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Introduction  

In 2003, twenty-nine bore holes were drilled into the prospective route for Southeastern 

Idahoôs Highway 20/26/93. Cores were collected from these bore holes in order to determine 

ground stability prior to emplacement of a new section of highway.  Ruen drilling extracted the 

basaltic cores along a two mile stretch reaching depths below the surface of up to six meters.  

Although the purpose of these cores was to improve highway routes, geologists at Craters of the 

Moon National Monument have also taken advantage of this opportunity to learn more about the 

lava beneath their feet and incorporate this with their knowledge of the surface.    

Location 

The cores were drilled approximately six miles southwest of the entrance to Craters of the 

Moon National Monument and Preserve along the current trace of Highway 20/26/93 (Figure 1).  

Below the map is an inset of the improved section of the highway with the borehole locations for 

the core samples shown (Figure 1a). The specific location for each individual bore hole is listed 

later in the report under the bore hole number.  

Background of the Lava Flows 

The 29 cores were mainly collected from a single basalt flow and contain minor amounts 

of soil and old road embankment.  The lava flow that comprises the majority of the core is part of 

the Grassy Cone flow.  This surface- and tube-fed pahoehoe flow erupted from Grassy Cone 

approximately 7300 years ago. The lava that originated from Grassy Cone, north of what is now 

Highway 20/26/93 flowed north abutting the high peaks of the Pioneer Mountains as well as 

flowing south as far as 11.5 miles.  A second, older flow may also be present within two of the 

deeper cores.  Evidence for the presence of a second flow is the transitional contact between 

massive basalt with few vesicles to basalt with a pahoehoe texture.  Evidence suggests that the 

older flow may be the pahoehoe textured Sunset cone flow, which erupted from Sunset Cone 

directly to the northeast of Grassy Cone approximately 12,000 years ago.  Based on age and 

location the other possible identity for the second flow could be the Carey AôAô flow.  However, 

the flow at the base of the bore holes had a ropey, pahoehoe texture and the Carey flow has a 

blocky, AôAô texture, therefore the most likely candidate for the second unit is the Sunset Cone 

flow.  The remaining lava flows in the vicinity of the bore holes are all much too young to lie 

below the Grassy Cone Flow and are therefore ruled out as possible candidates for the second 

unit.  Figure two shows a geologic map with all the lava flows in the general area of the section 

of highway labeled.  Details on the age, lava type, and source for each flow are listed below in 

Table 1 (Kuntz and others, 1986).  

 



Table 1. Characteristics of lava flows in close proximity to bore holes.  Absolute ages (7,360 ± 60) were determined using radiocarbon dating, while 
relative ages (~) are based upon paleomagnetic and stratigraphic evidence. (Kuntz and others, 1986) 

 

 

 

 

Flow Flow Nomenclature Predominant Lava 

Type 

Age  (years ago) Eruptive 

Period 

Source Vents Estimated 

Area (km
2
) 

Average 

Thickness 

(m) 

Estimated 

Volume 

(km
3
) 

Blue Dragon Qfa2p pahoehoe 2,076 ± 45 A Eruptive Fissures S. of Big 

Craters 

280 12 3.4 

Highway Qfa8b aô a ~ 2,250 A North Craters Cinder Cone 

(?) or vent between Grassy 

and Sunset cones (?) 

1.5 20 0.03 

North Crater Qfa5p pahoehoe ~ 2,300 A North Crater Cinder Cone 1.5 5 0.01 

Big Craters Qfa5p pahoehoe 2,400 ± 300 A Eruptive Fissures N. of Big 

Craters 

9 5 0.05 

Silent Cone Qfd1p pahoehoe ~ 6,450 D Silent Cone Cinder Cone 9 15 0.1 

Grassy Cone Qfe1p pahoehoe 7,360 ± 60 E Grassy Cone Cinder Cone 120 10 1.2 

Carey Qfg2a aô a ~ 12,000 G Sunset Cone Cinder Cone 230 12 2.8 

Sunset  Qfg1p pahoehoe 12,010 ± 120 G Sunset Cone Cinder Cone 100 10 1.0 



 

Figure 1 (above): Boundary map of Craters of 

the Moon Natio nal Monument and Preserve. 

Background  image is composed of  stitched 

aerial photos from the National Agric ultural 

Imagery Program. Rock Cores were taken 

from boreholes drilled along  the orange  

section of Idaho Highway 20/26/93 displayed 

in red. The entrance to the park and Visitorõs 

Center is marked by the blue  star. 

Figure 1a (left): In set of Figure 1 which 

displays specific locations for individual 

boreholes.  



 

Figure 2: Geologic  map of the lava flows in the northwestern segment of Craters of the Moon National 

Monument and Preserve.  Rock cores mainly contain basalt from the Grassy Cone Flow, but also possibly 

contain small amounts of the Sunset Flow.  For overview of flows see Table 1.  (modified from Kuntz et al, 

2007) 



Understanding the nature of the flows and the formation of the rock is not always straight 

forward. However, by associating the observed features of the rocks to particular igneous 

processes as well as comparing the spatial distribution of the lava flows makes it possible to 

better understand the volcanic episodes that occurred (Winters, 2001). Conversely, there is a 

plethora of geological terms that can be used to define and describe these observed lava features; 

covering a wide range of aspects. Mostly encompassing the chemical and physical characteristics 

of the rocks, the terminology associates the feature to a definitive igneous process. In order to 

readily describe the rock cores, specific vocabulary used is defined by the legend in Table 2.



Symbol Term Definition / Description Picture 

 

Massive Basalt A basaltic rock with homogeneous texture, lacks 

flow layering and foliation, but may contain few 

vesicles 
 

 

Vesicular Basalt A textural characteristic of a basaltic rock that 

contains glassy cavities created by the release of gas 

or steam  
 

 

Weathered Basalt A basaltic rock that underwent the destructive 

processes of the atmosphere and its agents causing 

the breakdown of the rock 
 

 

Soil Unconsolidated material above the bedrock 

 

 

Roadway 

Embankment  

of Basalt &  Soil  

& Clay  

Pile of rock or soil as well as pieces of the basaltic 

bedrock that was built up to support the old highway 

route  
 

 

Void Section of  the core that is incomplete or missing 

 

 

Slightly Vesicular A rock containing a small number of vesicles (gas 

bubbles) 

 

 

Highly Vesicular A rock containing a significant number of vesicles, 

which are most often concentrated near the surface 

of the  flow 
 

 

Transition: 

Slightly to Highly 

Vesicular 

Within a single lava flow the abundance of vesicles 

tends to decrease with increasing distance from flow 

margins  
 

 

Oxidized Vesicles Vesicles which contain minerals that chemically 

combined with oxygen leaving a reddish stain on 

the rocks 
 

 

Ropey A low viscosity basalt flow that has a texture 

resembling ropes (also known as pahoehoe) 

 

 

Root The part of plants that extracts nutrients from soil 

 



 

Core Sample Descriptions  

Each core that was drilled from the Tom Cat Hill, East project was originally described 

by Shawn Enright.  His boring logs show the subsurface conditions at the locations and times the 

borings were drilled (Enright, 2004).  From his descriptions, as well as our own we created a 

diagram of each core sample to show the lava features in detail. The legend explaining the 

symbols and defining the terminology is located in Table 2. The top of each diagram represents 

the surface level at that location.  For each core the depth is calculated by setting the surface 

level to 0 and then measuring from this point down in meters.  All measurements are labeled in 

meters including borehole collar elevations (1 meter = 3.28 feet).  The cores are spatially ordered 

with BH-29 (followed by BH-1, BH-2,...) starting in the southwest and ending with BH-28 in the 

northeast (Figure 3).  

 

Joints: 

90º, 80º,70º, 

45º, & 20º 

Parting in the rock where no displacement has 

occurred, but a loss of cohesion chemically, which 

can occur at various angles 
 

 

Joint:  

filled with soil 

Within some of the rock partings  soil and 

sometimes roots were found  

 

 

Core Sample 

 

Borehole of 

selected core 

 
Highway 20/26/93 

 

Depth 

from surface 

Table  2. Legend explaining symbols and defining terms for 

core diagrams below.   Sizes of vesicles in the diagram are 

relative to actual size of vesicles within the rock cores. 

(Winters, 2001), (Bates, 1984)  

 



BH-29  

With a starting 

elevation of 

1763.22 

meters, core 

sample 29 was 

drilled to a 

total depth of 

3.05 meters. 

From the 

surface to 1.22 

meters of 

depth, this 

section of the 

core is highly vesicular basalt with a joint at 

0.46 meters. At 1.22 meters down to 3.05 

meters the core develops into massive basalt 

with few large vesicles. Sample P901 was 

pulled from the core at a depth of 1.98 to 2.13 

meters.  

 

 



BH-1 

With a surface 

elevation of 

1761.13 

meters, core 

sample 1 was 

drilled to a 

total depth of 

5.03 meters. 

The first 2.44 

meters are 

highly 

vesicular 

basalt with 

weathered joints that are roughly 80 degrees. 

The rest of the core to its final depth of 5.03 

meters is comprised of massive basalt with few 

vesicles. 

 

 



BH-2 

With a surface 

elevation of 

1764.78 

meters, core 

sample 2 was 

drilled to a 

total depth of 

4.72 meters. 

From the 

surface to 1.83 

meters the 

basalt was 

highly 

vesicular, with a transition to massive basalt 

with fewer vesicles. The core remained massive 

to its total depth of 4.72 meters. A sample P902 

was removed from 2.31 to 2.46 meters. Also, 

there is a void of roughly .150 millimeters at the 

depth of 3.51 

meters. 

 

 



BH-3 

With a surface 

elevation of 

1765.08 

meters, core 

sample 3 was 

drilled to a 

total depth of 

6.10 meters. 

Highly 

weathered 

basalt 

comprises the 

first .31 meters 

from the surface then transitions into more 

massive basalt with larger vesicles down to 1.52 

meters of depth. From 1.52 meters down to the 

final depth of 6.10 meters, it becomes slightly 

more vesicular. At 2.9 meters, begins a zone of 

broken up core and at 4.27 meters as well as 

5.79 meters there 

are joints of 70 

degrees. Sample 

P903 was removed 

from 3.81 to 3.96 

meters.  

 

 



BH-4 

With a surface 

elevation of 

1765.56 

meters, core 

sample 4 was 

drilled to a 

total depth of 

4.57 meters. 

The core 

transitions 

from highly 

vesicular to 

massive as it 

increases with depth. Beginning at the surface to 

0.91 meters the basalt is highly vesicular. From 

0.91 meters to 1.52 meters to basalt becomes 

more massive with larger vesicles.  At 1.52 

meters the basalt becomes notably more 

massive due to the decrease in vesicle 

abundance, although less abundant the size of 

the vesicles begins to increase in size with 

depth. This pattern continues until 3.35 meters 

in depth where it 

is massive down 

to the coreôs 

total depth of 

4.57 meters. 

Sample P904 

was removed 

from 3.66 meters 

to 3.81 meters. 

 

 



BH-5 

With a surface 

elevation of 

1766.17 meters, 

core sample 5 

was drilled to a 

total depth of 

5.03 meters. 

Weathered basalt 

and soil make up 

the first 0.2 

meters of this 

core. From 0.2 to 

0.76 meters the basalt is highly vesicular.  From 

0.76 to 1.98 meters it becomes slightly 

weathered. Sample P905 was taken from this 

zone of slightly weathered basalt from 1.12 

meters down 

to 1.27 

meters. At 

1.98 meters 

the basalt is 

once again 

unweathered 

and slightly 

vesicular. The 

basalt is 

massive 

below 3.51 

meters with 

joints of 70 

degrees from 

4.27 meters to 

the base of the 

core at 5.03 

meters.   

 



BH-6 

With a surface 

elevation of 

1766.45 meters, 

core sample 6 

was drilled to a 

total depth of 

4.75 meters. 

From the surface 

to 0.15 meters, 

the core consists 

of loose rock and 

soil, below 

which it 

becomes highly vesicular basalt. The basalt 

remains highly vesiculated down to 1.22 meters 

at which point the abundance of vesicles 

decrease. At 2.29 meters the core transitions to 

massive basalt 

which 

continues to 

the bottom of 

the borehole at 

a depth of 4.75 

meters.  

 

 



BH-7 

With a surface 

elevation of 

1766.44 meters, 

core 7 was drilled 

to a total depth of 

4.57 meters. The 

first 0.13 meters 

were comprised 

of loose rock and 

soil, from there 

the basalt was 

highly vesicular 

with joints of 70 degrees down to 0.91 meters. 

Subsequently, the basalt became less vesicular 

down to 1.52 meters where the basalt 

transitioned to a more massive unit with fewer 

vesicles, the basalt remained this way to the 

bottom of 

the hole at 

4.57 meters. 

Noted was a 

small void 

from 4.27 to 

4.41 meters.   

 

 



BH-8 

With a surface 

elevation of 

1766.36 meters, 

core 8 was 

drilled to a total 

depth of 3.15 

meters. Loose 

rock and soil 

comprised the 

first 0.47 meters. 

Below the loose 

rock and soil 

highly vesicular basalt was present down to 1.52 

meters. Between 0.89 meters to 1.04 meters 

down sample P906 was pulled from the core. At 

1.52 meters the basalt becomes massive and 

stays this way to the bottom of the hole.  Joints 

at 45 degrees occur both at 1.67 meters and 

again at 2.64 

meters.  

 

 



BH-9  

With a surface 

elevation of 

1766.45 meters, 

core 9 was drilled 

to a total depth of 

2.44 meters. The 

first 0.46 meters 

was dominated by 

loose rock and 

soil, followed by 

highly vesiculated 

basalt down to 

0.76 meters. From this point the core transitions 

to a more massive texture and is significantly 

jointed. The joints have angles of 90 degrees 

between 0.76 to 1.83 meters and 70 degrees 

from 2.06 to the bottom of the hole at 2.44 

meters.   

 

 



BH-10 

With a surface 

elevation of 

1766.41 meters, 

core 10 was 

drilled to a total 

depth of 2.44 

meters. From the 

surface to the 

depth of 0.3 

meters, the core 

consists of loose 

rock and soil, 

followed by highly vesicular basalt down to 

1.52 meters. In this section of the core the 

vesicles were red due to oxidation of the iron 

minerals within the rock. At 1.52 meters the 

basalt transitions from vesicular to more 

massive.  The basalt remains massive to the 

base of the hole at 2.44 meters.   

 



BH-11  

With a surface 

elevation of 

1766.09 meters, 

core 11 was 

drilled to a total 

depth of 4.57 

meters. Loose 

rock and soil is 

present from the 

surface to 0.20 

meters in depth. 

Highly vesicular 

basalt is found from 0.20 to 1.52 meters, where 

the vesicles begin to decrease in size with depth. 

In a transitional zone between 1.52 to 3.05 

meters, the core becomes less vesicular and 

more massive. At 3.05 meters the basalt is 

completely massive with 70 degree joints at 

3.96 meters and 4.27 meters. The basalt remains 

massive to the base of the hole.  

 

 



BH-12 

With a surface 

elevation of 

1766.43 meters, 

core 12 was 

drilled to a total 

depth of 4.57 

meters. Highly 

vesicular basalt is 

found within the 

first section of 

this core from the 

surface down to 

1.83 meters. There is a zone of jointing between 

1.52 to 1.83 meters. Just above 1.52 meters 

there is one 90 degree joint, while within the 

zone of jointing, the joints occur at 45 and 70 

degree angles. From 1.83 meters to the base of 

the hole the core is massive, and contains a 

mineralized 

void at 2.44 

to 2.59 

meters.  

 

 



BH-13 

With a surface 

elevation of 

1766.33 meters, 

core 13 was 

drilled to a total 

depth of 3.05 

meters.  The top 

0.15 meters of 

the core consists 

of loose rock 

and soil. From 

0.15 to 0.3 

meters vesicular basalt is present without any 

evidence of soil.  At 0.3 meters there is a soil 

filled joint where slightly vesiculated basalt 

begins and continues to the base of the hole. 

There are four joints, all at 70 degrees, 

occurring at 

1.67, 2.13, 

2.29, and 2.74 

meters. 

 

 


