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INTRODUCTION

The U.S. Geological Survey (USGS), with funding from the U.S. Agency for International
Development (USAID), provided technical assistance to the Republic of Armenia (RA) to assess
the country’s potential coal resources. Exploration drilling and borehole geophysical logging
were integral parts of this technical assistance known as the Coal Exploration and Resource
Assessment Program of Armenia.

Specific activities in this regard included:

1. Geophysical logging of boreholes drilled in Armenia in the past four years, for coal and
other mineral deposits (salt, water, non-ferrous metals). Twenty-six boreholes were geophysically
logged in the Antaramut-Kurtan-Dzoragukh coal deposit, one hole was logged in the Ijevan coal
deposit, and eight non-coal exploration boreholes were logged in other areas of Armenia.

2. Creation of a new database including digitizing archival geophysical logs for Armenia,
with borehole coordinates and elevations, and geology of the holes. The work is still in progress,
as the number of boreholes is large. There are approximately 3,500 logs in the archives and the

work contained here represents about 3 percent of those geophysical logs.

PART 1
ANTARAMUT-KURTAN-DZORAGUKH COAL FIELD
Study Area
As part of the Coal Exploration and Resource Assessment Program, the USGS conducted

exploration drilling in the Antaramut-Kurtan-Dzoragukh coal field in north-central Armenia



between May 1997 and June 1999. This coal deposit lies approximately 15 km north of the town

of Vanadzor (fig. 1).

Methods

As part of the Coal Exploration Program, prior to exploration drilling, the USGS installed
computerized (Century Geophysical) geophysical logging equipment in the Republic of Armenia.
The purpose of the borehole logging activities was to help determine core loss, define
stratigraphic horizons, especially for non-cored holes, and aid in geologic correlation. All of these
factors are important in the exploration and assessment of the coal resources of Armenia. The
following set of borehole geophysical logs were routinely run on most of the boreholes drilled:
" Gamma Gamma Density
n Natural Gamma
" Spontaneous Potential
n Resistivity
L Caliper

There were three geophysical probes used. The caliper tool is a three arm probe used to
measure the diameter of the borehole. The multifunction tool measures, in a single run, the
natural gamma, spontaneous potential, single point resistance, 16-inch and 64-inch normal
resistivity, 48-inch lateral resistivity, fluid resistivity, temperature, and differential temperature.
The compensated density tool records apparent bulk density of the formation, natural gamma,
caliper, and short guard resistivity. The sampling interval is 2 cm.

A NaJ crystal was used as a detector of natural gamma activity. The tool was standardized



(the microroentgen/hour to counts-per-second conversion factor was determined), allowing one
to compare the data obtained using the American equipment with those obtained earlier using
Soviet equipment. A Ra®® source was used for standardization.

The spontaneous potential tool measures electrical potential between an electrode at some
depth in the borehole and a surface electrode grounded in the mud pit. Resistivity was measured
using long- and short-normal tools, with AM electrode spacing of about 40 cm (16 inches) and

37 source. The

162 cm (64 inches), respectively. Density was measured using a 125 millicurie Cs
response was detected by a NaJ crystal located adjacent to (14.9 cm) and distant from (30.9 cm)
the gamma ray source (this is necessary to reject, by software means, rays directly emanating from
the gamma source). Temperature (°C) was measured using a thermocouple.

All coal boreholes drilled as part of the USGS exploration drilling were geophysically

logged immediately upon completion of drilling. Locations of the boreholes are found in figure 2.

Reésults

Although 32 sites were drilled as part of the exploration of the Antaramut-Kurtan-
Dzoragukh Coal Field, some of the sites were twin holed, using a combination of rotary and core
drilling methods. A few of the holes were abandoned due to technical difficulties, and if the hole
was too shallow to be useful, we did not geophysically log the hole. A total of 26 boreholes were
logged and these geophysical logs are found in Appendix 1 of this report. A complete list of
borehole descriptions can be found in Pierce and others (1999).

There are some holes with textbook examples of coal bed geophysical log response.

Examples of these textbook responses include boreholes 4C (73 m), 18A (122 m and 138 m),



24A (98 m), 26A (41 m and 44 m), and 28A (117 m and 136 m) (Appendix 1).

In addition, a table showing the physical parameters of the Antaramut-Kurtan-Dzoragukh
rocks was made based on the results of geophysical logging. The table represents the average
physical characteristics of the majority of the rocks in the region.

Average Physical Characteristics of Rocks in the
Antaramut-Kurtan-Dzoragukh Coal Field

Rock type Resistivity Radioactivity | Density
ohm - m CPS(uR/h) g/cm’

Sandstone 10 170(20) 2

Tuffaceous sandstone 12 130(15) 22
Clay shale ned* 65(10) 1.8
Claystone (mudstone) 10 ned* 2.2
Tuff breccia 20 100(13) 23
Coal ned* 75(9) 13

*ned = not enough data to give an average response

PART II
NON-COAL BOREHOLES
Also during the past four years, the RA Ministry of Environment has drilled some
boreholes for salt, water, copper and other non-ferrous metals. These boreholes were also
geophysically logged, using the same equipment as described above. The methods described
above pertain to these geophysical logs as well. Eight non-coal boreholes were logged and the

results of this work can be found in Appendix 2 of this report.



PART I
ARCHIVAL GEOPHYSICAL DATABASE

Introduction and Brief Background of Soviet
Geopysical Logging Techniques

Boreholes have been geophysically logged regularly in Armenia since 1950. In Soviet
years, all boreholes were geophysically logged, regardless of the type of the deposit. The
following standar.d suite of borehole geophysical logs were recorded:
L Resistivity
n Spontaneous Potential
L Natural Gamma

Because of sporadic high noise level on the SP, resistivity, and Induced Polarization logs
in Armenia, such measurements were historically carried out using mainly gradient tools (that is,
when both M and N electrodes are down in the hole). The A2MO0.25N probe (A-M is 2 m and M-
N is 0.25 m) was a standard probe used in Armenia to measure resistivity. Spontaneous potential
was also measured using gradient probes (specifically M0.25N (where M-Nis 0.25 m)). For a
detailed discussion on Soviet logging methods, see Fedynski (1978; 1983).

NaJ(T1) crystals were used as detectors for the measurement of Natural Gamma radiation.
The probes were standardized and calibrated, and the performance of the photomultipliers was
checked. In addition, the probes’ sensitivity threshold was checked once a year. A Ra™® source
was used for the standardization of probes. In order to determine proper probe performance, the
differences between the natural/background and control sources (Co®®) were measured before and

after each use to ensure they were the same.



Depending on the geological tasks or type of the deposit, additional methods were also
used: Induced Polarization, Roentgen-Radiometry, Gamma-Gamma Density, Inclinometry,
Temperature, Magnetometery, Fluid Resistivity, and Flowmetry (using thermoinductive
flowmeters). Starting from mid 1980's, the Partial Metal Extraction Method (U1 IM or ChIM)
was also tested. This is a method to determine the percentage content of a specific metal in a
specific area. This is a direct method for searching for gold and other elements. Cd'® and Cs"*’
sources were used for Roentgen-Radiometry and Gamma-Gamma Density measurements,
respectively. Temperature-sensitive resistors were used for Temperature measurements. The

inclinometer’s accuracy for azimuth and angular measurements was + 5° and + 30 minutes,

respectively. Magnetometry was used to measure AZ and anomalous AT.

Induced Polarization was measured by gradient probes (MN = 10 m or MN = 20m). One
of the electrodes (the current-return electrode, labeled B) was implanted at an “infinite” distance
from the hole (at least three times the hole’s depth), and the other (the current-emitting electrode,
labeled A) was placed either by the hole’s mouth or down in the bottom of the hole, while two
other electrodes (M and N) were located on the probe. This method is used for finding ore bodies
located near a borehole.

By “Azimuthal Surveying” (a modification of the Induced Polarization method) the
location of the ore body near a borehole, but not cut by the borehole, was determined. In this
method, the current-emitting electrode (A) is placed at various positions in a radius around the
borehole on the surface in order to locate the position of the ore body.

When an ore body of unknown orientation is encountered while drilling, the Charge-



Induced Polarization method is used to help determine the lateral extent and direction of the ore
body. The A electrode is placed into the hole and the M and N electrodes are placed at various
distances away from the borehole in order to build profiles to help determine the extent of the ore
body.

Starting in the mid-1980's, the borehole version of the method of Irreversible Processes of
Artificially Induced Polarization was used in the USSR for the first time. This is a variation of the
Induced Polarization method, but rather than run measurements every 0.5 seconds as done in the
normal IP method, measurements are taken incrementally, increasing every 0.02 seconds to 1.0
second, resulting in at least 10 measurements per point. This method is particularly useful for
some metals, such as molybdenum, which is undetectable by regular IP methods. But, more
importantly, if the body of interest is pyritized, this method discards 90 percent of pyritization

interference, which the standard IP method does not.

Methods

All the geophysical logging data are currently stored in the Geophysical Expedition of the
RA Ministry of Environment and their maintenance has become a problem in the last few years.
Digitizing the data helped solve the problem of the imminent decay of these data and allowed for
categorization of the holes by regions. The following steps were taken in computerizing the data
and building the database:
L The archival geophysical log curves were computerized using a digitizer, whereas the text

part of the logs was computerized using a scanner.

" The coordinates, elevations, and geology of holes were found, where possible, checked



and corrected.

= The geophysical logs were plotted in a standard format using the new computer programs.

The archival geophysical logs did not have locality coordinates or elevations attached to
them as part of the raw data. For these, we needed to cross reference each report in which the
geophysical log appeared. However, many of the geophysical logs never appeared in any report
and exact locality coordinates are still considered government proprietary in Armenia. Thus, the
best we can do is report the general region of the borehole, report which RA Ministry
Expedition’s Party logged the hole, for what purpose the borehole was drilled, and the date
logged. Each Ministry Expedition Party is responsible for logging in a specific geographic
territory and therefore, a borehole logged by a certain Expedition Party will be found only in a
specific area. A map showing the general regions that each Party is responsible for is found in
figure 3. In addition, all of the attached archival logs in Appendix 3, have the names of the closest
village to the borehole. Most of the boreholes, and therefore the geophysical logs, are within
approximately a 5 km radius of the village named on each log. The date on each log is in the
format of month/day/year.

Even though we can not provide specific coordinates for these geophysical logs,
publication of these logs provides a means of preserving these data. In addition, many of these
raw data do not appear in any other text or format. For those that might be interested in using
these geophysical logs for exploration or other purposes, exact localities are available from the
Republic of Armenia Ministry of Environment or Geophysical Expedition after filing appropriate

applications.
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APPENDIX 1

Geophysical Logs from Exploratory Boreholes of the

Antaramut-Kurtan-Dzoragukh Coal Field
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APPENDIX 2

Geophysical Logs from Recent Exploratory Boreholes Drilled

by the RA Ministry of Environment
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APPENDIX 3

Archival Geophysical Logs from Exploratory Boreholes

throughout the Republic of Armenia
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