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Meenaboll Site Investigation, Co. Donegal
Geophysical Survey

EXECUTIVE SUMMARY

1. Minerex Environmental Ltd. (MEL) carried out a geophysical survey in January 2003 for the preliminary

site investigation for a proposed landfill development at Meenaboll, Co Donegal.

2. The geophysical survey consisted of VLF-R measurements with concurrent gouge coring, VLF-EM
surveying and seismic refraction measurements. '

3. The main objectives of the geophysical survey were fo establish the depth of glacial till and peat deposits
across the site, to produce isopachyte maps of the drift cover and to identify any major fracture zones or
fault lines in the bedrock beneath the drift cover.

4. The survey showed three geological layers under the site. These are soft peat, soft to firm glacial till and

' strong competent bedrock. The thickness of the peat and till and the depth to the bedrock have been
displayed on contour maps.

5. The bedrock I‘ESIStIVItles and seismic velocmes are high, mdlcatmgg’a strong compact bedrock with little
g&\

\% 7@

6. The VLF-EM survey showed one medium size anoraﬁl&‘rﬁnnmg from NW to SE through the site. This is

interpreted.as a dolerite dyke that has intruded u@ @BPolder fault zone.

06\ "
7. Smaller conductivity anomahes exist undgf)(?bé site along the trend of lower bedrack resistivities and

0)
thicker overburden. Qo* %*\

weathering or fractunng

8. The high resolution of the survey witt argeted follow up drilling makes it highly unlikely that there are any
unknown fault or fracture zone%dhd,er the site.

~ 9. The bedrock under the site is psammitic schist.
. 10. The most suitable area for proposed landfill cells according to the geophysical data on the SW of site A.

11. Further work in the -main site investigafion should include mapping the continuation of the dolerite dyke.
Continuous 2D-Resistivity Profiles and some Seismic Refraction should be carfied out under the
proposed landfill cells.
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1.  INTRODUCTION
1.1 Background

Miherex Environmental Ltd. (MEL) carried out a geophysical survey in January 2003 on behalf of Foundation
& Explbration Services for the site investigation of a proposed landfill at Meenaboll, Co.Donegal. The
geophysical survey consisted of VLF-R, VLF-EM and seismic refraction measurements. The draft results of

the survey were used to locate rotary core boreholes over subsurface features of special interest.
1.‘.2 Objectives

The main objectives of the geophysical survey were as follows:

«  To establish the depth of glacial till and peat deposits across the sites

¢ To produce isopachyte maps of the drift cover

¢ To identify any major fracture zones or fauit lines iﬁ the bedrock beneath the drift cover

Other information (bedrock type, overburden stiffness, strength of rq@))about the subsurface obtained dunng

the survey is also included in this report. NS m\\
g2
. <O
1.3 Site Description ' &5 &
- O

The site consists of two areas A (26 ha) and B (%«}%}@The site is Iocated in a remote area approx. 2 km from
the Letterkenny to Glenties road (Map 1). Thg\%dl’@ace cover of the site consists of peat that is overgrown with
grass, rushes and small pine trees and coy\ WIth tree trunks, roots and branches from mllled forestry The
elevations on the site range from 215 to m.OD. ' a

&
1.4 Geology
The bedrock geo!ogical- map (GSl, 1997) shows that the site is underlain by the Upper Falcart;agh Pelite
Formation that is composed of pelitic, semi-pelitic and psammitic schists (Map2). The only outcrop of these
racks occurs in the small quarry at the road running along the NW of Site A. No other outcrop of rock has
been found on the site.

To the SE of the site the Swilly Slide and its approximate SE limit of the D6 shearing is shown. The next
geological formation to the NW is the Sessiagh-Clonmass formation, consisting of quartzite, dolamitic marble

and schist.

The lithological boundaries and the Swilly slide are striking SW-NE, following the dominant geological trend in

the region.

Tertiary Dolerite Dykes are mapped about 10 km to the NW of the site. These dykes are trending NW-SW.

‘Dolerite siils are mapped about 3 km to the NE of the site.

Minerex Environmental Limited Report Reference: 1503-086.doc 30of 10
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The overburden geology consists of peat overlaying glacial tills. Exposures can be seen in drainage ditche§

and in the small quarry.

1.5 Report

This report includes the results and interpretaﬁon of the geophysical survey. Maps, figures and tables are
included in the appendixes to illustrate the survey and the results. More detailed descriptions of geophysical
methods and measurements can be found in Milsom (1989) and Reynolds (1997).

The client supplied a digital basemap of the site with elevation contours and spot heights. The maps and
elevations were used in this report. Borehole logs and information about the peat and rock depth in the trial
pits was used for the interpretation of the ge_ophysicai survey (FES, 2003).

The interpretative nature and the non-intrusive survey methods must be taken into account when considering
‘ the results of this survey and Minerex Environmental Limited while using appropriate practise to execute,

interpret and present the data give no gua;anteés in relation to the existing subsurface.

' Minere>; Environmentél Limited Report Réferenée: 1503-086.doc 4 0f 10
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2. GEOPHYSICAL SURVEY
2.1 Methodology

Following methods, survey parameters and quantities were carried out on Sites A and B and can be seen on

the survey location map (Map 3).

1. A survey grid was set out with a Garmin 12XL GPS and marked by pink survey tape tied to trees and
roots. The grid had a 50 x 50 m spacing and the grid was orientated such that the NW-SE lines were
at right angles to both the geological strike and the Norwegian VLF broadcasting station Helgeland. .
The survey grid points are labelled numbers 1 - 136 on Map 3. o

2. VLF-R measurements and Gouge Coring at all survey grid poihts (136 in total) was carried out to
establish the bedrock resistivity, the overburden thickness and the peat thickness. The gauge coring
also provided a description about the layer underlying the peat at those points where a sample couid .\
be recovered. A Geonics EM16 with a resistivity attachment and two stainless steel probes with a 10
m cable was used to determine the apparent bedrock resnstlvrt&gnd the phase angle. The survey was

carried out using the British VLF station in Rugby (GBR 16 Q\‘RHZ)

NI S
25 resistivity readings were taken with a W%&%@*electrode configuration at 10 m spacing to

determine the resistivity of the overburden. T@%@admgs were taken with a MEGGER DET V meter.
The overburden resistivity was used fggﬁlzé determlnatlon of the depth to rock from the VLF-R

readmgs
QOQ\\\Q
3. AVLF-EM survey ata 10 m statxe\ﬁ) spacing along the NW to SE trending grid lines was carried out
w1th an ABEM Wadi mstrumgﬁ (595 readlngs) The instrument measures the tilt angles between
primary and secondary fi eléé and stored the results in its memory. The survey lines are indicated on
Map 3. The survey used the VLF transmitter in Helgeland (JXZ 16.4 kHz). This method indicates the
location of geological features with a locally higher conductivity than in the surrounding rock layers. ‘
Such features can be faults, fracture zones and lithological boundaries where increased circulation of ‘
groundwater occurs. Other possible features indicated by this method are mineralisation and
intrusions with a higher condljctivity material. The survey orientation was chosen because of the

regional geological trend.

4. During the VLF-R survey a geological trend striking from SE-NW was noted and it was suggested
and agreed to carry out a second VLF-EM survey with an arientation from SW-NE with the GBR
transmitter. 619 readings were taken at a 10 m spacing along the lines indicated on Map 3.

5. Eight Seismic Refraction Profiles with 12 geophones at a 5 m spacing and a length of 55 m each
were carried out at the locations indicated on Map 3. A sledgehammer was used as the seismic
source for profiles 5 and 6 that were located beside the roads and a seismograph gun was used for

the other profiles in the locations with peat cover.

Minerex Environmental Limited Report Reference: 1503-086.doc ' 50f 10 .
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6. The draft results of the geophysical survey were used to locate some targeted boreholes on
geological features.

2.2 Site Work

The site work was carried out between the 6" and the 16™ of January 2003 and on the 21% of the same
month. The weather was generally favourable and good quality and repeatable data was gathered. The only

source of interference for the VLF methpds was the sheep wire fence along the road to the SW of Site A.

o ‘ ' Minerex Environmental Limited Repart Reference: 1503-086.doc 6of 10
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3. RESULTS AND INTERPRETATION

The interpretation of geophysical data was carried out utilising the known résponse of geophysical
measurements, typical physical parameters for subsurface features that may underlay the site and the
experience of the authors. The contour maps provided weré produced with a gridding algorithm to creaté
contour lines between data points and reference to the data points must be made when considering the

maps.
3.1 VLF-R and Gouge Coring

The gouge coring gave a detailed map of the peat thickness that is diéplayed on Map 4. The layers
determined under the peat were soft to firm sandy to gravelly Clays (Table 1). It must be considered that the

gouge corer can dnly recover small samples; and that it refuses on stones or boulders. The peat thickness

varies between 0.2 and 4 m on the site, and the greatest thickness occurs towards the SE of the track N
running through the middle of the site. | ‘\“

The VLF-R data has been converted for a two layer case with the ngssemann and Reitmayr algorithm to
yield overburden thickness and bedrock resistivities. Initially thggg\esmtmtles determined by the Weénner
measurements were used for the conversion, and then thgx\ﬂe@'ns to bedrock were optimised by using the

V depth from the seismic profiles, boreholes and trial pltsﬂg@@arrymg out an optimisation.

The overburden thickness is displayed in the coér&@(i{@'nap of the rackhead (Map 6). The depth to the rock is

generally shallow in the NW of the site and dqéget% towards the SW. The range is between 1 and 10m.
&, &
The difference between the depth to roc!gcand the peat thickness resulted in the glacial 1ill thickness map
(Map 5). The thickness follows the tregé\ of the peat thickness and generally increases from West to East with
)
ranges between 1 and 8m. ©
The bedrock resistivities derived from the survey are displayed in Map 7. All resistivities are generally high,

and the highest values occur in the centre of Site A and at the SE of Site B. '
3.2VLF-EM

The measured VLF-EM dip angie was processed using the linear filtering technique of Karous and Hjelt
(1 983). The resulting equivalent current density for the two transmitting stations JXZ and GBR are visualised
on Fig. 2. Current density increases over an area indicate the presence of conductive subsurface features
such as faults and fracture zones. The strongest values between 10 and 15 on the site are found at an NW-
SE trending structure located near a small stream that passes through the middle of Area A. Smaller values
between 5 and 10 can be found in areas where the bedrock resistivities are relatively small (at the East of the

site) and where gradients occur in the bedrock resistivity map.

The values obtained on this site are generally small, indicating only minor conductivity anomalies. Responses

measured over water-bearing fracture zones used for water wells have typically values of over 30 in Ireland.

Minerex Environmental Limited Réport Reference: 1503-086.doc 70f10 .
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3.3 Seismic Refraction

The seismic refraction data has been interpreted as layered earth models (Fig. 1). The following three layers
have been found:

Seismic Velocity (km/s) | Thickness Interpretation Compaction/Strength
0.3-06 : 0~-4m Peat Soft

07-12 1-4m Til ' Soft — firm

45-6.5 N/a Rack Strong competent

The high seismic velocities for the rock indicaté very little weathering or fracturing below the rock level shown
in the cross sections. If strongly weathered or fractured rock exists it would be included as a thin layer at the
bottom of the glacial till. , &

3.4 Summary Interpretation

Map 8 shows a summary of the areas where thé)e\ﬁgkness of peat exceeds 2 m, the glacial till 3 m and the
depth to bedrock is larger than 5 m. The m%st%s been produced from all data available and has been

contoured along the 50 m grid notes. < Q\\\\
S\

Map 9 shows the interpretation of th&@\LF-EM data. The main NW-SE anomaly is interpreted as a dolerite
dyke intruded into an older fault zo?(e (Site A). Dolerite has been encountered in Borehole 1, and indications
for some fracturing of the rock are found in both Boreholes 1 and 2.

Smaller VLF-EM anomalies are shown as red lines on Map 9. They follow mainly the trend of bedrock with a
relatively lower resistivity and thicker overburden.

The borehole data shows mainly psammitic schist for the site, with some pelites and quartzite interbedded.
- The bedrock resistivities allow the rock to be divided in two areas. Resistivities generally higher then 2000
Ohmm show the area of psammitic scﬁist. This rock is interpreted to be very compact yvithour major
fracturing and with a very small water content. Some very high resistivities towards the north of site A and
East of site B could indicate a transition to quartzite.

The area shown as containing psammitic schist with a medium resistivity occurs mainly to the north of Site A.
This rock is expected to show a higher schistosity than the high resistivity rock. It could also be slightly more
fractured and could contain relatively more water than the higher resistivity rock, though the overall amount
would be still small. '

Minerex Environmental Limited Report Reference: 1503-086.doc 80of10
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4.

CONCLUSIONS AND RECOMMENDATIONS

The thickness of peat and glacial till and the bedrock depth have been determined and displayed on
maps. They can be used for vulnerability assessment and for hydrogeological and geotechnical

considerations in the development of the proposed landfill.
The rock underlying the sites is strong competent psammitic schist.

Variations in the bedrock resistivity show that in some areas the rock has a higher schistosity and

could be more fractured.

The pattern of the bedrock resistivity shows a NW-SE trending fault running along and near the small
stream on site A. An increased conductivity found in the VLF-EM data, dolerite drilled in Borehole 1
and the general geology lead to the mterpretat!on that a tertiary dolerite dyke has intruded into an

older fault zone. N

The dolerite intrusion would have contributed to the healing of the fault and to a reduction in the
permeability. The combination of the river for the surfacs\}ol%ater and the fault/dolerite dyke for

subsurface water will cut of any potential water flow fr\gmiﬁe south to the north of the site.

Somne smaller conductivity anomalies are link J@areas of lower bedrock resistivities and thicker

overburden. : Q\‘
é\

é’
It is highly unlikely that fault or fracturef%gdés other than those mapped exist under the site.
& &

The contlnuatlon of the dolente dyj{éﬁault zone should be mapped in the main site investigation.

2D-Resistivity profiles me%?gf d along continuous lines in two orthogonal directions should be
carried out under the proposed landfill cells. Seismic Refraction should be carried out in areas: of

interest as shown by the ZD-R\esistivity.

| Minerex Environmental Limited Report Reference: 1503-086.doc 90of 10
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