U@ @' Aonad na Geofisice Faidhmi, Coldiste na hOllscoile, Gaillimh, Eire.

[

EOS

Earth and
Oceanographic
Sciences Group

Applied Geophysics Unit,
University College Galway,
Galway,

Ireland.

Tel. Galway (091) 24411
Telex 50023 UCG El
Fax (091) 25700




AGP 90/2
Preliminary report on Schlumberger
resistivity soundings at Clara and
Raheenmore bogs, Co Offaly.

M. Smyth, A. Farenhorst! and K.J. Barton

! Fysisch Geografisch en Bodemkundig Laboratorium,
Universiteit van Amsterdam, The Netherlands.

Applied Geophysics Unit,
University College,
Galway,

Ireland.

April 1990.



_ Nl T I N N B E BN BN G BN B BN S En T W

Contents

1 Introduction

2 Data Acquisition

3 Data Reduction and Processing

4 Interpretation
4.1 Raheenmore . . . . . . . . . .. e e e e e
42 Clara . . o v o e e e e e e e e e e e e e

5 Conclusions :
5.1 Raheenmore . . . . . . . . it e e
B2 Clara . . . v o e e e e e e e e e e e e

6 Recommendations

A Raheenmore Calculated Apparent Resistivities

B Clara Calculated Apparent Resistivities

C Raheenmore Interpreted Resistivity Sounding Curves

D Clara Interpreted Resistivity Sounding Curves

i

-J

12
12
12

13

16

31

42

57



List of Figures

2.1 Location map for Schlumberger resistivity soundings at Raheenmore Bog .
2.2 Location map for Schlumberger resistivity soundings at Clara bog . . . . .

4.1 Summary Geological Section at Raheenmore Bog . . . . . .. .. .. ...
4.2 Summary Geological Section at ClaraBog . . . .. ... ... ... ....

6.1 Suggested Locations for further Schlumberger Soundings at Raheenmore

A.1 Apparent Resistivity Data for RHSVESOL . . ... .. ... ... ....
A.2 Apparent Resistivity Data for RHSVES02 . . . . ... .. ...... ...
A.3 Apparent Resistivity Data for RHSVES03 . . . .. ........ ... ..
A.4 Apparent Resistivity Data for RHSVES04 . . ... ... ... .. .....
A.5 Apparent Resistivity Data for RHSVES05 . . ... ... ... .. .....
A.6 Apparent Resistivity Data for RHSVESO6 . . . ... ... .... .. ...
A.7 Apparent Resistivity Data for RHSVES07 . . . ... ... .. .. .....
A.8 Apparent Resistivity Data for RHSVES08 . . . .......... ... ...
A.9 Apparent Resistivity Data for RHSVES09 . . .. ... .. .. .. .. ...
A.10 Apparent Resistivity Data for RHSVESIO . . ... .. .. .. ... ....
A.11 Apparent Resistivity Data for RHSVESI1 . . ... .. ...... ... ..
A.12 Apparent Resistivity Data for RHSVES12 . . ... ... ..........
A.13 Apparent Resistivity Data for RHSVES13 . . ... .. .. .. ... ....
A.14 Apparent Resistivity Data for RHSVESi4 . . .. ... .... .. ... ..

B.1 Apparent Resistivity Data for CLSVESOL . . ... ... ... ... ....
B.2 Apparent Resistivity Data for CLSVES02 . . . .. ... ... .. .. ...
B.3 Apparent Resistivity Data for CLSVES03 . . . . ... .... .. ... ..
B.4 Apparent Resistivity Data for CLSVESO4 . . . . . ... ... .. ... ..
B.5 Apparent Resistivity Data for CLSVES05 . . . ... .. ..........
B.6 Apparent Resistivity Data for CLSVES06 . . .. ... ...... .. ...
B.7 Apparent Resistivity Data for CLSVESOT . . .. ... . ... ... ....
B.8 Apparent Resistivity Data for CLSVESO8 . . . . ... ........ ...
B.9 Apparent Resistivity Data for CLSVES09 . . . . ... ... .. ... ..
B.10 Apparent Resistivity Data for CLSVES10 . . . . ... ... ... . ...

C.1 Interpreted Resistivity Sounding Curve for RHSVESOL . . . ... ... .. _

C.2 Interpreted Resistivity Sounding Curve for RHSVES02 . . ... ... ...
C.3 Interpreted Resistivity Sounding Curve for RHSVES03 . . .. .. ... ..
C.4 Interpreted Resistivity Sounding Curve for RHSVESO4 . . . ... ... ..
C.5 Interpreted Resistivity Sounding Curve for RHSVES05 . . . . .. ... ..

i1



C.6 Interpreted Resistivity Sounding Curve for RHSVES06 . . . . .. ... .. 48
C.7 Interpreted Resistivity Sounding Curve for RHSVES07 . . .. .. ... .. 49
C.8 Interpreted Resistivity Sounding Curve for RHSVES08 . . .. .. .. ... 50
C.9 Interpreted Resistivity Sounding Curve for RHSVES09 . . .. .. ... .. 51
C.10 Interpreted Resistivity Sounding Curve for RHSVES10 . ... .. ... .. 52
C.11 Interpreted Resistivity Sounding Curve for RHSVESI1 . . .. .. ... .. 53
C.12 Interpreted Resistivity Sounding Curve for RHSVES12 . . . ... ... .. 54
(C.13 Interpreted Resistivity Sounding Curve for RHSVES13 . .. ... ... .. 55
C.14 Interpreted Resistivity Sounding Curve for RHSVES14 . . . ... ... .. 56
D.1 Interpreted Resistivity Sounding Curve for CLSVESOL . .. ... ... .. 58
D.2 Interpreted Resistivity Sounding Curve for CLSVES02 . . .. .. ... .. 59
D.3 Interpreted Resistivity Sounding Curve for CLSVESG3 . . .. .. ... .. 60
D.4 Interpreted Resistivity Sounding Curve for CLSVESO4 . ... .. ... .. 61
D.5 Interpreted Resistivity Sounding Curve for CLSVESO5 . . .. .. ... .. 62
D.6 Interpreted Resistivity Sounding Curve for CLSVES06 . . .. .. ... .. 63
D.7 Interpreted Resistivity Sounding Curve for CLSVESO7 . . . ... ... .. 64
D.8 Interpreted Resistivity Sounding Curve for CLSVES08 . . . ... ... .. 65
D.9 Interpreted Resistivity Sounding Curve for CLSVES09 . . .. .. ... .. 66
D.10 Interpreted Resistivity Sounding Curve for CLSVES10 . . .. .. ... .. 67
v



Chapter 1

Introduction

This report concerns geophysical reconnaissance surveys at Clara and Raheenmore bogs to
determine the most appropriate methodology to be utilised in finding the depth to bedrock
and the thickness and nature of the individual overlying layers. This information will be
useful in providing controls on the spaceform of the bogs at Clara and Raheenmore.

It was decided to carry out Resistivity Vertical Electric Soundings {VES) using the
Schlumberger array, the end to end separation of the current electrodes being a maximum
of 1,000m apart, to ensure that bedrock could be determined.

The technique was used largely at Raheenmore where fourteen soundings were carried
out, chiefly along two traverses covering a wide geographical area, but also on land at the
margin of the bog, to determine the depth of bedrock around the edge of the bog.

At Clara work was restricted to a short traverse of four soundings parallel to the main
road,four short-length soundings on an esker to the north of the bog, and two soundings
on a ridge west of the soak, at the southern edge of the bog.

The interpretations contained in this report are based on ”quick-look” methods using a
computer interpretation package. The depth to bedrock and apparent resistivities quoted
are likely to be modified when a more rigorous interpretation has been carried out,however
relative depths to bedrock between soundings are likely to be accurate. It should be noted
that all depths are referred to ground level since no topographic data were available at
fime of survey.

The interpretation of the nature of peat and sediments overlying the bedrock is likely
to be altered in the light of future geological and geophysical surveys.



Chapter 2

Data Acquisition

The Schlumberger soundings were carried out using AB/2 spacings suitable for use in a
computer interpretation program. The AB/2 spacings used can be seen in Appendices A
and B.

The resistivity instrument used was an ABEM SAS 300 Terrameter with a current
output setting of usually 10mA. The AB/2 distances were marked on each cable and this
saved a lot of time in surveying in the electrode positions. Radiotelephones were used
for communications. Schlumberger sounding numbers for Raheenmore and Clara bogs are
prefixed RHS and CLS respectively.

At Raheenmore the soundings were carried out at 200m intervals along two traverse
lines approximately 600m apart running North-West to South-East relative to the National
Grid (see Fig 2.1) . Since no grid had been provided, these lines were laid so as to use
traverse lines used in the EM-34 Survey where possible. The centre of each sounding was
marked by a bamboo cane with five red horizontal stripes so as these locations can be
reoccupied at a later date. These traverse lines largely occupy the central zone of the bog.
The National Grid References for the centres of the soundings at Raheenmore bog are
given in the table below.

Sounding | Easting | Northing | Remarks
RHSVES | (m) (m)

01 243890 | 232400 | Bog

03 244020 | 232050 | Bog

04 244140 | 232080 | Bog

05 244230 | 231960 | Bog

06 243810 | 231440 | Farmland
07 243790 | 232530 | Bog margin
08 243420 | 232510 | Farmland
09 243280 | 232240 | Bog

10 243370 | 232060 | Bog

12 243470 | 231880 | Bog

13 243570 | 231710 | Bog

14 243670 | 231540 | Bog
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Figure 2.1: Location map for Schlumberger resistivity soundings at Raheenmore Bog
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At Clara bog four Schlumberger soundings were taken at 300m intervals along a line
running South (see Fig 2.2) , parallel to the main road. Four other short soundings were
taken parallel to each other, at 40m intervals on an esker to the north of the bog, and two
soundings were taken across the longitudinal axis of the ridge near the soak. All of the
above soundings utilised the EM-34 survey lines which were already marked on the bog.
The survey lines on Clara, although restricted in number, covered a variety of topographical
areas in order to assess the diversity of Clara bog in relation to Raheenmore. The National
Grid References for the centres of the soundings at Clara bog are given in the table below.

Sounding | Easting | Northing Remarks
CLSVES (m) (m)
01 224800 | 230530 | Bog
03 224710 | 230250 | Bog
04 224620 | 229960 | Bog
05 224240 | 230970 | Esker
06 224950 | 230920 | Esker
o7 224250 | 330890 | Bog margin
08 224260 | 230860 | Bog
09 223960 | 229960 | Ridge
10 223720 | 230000 | Ridge

To assess whether the subsurface resistivity distribution was anisotropic an additional
sounding was carried out at certain locations with the array being rotated through 90
degrees. At Raheenmore soundings RHSVESO] and 02, and RHSVES10 and 11,share the
same centres. At Clara soundings CLSVES02 and 03 share the same centre.

This work was largely carried out by two people, with two soundings being carried out
each day.




Figure 2.2: Location map for Schlumberger soundings at Clara Bog



Chapter 3

Data Reduction and Processing

First stage field data reduction used a computer program written in the Lotus environment
and implemented on the computer at the Clara field office. The calculated results can
be found in Appendices A and B. The second stage was to input the AB/2 spacings
and calculated apparent resistivities to an interpretation program called Resint (version
3.1) written by D.T.Biewinga and also implemented on the computer at Clara. This
program allows smoothing of the vertical electric sounding curves and then interactive and
automatic calculation of layer thicknesses and apparent resistivities which may give rise to
the measured Vertical Electric Sounding curve. All twenty four curves were processed in
this way and the results are given in Appendices C and D.
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Chapter 4

Interpretation

4.1 Raheenmore

At soundings RHSVES07 and RHSVES08 which are located at the northern edge of the
bog,it can be seen that bedrock appears to be quite deep at approximately 50m and 70m
below ground level for each sounding respectively (see figd.1). This is interesting since
outcrop can be found at or near the surface some 1000m west of sounding RHSVESO08.
For both soundings the layers above the bedrock have similar resistivities of about 180
ohm-m. This could be represented by saturated gravel-tills. In the case of sounding 08 this
layer is 46m thick ,while it is 60m thick at sounding 07,which is located just within the
limits of the bog. There is an upper layer resistivity of 40-70 ohm-m seen in both soundings
which could be represented by clay. This is at the surface at RHSVES08 and at a depth
of approximately 5.5m at 07. The surface layer in the latter has an apparent resistivity of
about 135 ohm-m which is likely to be due to less saturated peat.

Along the Easterly traverse(RHSVES01,03,04), the bedrock profile appears to form a
dome shape in the centre of the bog ,and then shoals to 1.2m at RHSVES0S.

The peat layers in the centre of the bog vary accordingly ,with the deepest peat layer
of 25m at RHSVES04 where bedrock is at a depth of 63m. At RHSVES01 and 03 the
peat layers are at shallower depths of 6.3m and 15.5m respectively, which correspond to
the shallower depth of the crest of the dome shaped bedrock at a depth of approximately
40m. The pattern of associated shallow peat layer with shallow depths of bedrock is also
evident at RHSVES05 where the bedrock is found at a depth of just below 1m, resulting
in a very thin top layer of peat.

At soundings RHSVES07,01,03 and 04 where four layers are evident, all show the second
layer from the surface to be approximately 3m in thickness,even though the depth of this
layer varies from 6m to 25m at the respective sounding locations.

The layer above the bedrock is thickest where bedrock is deepest. At sounding RHSVESQ7
this layer is approximately 60m thick going from a depth of 9m to 69m, while at soundings
RHSVES01,03 and 04 this layer shows in thicknesses of 30m, 23m and 35m, and extends
from depths of 10m to 40m, 20m to 43m, and 28m to 63m respectively.

The layer above the bedrock has the highest resistivity of 181 ohm-m at sounding
RHSVES07, where it is thickest,and the lowest resistivity of 61 ohm-m at sounding RHSVES03
where it is thinnest. The resistivity of this layer at RHSVES01 and RHSVES04 is similar
at 81 ohm-m since both these layers have only a 5m variation in thickness. If this layer
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comprises of the same material at all locations then the variation in resistivity could be
due to clay content lowering the value, or gravels/cobbles raising the value.

The resistivity of the second layer above the bedrock is greatest at 66 ohm-m on
RHSVES07,which is probably due to the clay nature of this layer on the margin of the
bog. Similar resistivities of 45,51 and 54 ohm-m are recorded at soundings RHSVES01,03
and 04 respectively.

The resistivity of the surface layer of peat is approximately 170 ohm-m at soundings
RHSVES03 and 04 where the peat is thickest at 15m and 25m respectively. The resistivities
of 120 ohm-m and 135 ohm-m are recorded at soundings RHSVES01 and 07 respectively,
where peat is approximately 6m deep and slightly more saturated. The higher resistivity
of 236 ohm-m for the top layer is found at sounding RHSVES05 where the top layer is only
1.2m thick. This is probably due to the dryness of the peat close to the margin of the bog,
and also its closeness to the bedrock.

Soundings RHSVES06 which situated on farmland to the south of Raheenmore has
only one layer, less than 4m thick, above the bedrock. This layer’s low resistivity of 56
ohm-m is probably due to the loose gravelly clay nature of the soil in the field, which could
be saturated.

Bedrock depths along the Westerly traverse(soundings RHSVES(09,10,12,13 and 14) are
relatively uniform fluctuating above and below the 20m mark. At 12m bedrock is shallowest
on the Northern end at sounding RHSVES09, and deepest at sounding RHSVES10 where
it 1s at a depth of 24m. Bedrock depths of 19m,15m and 16m are relatively similar at
soundings RHSVES12,13 and 14 respectively.

Unlike the Easterly traverse, where four layers are standard, three layers appear to be
the norm along the Westerly traverse. The middle layer varies insignificantly in thickness
along soundings RHSVES10,12,13 and 14, being approximately 5m thick, and at depths
of approximately 19m, 14m, 10m and 11m respectively.

Sounding RHSVES09 only records two layers,the top peat layer being 12m thick. The
Westerly traverse also differs from Easterly traverse in that peat thickness in the former is
more uniform with a lower range of thickness varying between 10m and 19m. The resistiv-
ities of the peat layers at soundings RHSVES10,12,13 and 14 are similar at approximately
190 ohm-m.The resistivity along sounding RHSVES09 is slightly lower at 145 ohm-m,which
could be due to increased saturation.

The resistivity of the middle layer is also relatively similar in soundings RHSVES10,12,13
and 14,ranging from 41 ohm-m to 52 ohm-m.

For soundings RHSVES01 and 02, and RHSVES10 and 11, which share the same cen-
tres, it can be seen that at large AB/2 spacings the curves are coincident. This would
indicate that the ground under investigation is homogeneous at depth. For shorter AB/2
spacings there is a degree of variability between the curves. This suggests lateral inhomo-
geneity along the axes of the soundings at shallow depths. This feature can be attributed
to shallow lateral variation in the unconsolidated peat and till layers whilst the deeper
layers are more compacted lying on an homogeneous bedrock. A similar situation can be
seen in the two soundings from Clara which share the same centre, namely CLSVES02 and
03.



4.2 Clara

Soundings CLSVES01,03 and 04, which run along the traverse parallel to the road, re-
veal a three layered structure (see figd.2). Peat varies in thickness from 8m at sounding
CLSVES04 to 14m at sounding CLSVESO! and 03. Resistivities for this layer are sim-
ilar at soundings CLSVESO! and 03,being 152 ohm-m, but slightly higher at sounding
CLSVES04 where it is about 170 ohm-m. The higher resistivity for the peat layer at
soundings CLSVES04 is probably due to the fact that this line is close to the southern
end of the bog where turf cutting is carried out,and thus resulting in the peat being less
saturated.

The layer above the bedrock is found at depths of 15m,14m and 8m at soundings 01,
03 and 04 respectively. This layer is quite thin at sounding CLSVES03 where it is only
9m thick,but is twice this thickness at soundings CLSVES01 and 04 where it is 4m and
5m, respectively. The resistivity for this layer ranges from 22 and 34 ohm-m for soundings
CLSVES04 and 01 respectively,to 85 ohm-m for sounding CLSVES03 where this layer 1s
thinnest.

CLSVES05 and 06 which were surveyed on the slope of the esker,show bedrock to be
at depths of Tm and 14m respectively. Bedrock on the margin of the bog, at the base of
the esker (CLSVESOT) gets shallower in relation to the ground surface as it rises to 9m,but
then drops once more at CLSVES0S to a depth of 15m. The summary section for the depth
of bedrock along the lines surveyed on the esker seem to suggest that the bedrock surface is
undulating beneath the overburden, however if the estimated height of the ground surface
is taken into account at each of the respective soundings,then this shows that the bedrock
slopes gently downwards towards the bog since the ground surface varies in height by about
10m along the survey soundings from CLSVES06 to 08.

Soundings CLSVES09 and 10 show bedrock to be at depths of approximately 12m
and 9m respectively.Since the ground surface at sounding CLSVES0 is approximately 2m
higher than that of CLSVES10,then the bedrock on the ridge is at a uniform depth along
the longitudinal axis of the ridge. Sounding CLSVES09 shows only one layer of overburden
approximately 12m thick,with a resistivity of 145 ohm-m comparable io that of the peat
layers at the other survey soundings taken at Clara. The sounding at CLSVES10 shows
two layers of overburden.The surface is very thin at only 2m thick, while the second layer
has a thickness of 7m. The slight resistivity difference between the surface layer and the
layer underneath of 123 and 175 ohm-m respectively, is likely to be due to the lighter
spongy nature of the surface layer compared to the more compact nature of the peat in

the layer underneath.
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Chapter 5

Conclusions

At both Raheenmore and Clara, Vertical Electric Soundings using Schlumberger Array can
sucessfully resolve depths to bedrock when using a maximum AB /2 distance of 500m. In
some areas a maximum AB/2 distance of 200m would be capable of resolving bedrock.

5.1 Raheenmore

At Raheenmore the underlying bedrock varies considerably both in depth and general con-
figuration. The maximum depth to bedrock is at approximately 70m, while the minimum
depth is little more than 1m. The traverse to the East of Raheenmore shows the bedrock to
be varying in depth from very shallow (1m) to very deep (70m). On the contrary,the West-
erly traverse shows the bedrock to be a relatively horizontal layer with a smaller variation
in depth of between 12 and 24m.

The variation in depth to bedrock between the western and eastern traverses, which
are about 600m apart, might indicate a fault line somewhere between the two traverses.
In addition the difference in depth to bedrock at the Northern end of the bog and outcrop
occurring in the vicinity might also support the arguement of faulting in the area.

5.2 Clara

The Clara bog area is much more diverse in nature in comparison to the compact Raheen-
more bog, however the variation in the depths to bedrock is less in comparison to that
at Raheenmore. At Clara, the soundings taken parallel to the road show bedrock to be
at a maximum depth of 20m, while bedrock on the ridge near the soak at the Southern
end of the bog,is at a maximum depth of 12m,and the maximum depth of bedrock on the
esker at the Northern end of the bog, is at a depth of 15m. However this information is
inadequate to build up a more complete general picture of the depth of bedrock at Clara
due to the limited number of soundings taken on the bog. A survey covering a much larger
geographical area is needed to more accurately quantify the spaceform of Clara bog.

12




Chapter 6

Recommendations

1) The height of the centres of all soundings should be levelled in to provide accurate data
on the depth of each layer in relation to a common datum.

2) Where bedrock was found to be shallow (10-20m) it should be possible to use the
offset Wenner Array (Barker Cable) which should speed up the time taken to collect data.

3) Using the same centres, the soundings made on the esker at Clara should be repeated
using the Barker Cable to try and quantify the lateral errors likely to be due to a non-
layered sequence and topographic effects.

4) Further soundings at Raheenmore bog using the Schlumberger Array should be made
at the locations given in Fig 6.1. These will enable various hypothesis to be tested as to
the nature of the changes in the depth of bedrock going from West to East, and also at the
northern edge. Further soundings are also necessary at the Eastern margin and at various
locations on the rim and outer reaches of the bog to quantify the depth to bedrock and
nature of overburden.

5) At Clara further traverses are needed to map the nature of overburden and depth
to bedrock.Use of the Barker Cable on this site may speed up surveying operations due to
the shallower nature of the bedrock in Clara.

6)If a fault or faults are found to run in the vicinity of either bog then these could
possibly be mapped using a combination of EM-VLF and EM-VLF-R and a series of trial
traverses should be carried out to test the suitability of this method.

7) Where bedrock is less than 20m below ground level at the edge of the bog, a series
of test co-linear dipole-dipole pseudosections could be carried out to provide information
on the nature and attitude of sediments in these areas.

8)The establishment of a semi-permanent / permanent survey grid on both bogs would
facilitate the setting out of survey lines and thus prevent time loss in continually having
to lay out lines each time a different survey is carried out.

9) Co-ordinated levelling between the Hydrological and Geophysical projects would
result in more comprehensive and efficient set of data being produced by the setting up of
a network of height control points on each bog.

10) It would be preferable to have an extra person available when carrying out Vertical
Electric Soundings as this would speed up data collection. In addition, a third person
would be necessary for safety reasons when laying cables across roads, such as at Clara
bog. '

11) For correlation and calibration purposes, a Cobra deep overburden sampler could be
used at certain sounding sites to collect continuous cores of overburden,down to bedrock.

13
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This would be particularly useful in ares where conventional drilling techniques are impos-
sible due to the weight of the drilling rig. A Cobra drill is available at U.C.G.
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Raheenmore Calculated Apparent
Resistivities
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Figure A.1: Apparent Resistivity Data for RHSVES(Q1
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Figure A.3: Apparent Resistivty Data for RHSVES03
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Figure A.5: Apparent Resistivity Data for RHSVES05
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Figure A.8: Apparent Resistivity Data for RHSVES08
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Figure A.9: Apparent Resistivity Data for RHSVES09
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Figure A.10: Apparent Resistivity Data for RHSVES10
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Appendix C

Raheenmore Interpreted Resistivity
Sounding Curves
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Location : RAHEENMORE
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