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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 ǎƛǘǎ ŀǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ млллΩ above sea 

ƭŜǾŜƭ ŀƴŘ уллΩ ŀōƻǾŜ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ Ŧƭŀǘ ƭƻǿƭŀƴŘǎ ǘƘŀǘ separate the mountains either side of the Togiak 

wƛǾŜǊ ŀƴŘ ƛǘΩǎ ŀǎǎƻŎƛŀǘŜŘ ŦƭƻƻŘ ǇƭŀƛƴΦ 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 orthoǇƘƻǘƻΩǎ ƻŦ ǘƘŜ ¢ƻƎƛŀƪ 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.  



 

A laska Earth Sciences, Inc .  BBNC ð Togiak, Tuya 202 2 

8 

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.  



 

A laska Earth Sciences, Inc .  BBNC ð Togiak, Tuya 202 2 

9 

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 όмлллΩΣ мрллΩΣ нлллΩΣ нрллΩύ 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-рлƳǇƘ ŀǘ ŀƴ ŜƭŜǾŀǘƛƻƴ ƻŦ млллΩ above the groundΦ ¢ƘŜ C[Lw ŎŀƳŜǊŀΩǎ ну° lens means 

ǘƘŜ ŀǊŜŀ ŎƻǾŜǊŜŘ ǿƘŜƴ ŀƛƳƛƴƎ ǘƘŜ ŎŀƳŜǊŀ ŀǘ ǘƘŜ ƎǊƻǳƴŘ ǿƻǳƭŘ ōŜ нрлΩȄнрлΩΣ ƘƻǿŜǾŜǊ ǘƘŜ 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 ¢ǿƛƴ IƛƭƭΩǎ ŀƛǊ ǎǘǊƛǇ, and finished at around 3pm.  
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Figure 5: C[Lw {ǳǊǾŜȅΩǎ ŦƭƛƎƘǘ ǇŀǘƘ ŀƴŘ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜǊƳŀƭ ƛƳŀƎŜǎ ŎŀǇǘǳǊŜŘ. 

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 






























