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Introduction
A short reconnaissance field program was carried out around a mapped tuya volcanic center from
October 24-27th, 2021 by Alaska Earth Sciences, Inc. (AES), and Logic Geophysics. The survey was on
behalf of Bristol Bay Native Corporation (BBNC), and located northeast of the villages of Twin Hills and
Togiak, in southwest Alaska. The goal of this survey was to prospect and identify potential heat
signatures or geochemical alteration resulting from geothermal activity. If significant, such a source
could be used to generate electricity for nearby villages. The field crew was based in Dillingham, Alaska
and used a Bell 206 LongRanger from Egli Air Haul, Inc and for transportation and for part of the various
surveys. The following is a summary of the field activities and results from this field program.

Property Description and Location
The tuya feature is located on Twin Hills Native Corporation surface and BBNC subsurface land
approximately 10 miles northeast of the village of Togiak, 6 Miles northeast of the village of Twin-Hills,
and 60 miles to the west of Dillingham in southwest Alaska. The main area of investigation covered is
approximately 30 square miles in extent. The area covered during field efforts was increased by using a
hand-held Forward Looking InfraRed (FLIR) unit taking photographs out of the LongRanger and surveying
10 miles of the Twin-Hills River adjacent to the tuya deposit.

Figure 1: Showing location of Togiak tuya in relation to nearby Villages and Cities.
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Figure 2: Left: View looking Northeast on North end of tuya. Right: Example of topography
on top of tuya.
The tuya itself is relatively isolated from other high points and sits at approximately 1000’ above sea
level and 800’ above the surrounding flat lowlands that separate the mountains either side of the Togiak
River and it’s associated flood plain. The tuya is roughly oval shaped, encompasses an approximate 3.5
square mile area, is semi flat on the top and flanked by roughly 30-40-degree slopes to the adjacent
valley floor. The rest of the main prospecting area is flat tundra with occasional minor streams and/or
swamps.

Geology
Regional
Southwest Alaska sits between the Yukon-Koyukuk province to the north, and the Alaska Penninsula to
the south. With the exception of the rugged southwestern Alaska Range and Ahlum Mountains, the region
consists largely of low rolling hills. The oldest rocks in the region are metamorphic rocks with Early
Proterozoic protolith ages that occur as isolated exposures in the central Kuskokwim Mountains, and in
fault contact with Mesozoic accretionary rocks of the Bristol Bay region. Precambrian metamorphic rocks
are also seen in the Northern Kuskokwim Mountains and are a depositional basement for Paleozoic shelf
deposits. A nearly continuous sequence of Paleozoic continental margin rocks underlies much of the
southwestern Alaska Range and Northern Kuskokwim Mountains. The most extensive unit in southwest
Alaska is the predominantly Upper Cretaceous Kuskokwim Group, which, in large part, rests
unconformably on older rocks of the region. Volcanic rocks of Mesozoic age are common in the Bristol
Bay region, and volcanic and plutonic rocks of latest Cretaceous and earliest Tertiary age are also common
throughout southwest Alaska. There are two major faults that trend northeasterly in Southwest Alaska,
the Denali-Farewell fault system in the South, and the Iditarod-Nixon Fork fault in the North.
The rocks of Southwest Alaska can be grouped into three assemblages:
1. The predominantly Paleozoic continental margin rocks of the southwestern Alaska Range and
northern Kuskokwim Mountains.
2. The predominantly Mesozoic accretionary rocks of the northern Bristol Bay region.
3. The postaccretionary Clastic sedimentary rocks and mainly calc-alkaline volcanic and plutonic
rocks that tie together the other two assemblages.
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Local
The Togiak Basalt is a Quaternary formation which underlies an area of roughly 175 square miles in the
lower part of the Togiak River valley (Figure 3). Most of the formation is preserved in a graben between
northeast-trending faults, the Togiak Fault to the east and an unnamed inferred fault to the West. The
Fault on the western flank runs roughly parallel with the course of the Togiak River. The Western fault is
inferred from the observation that the course of the Togiak River is aligned with the southeast side of
Hagemeister Island, a southeast-facing fault scarp (Hoare, J.M. and Coonrad, W.L. 1980). The
distribution of the flows and their geologic setting suggest that they probably erupted from vents
localized along the faults and were later displaced by the faults. Most of the vents have since been
destroyed by glaciation or buried by glacial deposits. The Togiak Basalt formation consists of tholeiite
and alkali-olivine basalt flows and a prominent volcanic butte, a tuya formed by a subglacial basaltic
eruption.

Figure 3: Local Geology near the Togiak tuya showing the Togiak Basalt and flanking NE
trending faults in the Togiak River Valley.
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The lower part of the Togiak Basalt consists of the undeformed subaerial tholeiite and alkali-olivine
basalt flows which are characterized by well-developed columnar jointing and generally 3 to 10m in
thickness. The flows consist of labradorite, augite, olivine, and accessory magnetite. Most of the flows
are grey, medium-grained, and nonporphyritic. Some flows are black, dense, and fine-grained with small
olivine phenocrysts. The fine-grained darker flows also contain interstitial glass.
The upper part of the formation forms an unusual and prominent butte. The shape, location,
composition, and structure indicate a subglacial volcano, or tuya. The shape of the tuya is elongated
northeastward, parallel to the regional structure and the flow of glacial ice. The tuya consist of olivine
basalt in the form of glassy tuff, fine-grained subaerial flows, and pillow basalt. The structure of the tuff
points to it being erupted from two separate cones, both near the northeast end of the tuya. The
majority of the tuya is covered by about 40-50 meters of black fine-grained subaerial flows that overlie
the tuff and pillow basalt.

Desktop Study
Two satellite orthophoto’s of the Togiak tuya project area were obtained by AES through E-Terra.
These photos were studied by AES geologists Connor Taylor and Andy Angel using ArcGIS software.
The photos were used to identify and plot areas of geologic significance, streams and lakes for
water samples, priorities for UAV thermal imaging, flight paths for FLIR thermal photography recon,
and priorities to conduct on-the-ground geologic investigation and rock sampling.
Additionally, lineaments were identified that may be of potential geologic significance as well as
many target areas for both drone and helicopter supported thermal image surveys (Figure 4). These
lineaments could be faults, lithologic contacts, and or areas where geothermal fluids or gasses could
escape. Methods used to identify other target areas included identifying major drainages of the
tuya area proper. Apparent changes in vegetation foliage or abundance, presence of animal tracks
around bodies of water in the snow (indicating above freezing water temperature), and coloration
changes rock outcropping were noted. A color anomaly potentially containing hydrothermal
alteration was also identified and became the highest priority area for on-the-ground geologic
investigation. Two UAV priority areas were identified. The area surveyed by the UAV would be
confirmed following initial work on the ground.
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Figure 4: Desktop Study showing identified lineaments and potential targets for surveys.
One of two purchased high resolution satellite orthoimages shown here.

Study of the satellite images helped plan the FLIR survey, water sampling, and on-the-ground
geologic reconnaissance. The AES geologist planned 28 separate flight paths over areas of interest
totaling 53 miles in length within a 10 mi2 area surrounding the Togiak tuya feature. Also within this
area 19 streams, drainages, or lakes were chosen as water sample locations to analyze elemental
composition which would later be correlated with geothermal potential. Water sample locations
were chosen from unique drainages within 0-3 miles of the tuya, with the goal being of sampling all
unique water sources. These locations were picked while keeping in mind that if any hot spots were
identified during the FLIR survey water sample locations would change to include them. Twelve rock
sample locations were picked to give coverage of the tuya. Rock sample locations were chosen
based on apparent availability of outcrop or subcrop, with more densely packed locations chosen in
the area where the color anomaly was identified.
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Field Activities and Methods
Mobilization and FLIR Thermal Imaging Helicopter Survey
The first objective of the field activities was the FLIR thermal imaging survey. A FLIR Model T-1020
with 1024 x 768 Resolution/30Hz and fitted with a 28° lens was used to conduct the first of the two
thermal imaging surveys. Each photo taken by the camera produces a RGB image, as well as a
thermal image with a captured temperature range of -40 to 150°C and an accuracy of +/-1-2°C. The
camera also geotags each photograph so that the photo locations can be plotted on a map
following the survey. The goal of the FLIR survey was to photograph each flight line fully and not
leave any gaps of unphotographed segments. Each photograph was inspected as they were taken,
and if any hot spots were detected, a waypoint would be created on a handheld GPS. Multiple flight
elevations (1000’, 1500’, 2000’, 2500’) and air speeds (40mph, 50mph, 60mph) were planned to be
assessed for quality of photograph, overlap, and ability for the FLIR camera to quickly focus
between photos. The AES geologist and pilot used a paper map and handheld GPS to navigate each
survey line.
The AES geologist arrived in Dillingham on the 24th and prepared to mobilize to the field on the
morning of the 25th. The helicopter left King Salmon at first light and arrived in Dillingham at
approximately 10:00am. The geologist was transported via helicopter to the Togiak tuya deposit
following refueling. Upon arrival in the field area, the helicopter landed on the tuya for door
removal, allowing the camera to take images without heat or reflection from the helicopter
window. After testing for flight elevation and speed options the decision was made for the survey to
be flown at 40-50mph at an elevation of 1000’ above the ground. The FLIR camera’s 28° lens means
the area covered when aiming the camera at the ground would be 250’x250’, however the camera
was often aimed at an angle due to difficulty of following directly above meandering streams and
drainages. Shooting obliquely created more coverage in each image. The survey was briefly paused
so the helicopter could refuel at the Twin Hill’s air strip, and finished at around 3pm.
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Figure 5: FLIR Survey’s flight path and location of thermal images captured .

Water Sampling
Directly following the completion of the FLIR thermal imaging survey, water sampling was initiated.
The goal was to collect data from as many streams, drainages and stagnant bodies of water as
possible within close proximity (up to 5 mi) to the Togiak tuya. The concept was to look for chemical
make-up consistent with hot spring waters. The data collected at each sample site included a GPS
waypoint, temperature and conductivity of the water. A 250ml of water sample was sent to SGS
Laboratories, along with relevant notes (Table 1). Water temperature data would be collected to
detect any inconsistencies with the average water temperature, as well as to help differentiate
spring type if geothermally heated springs were identified. Field pH was recorded to determine
changes to sample chemistry between field and lab, as well as help determine the type of spring.
Conductance would be measured and used as an independent approximation of the total dissolved
solids (TDS) within a sample, as well as a form of quality control, as conductance recorded in
microSeimens per cm is usually roughly 100 times the sum of cations or anions in milliequivalents
per liter (also analyzed for). The ratio of the TDS (mg/L) to conductance (uS/cm) is approximated
between .064-.089 (Rusydi, Anna F. 2018). The water sample sent to the lab would be analyzed for
metals in water by 200.8 ICP-MS. The metals scanned for would be Calcium, Magnesium,
Potassium, Silicon, and Sodium. If hot springs were identified other scans to get concentrations of
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Chloride, Bromide, Sulfate, Nitrate, Ammonia, and full alkalinity would be considered to further
describe the spring. The data would be plotted up on ternary diagrams to make characterizations
about the water.
There were 19 water sampling locations selected prior to field work. None of these sample
locations changed as the result of hot spot identification during the FLIR survey. Many of the
apparent drainages chosen by looking at the satellite ortho-images and topo maps did not contain
water, and alternative sample locations had to be chosen. The geologist was able to collect data at
13 locations (Figure 6). After collecting the last sample the crew headed back to Dillingham
following refuel, arriving at 8pm. The crew went to the Bristol Inn, Dillingham to stay the night and
the water samples were chilled in the fridge.

Figure 6: Location of planned water samples from desktop study and location of actual
water samples taken after being altered due to lack of sample opportunity.
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Unmanned Aerial Vehicle (UAV) Thermal Imaging Survey
AES subcontracted Esther Babcock of Logic Geophysics to conduct the UAV Thermal Imagine Survey and
data collection. Esther used a Quantum Trinity F90+ UAV to fly the survey, a MicaSense Altum
multispectral and thermal camera to capture the images, and Qbase flight software to program and
execute the flight. The UAV has a flight time of up to 60 minutes, a take off wind tolerance of 17mph,
and a cruising wind tolerance of 27mph. The operating temperature range for the UAV is -12°C to 50°C
(10.4 °F to 122 °F). The thermal band of the MicaSense Altum has a thermal sensitivity (difference in
temperature that the thermal band can detect) of 0.05°C. Esther would need help setting up the UAV,
taking calibration photos, and observing the drone in flight per FAA regulations (Title 14 – Aeronautics
and Space).

Figure 7: Quantum Trinity F90+ UAV used to fly thermal imaging survey .
On October 26th Connor and Esther departed Dillingham via helicopter at first light and arrived at the
Togiak Tuy at approximately 10:30am, and the survey began at roughly 11:30am. The air temperature
during the survey was 25 to 28°F (-4 to -2°C). Esther programmed four separate flight areas into the UAV
that ideally would be flown from start to finish without landing: north, west, central, and east. The north
and west flights were 100% completed, but due to small delays throughout the day such as batteries
depleting sooner than expected (north flight area took 2 flights due to battery replacement), and
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increasing winds exceeding 17mph (requiring stand-by time to avoid the drone damaging itself due to
repetitive forced landings), 75% of the central area, and 0% of the east area were captured (Figure 8).

Figure 8: Logic Geophysic’s Map denoting area captured during UAV survey.

On-the-ground Geologic Reconnaissance
Once the UAV was in the air the geologist was able to break off and conduct surface reconnaissance and
rock sampling. The goal of the reconnaissance was to find surface features indicating alteration of the
rocks through hydrothermal processes, collect rock samples to be analyzed, and take observations along
the way. Because of time constraints the geologist was able to plan only a traverse to the highest
priority area showing a tan-orange color anomaly.
Seven rock samples were collected during an 2.5 mile traverse. The geologist noted cobbles and
boulders of basalt as subcrop throughout most of the traverse. The basalt had no observable changes in
composition but did show varying amounts of vesicular texture, potentially indicating separate flows.
There was an abrupt transition from the tundra and brush covered area that had intermittent subcrop of
basalt to the color anomalous area that turned out to be largely light brown-orange mineral soil at
surface. Traveling north, further from this contact, cobbles and boulders of tuffaceous material became
more abundant. The tuff is light brown, low density, containing an estimated 25% fragments of glassy
basalt welded together by finer particles of ash. The tuff continued for as far north as was traversed.
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Four rock samples were taken of the tuff and three representative samples were taken of the basalt. No
water in any form was found in the area of the tuff.

Figure 9: Left: Example of subcrop of olivine basalt displaying vesicles. Right: Example of
outcropping of tuff displaying nearly horizontal layering.
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Figure 10: Photo of samples of tuff (left) and fine-grained olivine basalt (right).

Results
FLIR Thermal Imaging Helicopter Survey
During the FLIR survey 533 photographs were taken with reliable temperatures captured ranging from 17.2°C to 14.9°C (Appendix A). The warmest and coldest temperatures were found on the tundra
surface. The warmest temperatures were seen later in the day on south facing slopes because of the
heat from the sun. The coldest temperatures were seen in depressions filled with snow. Water
temperatures observed fell between these two extremes. No anomalous hot or warm waters were
identified from the FLIR thermal photographs. Water temperatures were observed to be between -5 and
1°C (the FLIR software displays high and low temperatures and a color bar denoting temperatures in
between, as a result water temperatures were estimated using color bar).
Photographs containing the helicopter skid in the outer perimeter often show the skid as the lowest
temperature within the photographed area (ex: Appendix A - Page 431). Thirty of these thermal images
appear blurry because they were taken before the thermal camera was focused and may have
unreliable temperatures, however these photographs have temperatures consistent with the non-blurry
photographs, thus the data is likely accurate. Three photographs (78, 79, 420) were either taken by
mistake or did not have enough time to calibrate between photographs and did not capture a thermal
15
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image. Another three photographs showed temperature ranges from 117 to 122.6°C (155, 156, 157),
these readings are believed to be an error as the minimal variation between the area’s water and
ground is highly unlikely, the following photograph has a +100°C temperature drop, and helicopter skid
in photo 157 reads around 117°C (in other photos reading at < -5°C). The reason for the error is
unknown, it is possible it has to do with the hot air from the helicopter exhaust somehow interfering. All
planned survey flight paths were visited, although some were abandoned before completion due to
total absence of water. A few additional photographs were taken at 3-5000’ attempting to capture a
large area’s temperature range in one photo (421-432).

Water Sampling
There were minimal temperature variations during water sampling (Table 1). Given the temperature
range, the minor differences seen were likely due to factors such as stagnant vs in-motion water, and
volume of lake/pond/swamp being tested rather than the presence of a geothermal heat source. The
conductance measured in the field indicated a relatively low total dissolved solids content in the waters
visited, with the highest reading coming back at 112uS/cm indicating an approximate TDS concentration
of 71-100 ppm (ug/L).

Table 1: Spreadsheet displaying all water sampling data collected in the field and results
from SGS Laboratory tests.
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Many different geothermometry techniques can be preformed using water sample data if a chemical
equilibrium is attained in the reservoir, and the sample collected at the surface is fully representative of
the hydrothermal fluid present into the reservoir. The latter is often not attained as the original
hydrothermal liquid could mix with shallow waters or seperates it’s composition in some other way
(Marini, L. 2004).
A ternary diagram created by W.F. Giggenbach combining the sodium-pottassium geothermometer with
the potassium-magnesium geothermometer is probably the most widely used cation geothermometry
plot used in geothermal exploration. This plot is useful for determining the extent of equilibrium
between the geothermal fluid and host rock. The plot classifies the waters into three catagoriesimmature, partially equilibriated or fully equilibriated. The immature water is regarded as not
equilibrated with respect to these components and is therefore not suitable for geothermometry. () The
water data from the water sampling were plotted into a spreadsheet created by Powell, T. and
Cumming, W. at Stanford University and the spreadsheet in turn output the Giggenbach ternary diagram
in Figure 11 below. All water samples plotted from the tuya area as being immature and thus not
suitable for geothermometry.

Figure 11: Cation ternary diagram described by Giggenbach (1991), combining the NA -K
and K-Mg geothermometers used to determine suitability for geothermometry.
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UAV Thermal Imaging Survey
Pix4D Mapper image processing software was used to process the data collected during the UAV
Thermal Imaging Survey. The thermal images were processed and exported as a georeferenced TIFF file
to be displayed in ArcGIS (Figure 12). The UAV images show surface temperatures on the tuya to be
between -11.10 and 6.93 degrees Celsius. The lowest temperatures captured are largely seen in the
north and are likely caused by two factors; first is that many of the dark patches shown are in minor
depressions and/or on north facing slopes, and second most of these dark areas are covered partially by
densely packed alders. All the high temperatures seen in the north coincide with areas of
south/southwest/southeast steeper slopes. The highest surface temperatures within the area of the
tuya were seen on the Western grid. The high temperatures again coincide with the steep
south/southwest/southeast-facing slopes, and the brightest spot toward the bottom of the West grid is
the single steepest slope within the area surveyed allowing the most surface area available to accept
warmth from the low angle Sun. The Central grid is by far the flattest grid surveyed which is why the
temperature variation is the most stable. Spots of high temperature on the Central grid are not seen on
steep south-facing slopes because this grid was flown as the sun was setting and the surface was no
longer absorbing heat from the sun. The drop in temperature coincident with the change in survey grid
between West and Central grids demonstrates how much the sun affected temperature variation.

Figure 12: Processed results from thermal imaging data obtained from the UAV survey.
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The data from the UAV Thermal Imaging Survey suggests that there is no surface expression of
geothermal activity. The variety of surface temperatures observed can be explained by vegetation
coverage, slope aspect and angle, and time of day rather than from geothermal origin.

On-The-Ground Geologic Reconnaissance
Combining the results of the ground reconnaissance, previous geologic studies of the Togiak basalt
formation the conclusion is drawn that the tuff identified at the north end of the tuya area has
undergone palagonitization. Further, that this is the result of brief interaction with hydrothermal waters
in the past. No indications of hydrothermal alteration were indicated from chemical analysis of the
Olivine Basalt.
In the literature, palagonitization of tuffs has been explained in two ways: In Hawaii, the development of
palagonite is attributed to weathering, or low temperature hydrochemical reactions that take place
above the water table, a product of the warm climate and high precipitation. In Iceland, palagonitization
is attributed to short-term hydrothermal reaction, suggesting the necessary heat comes from pillow
basalts that characteristically underlie the altered tuffs (Hoare, J.M. and Coonrad, W.L. 1978). The
climate in Southwest Alaska being similar to that of Iceland palagonitization of the tuffs on the tuya is
more likely due to short-term hydrothermal reaction. Figure 13 below shows the location of samples
taken as well as the inferred contact at surface where the Basalt meets the tuff. The contact is inferred
where thick alder brush abruptly ends and turns to tan-orange-brown mineral soil covered in pebble

Figure 13 Map denoting data collected during AES geologic ground reconnaissance.
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sized fragments of rock (Figure 14). The two cones in the northeast extent of the tuya deposit
referenced in the literature as likely sources of the tuff were not identified during the reconnaissance.

Figure 14 Photo taken at contact between Olivine Basalt and Palagonitized Tuff.
The presence of the palagonitized tuff suggests that hydrothermal waters were present at or near the
surface for a short time during development of the tuya, however the fact that the tuff is thought to be
created by short term interaction with the waters, and the fact that no springs or waters were
identified, there is no evidence indicating the hydrothermal fluids are still around today.
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Table 2: Spreadsheet displaying all rock sampling data collected in the field.
Assay results for the elemental composition of samples were in line with what is to be expected in a
basaltic rock. No anomalous results pointing to hydrothermal alteration were identified. The basalt and
tuff had roughly the same results with the basalt usually having roughly 10-30% more ppm for most
elements. (See Appendix D)

Conclusions and Recommendations
Field efforts conducted by Alaska Earth Sciences and Logic Geophysics, indicated very limited surface
expression of any geothermal source. The UAV and FLIR thermal imaging data closely agree showing
temperature ranges of -17.2°C to 14.9°C and -11.10°C to 6.93°C respectively. These ranges are
consistent with normal temperatures expected on the surfaces of an area with the topographic and
vegetative environment. Water sampling indicated low total dissolved solids content, and all samples
plotted as immature on Giggenback’s ternary diagram. Most importantly thermal images showed no
sign of a heat anomaly. The palagonitized tuff at the northeast end of the tuya area points to previous
hydrothermal alteration, but the type of alteration indicates the interaction was likely very short. When
combined with the other factors mentioned above there is little indication of geothermal activity near
the surface.
In many cases geothermal exploration is takes place near surface manifestations. The presence of young
volcanic deposits, such as the tuya is intriguing, however no other surface manifestations such as
fumaroles, thermal springs, steaming ground, mud pools, geysers or hot spots were observed during the
thermal image capturing surveys. The UAV survey covered the highest priority zone and the FLIR survey
captured the main prospecting area, given the consistency of temperatures throughout the area
covered, the likelihood of surface manifestations being missed is highly unlikely.

21
Alaska Earth Sciences, Inc.

BBNC – Togiak, Tuya 2022

Although no manifestations were identified on the surface, the presence of an underlying subsurface
geothermal resource cannot be ruled out by the prospecting carried out in these surveys. A Blind
or hidden Geothermal System is a geothermal resource in which no thermal surface features are
observed. These systems also have permeable flow pathways that are in many cases associated with
faults, but also have certain characteristics preventing the hot fluids from reaching the surface. Some of
the factors restricting the fluids from reaching the surface include: thick seals from being buried by
sediments, faults not penetrating up to surface, depressed water tables, and uncharacteristic depth of
system (Dobson, 2016). Many hidden systems in the Imperial Valley and Basin and Range were identified
by rock alteration such as silica or salt deposits, or by accident exploring for water, oil and gas, or
minerals. So, while it is possible the Togiak tuya volcanic has a hidden geothermal reservoir, further
exploration will require drilling, which may prove unreasonable given the lack of evidence seen from
water sampling and geologic reconnaissance. The limited evidence uncovered by this short project does
not justify the next expensive step of drilling.
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Appendices (Digital)
A) Report of FLIR Thermal Photographs
B) Raw FLIR Photographs
C) Water Sample Results
D) Rocks Sample ASSAYS
E) Survey Sample Points and Notes
F) Geotagged Field Photographs
G) FLIR T1020-28 Tech Data
H) Raw UAV Data
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