphy in 
the area. Test pit excavation is a basic method for 
stratigraphical observations and soil and bedrock 
sampling in glaciated terrains, particularly in areas 
with a shallow (<6 m) till cover. 

Based on the testing results, traditional deep 
drilling (using a diamond drill bit for bedrock 
sampling and casings for soil drilling) as well as 
sonic drilling were the best methods and suitable 
for surficial geological and geochemical explora-
tion. By comparison, pneumatic drilling and per-
cussion drilling with a crushing bit were not suita-
ble for this purpose, because they failed to achieve 
the most important goal of good and stratigraphi-

cally controlled till sampling. However, in general, 
none of the tested drilling devices or vehicle con-
figurations fulfilled the all goals of obtaining strati-
graphically controlled basal till samples with a suf-
ficient size for indicator mineral research, reliable 
bedrock sample/drill core samples, being highly 
mobile in forests and sensitive areas, and causing 
low impact on the environment.

This research highlighted some basic factors 
that can be concluded and provided as future rec-
ommendations to drilling machine developers or 
drilling companies when planning new drilling 
equipment for greenfield exploration in glaciated 
terrains. The equipment should include:
– A crawler-mounted, easily movable vehicle 

that is light-weight but effective in transporting 
the drilling unit, water tank and the rods for 
the soil and deep drilling to a depth of +/- 50 m;

– Two rod and drill bit systems for soil sampling 
(i.e. casings) and bedrock drill core sampling;

– The possibility to take ca. 5 litres basal till sam-
ples and 4−6-m drill cores from the bedrock;

– A light, crawler-mounted supporting unit for 
water service and maintenance;

– The readiness to collect flushing fluids when 
operating in sensitive natural areas. 
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When considering the needs of surficial geological 
research and stratigraphical work, the best possi-
ble configuration would be the above-mentioned 
with the addition of the sonic drilling unit. In 
other words, the sonic drilling could be used for 
soil drilling and placing the casings and the dia-
mond drilling could be used as a continuum to the 

bedrock core sampling. This type of drilling setup 
and sampling concept would provide considerable 
benefits not only in greenfield exploration but also 
to a much larger extent in basal construction, in-
frastructure projects, raw material identification 
and, ground-water and environmental research.
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