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EXECUTIVE SUMMARY 
 

This report documents the results of the first year of a two year contract as outlined in the 
Scope of Work (SOW) for the Ecosystem Management Plan dated March 24, 2006 for Cultural 
Resources Activities at the Pōhakuloa Training Area (PTA), Kīlauea Military Camp (KMC), 
Keaukaha Military Reservation Resource Center Building, and Kawaihae Military Reservation, 
Island of Hawai‘i. The contract is between the US Army Garrison, Hawai‘i (USAG-HI) and The 
Cooperative Ecosystem Studies Unit, University of Hawai‘i. This report specifically addresses 
projects outlined in Section 5.b.(1-10), Cultural Resources Management.   

The SOW was implemented to conserve, protect and enhance the natural and cultural 
resources in the State of Hawai‘i as well as to comply with all applicable Federal and State laws 
and regulations while also improving the US Army’s ability to conduct and maintain military 
readiness. Implementation of the SOW was achieved through close coordination with and 
guidance from the U.S. Army archaeologist at PTA. In order to obtain this goal and ensure that 
proper management measures/decisions are implemented, a better understanding of the natural 
and cultural resources of the State of Hawai‘i must be achieved.  

The period of work represented in this report is from July 1, 2006 thru June 30, 2007.  

The project consists of inventory survey, site identification, site monitoring, database 
management, site relocation, maintenance of a curation facility, implementation of monitoring 
schedules and various other duties performed under the SOW in support of the Army’s mission.  

All Cultural Resource Management Projects are designed to meet the following requirements: 

• Section 106 of the National Historic Preservation Act and associated Codes of Federal 
Regulations  

• Archaeological Resources Protection Act (ARPA) 
• Native American Graves Protection and Repatriation Act (NAGPRA).  
• Army Regulation AR-200-4  
 

The accomplishments of the 2006-2007 year related to the SOW are summarized here. More 
detailed discussions of specific activities that document the steps taken toward accomplishing the 
goals set out in the SOW are contained in the series of reports that make up the remainder of this 
document. The reports are of variable form depending upon the nature of the activity and the 
reporting technique used. These include trip reports for shorter projects, usually a day or a few 
days in duration; longer reports for more in-depth projects; daily logs produced from a database 
file. Some long reports are not included here but are available upon request. These are discussed 
in the summary below. Many figures from the original reports have been removed in the interest 
of controlling the size of this report; additional figures are available upon request. The topics 
discussed here, as indicated in the SOW, include the results of Archaeological Sensitivity Area 
(ASA) monitoring, a summary of fieldwork carried out by the PTA CRM staff in areas 
controlled by the Army, a summary of public outreach work, a summary of improvements to and 
progress in the curation process, and construction and improvements made to the GIS database 
and the PTA CRM database.  
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ENVIRONMENTAL AND HISTORICAL BACKGROUND 
Most of the work reported herein was conducted at the Pōhakuloa Training Area in the center 

of Hawai‘i Island (Figure 1). Elevations for PTA range between 1,238 m (4060 ft) to 2707 m 
(8,880 ft) above sea level (Shapiro, Shapiro and Cleghorn 1998:4.) The climate is relatively cool 
and dry.  Mean annual high temperatures range between 10-15.5°C (50-60° F) (Hommon and 
Ahlo 1983:10.) Although rainfall is relatively low (between 100 mm to 400 mm [4 to 16 
inches]), moisture, especially on the eastern range, is observed by the occurrence of fog and mist.  
During the winter months, PTA may experience an occasional frost (Hommon and Ahlo 1983). 
PTA is covered by lava flows of pāhoehoe and ‘a‘ā derived from Mauna Loa and Mauna Kea 
Volcanoes (Hommon and Ahlo 1983:7).  A majority of the lava flows that cross through PTA are 
prehistoric lava flows derived from the Mauna Loa volcano and date from 200-400 yr B.P. up to 
10,000 yr B.P. Mauna Kea lava flows represent a small portion of PTA lands limited to the 
northern portion of the training areas. These flows are more than 10,000 years old.  There are 
several recent historic era flows that originated from the Mauna Loa volcano and cross through 
parts of the Training Area lands.  The lava flows that date to 1843, 1899, and 1935 are located on 
the eastern portion of the Training Area. The 1859 lava flow is the only historic lava flow on the 
southwest section of PTA. Soils are generally shallow at PTA and are often comprised of loamy 
sand, silt loam, and fine sand derived from eluvial volcanic ash and cinder deposits.   

Today, PTA vegetation is primarily classified as a sparse, open, or intermediate ‘Ohi‘a 
(Metrosideros polymorpha) tree land with sparse to dense shrub understory and some isolated 
communities of naio-māmane scrub woodland vegetation. The naio-māmane community: 
includes grasses (e.g., Eragrostis sp.), low shrubs (e.g., ‘aweoweo [Chenopodium oahuense] and 
‘a‘āli‘i [Dodonaea viscose]), and scattered trees (e.g., naio [Myoporum sandwicense]).  The 
invasive fountain grass (Pennisetum setaceum) is becoming more prevalent across the area. 

Wildlife in PTA is dominated by introduced feral species. The pig (Sus scrofa) and dog 
(Canis familiaris) were originally brought to the Hawaiian Islands by the prehistoric Polynesian 
settlers. However, the modern feral pigs and dogs are descended from animals that interbred with 
European introduced pigs and dogs. Other feral species that were introduced historically to 
Hawai‘i from the Old World and now run free at PTA include sheep (Ovis aries), goat (Capra 
hircus), cat (Felis catus), mongoose (Herpestes auropunctatus), black rat (Rattus rattus), and the 
house mouse (Mus musculus).  Birds in PTA include many native and introduced species.  Non-
native bird species observed at PTA include several taxa of introduced game birds such as 
chukar (Alectoris chukar), Erckel’s francolin, (Francolinus erckelii), California quail (Callipepla 
californic), Kalij Pheasant (Lophura leucomelana), Ring-necked Pheasant (Phasianus 
colchicus), and turkey (Meleagris sp.).  Other non-game introduced bird taxa include the skylark 
(Alauda arvensis), melodious laughing thrush (Garralax canorus), red-billed leothrix (Leothrix 
lutea), Japanese white-eye (Zosterope japonicus japonicus), northern cardinal (Cardinalis 
cardinalis), and the house finch (Carpodacus mexicanus) (Welch 1993:16).  Native birds include 
the migratory kōlea (American golden plover, Pluvialis fulva) as well as ‘io (Hawaiian hawk, 
Buteo solitarius), pueo (Short-eared brown owl, Asio flammeus sandwicensis), palila (Loxioides 
bailleui),‘apapane (Himatione sanguinea), ‘i‘iwi (Vestiaria coccinea), ‘elepaio (Chasiempis 
sandwichensis), and ‘amakihi (Hemignathus virens).  Although the Hawaiian Petrel (‘ua‘u, 
Pterodroma sandwichensis), ‘alalā (Hawaiian crow, Corvus hawaiiensis), nēnē (Hawaiian 
Goose, Branta sandvicensis), and at least one species of rail (Rallidae spp.) once dominated the  
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Figure 1. Pōhakuloa Training Area 
 

landscape, these taxa are no longer commonly seen in the area (Moniz-Nakamura 1999). Nēnē 
are becoming more common again at PTA (Lena Schnell, personal communication 2007). 
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At the time of European contact, the area that encompasses most of PTA lay in the Ahupua‘a 
of Ka‘ohe, Hāmākua District (Cordy 1994:105).  Portions of four ancient districts (Hāmākua, 
Hilo, Kona, and Kōhala) cross the PTA region. PTA is remote from the general island wide 
pattern of dense lowland settlement, being some 43.4 km (27 miles) by air west of the coastal 
town of Hilo and 29 km (18 miles) east of Kailua-Kona.  Since there was never a permanent 
Hawaiian settlement in the Saddle region due to the inconducive sub alpine environment, 
traditional Hawaiian agricultural systems of dry land taro or sweet potato were not adapted to 
this area.  However, archaeological studies in PTA and neighboring areas demonstrate that 
Hawaiians nevertheless utilized this upland plateau in prehistory for various types of resource 
acquisition. Radiocarbon dates indicate that Native Hawaiians used the Saddle region for more 
than 1,000 years, from ca. A.D. 775 to the nineteenth century, with the most intense use of the 
Hawai‘i Island uplands extending from A.D. 1200 to 1700 (see Roberts, Brown & Buffum 2004 
for a recent summary). 

Despite the remote location of the area from the foci of settlement on Hawai‘i Island, PTA is 
surrounded by a number of highly significant sites. Located approximately 8 km (5 miles) west 
of the post on the slopes of Hualālai, Ahu a ‘Umi Heiau is the closest known large heiau to PTA. 
Traditional accounts state that the heiau was constructed in commemoration of the unification of 
Hawai‘i Island by chief  ‘Umi a Liloa around A.D. 1600 (Hommon and Ahlo 1983:23; Kirch 
1985:179). The importance of this heiau site lies in its embodiment of the actions of the chiefly 
ruling class and their effects on regional land use patterns and resource exploitation. To the 
northeast of PTA on the upper slopes of Mauna Kea, at elevations ranging from approximately 
2621-3962m (8,600-13,000 ft) is the Mauna Kea Adze Quarry Complex, covering an area in 
excess of 19.4km² (7.5 mi2). Within this extensive area are large site complexes as well as 
smaller clusters and isolated site locations. Located just northeast of the PTA Cantonment on the 
lower slopes of Mauna Kea below the main adze quarry are Hopukani, Waihu, and Liloe springs. 
Associated spring sites evidence basalt tool manufacturing activities and subsistence items 
specific to different elevations (McCoy 1986). 

Following European contact, a number of changes took place in the land use associated with 
the Saddle area and PTA more specifically. Adze and other stone tool manufacture appear to 
have ceased relatively quickly as metal became available through trade. Even during the first 
visit of James Cook, metal was noted among the Hawaiians. Cattle given to Kamehameha I by 
Vancouver were released into the uplands of Hawai‘i Island and were placed under kapu 
restrictions so that the herd would grow. These cattle became feral and impeded use of the 
uplands. The cattle also changed the nature of the upland vegetation, trampling what plants they 
did not eat (Maly & Maly 2002: 150). Residents throughout the island in the 19th century had to 
build walls to protect cultivated plots from feral cattle, and some large walls were constructed to 
protect entire communities. The sandalwood trade changed the vegetation of the uplands as well. 
The sandalwood trade regularly required large groups of people to hike into the mountains to 
obtain the wood, which was then transported to ships for transport. By the late 19th century 
ranches managed the cattle, and sheep and goats were introduced. Walls and other features for 
animal control were constructed in the uplands and across the Saddle region, and supporting 
infrastructure (watering structures, shelters for animals and humans, etc.) was built across the 
area. The cantonment area of PTA itself was built in 1956. 

The archaeological remains found across PTA illustrate the use of this area throughout 
human occupation of the island. Archaeological sites found across PTA include chill glass 
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quarries, excavated pits, trails, lava tube habitation and water collection sites, and shrines. These 
sites and the physical remains found in them demonstrate the variety of activities that took place 
in the Saddle region prior to European contact. The walls and other remains of the ranching era 
are the legacy of the historic era use of the area.  

The scope of responsibility for the PTA Cultural Resource program has expanded spatially in 
recent years. The U.S. Army acquired a parcel of land to the north of the training area in the 
Saddle, referred to as the Ke‘āmuku parcel in the Waikōloa Ahupua‘a of South Kohala District. 
This 9,176 ha (22,675ac) parcel of land was formerly used as ranch land by the Parker Ranch. 
Elevation on this parcel ranges from 792-1,708 m (2,600-5,600 ft) above sea level. The parcel is 
made up of grasslands with deep soil and rock outcrops, from north to south: Pu’u Pa extremely 
stony very fine sandy loam (PVD), Waikoloa very fine sandy loam (WLC), Kilohana loamy fine 
sand, Waimea very fine sandy loam, in the central portion small areas of Kaimu extremely stony 
peat and Kamakoa very fine sandy loam surrounded by PVD and WLC. The southern portion of 
the parcel includes Kilohana loamy fine sand, Pu’u Pa extremely stony very fine sandy loam, 
Waikoloa very fine sandy loam, Very stony land, Waimea very fine sandy loam, Kaimu 
extremely stony peat, and lava flows with no soil development. All are well-drained soils. The 
Kaimu series are thin organic soils over ‘a‘ā lava; the remainder are formed in volcanic ash (Sato 
et al 1973). These are based primarily on Hāmākua and Laupāhoehoe Volcanics derived from 
Mauna Kea eruptions (Wolfe & Morris 1996). Cinder and scoria cones are found across the 
parcel. The area receives about 25 inches of rain each year. The Ke‘āmuku parcel was grazed for 
many years by the cattle of the Parker Ranch, and the vegetation of much of the parcel, which 
largely consists of grasses, reflects this.  

Historic properties are distributed across the Ke‘āmuku parcel. These properties include 
mounds, walls, remains of ranching activities such as fence lines and a sheep station, petroglyphs 
and pictographs, rock shelters and lava tubes, terraces, enclosures, cairns, C-shaped structures, an 
historic road, and apparent remains of public works project activities. The remains span the pre-
Contact through the early 20th century time periods. The area does not appear to have seen dense 
settlement nor intensive agriculture during the pre-Contact period, although it is closer to areas 
that were densely populated and intensively cultivated than the rest of PTA. A succession of 
livestock related activities took place in the area probably starting with the introduction of cattle 
in 1793 (see Escott 2004; Maly & Maly 2002). Sheep farming was developed in the area in the 
1850’s, and cattle ranching was developed by the Parker Ranch by 1907. Government activities 
took place across the landscape, including surveying, road construction, and U.S. military 
training beginning in World War II. 

Beyond the addition of the Ke‘āmuku parcel, the PTA CRM staff is responsible for 
managing cultural resources at Kīlauea Military Camp in Ka‘u District, Keaukaha Military 
Reservation Resource Center Building in South Hilo District, and Kawaihae Military 
Reservation in South Kohala District. Keaukaha Military Reservation Resource Center Building 
is set on Papai extremely stony muck, and the area is generally landscaped and leveled. Most of 
the area is grassy and open. Kawaihae Military Reservation is located on the constructed dock, 
with no soils or vegetation. It has been used since World War II.  

Kīlauea Military Camp (KMC) is a 50 acre parcel on the north rim of the Kīlauea crater in 
Hawai‘i Volcanoes National Park in the ‘ili‘āina Keauhou of Ka‘u District at 1219 m (4000 ft) 
above sea level. The camp is landscaped with grass and a number of trees. Most of the soil is 
Heake very rocky sandy loam, with a finger of Manu silt loam at the northeast corner of KMC. 
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The landscape is dominated by the recent volcanics of Kīlauea, and earthquake cracks are found 
across KMC. KMC lies at the edge of the montane rainforest environment, with most of the area 
around KMC consisting of open ‘ōhi‘a forest with tall grass and a creeping fern (Gleichenia 
linearis). Temperature varies little, with highs in the low 70 degrees F and lows generally in the 
lower 60 degrees F, though dropping to around 40 F in the winter. Prehistoric land use of the 
area was probably related to the forest resources found in the area, including bird catching and 
canoe making. Western visitors have been fascinated by the volcano since the early 1800’s and 
have visited continuously since at least 1822. For a brief period of time (about 40 years), pulu 
was harvested from hāpu‘u fern (Cibotium glaucum) in the vicinity of KMC for sale abroad. 
Ranching was established to the north of KMC in the early 20th century, and probably affected 
vegetation in the area. The National Park was officially dedicated in 1921, although it had been 
created by Congressional act in August 1916 (Tomonari-Tuggle and Slocumb 2000:III-29). 
Military activity at KMC began ten years earlier, in 1911, although the idea of establishing a 
permanent camp was abandoned in 1915, only to be revived in 1916. A deed for the camp was 
drawn up in that year; the camp was to be for training National Guard troops and for Army and 
Navy recreation. The camp was closed when the U.S. declared war on Germany in 1917. In 1921 
the Army took control of the camp in an agreement with the board of trustees, when it was used 
as a vacation locale for soldiers, and was staffed by the Army. By 1930 there were 42 Army 
buildings at KMC and a regular staff. The camp was self-sufficient except for fuel and food. In 
1925 a 14-acre portion of the camp was set aside for the Navy, which officially opened its Naval 
Rest and Recreation Camp at Kīlauea in 1926. During the 1930’s, other buildings were 
constructed, including a hospital, bakery, barber shop, stone cabins, building improvements and 
improved water catchment systems. The lease with the National Park was renewed in 1936 for 
20 years, but this resolution had been slow in coming after the lease expired in 1935 and resulted 
in the Navy camp closing. The Navy gradually withdrew and transferred sole control to the 
Army. After the attack on Pearl Harbor in December 1941, recreational activities at KMC were 
cancelled and it served for a time as the Army Headquarters on Hawaii Island. After June 1942, 
KMC was re-activated as a rest and relaxation camp. Japanese aliens from Hawaii Island were 
interned at KMC, until the summer of 1942 by which time all had been sent to Oahu or the U.S. 
mainland. In 1944 a prisoner of war function was added to KMC and as many as 140 prisoners 
of war from Korea and Okinawa remained at the end of the war. All returned to their home 
countries at the end of the war. Various improvements were made to existing buildings during 
this time. Following the completion of war damage repairs in 1946, the Army garrison force on 
Hawai‘i Island was closed down, and U.S. Army presence on the island was concentrated at 
KMC, the Army Engineer office in Hilo, operations at the General Lyman Field and the Army 
Port. In 1949 KMC became a subpost of Fort Shafter on O‘ahu. Some new cottages, a new paint 
shop and a small warehouse were built, and other existing buildings were refurbished or 
remodeled. In 1950, with the beginning of U.S. involvement in the Korean War, KMC was put 
on standby status. It was reactivated in 1951, again put on standby status in 1952, and reactivated 
ten weeks later. Several new buildings and a baseball field were completed by December 1952. 
Extensive renovation of camp facilities began in March 1956. In 1960 a portion of land on the 
north side of KMC was exchanged for land on the east side of the camp for the new by-pass 
highway. The highway covered the camp’s garbage dump, which was a large earthquake crack. 
Renovations have continued over the years to maintain the buildings and compete with other 
hostelries, but little new construction has taken place. A portion of KMC has been determined to 
be eligible for nomination to the National Register as a historic district. 
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CULTURAL RESOURCES PROGRAM 
The Cultural Resources Program at PTA continues to contribute data that increases 

understanding of the past uses of the region, as well as managing the resources at all installations 
so that they may be preserved for future generations. The remainder of this summary discusses 
the progress that has been made under the various sections of the SOW toward the established 
goals. The discussion here is a general summary of the work that was done; more specific 
information can be found in the reports included in the subsequent section under the 
corresponding heading. 

The SOW specifies topics to be covered in the Annual Report, which reflect the focus of 
activities during the year by the PTA CRM staff. These topics include monitoring of 
archaeological sensitivity areas (ASA); fieldwork related to compliance requirements carried out 
at PTA, Kīlauea Military Camp, Keaukaha Military Reserve, Kawaihae Military Reservation, 
and the West PTA Acquisition Area, also known as the Ke‘āmuku Parcel; public outreach; 
improvements to and progress in the curation facility at PTA; and construction and 
improvements made to the GIS database and the PTA CRM database. The remainder of this 
section of the report summarizes accomplishments in each area during the reporting period, and 
any recommendations made as a result of the work.  

The 2006-2007 reporting period was one of transition for the PTA CRM program, with a 
second Senior Cultural Resource Specialist in two years. Emphasis was placed on fulfilling some 
of the reporting requirements for the program, including completing two Annual Reports from 
previous years and writing up reports on fieldwork begun during the 2005-2006 reporting period. 
There was a greater emphasis during the current reporting period on supporting the Army’s 
compliance responsibilities through survey and documentation, archaeological monitoring of 
construction activities and other support necessary to move projects forward. PTA CRM staff 
supported these efforts not only through active field work, but also through report write-up, 
reviews of six reports by outside consultants, reviews of proposed projects and supporting 
documentation, drawing up supporting documentation and graphics for projects, drafting 
correspondence for eight projects, and assisting with mail outs. PTA CRM staff was also often 
involved in meetings with other parties regarding construction projects and cultural resource 
requirements. PTA CRM staff provided support through data input and standardization for the 
development of the Integrated Cultural Resource Management Plan (ICRMP) by Colorado 
State’s CEMML program.  

Archaeological Sensitivity Area Monitoring  
Only ASA 34 was visited during this reporting period to complete documentation of the sites 

present in the area and to record their condition. This included conducting sweeps of the ASA 
area to record excavated pits, for which precise location information had never been 
documented. This work remains to be completed. A tracking database was also developed and 
implemented to monitor the work done in the archaeological sensitivity areas.  

Compliance Fieldwork  
Several other projects requiring archaeological field work were conducted by PTA CRM 

staff. Many of these field projects were in support of construction projects and were related to 
the Army’s compliance responsibilities under Section 106 of the National Historic Preservation 
Act and its implementing regulations (36 CFR § 800), as amended. These activities included 
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archaeological survey in areas of proposed projects, monitoring of construction activities, and 
gathering additional information to facilitate drafting site protection plans. All fieldwork required 
in addition to the actual time in the field background research preparation in the office, data 
downloading and presentation (GPS data, digital photographs), and report write-up. 

Some field work continued into the 2006-2007 reporting period for the West Side fire break 
(Fire Access Road 1) in support of implementation of the Integrated Wildland Fire Management 
Plan (IWFMP) and a fence along the fire break to protect endangered plants from ungulates 
supporting the Programmatic Environmental Assessment for Large Scale Fencing activities. This 
included several proposed re-routes to meet firefighting and safety requirements as well as 
cultural resources concerns, mapping of a lava tube system that the fire break crosses, and survey 
north of the Old Kona Highway to the Ke‘āmuku lava flow. In addition, the report write-up for 
the West Side Fire Break project was conducted during this year. The report is not included 
below as it is substantial in size, but is available upon request from the PTA CRM staff. 

Archaeological survey was conducted in advance of initiating Section 106 consultation for 
five of the remaining 6 priority ranked fire breaks, or fire access roads (FAR), that continued the 
implementation of the IWFMP. FAR 6 will not be constructed. The remaining fire breaks were 
proposed to follow ostensibly existing roads, many of them created during past fire fighting 
efforts in the area. Due to this nature of their creation, many of these earlier corridors become 
ephemeral in places and are hard to follow. They also often include dead ends. These previously 
existing roads have not been maintained for use since their creation, and in most cases were 
created to fight the fire at the time, rather than to be part of a planned system of fire breaks and 
access roads. This caused some confusion on the ground both during the initial surveys and 
during the subsequent monitoring of initial cutting activities. Some of the proposed routes had to 
be rerouted to better support fire fighting requirements, while others were diverted around 
potential cultural resources. In some cases what appeared to be a logical reroute on the maps 
turned out to be impossible due to topography. As discussed in the trip reports below, FAR 2 was 
particularly problematic due to multiple tracks entering the area where a reroute was proposed 
through an area in which the lava tube system that the fire break crosses pinches out. In addition, 
GPS equipment had problems with satellite reception and later in the office there were problems 
with correcting the data. These trip reports are all included below under the Fire Break 
Monitoring section. Where historic properties were approached, they were successfully avoided.  

Several proposed fence line routes were surveyed during the current year in advance of 
Section 106 consultation. The fencing project is part of the efforts to protect endangered plants at 
PTA, and to control ungulates in accordance with the Programmatic Environmental Assessment 
(PEA). Two proposed cross-fence locations were surveyed between the western boundary of 
PTA and portions of the road network to the east. Some cultural resources were identified within 
the corridor, but the fence line has a narrow footprint on the landscape and PTA CRM staff will 
work with the fencing crew during construction to avoid any historic properties in the area. A 
proposed fence route extending for 930 m between the southeast edge of the Kīpuka Alala Fence 
Unit and the Hedyotis coriacea Fence Unit was surveyed using a 20 m corridor. No historic 
properties were identified within the corridor. 

Field work that grew out of the ASA monitoring during the 2005-2006 reporting period was 
continued during the current period to fully document site 50-10-30-23452 (hereafter sites will 
be referenced primarily using the unique site suffix number). Documentation of this extensive 
fence line route within PTA was completed during the current year. 
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The PTA CRM staff spent a week recording the extent of excavated pits identified by Garcia 
and Associates (GANDA) at site 23621 to provide the field data necessary for the development 
of site protective measures stipulated by court order. This site is located in the northeastern 
portion of the Impact Area. GANDA had identified pit clusters as individual points, generally 
noting multiple pits in the area but not the spatial distribution of those features. At each cluster, a 
datum was established based upon which the pits were recorded. Recording forms to collect 
information about the pits were completed, and the pits were photographed. All but one of the 
clusters, the one furthest from the proposed construction and use area of Range 11T, were 
recorded in this manner. PTA CRM staff was accompanied by EOD support. The report for this 
project is included below. The full photo documentation has not been included here, but is 
available upon request from PTA CRM staff. 

Experienced cavers were brought on as temporary hires to continue the systematic mapping 
of the lava tube systems at PTA. Between January 16, 2007 and April 15, 2007 caving efforts 
focused on completing data collection in the Bobcat Trail Habitation Cave (System E) and the D 
System, located on the west side of the installation. Some work was also conducted in the C 
System, located on the west side of the installation, and the Pu‘u Koli or N system, located on 
the east side, during this year. A total of 2292.81m were surveyed during this reporting period, 
with 432.14m at Pu‘u Koli, 143.6m at the Bobcat Trail Habitation Cave system, 136.15m in the 
Bobcat North system, and 1580.92m in the Lower D system. As part of this project, an area 
where one of the proposed firebreaks was to cross the D system was investigated. A section 
where the tubes apparently ended, with solid rock between two sections of tube, was identified as 
a good location through which to re-route the fire break. Additional time was spent in the office 
producing summary reports on field work during several of the last cave seasons. PTA CRM 
staff provided support for this work in various forms, including assisting in logistical 
arrangements, participating in field work, assisting with data input into the PTA Geodatabase, 
other computer assistance, and reviewing and assisting with reporting. 

The PTA CRM staff conducted pedestrian survey of five proposed fire break roads that were 
based to some extent on pre-existing firebreaks constructed during earlier fire fighting activities 
in preparation for Section 106 consultation. The fire breaks are part of the implementation of the 
Integrated Wildland Fire Management Plan (IWFMP) to protect endangered species on these 
Army managed lands. The trip reports for these fire break surveys are included below. The trip 
reports for these surveys are included under the heading “Fire Break Surveys” in the 
Archaeological Fieldwork section below. To fulfill commitments made in the consultation 
process, PTA CRM staff also monitored initial cutting activities by the bulldozers on these fire 
breaks, and those trip reports are also included below. No historic properties were affected by 
these fire breaks, although in several cases coordination between DPW machine operators and 
PTA CRM staff was necessary to ensure avoidance of historic properties and lava tubes with 
sufficient voids to pose a danger to heavy machinery passing overhead. 

Several fires occurred in and adjacent to the Ke‘amuku parcel during this fiscal year. 
Firefighting activities included the use of bulldozers to create fire breaks. Following suppression 
of the fire, PTA CRM staff visited these areas to determine whether any known archaeological 
sites were affected by the firefighting activities and whether any new historic properties were 
evident after the removal by fire of the fountain grass to satisfy cultural resource management 
responsibilities of the Army. Trip reports from these site visits are included below. 
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The PTA CRM staff continued work on the Phase II archaeological investigations in 
Training Areas 1, 3 and 4. The fieldwork for this project began during the 2005-2006 reporting 
period and was completed during the 2006-2007 fiscal year. Work has begun on writing up this 
report, but it is not completed. Summary descriptions of field work are included below. The 
purpose of this project was to evaluate the sites identified during Phase I field work for eligibility 
for nomination to the National Register of Historic Places, as well as determine the boundaries of 
some sites in support of Section 106 review of federally assisted activities in the area. 

Public Outreach  
Public outreach included visits by the group Imi Pono no ka ‘Āina (Excellence for the Land), 

teachers representing several schools on Hawai‘i Island, Kea‘au Elementary School students, 
Hilo Union Elementary School students, and Boy and Girl Scouts. Young people visiting PTA 
participated in exercises that not only introduced them to the archaeology at PTA and past uses 
of the area, but also methods employed by archaeologists to study and learn from the past. These 
included field trips to areas with archaeological remains, tours of the PTA DPW Environmental 
Office Interpretive Garden, and exercises in identifying and interpreting artifacts. The PTA CRM 
staff hosted a visit by a University of Hawaii Hilo curation class, led by Dr. Lynn Wolforth. In 
coordination with the Garcia and Associates monitors, PTA CRM staff provided a cultural 
resource briefing for the construction crew working on the Range 11T revitalization. 
 

PTA CRM staff also participated in Earth Day activities at the University of Hawai‘i Hilo 
and Kona Outrigger Hotel, and at several Rotary Club presentations by Lt. Col. Rapacz, PTA 
Commanding Officer. For all of these events, PTA CRM staff provided basic information about 
cultural resources at PTA and Army policy regarding resource management. Displays were 
developed that discussed cultural resource management at PTA and displayed some of the 
artifacts and site types characteristic of the area. These displays were transported to Earth Day 
activities and Rotary Club meetings in Hilo and Kona by PTA CRM staff who were available to 
answer questions as well as help people practice identifying artifacts. Lt. Col. Rapacz also took 
the prepared display to a Rotary Club meeting in Pahala. 
 

The PTA CRM staff developed several presentations that presented cultural resource 
management and public outreach activities of the Natural and Cultural Resource Office. A Power 
Point presentation of the West Side Trail/Fire Break 1 archaeological project was developed for 
presentation to the PTA Cultural Advisory Committee. In addition, PTA CRM staff attended 
Cultural Advisory Committee meetings on a regular basis, and produced meeting minutes as 
needed. The PTA CRM staff produced a number of press releases discussing various programs, 
including the interns, earth day activities, and visits by school children. These press releases 
were published in local general circulation newspapers and US Army publications. 

Curation Facility  
Ongoing curation activities include regular maintenance of the curation facility and 

monitoring of the controlled environment. The curation facility was regularly cleaned and the 
temperature and humidity monitored. Steps were taken to ensure that animals did not infest the 
curation facility, including placing rodent traps around the building, examining bird nests in the 
air conditioning units to determine the potential of insect introduction, and controlling ant 
infestations.  
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Two interns from the University Of Hawai‘i Hilo Department  of Anthropology spent four 

months working primarily in the curation facility. The interns assisted in cataloging artifacts, 
made database entries, and conducted analysis on artifacts held in the curation facility. This 
included x-ray fluorescent (XRF) analysis of volcanic glass flakes. The interns were required to 
conduct research projects to earn educational credit at the University. One project, by Ms. Tanya 
Souza, was an analysis of basalt bird stones including XRF analysis. Ms. Lisa Kahahane 
produced a draft Curation Facility Disaster Plan.  
 

Database Development  
Work on the Geodatabase during the 2006-2007 reporting period focused on a few activities, 

though efforts in this area were significantly reduced due to the amount of field work during this 
year. An attempt was made to integrate the Army Corps Spatial Data Standards for Facilities, 
Infrastructure, and Environment (SDSFIE). This attempt was unsuccessful due to the mystifying 
coded attribute names, inapplicable feature class tables, attribute fields and attribute lists, and an 
inability to address some of the data collected by the PTA CRM staff to meet requirements of the 
SOW. Therefore, the SDSFIE was abandoned in favor of the simpler tables that have been 
developed for the PTA CRM program. The other focus of work during the reporting period 
involved continued development of the CR_PTA_Geodatabase, with emphasis on data input. 
Much of this was spurred by the Integrated Cultural Resource Management Plan (ICRMP) 
project that Colorado State University’s Center for the Management of Military Lands was hired 
to conduct. Details of these projects are included below. 

 

The remainder of this report contains documents that provide the details of the work 
conducted during the 2006-2007 reporting period. The documents are arranged in the same order 
that they were summarized above.  
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CULTURAL RESOURCES PROGRAM AREAS 

ARCHAEOLOGICAL SENSITIVITY AREA MONITORING 
A limited amount of fieldwork took place in the archaeological sensitivity areas during this 

reporting period. Survey in ASA 34 was conducted to document the locations of excavated pits 
that had previously only been noted to cover a large area. The following daily logs document the 
survey events.  

Date Crew Hours TA ASA 
12/2/2006  KLL, CS, JH 7.0 21 34 
Site Targets 
T-031104-01, Ahu-1, -2, & -3 

Located 
T-031104-01 

New Discoveries 
N/A 

Notes 
The team left the Cantonment at 0830, heading for ASA 34 in TA21via Red Leg Trail.  We 
walked to Cave Site T-031104-01 in the western part of the ASA and north of Pu‘u Koli.  Upon 
reaching the cave site, we discovered that we did not have a long (30m) tape among us.  The 
absence of the long tape severely limited the mapping we had planned. 
  

Date Crew Hours TA ASA 
12/6/2006  JT, KLL, TS, CS, & JH 35.0 21 34 
Site Targets 
 T-031104-01, Ahu-1, -2, & -3, TJ-7, TJ-9. 

 Located 
 T-031104-01, Ahu-1, & -3, TJ-7, TJ-9. 

 New Discoveries 
 N/A 

 Notes 
 The crew left the Cantonment about 0830 hrs, heading for ASA 34, in TA 21 via Red Leg Trail.  
The first stop was at the Cave Site T-031104-01 where time was spent drawing up a scaled map 
and completing the PTA Site form. 
  
 Site T-021106-01      Cave Complex                          R022510A.cor 
 Date Crew Hours TA ASA 
 1/10/2007 JT, JH, CS 16.5 21 34 
 Site Targets 
 Excavated Pits in ASA-34 

 Located 
 Transect 00 
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 New Discoveries 
 N/A 

 Notes 
 The PTA-CR left the Cantonment about 0900 and proceeded south along Red Leg Road in TA 
21 to the Pu‘u Koli area to begin gathering baseline information on the excavated pits in ASA-
34.  We will be locating, documenting, photographing, and surveying the features. 
  

 Date Crew Hours TA ASA 
 1/11/2007 JT, JH, CS, KLL 28 21 34 
 Site Targets 
 Transect 00 - Excavated Pits 

 Located 
 Transect 00 - Excavated Pits 

 New Discoveries 
 N/A 

 Notes 
 The PTA-CR left the Cantonment about 0800 hrs. and proceeded south along Red Leg Trail in 
TA 21 to the Pu‘u Koli area to continue gathering baseline information on the excavated pits in 
ASA-34.  We will be locating, documenting, photographing, and surveying the features. 
 
Date Crew Hours TA ASA 
 1/25/2007 JT & JH 9 22 02 
 Site Targets 
 West end of Transect 01 

 Located 
 West end of Transect 01 

 New Discoveries 

 Notes 
 The PTA-CR crew left the Cantonment about 0730 hrs. and proceeded south along Red Leg 
Trail in TA 21 to the Pu‘u Koli area to continue gathering baseline information on the excavated 
pits in ASA-34.  We will be locating, documenting, photographing, and surveying the features. 
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 COMPLIANCE FIELDWORK  
Archaeological fieldwork took place in support of a number of projects during this reporting 

period. The field work included archaeological monitoring of construction activities, 
archaeological survey in proposed project areas, and collection of additional information as 
needed. These data collected during these projects is presented in this section. 

Fire Break Surveys 
Archaeological surveys were conducted in advance of various stages of firebreak construction. 

The following daily logs and trip reports provide information about the activities that took place 
and the information collected. 

Date Crew Hours TA ASA 
7/14/2006  GE & JH 17 22 - 
Site Targets 
West Fire Break Re-alignment 

Notes 
The proposed West-Side Fire Break Road was initially staked to pass over the "C" cave system 
and it was determined that it would be better to reroute the road to the east and cross over a 
stronger area of the "C" System tube. 
  
The crossing of the "C" System was continued by GE and JH on July 14, 2006.  The re-
alignment was projected to be ca. 30m The crossing of the "C" System was continued by GE and 
JH on July 14, 2006.  The re-alignment was projected to be ca. 30m to the east and a series of 
Fence Re-alignment (FR-A) points were set. 
 
Fence Re-alignment #10                                    Rover File #R071413A.cor 
 
No Points 
 
FR-A #11 
217243.543m E 
2187761.146m N 
1316.256m AMSL 
 
FR-A #12 
217251.023m E 
2187712.450m E 
1315.962m AMSL 
 
FR-A #13 
217257.679m E 
2187687.236m N 
1323.566m AMSL 
 
FR-A #14 
217262.573m E 
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2187646.114m N 
1322.685m AMSL 
 
FR-A #15 
217276.580m E 
2187608.904m E 
1328.968m AMSL 
 
FR-A #16 
217285.762m E 
2187576.903m N 
1327.006m AMSL 
 
FR-A #17 
217279.718m E 
2187543.845m N 
1331.120m AMSL 
 
FR-A #18 
217255.552m E 
2187509.017m N 
1329.714m AMSL 
 
FR-A #19 
217238.606m E 
2187477.631m E 
1334.586m AMSL 
 
FR-A #20 
217216.372m E 
2187427.684m N 
1339.991m AMSL 
 
FR-A #21 
217182.932m E 
2187373.364m N 
1337.158m AMSL 
 
FR-A #22 
217132.484m E 
2187327.760m N 
1333.753m AMSL 
 
The station FR-A #22 completes the proposed reroute of the West-Side Fire Break Road to avoid 
conflicts with Cave System "C" and construction will return to the original staked route. 
 



 16

The crew returned to the Cantonment about 1600 hrs. 
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MEMO 

To: Cultural Resources Staff 

From: James Head – Cultural Resource Specialist  
CC: 
Date: 8/7/2006 
Re: Fire Break Road 5 

All: 

 

I completed a short survey of the proposed Fire Break Road 5 in TA-20 today.  The examined 
area was approximately three-five meters on either side of the existing two-track road, which 
follows along an old bulldozed track.  There are dozer features (piles and alignments) on both 
sides of the road, but nothing really stood out with one exception, but more on this later.  I don’t 
think we need to monitor construction along the two-track. 

The two-track runs almost all the way to the ‘a‘ā, but stops about 250-300m to the south at the 
base of a steep slope.  From here, the fountain grass is about waist-high and I couldn’t see too 
much.  I think the bulldozer track goes lightly on from this point [220126m E, 2188567m N 
(Garmin)] and I tried to follow.  I flagged my route with red flagging all the way to the ‘a‘ā flow 
and I wrapped a rock with red/yellow tape at the flow. 

I don’t feel comfortable with giving clearance for this last area, and would recommend that we 
monitor all activities north to the above point where the flagging starts.  Probably will be nothing 
there, but I think it would be a good idea. 

Just before the end of the two-track, I found a mound in the middle of the sea of Fountain Grass.  
Site T-082406-01 is a mound measuring 1.9m² x 0.90m high.  The Garmin point is 220129m E, 
2188587m N.  The feature is located on a hilltop about 30-40m east of the two-track road just 
before it ends.  It is constructed of slabby pāhoehoe resting on an outcrop and is three-four rocks 
high.  No material was observed nearby, but there is a lot of fountain grass around.  I had no 
camera or tags, but was able to put a yellow tape around a rock bearing the temporary number. 

 
 



 18

APVG-GT-ENV                                                                                    September 15, 2006 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Properties Survey for Proposed Construction of Firebreak #7 
located in Training area 19. 

1. On September 7, 2006 William C. Godby, Senior Archaeologist and Kelly Leialoha 
Luscomb, Cultural Resource Specialist preformed a pedestrian survey of the Area of 
Potential Effect (APE) for the repaving/widening of an “existing” fire break road.    

2. Survey began south from Ke‘eke‘e Road near firing point 511 and continued south to the Old 
Kona Road where the “existing” road/proposed firebreak ended. 

3. The “Existing” road has been infringed upon by thick vegetation, mostly ‘a‘āli‘i, and was 
difficult to follow in some areas.  Mr. Godby and Ms. Luscomb flagged with orange flagging 
what they felt was the most distinguished corridor. 

4. The survey focused on identifying any possible human modification within 10.0 meters on 
either side of the road. 

5. The survey was completed at 15:00 hours. No historic properties were identified within the 
proposed APE for the improvement and widening of the existing fire break road #7. 

 
       Kelly Leialoha Luscomb  
       Cultural Resource Specialist  

PTA 

 
 
 

Date Crew Hours TA ASA 
10/10/2006 JH, GE, CS, JT, BG 15 22 24? 
Site Targets 
Firebreak #1, T-100606-01, T-100606-02 

Located 
T-100606-01, T-100606-02 

Notes 
The Cultural Resources Team (minus KLL) left the Cantonment about 0830 hrs. and traveled to 
the location at the end of dozing in TA 22.  The day's mission was to examine the project area, 
the two possible mounds, and to plan strategies for the remainder of the monitoring project. 
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APVG-GT-ENV                                                                                    October 24, 2006 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Property Survey for Proposed Construction of Firebreak #2 
located in Training are 22. 
 

1. On October 19, 2006 Julie Taomia, Senior Cultural Resource Specialist, James Head, Cary 
Stine and Kelly Leialoha Luscomb, Cultural Resource Specialists preformed a pedestrian 
survey of the Area of Potential Effect (APE) for the widening of two “existing” fire break 
roads. 

2. Ms. Luscomb and Mr. Head were picked up by helicopter at BAAF airfield and dropped off 
on the western end of the firebreak road #2 (215765m E 2183072m N) at 0900 (Figure 2).  
The “Existing” road has been infringed upon by some vegetation, mostly ‘a‘āli‘i and other 
grasses.  

3. The survey focused on identifying any possible human modification within 15.0 meters on 
either side of the road. 

4. Two sites were investigated for possible human modification along corridor.  They include 
two small sinks on either side of the road at 2183505m E, 216565m N (Trimble XH), and a 
small overhang facing west beside the road at 218039m E, 2183906m N (Garmin). 

5. Both sites were regarded as being natural and no human modification was noted. 

6. Mr. Head and Ms. Luscomb joined up with Dr. Taomia and Mr. Stine at 13:20 where 
Firebreaks #2 and #3 intersect (219325m E, 2184544m N) and the team of four completed 
the survey and walked back to the truck, parked on New Bobcat Trail (220673m E, 
2183981m N). 

  7. The survey was completed at 1500 hours.  No historic properties were identified within the 
proposed road corridor for the widening of the existing fire break road #2. One previously 
identified site (19513) was identified within the proposed area of potential effect for this 
project. The site should be marked with flagging tape, and monitoring conducted during the 
construction activities. 

 
       Kelly Leialoha Luscomb  
       Cultural Resource Specialist  

PTA 
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Figure 2. Firebreak 2 Survey Corridor 
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APVG-GT-ENV                                                                                    October 24, 2006 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Properties Survey for Proposed Construction of Firebreak #3 
located in Training area 22. 
 

1. On October 19, 2006 Julie Taomia, Senior Cultural Resource Specialist, and Cary Stine, 
Cultural Resource Specialist, preformed a pedestrian survey of the Area of Potential Effect 
(APE) for the repaving/widening of an “existing” fire break road.   Dr. Taomia and Mr. Stine 
left at 0800 hours to meet the helicopter on Bobcat road for drop off at the starting point.  

2. Survey began south from the intersection with the West Side Fire Break Road and Fence line 
and continued to the southeast to intersect with the New Bobcat Trail. 

3. The “Existing” road is largely visible, though in some areas the cleared areas faded into the 
background pahoehoe and ‘a‘ā landscape. Although some difficulties were encountered with 
the GPS equipment, some portions of the survey followed the map in the GPS unit. 

4. The survey focused on identifying any possible human modification within 20.0 meters on 
either side of the road. 

5. Four previously recorded caves observed within 100 meter form each other along the fire 
break road, three within the survey corridor (Looters Cave, C-031705-01, and C-031705-02), 
and one just outside (C-031705-03; Figure 3). The fire break road will have to be moved to 
avoid these sites. 

• Looters Cave reported by Moniz-Nakamura in 1999 was of primary importance because 
it contained disturbed cultural material. This site was observed to be on the firebreak 
road. The site has been overgrown by a type of German ivy (Delairea odorata). All the 
sites visited during this survey appeared to have this plant growing in them, especially the 
lava tube sinks, since the last visit in 2005. 

• The last visit in March 2005 was performed by James Head, Aron King, and Cary Stine. 
Two sites recorded from that trip were within the survey corridor. Cave C-031705-1, a 
(1.5 x 3.5 x 1.5 m deep) lava tube sink, and cave C-031705-02, a (3.5 x 3.5 x 1.5 m deep) 
lava tube sink. C-031705-1 was observed to be on the firebreak road and connected to C-
031705-02 which was about 20 meters southwest of the firebreak road through a small 23 
meter long lava tube. An additional cave, C-031705-3, was found about 75 meters from 
the first two and was observed to be 35 meters to the northeast of the firebreak road. 
None of these caves have been assessed for cultural remains. 

• Two additional sites and one additional cave were known to be within 80 meters of the 
firebreak road and therefore of no concern to firebreak activity. Sites 19509 (80m NE) 
and 19528 (70m SW) were recorded by Shapiro and Cleghorn in a 1998 survey report. 
Cave C-031705-4 was recorded in the 2005 PTA memorandum and was about 75 meters 
southwest of the firebreak road. 
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6. The survey was completed at 1500 hours. No new historic properties were identified within 
the proposed Area of Potential Effect (APE) for the repaving/widening of the existing fire 
break road #3. The known lava tubes will be flagged and avoided during construction. 
Archaeological monitors should be on site for construction in that area. 

 
       Julie M. E. Taomia, Ph.D. 

Senior Cultural Resource Specialist  
Pōhakuloa Training Area 
 

 

Figure 3. Firebreak 3 Survey Corridor 
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Date Crew Hours TA ASA 
10/31/2006 SE & JH 10.0 22 - 
Site Targets 
N/A 

Located 

New Discoveries 
N/A 

Notes 
James Head & Steve Evans met with Fire Chief Eric Moller at the West-Side Fire Break project 
area about 0830 hrs.  The mission was to examine a new route to avoid a steep hill and to 
provide a fire break around the base of a hill to the west in order to defend the forest on top of 
the hill.  SE provided Biological support and JH provided Archaeological support for the new 
proposed route. 
  

 
APVG-GT-ENV                                                                                    November 3, 2006 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Properties Survey for Proposed Construction of Firebreak #4 
located in Training area 22, Pu‘uanahulu Ahupu’a‘ā, North Kona District, Hawaii Island. 
 

1. On October 26, 2006 Cultural Resource Specialists James Head and Cary Stine preformed a 
pedestrian survey of the Area of Potential Effect (APE) for the repaving/widening of a 
partially existing fire break road. Mr. Head and Mr. Stine left at 0800 hours and drove to 
training area 22 to start the survey just off of Bobcat road. 

2. A corridor of 40 meters in width was surveyed for a total of two kilometers in length. 

3. From Bobcat road the survey started on a well established firebreak road on an old Mauna 
Kea flow for about a kilometer. After that the firebreak road became more obscure and 
crossed a younger k3 Mauna Loa flow for the last kilometer. The last 400 meters of the 
survey was on ‘a‘ā with no existing firebreak road. The survey ended at a juncture with 
firebreak road 3 which had been surveyed the week before. 

4. No known cultural sites existed within the firebreak road 4 survey corridor and no new sites 
were encountered during the survey. 

5. When the end of the surveyed corridor was reached Mr. Stine and Mr. Head walked the same 
route back to their vehicle completing the survey by 1200 hours. 

 
       Cary Stine, 

PTA Cultural Resource Specialist  
 

 



 24

 

 

Date Crew Hours TA ASA 
11/30/2006 KLL & JH 8.0 22 - 
Site Targets 
Three Blister Caves found on 11/16/2006 

Located 
Three Blister Caves found on 11/16/2006 

New Discoveries 
Temp. Site T-113006-01 

Notes 
KLL & JH left the Cantonment at 0800 hrs. and traveled to the West-Side Fire Break to examine 
the three blister caves found during the monitor of 11/16/2006. 
  
Garmin points were taken beginning on the south: 
 
 Date Crew Hours TA ASA 
 11/1/2007 SE & JH 7.0 22 - 
 Site Targets 
 N/A 

 Located 

 New Discoveries 
 N/A 

 Notes 
 SE & JH left the Cantonment about 0730 hrs. and drove to the West-Side Fire Break 
construction area.  The mission was to survey two possible routes to the east in order for the two 
dozers to return to the fuel truck.  When these routes are used, it will avoid further impacts to the 
lava tube crossing and enable the dozers to continue working to the south.   
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Memorandum for the Record 
Firebreak Road Bypass Survey 
December 13, 2006 
Joseph Cary Stine: Cultural Resources Specialist 
 

1. PTA CRM staff conducted a short one hour survey between the Old Kona Highway and the 
West Firebreak Road. The survey corridor was less than 75m (246 ft) long and 30m (100 ft) 
wide for a proposed bypass road that would remove about 500m (1640 ft) of travel distance 
(Figure 4).  

2. Three temporary sites were previously found in May 2006 within 30m – 74m (75 – 250 ft) of 
the current survey corridor. Sites T-071306-1, T-041906-1A, -1B, and -2 were identified as 
lava tube openings with some cultural material (charcoal, cow bones, and evidence of water 
collection) found inside. 

3. One PTA cultural resource staff member walked three transects through the corridor about 
10m (30 ft) apart. A pahoehoe ridge running perpendicular to the survey corridor is a lava 
tube but there were no tube openings found within the surveyed area. 

 

Figure 4.  West side bypass survey location and association with cultural sites. 
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APVG-GT-ENV                                                                                    May 16, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Property Survey for Proposed Construction of Additional 
Firebreak Connection located in Training Area 22. 
 

1. On May 15, 2007 Julie Taomia, Senior Cultural Resource Specialist, and James Head, 
Cultural Resource Specialist, accompanied by Darryl York, US Army Biologist, Jefferson 
Jacobs, Biologist, and Fire Chief Eric Moller, preformed a pedestrian survey of the Area of 
Potential Effect (APE) for a proposed new fire break road. The proposed new road is located 
in TMK: (3) 7-1-004:007, Pu‘uanahulu Ahupu’a‘ā, North Kona District, Island of Hawai‘i. 

2. The group began survey at about 1100 hrs from 219643.64 E and 2186977.04 N along the 
Old Kona Highway. The survey corridor proceeded to the southwest for about 270m, at 
which time it turned to the southeast. The survey continued for about 380m to a point at 
which it intersected with Fire Access Road priority 4, at 219643.77 E 2186460.33 N. 

3. The vegetation in this area is dominated by fountain grass.   

4. The survey focused on identifying any possible cultural resources within a 60 meter corridor.  

5. Some recent military debris and a possible foxhole construction were encountered on the 
survey route proposed by Chief Moller. All were determined to be less than 50 years old, and 
therefore are not considered historic properties. 

6. The survey was completed at 1130 hrs.  No historic properties were identified within the 
proposed road corridor. 

 
       Julie M. E. Taomia, Ph.D.  
       Senior Cultural Resource Specialist  

PTA 



 27

 
 
 

Figure 5. Survey of proposed connection between FAR 4 and 5 
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APVG-GT-ENV                                                                                 June 29, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Property Survey and corridor marking for Proposed 
Construction of Firebreak 7 in Training Area 22. 
 

1. On June 20, 2007 Kelly Luscomb, Cultural Resource Specialist preformed a pedestrian 
survey of the Area of Potential Effect (APE) for the construction of Firebreak 7. 

2. Ms. Luscomb began survey on the southern end of the proposed firebreak, beginning on the 
New Bobcat Trail, continuing North until Ke‘eke‘e road was reached.  While walking back 
to the truck on New Bobcat Trail a line file was made with the Trimble XT. 

3. The proposed corridor was flagged with orange flagging on either side (Photo1) in 
preparation for construction on June 21, 2007. 

4. No historical Property was identified within the proposed APE for the construction of 
Firebreak 7. 

 
       Kelly Leialoha Luscomb  
       Cultural Resource Specialist  
       Environmental Office  

Pōhakuloa Training Area 
 
 

Fire Break Construction Monitoring 
The initial roughing out of the West Side Firebreak (Firebreak 1) by the D9 bulldozer was 

monitored to ensure that archaeological sites were not affected by the project. The following 
daily logs record the monitoring events. 

Date Crew Hours TA ASA 
 10/4/2006 JH 8.0 22 24? 
 Site Targets 
 N/A 

 Located 
 N/A 

 New Discoveries 
 N/A 
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 Notes 
 This is the first day of pioneering the West Side Fire Break for James Head.  Kelly Luscomb 
had been helping out on 25th and 27th of September, but I will be handling from now on. 
  
JH traveled to the Project Area in TA 22, arriving about 0930 hrs.  The DPW crew (Art & 
Howard) showed up a bit later along with Darren driving the truck to fuel. 
 
Art and I left Howard and Darren at the beginning of the road to fuel equipment and headed on 
down the staked line beginning to blade with the D7. 
 
I walked in front of the bulldozer watching for cultural resources, but did not find.  We pushed 
until around 217112m E, 2187221m N (G), and stopped just north of the big ‘a‘ā flow.  No 
cultural resources were noted during today's blading activities and we are planning to continue in 
the morning. 
JH returned to the cantonment at approximately 1600 hrs. 
 
Date Crew Hours TA ASA 
 10/5/2006 JH 5.0 22 24? 
 Site Targets 
 N/A 

 Located 
 N/A 

 New Discoveries 
 N/A 

 Notes 
 JH had to give a brief at the Cantonment, but finally arrived in the project area about 1100 hrs.  
The DPW crew was unloading an IH loader at the intersection of Ke‘eKe‘e Road and Old Kona 
Highway.  The archaeologist assisted in this maneuver and the DPW crew returned to the shop. 

 Date Crew Hours TA ASA 
 10/6/2007 JH 8.0 22 24? 
 Site Targets 
 N/A 

 Located 
 N/A 



 30

 New Discoveries 
 T-100606-01 & T-100606-02 

 Notes 
 Before leaving for the field, JH made a weekly progress map for the W.S.F.B., and distributed it 
via e-mail to Derek Awong, Bill Godby, Steve Evans, and Darryl York.  A hard copy was 
delivered to Derek Awong.  This map will be updated when necessary. 
  
 JH left the cantonment at 0700 hrs. and drove to the project area in TA-22.  Met with Pernell 
Honua (22P) who will be operating  
Date Crew Hours TA ASA 
10/11/2006  JH 6.0 22 24 
Site Targets 
T-100606-01, T100606-02 

Located 
T-100606-01, T100606-02 

New Discoveries 
N/A 

Notes 
JH left the Cantonment at 0730 hrs. and traveled to the W.S. Trail Project Area.  Today's mission 
was to do Trimble TSC-1 points on Sites T-100606-01 & T100606-02. 
 
T-100606-01                        120s                  Rover File# R101118A.cor 

Date Crew Hours TA ASA 
10/13/2006JH 8.0 22 22 
Site Targets 
Cave 3B 

Located 
Cave 3B 

New Discoveries 
Turn-Around #1 

Notes 
JH left the Cantonment at 0730 hrs. and drove to the West-Side Fire Break.  Today, the 
archaeologist was working with Danny ____ from DPW marking the crossing of the "C” Cave 
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System. 
  
GE and JH mapped the sub-surface cave on April 20, 2006.  This survey determined the point at 
which the cave system  
Date Crew Hours TA ASA 
10/18/2006JH 3.0 22 - 
Site Targets 
"C" Cave System 

Located 
"C" Cave System 

New Discoveries 

Notes 
JH met Derek Awong and Arthur Jensen (DPW) at the West-Side Fire Break project site to 
discuss the road crossing of the C System.  All parties are in agreement of the route and methods 
to be used and no problems are anticipated. 

Date Crew Hours TA ASA 
10/20/2006  LS & JH 10.0 22 - 
Site Targets 
N/A 

Located 

New Discoveries 

Notes 
The crew left the Cantonment at 0800 hrs. and drove to the W.S. Fire Break Road to meet with 
Pernell Hanoa (DPW).  Lena Schnell functioned as a Biological Monitor along the new portion 
of the route, which will avoid the new temporary sites (T-100606-01 & T-100606-02).  The new 
route swings slightly to the east to avoid a large outcrop, then followed an existing dozed fire 
break road to the base of the large ‘a‘ā slope.  A Garmin point was taken (217080m E, 
2186914m N).  At this point, we ceased  
Date Crew Hours TA ASA 
10/25/2006JH 8.0 22 - 
Site Targets 
N/A 
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Located 

New Discoveries 
N/A 

Notes 
JH left the Cantonment at 0800 hrs. and drove to the W.S. Fire Break project area to meet Derek 
Awong from DPW.  With Derek operating the D9 tractor and JH providing ground support and 
archaeological monitoring, the team made good progress with the initial blading of the road. 
 

Date Crew Hours TA ASA 
10/26/2006JH 7.5 22 - 
Site Targets 
N/A 

Located 

New Discoveries 
N/A 

Notes 
JH left the Cantonment at 0730 hrs. and traveled to the West-Side Fire Break to meet Pernell 
Honua and continue the initial blading of the road.  The dozer made good progress, crossing the 
vegetated valley and climbing on the ‘a‘ā to the Southwest.  The team ceased operations when it 
became difficult to follow the flagged route. 
  

Date Crew Hours TA ASA 
11/2/2006     JH 5.0 22 - 
Site Targets 
N/A 

Located 

New Discoveries 
N/A 

Notes 
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JH left the Cantonment about 0730 hrs. and traveled to the West-Side Fire Break Road.  JH 
worked with the DPW crew for the first "walk" of the D9 across the new fuel re-route from the 
upper portion to meet with the fuel truck along the existing lower road.   
No cultural or biological resources were affected by this movement.  DPW plans to use this route 
for re-fueling until the final route around the collapsed cave is built. 
Date Crew Hours TA ASA 
11/9/2006LS & JH 17.0 22 - 
Site Targets 
N/A 

Located 

New Discoveries 
N/A 

Notes 
LS & JH left the Cantonment at 0700 hrs. and traveled to the West-Side Fire Break Road.  Staff 
from Natural and Cultural Resources met with Arthur Jensen who will be operating the D9 as the 
road pioneering travels to the south. 
  
Along the way, Lena found new endangered trees and the dozer uncovered three new blister 
caves.  We ceased operations at  

Date Crew Hours TA ASA 
11/16/2006  LS & JH 17.0 TA - 
Site Targets 
N/A 

Located 

New Discoveries 
N/A 

Notes 
LS & JH left the Cantonment area at 0700 hrs. and traveled to the West-Side Fire Break.  The 
team met up with Arthur Jensen and the D9 the complete the pioneering of the route.  No 
additional archaeological resources came to light, but the route had been altered slightly to avoid 
known endangered trees along the flagged route.  The final ca. 400m of the route traveled along 
an existing fire break.  The team had to walk out about 2½ hrs. to the truck. 
 Date Crew Hours TA ASA 
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 1/12/2007 JH 7.0 20 - 
 Site Targets 
 N/A 

 Located 

 New Discoveries 
 N/A 

 Notes 
 JH left the Cantonment at 0700 hrs. and traveled to the West-Side Fire Break.  He met with 
Arthur Jensen to pioneer the road on  the north side of Old Kona Highway to the large flow. 
  
 JH provided the ground monitor and archaeological monitor to the end of the flagged route at 
219919m E, 2188681m N (Garmin).   
 
APVG-GT-ENV     3 January 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Archaeological and Historical Monitoring Activities Associated with West-Side 
Firebreak and Road Constructions. 
 
1.  The West Side Firebreak and Road Constructions have been under consideration for some 

time.  PTA Natural and Cultural Resources examined the road corridor for resources in 
preparation for construction activities. The corridor was established to avoid any resources of 
concern, and construction proceeded. 

 
2.   In September 2005, machines and crews from Pōhakuloa Training Area prepared to begin 

these constructions.  It was determined that a Cultural Resource Specialist should monitor all 
new bulldozing activities.  This was done so that any unexpected cultural resources found 
during bulldozing would be avoided and protected.  The finished map of the bulldozing 
monitor is presented in Figure 6 and the work dates, personnel, and activities are shown in 
Table 1. 

   
James Head 
Cultural Resource Specialist 
Environmental Office, PTA 
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Figure 6.  Map showing route and milestones along the West-Side Firebreak & Road at PTA. 
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Table 1.  Chart showing West-Side Construction Activities 

Date Personnel Activities Stake Numbers 
or End Point Misc. 

25-
Sep 14C No Work -  

27-
Sep 14C Pioneer Road   

4-Oct 14H Pioneer Road 217112, 2187221 
(G) Art, Howard, and Darren showed about Noon.  Art and 14H took off with the D7 

5-Oct 14H 
Unload 

Equipment/Collect 
Additional GPS 

- Badge 14H monitored unloading of the heavy equipment and then returned to the project 
area and began mapping the route with the Trimble TSC-1 

6-Oct 14H Pioneer Road 217144, 2186989 
(G) 

Badge 14H made up the first progress map and sent to Derek.  Pernell and the D7 worked 
on up the hill.  We found two possible mounds right at the turn-around (T-100606-01 & T-

100606-02) 

10-
Oct 

14H, 14X, 
14I,  14J, 

& 14G   
Project Inspection 217144, 2186989 

(G) 
We all traveled to the Project Area for an inspection.  We took at look at progress so far and 

discussed upcoming challenges. 

11-
Oct 14H Site Forms  Badge 14H returned to Temporary sites to make forms and locate with Trimble 

13-
Oct 14H Flagging of Cave 

Crossing 
217291.52, 
2187572.69 

Badge 14H flagged the Cave Crossing to Alert Operators.  Also established Turn-Around #1 
at 217235.551, 2187908.396.  Badge 14H fixed up the weekly progress map and sent to 

Derek. 

18-
Oct 14H 

Discussion of 
Cave Crossing 

Activities 
 Met with Derek & Art to discuss upcoming Cave Crossing Activities. 

20-
Oct 14H, 14L 

Exam. of re-route 
with Lena, 

Pioneer Road for 
re-route 

217080, 2186914 
(G) 

Badge 14H worked with Pernell to Pioneer a new route to avoid the temporary sites.  Badge 
14H & 14L got onto and existing dozed fire break road and followed it to the base of the ‘a‘â.  
We also found a big lava tube crossing the route (217169, 2187129).  Badge 14H fixed up 

the weekly progress map and sent to Derek. 
25-
Oct 14H Pioneer Road 217009, 2185984 

(G) 
Derek & Badge 14H made good progress with the initial blading to the north edge of a broad 

valley. 
26-
Oct 14H Pioneer Road 216883, 2185719 

(G) 
Pernell & Badge 14H made good progress across the valley and up onto the ‘a‘â.  We 

stopped when it became difficult to follow the route. 
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31-
Oct 14H, 14S 

Exam. of re-route 
with Steve & 

Chief 
 

Per the Chief's request, Badge 14H & 14S examined a re-route to avoid the first big hill and 
send the fire break around the bottom of the hill in order to defend the forest.  Neither saw 

any problems. 

1-Nov 14H, 14S Exam. of re-route 
with Steve   

Badge 14H & 14S looked at two re-routes to the west in order for the dozers to return to the 
fuel truck.  The cave crossing will be avoided and the dozers will not blade or rip in these 

areas. 

2-Nov 14H 
Monitor D9 

passage across 
re-route 

 
Badge 14H worked with Derek & Art to "walk” the D9 from the upper road to the lower road 
to re-fuel for the week's work.  Plans are to walk both the D7 and D9 back up to the upper 

road.  Badge 14H fixed up the weekly progress map and sent to Derek. 

9-Nov 14H, 14L Pioneer Road 215030, 2183672 
(G) 

Badge 14H & 14L worked with Art to head south for almost 3km.  Along the way, we found 
new endangered trees & and the dozer uncovered three new blisters.  Badge 14H fixed up 

the weekly progress map and sent to Derek.   

16-
Nov 14H, 14L Pioneer Road 214533, 2183169 

Badge 14H & 14L worked with Art to complete the Pioneering of the route.  Badge 14H fixed 
up the final weekly progress map and sent to Derek.  We are still looking at doing the turn-
arounds requested by the Chief and looking at the caves and blisters found by the dozer.  
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APVG-GT-ENV         08 May, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT:  Site Visit to Selected Areas of Site 19528 Western Boundary of Pōhukuloa Training 
Area, North Kona District, Island of Hawai‘i, Hawaii.   
 

1.  On May 3, 2007, Dr. Julie Taomia, Senior Cultural Resource Specialist, PTA, traveled to the 
West Side Firebreak Road.  She was accompanied by Sonny Taomia, PTA Fence 
Construction Specialist and James Head, PTA Cultural Resource Specialist.  The area that 
was examined is found in TMK (3) 7-1-004:006 and the ahupu’a‘ā of Pu‘uanahulu (Figure 
7).   

2. The mission of this project was twofold:  (1) To acquaint Dr. and Mr. Taomia with the 
archaeological and historical resources to expected during fence construction along the west 
side; and (2) To monitor selected archaeological and historical sites after road construction in 
the area.  

3. The crew left the PTA cantonment at 0800 hrs. and arrived at the project area about 1030 hrs.  
The new firebreak road was slow going, but very drivable.  All features that were visited are 
in close proximity to the Site 19528 trail (Escott 2006) and are listed in Table 2. 

4. During the visit to the features, none appear to have been negatively impacted either by 
construction of the West Side Firebreak Road or by the recent earthquakes on the west side. 

5. Mr. Taomia appeared quite interested in the features he viewed and offered new insights into 
the interpretation of the features.  He does not have difficulty in recognizing features or 
following the trail as it travels across the country.   

6. The crew returned to the Cantonment about 1500 hrs.   

James Head 
Cultural Resource Specialist 
Environmental Office, PTA 
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Figure 7.  Map showing the general project locations that were examined during the May 3, 2007 field work.
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Table 2.  Features Visited on May 3, 2007 

 
Feature Number Easting Northing Elevation 

SITE T-053106-01B TAG 215233.035 2183941.174 1393.980 
SITE T-060106-02B TAG 215761.537 2184677.339 1396.084 
SITE T-060106-03B TAG 215757.818 2184687.337 1396.199 
SITE T-060106-04B TAG 215752.347 2184660.262 1393.588 
SITE T-060106-06B TAG 215765.609 2184707.856 1397.543 
SITE T-060106-07B TAG 215706.025 2184549.563 1398.021 
SITE T-060106-08B TAG 215712.183 2184544.712 1397.461 
SITE T-060106-09B TAG 215711.944 2184540.810 1397.517 
SITE T-060106-10B TAG 215639.370 2184436.959 1398.491 
SITE T-060106-11B TAG 215653.220 2184397.965 1397.216 
SITE T-060106-12B TAG 215575.905 2184260.061 1402.534 
SITE T-060106-13B TAG 215568.975 2184261.081 1401.695 
SITE T-060106-14B TAG 215551.577 2184225.625 1402.568 
SITE T-060106-15B TAG 215563.797 2184211.031 1405.341 
SITE T-060106-16B TAG 215547.625 2184198.113 1404.167 
SITE T-060106-17B TAG 215540.434 2184194.277 1400.372 
SITE T-060106-18B TAG 215478.591 2184149.587 1400.664 
SITE T-060106-19B TAG 215430.614 2184098.245 1402.909 
SITE T-060106-20B TAG 215390.158 2184064.664 1400.186 
SITE T-060106-21B TAG 215384.599 2184071.265 1400.812 

  
 

 
APVG-GT-ENV                                                                                    July 6, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Property Monitoring Construction of Fire Access Road 
Priority 4 located in Training Area 22. 
 

1. On May 15, 2007 Julie Taomia, Senior Cultural Resource Specialist, and James Head, 
Cultural Resource Specialist, accompanied by Darryl York, US Army Biologist, Jefferson 
Jacobs, Biologist, and Fire Chief Eric Moller, monitored construction activity for Fire Access 
Road (FAR) Priority 4. The proposed new road is located in TMK: (3) 7-1-004:007, 
Pu‘uanahulu Ahupua‘a, North Kona District, Island of Hawai‘i. 

2. The two cultural resource specialists met Mr. Jacobs and Chief Moller at the northern end of 
FAR Priority 4 at about 0815 hours and walked to the southern end to meet Mr. York and the 
bulldozer. 

3. The vegetation in this area is dominated by fountain grass.   

4. The survey focused on clarifying the best route for the FAR Priority 4 taking into 
consideration fire fighting concerns, cultural resource concerns, and natural resource 
concerns (see Figure 8).  
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5. A new sink was found during this walk toward the south, and the proposed route was 
diverted to avoid it. No cultural materials were identified in the sink.  

6. The survey was completed at 1130 hrs.  No historic properties were identified within the 
proposed road corridor. 

 
       Julie M. E. Taomia, Ph.D.  
       Senior Cultural Resource Specialist  

PTA 
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Figure 8. Fire Access Road Priority 4 
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APVG-GT-ENV                                                                                  June 5, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Properties Survey for Proposed Construction of Firebreak #5 
in Training Area 20. 

1. On June 5, 2007 Kelly Leialoha Luscomb, Cultural Resource Specialist preformed a second 
pedestrian survey for approximately 200 meters of proposed Firebreak #5 (Figure 9, Plate 1).   

2. Chief Moller flagged with orange flagging the center line to be bulldozed and K. Luscomb 
surveyed approximately 35 meters on either side. A pre-existing dozer line was visible for a 
short time but ended after about the first 50 meters of the firebreak segment.    

3. The proposed corridor for the firebreak appears to have no adverse effects on any historic 
properties granted it stays within the surveyed corridor.  There is one temporary site # T-
082406-01that falls just outside of the corridor.  The site is a 1.9 x 0.9m mound and is 
constructed of pāhoehoe slabs (220129E 2188587N). 

4. The bulldozer operator is aware of the site and has no problem staying within the projected 
corridor. No further survey/monitoring activities need be implemented at this time. 

Kelly Leialoha Luscomb 
Cultural Resource Specialist 
Pōhakuloa Training Area 

 
Plate 1. Resurveyed firebreak, northern end at the base of ‘a‘ā slope (N)    
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Figure 9. Fire Break 5 Map 
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APVG-GT-ENV                                                                                 June 22, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Property Survey and corridor marking for Proposed 
Construction of Firebreak 7 in Training Area 22. 
 

1. On June 21, 2007 Kelly Luscomb and Cary Stine, Cultural Resource Specialists, Darryl 
York, Army Biologist, Eric Moller, Fire Chief, and Art of DPW on the D-9 bulldozer met to 
bulldoze the existing Firebreak 7 corridor in Training Area 19, Pu‘u Anahulu Ahupua‘a, 
North Kona District, Island of Hawai‘i, TMK: (3) 7-1-004:007. 

2. Bulldozing began on the southern end of the proposed firebreak, starting from New Bobcat 
Trail and continued North until Ke‘eke‘e road was reached. Ms. Luscomb, Mr. Stine, Mr. 
York, and Chief Moller walked the corridor surveyed the day before by Ms. Luscomb. 

3. The last 250 meters of the dozed road were adjusted further east by Chief Moller for fire 
safety reasons, deviating from the original survey corridor. A 50 meter wide corridor was 
surveyed in front of the bulldozer by Mr. Stine and Ms. Luscomb to assure there was no 
historical properties within this new section of the firebreak road. There were no historical 
properties discovered during this survey of the firebreak priority 7 road. 

4. A track log was created on the return trip of the newly dozed road with the GeoXT GPS. 

 
 
APVG-GT-ENV                                                                                    July 5, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Property Monitoring of Fire Break Priority 2 Construction 
located in Training Area 22. 

1. On June 12, 2007 Julie Taomia, Senior Cultural Resource Specialist, and Kelly Luscomb, 
Cultural Resource Specialist, accompanied by Darryl York, Army Biologist, Eric Moller, 
Fire Chief, and Erin Foley, Biologist, accompanied Art of DPW on the D-9 bulldozer to the 
fire break priority 2 in Pu‘u Anahulu Ahupua‘a, North Kona District, Island of Hawai‘i, 
TMK: (3) 7-1-004:007 (Figure 10). 

2. The purpose of this trip was assist in guiding the bulldozer along the approved fire break 
road, and particularly through the area of a proposed re-route around the lava tubes of the D 
Lava Tube System. The proposal was to walk the pre-existing fire break for most of the 
distance, but to depart from it at about 218619m E and 2184088m N and head to the 
southwest (about 233˚) to the location identified by the caving teams during February 2007 
as an area in which there are no voids beneath the ground surface. From that point, the team 
was to turn west at about 263˚ to re-join the pre-existing fire break at about 217910m E and 
2183810m N. The remainder of the fire break would be on previously bulldozed roadway. 
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3. The area includes both pāhoehoe and ‘a‘ā lava flows. Vegetation in the area is ‘ōhi‘a forest, 
primarily located on pāhoehoe flows. The ‘a‘ā flows have very little vegetation on them. 

4. The group met at 219903 E and 2184355 N along the combined fire breaks 2 and 3 at about 
0800 hours. The group walked up the track previously bulldozed during the fire break 
priority 3 construction to the point where fire breaks 2 and 3 join. From this point fire break 2 
was followed. The route taken quickly departed from ‘a‘ā lava flows and traveled over 
pāhoehoe, and it soon became clear that the group was pioneering earlier than expected. 
There were some problems with GPS equipment and satellite reception, as well as 
insufficient GPS equipment to both navigate and record track logs. 

5. Eventually a site tag was identified and a Garmin GPS provided coordinates that appeared to 
match those identified for the crossing of the D System. After this point, a sharp turn was 
made to reach the pre-existing fire break with as little pioneering as possible. Once the group 
was back on the pre-existing fire break, there were no further deviations from the pre-
existing route. 

6. The figure included here shows two track logs collected that day. The yellow-orange line is a 
track log from a subsequent trip, and indicates discrepancies between the two days in 
locating where the bulldozer track crossed the D system. The second track log shows that the 
bulldozer actually crossed the D system three times on June 12, 2007. This is further 
discussed in the trip report for June 19, 2007, from which the yellow-orange track log is 
derived. 

7. No historic properties were identified in a 40m wide corridor around this proposed route. 

8. Several possible pit excavations were noted on the south side of the corridor prior to crossing 
the D System, but they were avoided. Cultural Resource staff will return another time when 
there are no bulldozers present to evaluate and document these sites. 

9. The team reached the Western or fire break priority 1 at about 1430 hours.   

       Julie M. E. Taomia, Ph.D.  
       Senior Cultural Resource Specialist  

Pōhakuloa Training Area 
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Figure 10. Fire Break 2 Track Logs 
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APVG-GT-ENV                                                                                   June 19, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for the survey of the new Firebreak Priority 2 Reroute Construction and 

Historic Properties, Pōhakuloa Training Area, North Kona District, Hawai‘i Island, 
Hawaii. 

 

1. On June 19 2007 Cultural Resource Specialists Cary Stine and Kelly Leialoha Luscomb 
surveyed a section of the firebreak priority 2 bypass route in Training Area 22, Pu‘u Anahulu 
ahupua‘a, TMK: (3) 7-1-004:007 (Figure 11). 

2. The route surveyed was a newly bulldozed section from June 12, 2007 of the firebreak 
priority 2 road intended to bypass the lava tube D cave system by passing through a gap with 
no caves. In this survey the bulldozed route was recorded to better define its path in 
relationship to the D cave system and the proposed re-route. 

3. Lava morphology in the area included both pāhoehoe and ‘a‘ā flows. Vegetation in the area 
was ‘ōhi‘a forest, primarily located on pāhoehoe flows. The ‘a‘ā flows had very little 
vegetation on them. 

4. A track log was started with the GeoXT GPS at the point where firebreaks 2 and 3 diverged 
and the entire length of the June 12th bulldozed bypass route was recorded.  The track log was 
stopped at the point where the new bulldozed route connected back with the original 
firebreak priority 2 surveyed on October 26, 2006. The track log showed that the bulldozed 
route deviated from the original proposed bypass route and crossed sections of the D cave 
system. Flagging was hung and GPS points were recorded along the bulldozed road where it 
crossed these sections of the lava tube system. 

5. On the return trip the new bulldozed route was surveyed to look for any cultural sites within 
a 40 meter corridor. One pahoehoe pit excavation (T-071907-01) was identified during the 
survey and a GPS point was recorded and photos were taken. 

Cary Stine 
Cultural Resource Specialist 
Environmental Office 
Pōhakuloa Training Area 
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Figure 11. Fire Break 2 June 12, 2007 Track Log 
 
 

APVG-GT-ENV                                                                                   June 21, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for the field verification of the Firebreak Road Priority 2 Bypass Survey 

and possible alternative routes survey, Pōhakuloa Training Area, North Kona District, 
Hawai‘i Island, Hawaii. 

 
1. On June 21 2007 Cultural Resource Specialists Cary Stine and Kelly Leialoha Luscomb 

surveyed a section of the firebreak priority 2 bypass route in Training Area 22, Pu‘u Anahulu 
Ahupua‘a within TMK (3) 7-1-00-40:07 (Figure 12). 
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2. The firebreak 2 corridor bypass route previously bulldozed on June 12, 2007 and surveyed on 
June 19 2007 was re-surveyed where the firebreak crossed the D cave system to ground truth 
the survey data recorded on the 19th. 
 

3. In order to verify the accuracy of previously recorded GPS data a GPS point was recorded for 
an existing site, 19502, and a track log was taken on the surface of the lava tube D cave 
system in the area where the bulldozed road crossed it. These data were later downloaded and 
processed as shape files to create GIS layers. These layers were overlaid onto data from the 
previous surveys as a “second opinion” when determining the accuracy of the GIS data. 
 

4. In addition to the GPS data collection a survey was conducted on the northeast side of the 
firebreak priority 2 bypass route up to 70 meters wide and up to 50 meters wide on the 
southwest side between the cave stations IM4 and HD39. The survey was done to determine 
any possible reroute alternatives to the bulldozed path taken across the cave system on the 
12th. The survey revealed rolling pāhoehoe with one to two meter elevation changes and 
sparse ‘ōhi‘a vegetation on the northeast side and flatter pahoehoe with denser ‘ōhi‘a 
vegetation on the southwest side. No definitive route could be found within the area of this 
survey. A successful bypass route was later surveyed to the northwest of this survey area on 
June 29, 2007 and bulldozed on July 5, 2007. See the trip reports for those days for more 
details. 

Cary Stine 
Cultural Resource Specialist 
Environmental Office 
Pōhakuloa Training Area 
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Figure 12. Fire Break 2  
 

 
 
 
 
APVG-GT-ENV                                                                                    June 28, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Property Survey for Proposed Re-alignment of Fire Break 
Priority 2 located in Training Area 22. 
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1. On June 27, 2007 Julie Taomia, Senior Cultural Resource Specialist, and Cary Stine, Cultural 
Resource Specialist, accompanied by Steve Evans, Biologist, preformed a pedestrian survey 
of the Area of Potential Effect (APE) for several proposed routes for fire break priority 2 to 
mitigate the unplanned pioneered road that was put in on June 12, 2007 (see previous trip 
report). The area is located in Pu‘u Anahulu Ahupua‘a, North Kona District, Island of 
Hawai‘i, TMK: (3) 7-1-004:007.  

2. The purpose of this trip was to explore several options for rerouting the fire break to 
eliminate or minimize the number of times the fire break will cross the D Lava Tube System 
while minimizing the impact to the natural resources. On the initial pass with the bulldozer, 
the route taken accidentally crossed the system in three separate locations. Several potential 
routes were identified prior to the field work on the basis of lava flows and known locations 
of the lava tube system. One basic alternative was to pass through the previously identified 
break in the lava tube system, approaching as close as possible on the pre-existing fire break 
road and exiting to another point that is also as close as possible but allowing for the nature 
and concerns of wildland firefighting. Several specific routes were identified within the 
context of this alternative. A second alternative was to utilize much of the track created on 
June 12, but limit the cave crossings to one and ensure that it was at a location of a very 
small passage with as little potential for cave-ins as possible. 

3. Vegetation in the area is ‘ōhi‘a forest, primarily located on pāhoehoe lava flows. The ‘a‘ā 
flows have very little vegetation on them. 

4. The group began survey at about 0930 hours from 219903m E and 2184355m N along the 
combined fire breaks 2 and 3. The group walked up the previously bulldozed fire breaks to 
the point where fire breaks 2 and 3 join. From this point fire break 2 was followed. The group 
found the point at which the June 12 bulldozer track departed from the route that had been 
indicated on maps. At this point three previous tracks diverge. The southernmost had been 
followed on June 12. The northernmost is a short track that ends with no outlet. The middle 
track is the one that had been intended as the fire break, and is the one that was followed on 
June 27. This road will require some smoothing and the removal of a few small trees or 
shrubs from the corridor, but for the most part is in good condition and will not require any 
divergence from the existing route. 

5. Two possible divergence locations had been identified in the office for leaving this 
previously existing route and traveling to the area where the D Lava Tube System pinches 
out and no voids appear to be present. The second of these was chosen, in an ‘a‘ā flow, at 
about 218408m E and 2184145m N. Topography was taken into account. The proposed route 
trends southwest toward the break in the D System. The area of the break was located, and 
the group then turned more westward to rejoin the previously existing fire break at about 
218030m E and 2183910m N.  

6. No historic properties were identified in a 40m wide corridor around this proposed route. 

7. From this point on the previously existing fire break, the group explored the second 
alternative, to use much of the track created on June 12. To do so, they re-traced their steps 
from the western end of the first option described above to about the middle of a southward 
trending ‘a‘ā flow, at which point they turned southward for about 100m, then turned 
eastward to cross pāhoehoe and join the June 12 bulldozer track. The proposed route 
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continued across the D System at a new location before rejoining the June 12 bulldozer track. 
The group then walked back to the vehicle. 

8. One pāhoehoe excavated pit (T-061907-01) is located on the south side of the June 12 
bulldozer track at 218597m E and 2183692m N. The site has been flagged and will be 
avoided. No other historic properties were identified along this second alternative route. 

9. The first proposed re-alignment described above (point #4 & 5) is recommended as the 
preferred route, because it traverses an area in which the lava tube system is not present 
beneath the ground surface and it traverses less pāhoehoe lava flow with accompanying 
vegetation, which is better from both natural resources and firefighting points of view. 

10. The survey was completed at 1430 hours.   

       Julie M. E. Taomia, Ph.D.  
       Senior Cultural Resource Specialist  

Pōhakuloa Training Area 
 

Fenceline Surveys 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT:  Archaeological and Historical Survey of Proposed Cross Fence Line 1 at Pōhakuloa 
Training Area, Pu‘u Anahulu Ahupua‘a North Kona District, Hawai‘i Island, Hawaii. 
 

1. On 23 August 2006, Bill Godby, PTA Cultural Resource Manager and Cary Stine, PTA 
Cultural Resource Specialist accompanied Joel Brunger from the PTA Fence Construction 
Crew to Pu‘u Anahulu Ahupua‘a.   

2. This trip was to examine the route of a proposed cross-fence between the western boundary 
fence of PTA and New Bobcat Road.  This fence will be approximately 4.6 km (2.9 miles) in 
length and contained within TMK (3) 7-1-04:006. 

3. No road construction will be associated with fence construction, so a corridor about 20m (66 
ft) wide was considered adequate.  The PTA Cultural Resource Specialists examined this 
corridor while the PTA Fence Crew laid out the fence construction line. 

4. According to the fence crew, the proposed fence line will cross both ‘a‘ā and pāhoehoe lavas 
with gentle slopes, Rock Land, and Kekake Extremely Rocky Muck with 6 to 20 percent 
slopes. No sites were found in areas with sediment deposits (Soil Survey Report, Island of 
Hawaii, Sato 1973). The vegetation ranges from Myporum Scrubland and Dodonaea Mixed 
Shrubland to Open Metrosideros Treeland with shrub understory (Plant Communities of 
Pōhakuloa Training Area, Shaw & Castillo 1997). 

5. No known cultural sites were identified before the survey, however a total of four new sites 
were found during the survey: Two pāhoehoe pit excavations, possibly used in bird catching, 
and one quarried pāhoehoe outcrop, possibly looking for lithic material, all three probably 
prehistoric, and one cairn or ahu of unknown age. 
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• Site T-082306-01:  A cairn made up of stacked basalt boulders and cobbles about three 
courses (0.7 meters) high near the main road (Plate 2). The possible age for this feature 
ranges from prehistoric to recent military. This site is 13 meters from the proposed fence 
line. 

• Site T-082306-02:  An outcrop which has been quarried creating two observed features. 
Feature 1 measures 11 x 2.5 meters and is made up of areas of quarried rock and piled 
quarried material. Feature 2 is about 15 meters away and is composed of a mound of 
cobble and boulder sized quarried material 12 x 15 meters in size. The site was marked 
with flagging and metal temp site tag was placed at feature 1. This site is 2 meters from 
the proposed fence line (Plate 3). 

• Site T-082306-04:  A pāhoehoe pit excavation about 2 x 1.5 meters in size. This site is 3 
meters from the proposed fence line (Plate 4). 

• Site T-082306-05:  A pāhoehoe pit excavation about 3 x 2 meters in size. This site is 18 
meters from the proposed fence line (Plate 5). 

6. In addition to the cultural sites there were some lava tube sinks that appeared to be a part of a 
major lava tube system, possibly an extension to the D system or one that runs parallel to it. 
The sink entrances were given a temp site number of T-082306-03 and a brief survey 
revealed no cultural material within the open sink area. Further cave survey is needed to 
determine if this area contains any cultural sites. The sinks are 20 meters from the proposed 
fence line. 

7. Both sites T-082306-02 and T-082306-04 are too close to the present planned fence line. It is 
recommended that the fence line be moved to a distance of 8-10 meters to avoid damaging 
these sites. 

       Cary Stine 
 Cultural Resource Specialist 
 Environmental Office, PTA 
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Plate 2. Site T-082306-1:  Pāhoehoe boulder Cairn or Ahu. 

 
Plate 3. Site T-082306-2:  Quarried Outcrop. 
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Plate 4. Site T-082306-3:  Lava Tube Sinks. 

 
 

 
Plate 5. Site T-082306-5:  Pāhoehoe Quarry Pit Excavation. 
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APVG-GT-ENV        16 August 2006 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT:  Archaeological and Historical Survey of a Proposed Fence Line at Pōhakuloa 
Training Area, North Kona District, Hawai‘i Island, Hawaii. 

1. On 14 August 2006, Glenn Escott, Senior PTA Cultural Resource Specialist, James Head, 
PTA Cultural Resource Specialist accompanied Joel Brunger and Baylan Paiva from the PTA 
Fence Construction Crew to Pu‘u Anahulu ahupua‘a.  A second trip on 16 August 2006 
consisted of Mr. Brunger, Mr. Head, and Mr. Paiva. 

2. This trip was to examine the route of a proposed cross-fence between the western boundary 
fence of PTA and another proposed fence along the west side of the Impact Area in central 
PTA.  This fence will be approximately 5.7 km (3.5 miles) in length, and is contained within 
TMK (3) 7-7-10-04:06 on the west and TMK (3) 4-4-01-60:01 on the east. 

3.   No road construction will be associated with fence construction, so a corridor about 20m (66 
ft) wide was considered adequate.  The PTA Cultural Resource Specialists examined this 
corridor while the PTA Fence Crew laid out the fence construction line. 

4. The proposed fence line will cross both ‘a‘ā and pāhoehoe lavas with vegetation covering 
ranging from Myporum Scrubland to bare lava, with slopes from gentle to nearly vertical. 

5. The proposed fence will cross Site 19528, a Hawaiian trail site.  The new fence route was 
staked to pass the trail through a previously disturbed bulldozer push at 214958m E, 
2183455m N.  No impacts to Site 19528 will occur from fence construction through this area. 

6.  A total of seven possible cultural sites (Table 3, Figure 13, Plates 6 & 7) were found during 
this examination.  The majority consisted of pāhoehoe excavations, probably used in bird 
catching or to obtain lithic materials.  The other feature (T-0814-06-04) appears to be a small 
cairn or ahu. 

7.   The Fence Crew was shown the historic site locations and they will be avoided during fence 
construction.  No impacts will occur to these known cultural resources. 

       James Head 
 Cultural Resource Specialist 
 Environmental Office, PTA 

Table 3.  Temporary Sites found during Cross Fence 2 survey. 
Date Site Number Type 

14 October 2006 T-081406-01 Pahoehoe Excavations 
14 October 2006 T-081406-02 Pahoehoe Excavation with 

wall to SE 
14 October 2006 T-081406-03 Pahoehoe Excavation 
14 October 2006 T-081406-04 Small Cairn or ahu 
14 October 2006 T-081406-05 Pahoehoe Excavation with 

wall 
16 October 2006 T-081606-01 Pahoehoe Excavation 
16 October 2006 T-081606-02 Pahoehoe Excavation 



 58

 

Figure 13. Cross Fence 2  
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Plate 6.  Temporary Site T-081406-01, a pāhoehoe excavation looking to the northwest. 

 
Plate 7.  Temporary Site T-081406-04, a small cairn or ahu looking to the northwest. 
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APVG-GT-ENV        22 December 2006 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT:  Archaeological Survey of Two Proposed Fence Re-Routes in Training Area 23, 
Pōhakuloa Training Area, Hāmākua District, Hawai‘i Island, Hawaii. 
 

1.  On December 21, 2006, Ken Spencer, PTA Fencing Coordinator, Lowell Thomas, PTA 
Natural Resource Specialist, and James Head, Cultural Resource Specialist traveled to 
Training Area 23 in the ahupua‘a of Ka‘ohe (TMK (3) 4-4-01-60:01), Pōhakuloa Training 
Area (Figure 14).  This trip was to examine two potential re-routes of a fence being built 
along the east side of Bobcat Trail/MPRC Access Road for natural and cultural resources. 

2. The re-routes are planned to straighten sections of fence and save materials such as fence 
posts and fence wire.  The re-route corridors were examined approximately 10 – 12m on 
either side of the centerline for a corridor about 20 - 25m wide.  The archaeologist examined 
the east side of both proposed areas first, then surveyed along the west sides on the return. 

3. The northern re-route (Re-Route #1) is slated to begin at 216047.9m E, 2178541.9m N, then 
travels approximately 230m to the northeast before re-joining the original fence line route.  
The sub-strate found in the northern re-route appears to be Mauna Loa k2 pāhoehoe flows 
dating ca. 1500 – 3000 years B.P. (Trusdell, Wolfe and Morris 2005) and vegetation appears 
to be a Sparse Metrosideros Treeland (Shaw and Castillo 1997).  The terrain is rough with 
numerous sinkholes, overhangs, and tumuli with heavy grass cover.  No cultural remains 
were located during surface examination.  The examination of small sinkholes and overhangs 
also failed to disclose cultural remains. 

4. The southern re-route (Re-Route #2) is slated to begin at 215056.9m E, 2178112.0m N.  The 
route travel approximately 450m to the northeast before re-joining the original fence route.  
The sub-strate found in the southern re-route also appears to be Mauna Loa k2 flows dating 
ca. 1500 – 3000 years B.P. (Trusdell, Wolfe and Morris 2005), but in south, both ‘a‘ā and 
pāhoehoe flows are found along the proposed route.  Vegetation consists of a Sparse 
Metrosideros Treeland (Shaw and Castillo 1997) on the pāhoehoe, but the ‘a‘ā flows are 
mostly barren. 

5.  Three historic features (UPU #1-3) were found during the examination of the southern re-
route.  These features appear to be more examples of a utility line (T-092304-02) originally 
found further to the north in TA-22.  Overall length of this utility line appears to be ca. 16km 
within PTA and it is thought to continue toward the southwest beyond PTA on private lands. 

6. The features observed along Re-route #2 average about 2.0m (N/S) x 1.3m (E/W) x 0.40m 
high and are constructed of piled/stacked ‘a‘ā cobbles and small boulders.  The features have 
upright ‘ōhi‘a lehua (Metrosideros) poles, although all are shattered.  One example has the 
cross-piece (used to mount the eight insulators) present and all have broken insulators lying 
nearby. 
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7. After examination of the two proposed re-routes, it is recommended that no further work is 
needed at Re-route #1 since no cultural remains were located during the survey.  At Re-route 
#2, it is recommended that the three historic features (UPU #1-3) be avoided during fence 
construction.  As fence construction will be a low-impact disturbance, a buffer of 3m is 
thought to be sufficient to avoid impacts to the cultural resources.  No construction should 
occur within this buffer area. 

8. Another task was performed while the archaeologist was in the area.  An unrecorded site had 
already been avoided by the fence construction further to the south and it was also visited.  
Temporary Site T-122106-01 is a probable historic stacked-rock enclosure found at 
214274.670m E, 2177481.464m N (Plate 8). 

9.  Site T-122106-01 consists of a square enclosure with a smaller rectangular enclosure 
attached to the north.  Measurements are ca. 13m (N/S) x 14m (E/W) x 1.7m high.  It is 
constructed of piled/stacked ‘a‘ā cobbles and small boulders up to 15-20 rocks high.  There is 
an entry way in the southeast side where the northern enclosure is found.  There is also a fire 
hearth found along the southwest interior wall measuring ca 1.2m² x 0.20m high.  A medium-
sized rusted can, aluminum pull tab, burned metal hardware and charcoal is found inside the 
hearth. 

10. The interior of Site T-122106-01 also contains about 10 wooden logs (ca. 1.5m long) that 
appear to be axe-cut.  These lie mostly in the southeast corner and a large button is nearby.  
Broken insulators and from the utility line (T-092304-02) are found both inside and outside 
of the structure.  The burned hardware in the interior hearth also appears to be associated 
with the utility line. 

11. Bulldozing associated with road construction and the placement of weather instruments has 
taken place to the west and south, but does not appear to impacted Site T-122106-01.  
Likewise, fence construction as not impacted this site. 

James Head 
Cultural Resource Specialist 
Environmental Office, PTA 
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Figure 14. Map Showing the two examined re-routes and Temporary Site T-122106-01 in Training Area 23 
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Plate 8.  Looking east to Site T-122106-01.  Note large square enclosure on right with 
rectangular enclosure on left.  The scale is 2m long.  
 
 
APVG-GT-ENV                                                                                    17 May 2007 
 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report for Historic Property Survey for Proposed Construction of Additional 
Fence located in Training Area 23. 
 

1. On May 16, 2007 James Head, Cultural Resource Specialist, accompanied by Tiana Sudduth, 
US Army Biologist, and Ken Spencer PTA Fence Specialist, preformed a pedestrian survey 
of the Area of Potential Effect (APE) for a proposed new fence route.  This area is located in 
TMK: (3) 4-4-016:001, Ahupua‘a of Ka‘ohe, Hāmākua District, Island of Hawai‘i (Figure 
15).     

2. The group began survey at about 1030 hrs. from 221406m E and 2170945m N along the 
southeastern boundary of the Kipuka Alala Fence Unit.  The fence survey corridor proceeded 
to the east for about 930m where the new fence will join the proposed Hedyotis coriacea 
Fence Unit.  The junction of the two fences will be located at 222325m E, 2170972m N. 
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3. The survey focused on identifying any possible cultural resources within a 20 meter corridor.  
The vegetation in this area is sparse with scatted examples of Leptacophylla (pukiawe) and 
Dodonaea (‘a‘āli‘i).   

4. A single LTC (lava tube cave) system was found.  It was designated C-051607-01 and was 
located approximately 25m north of the proposed fence at 222081m E, 2170988m N.  The 
Lava Tube System appears to run approximatly140/320° with the entrance measuring about 
10.0 x 3.0 x 6.0m deep.  This cave is heavily used by goats and was not entered because of 
safety concerns.    

5. The survey was completed at 1245 hrs.  No historic properties were identified within the 
proposed road corridor. 

 
       James Head  
       Cultural Resource Specialist  

Pōhakuloa Training Area
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Figure 15. This map shows the route of the proposed fence in the SW portion of PTA.
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APVG-GT-ENV        6 July 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Archaeological and Historical Survey for West Side Fence Line, Pōhakuloa Training 

Area, North Kona District, Hawai‘i Island, Hawaii. 
 

1. On June 21 2007 Cultural Resource Specialist, Cary Stine and Fencing Manager, Kenneth 
Spencer performed a vehicular surveyed of the Westside Firebreak Road in training area 22 
between the Old Kona Road and the intersection with the site 19528 trail in the area of Pu‘u 
Anahulu Ahupua‘a on the west boundary of TMK (3) 7-1-00-40:06 and TMK (3) 7-1-00-40:07. 

2. The purpose of the survey was to review the planed location of the new west side fence and 
identify any areas of conflict with the previous surveys and subsequent section 106 report 
findings and statements. 

3. The surveys showed two areas that appeared to go outside of the original survey corridor and 
therefore were not covered in the report. One section was at the Old Kona Road junction with 
the west side firebreak road. A planned dip tank at the corner of this intersection moved the 
proposed fence location to the east 15m (50 ft) and a small section of it outside the survey 
corridor. Another fencing section in question started at about 850 meters south of the Old Kona 
Road. In this section the revised fence plan diverged from the firebreak road to take a more 
direct route south for about 350 meters to where the firebreak road converged back with the 
fence line. This deviation put a 250 meter section of planned fence line outside of the original 
survey corridor.  

4. The two above mentioned fence line areas were discussed in a meeting between Cary Stine 
(Cultural Resource Specialist), Ken Spencer (Fence Coordinator), Julie Taomia (Senior 
Cultural Resource Specialist), and Bill Godby (Army Archaeologist) on July 12, 2007. It was 
concluded that the two fence line areas in question, being adjacent to surveyed areas that did 
not yield any significant historical properties, were unlikely to contain any historical properties. 
A survey of these two areas supporting that conclusion would be adequate to allow the fence 
line to go through those areas. 

5. Additional monitoring would be required if any more changes were made in the proposed fence 
line. Monitoring would also be required when the fence line reached the vicinity of the trail site 
19528. 

   
Cary Stine 
Cultural Resource Specialist 
Environmental Office, PTA 

  

Site 23452 Fieldwork 
Beginning with the fieldwork for Phase II in Training Areas 1, 3 and 4, GPS points were 

collected on fence posts of site 23452 across the entire Training Area. The following daily logs 
report the daily work carried out in the course of this fieldwork. 
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Date Crew Hours TA ASA 
8/2/2006     JH 8.0 01 - 
Site Targets 
Site 23452 

Located 
Site 23452 

New Discoveries 
T-080206-01 

Notes 
The worker left the Cantonment @ 0800 hrs. and traveled to the fence line at Site 23452.  A total of 
28 GPS points were collected at existing fence post locations. 
  
Photos:  None 

Date Crew Hours TA ASA 
8/3/2006 JH 6.0 01 - 
Site Targets 
Site 23452 

Located 
Site 23452 

New Discoveries 
N/A 

Notes 
The worker left the Cantonment @ 0800 hrs. and traveled to the fence line at Site 23452.  A total of 
16 GPS points were collected 
 at existing fence post locations. 
 
Photos:  None 
Date Crew Hours TA ASA 
8/24/2006    JH 4.0 14 - 
Site Targets 
Site 23452 

Located 
Site 23452 
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New Discoveries 
N/A 

Notes 
The worker left the Cantonment @ 0800 hrs. and traveled to the fence line at Site 23452.  A total of 
50 GPS points were collected 
 at existing fence post locations. 
  
Photos:  None 
 
Date Crew Hours TA ASA 
11/17/2006   JH 8.0 20 - 
Site Targets 
Site 23452 

Located 
Site 23452 

New Discoveries 
N/A 

Notes 
The worker left the Cantonment @ 0800 hrs. and traveled to the fence line at Site 23452.  A total of 
39 GPS points were collected at existing fence post locations. 
 
Photos:  None 

Date  Crew   Hours   TA ASA 
11/20/2006    JH    5.0 20 - 
Site Targets 
Site 23452 

Located 
Site 23452 

New Discoveries 
N/A 

Notes 
The worker left the Cantonment @ 0800 hrs. and traveled to the fence line at Site 23452.  A total of 
6 GPS points were collected at existing fence post locations. 
 
Photos:  None 
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Date Crew Hours TA ASA 
11/21/2006  JH 8.0 20 - 
Site Targets 
Site 23452 

Located 
Site 23452 

New Discoveries 
N/A 

Notes 
The worker left the Cantonment @ 0800 hrs. and traveled to the fence line at Site 23452.  A total of 
29 GPS points were collected at existing fence post locations. 
  
Photos:  None 
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Cave Survey 
 

 Date Crew Hours TA ASA 
 1/23/2007 JH, Cave Survey Crew 6.0 22 02 
 Site Targets 
 21164A, B, C, D, & E; 5004C, D, & E; 21169; 21167 

 Located 
 21164A, B, C, D; 5004C, D, & E; 21169; 21167 

 New Discoveries 
 T-012307-01 

 Notes 
 JH and the Cave Survey Crew left the Cantonment about 0930 hrs.  Today's operations were to 
take place at the Bobcat Trail  Habitation Cave kipuka in TA-22.  This is also located in ASA-02.  
The team arrived at the project area at about 1020 hours, and the Cave Survey Crew left to continue 
with cave survey work. 
  
CAVE TEAM ONE: OUTLINE OF ACCOMPLISHMENTS 
 
The 2007 cave survey mapping efforts were performed by Cave Team One, from January 17 to 
March 14. The team is composed of Don Coons, Barb Capocy, Rachel Myron, and Steve Lewis. 
Volunteering for the last two weeks of March was Jansen Cardy, who participated in one cave 
survey and photo trip, and assisted in documentation and organization of the team’s photos. Hiring 
of an additional survey team member (Barb Capocy), Rachel Myron’s qualification as team 
archeologist, and access to a new RCUH vehicle all significantly added to the productivity of the 
project.  Regular meetings and consultations held with the full-time PTA CRM staff to ensure that 
protocol was followed, goals were understood and information was shared between the cave team 
and the archeology staff. 
 
Project work in 2007 continued cave survey and archeological documentation in the following 
systems: 
 
 Cave System   survey dates  Total Meters:   
 
Pu’u Koli:  1/24/07    432.14 
Bobcat:  1/23/07, 2/15/07     143.6 
Bobcat North:  1/18/07, 1/23/07  136.15 
Lower Delta:  1/22/07, 2/1/07, 

2/7/07, 2/8/07,  
2/9/07, 2/20/07  1580.92 

 
In summary, a total of 2292.81 meters was surveyed and 213 new survey stations set. 
 
In addition, one trip to the C System was made on 3/8/07.  Survey data for that trip is in the process 
of being reduced.   
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Photos were taken of cave features, passage morphology, archeological remains, and members of 
the cave team.  153 photos from the C (Charlie), D (Delta), E (Bobcat), and N (Pu’u Koli) Systems 
are included in an Excel photo log.  Office work accomplished during the 2007 season also 
included the digital scanning of cave survey notes from all the previous efforts (2004-2007).  
Digital cave maps were produced using Adobe Illustrator.  Regional area maps were constructed 
using ArcView GIS (9.0) software and individual cave resource maps were initiated in this format.    
 
Cave survey was accomplished using a Suunto Compass, Suunto Clinometer and Leica Disto.  
Both foresight and backsight azimuth and clinometer readings were shot and recorded at each 
station.  Distances were measured between survey stations and ceiling height, distance to floor, 
distance to left and right cave walls were measured at each survey station.  Plan view and cross 
section sketches were drawn of the cave passages as the team advanced through the cave.  All 
distances were either recorded in or converted to meters. 
 
Archeological remains found in caves were recorded and linked to survey stations by measuring the 
distance and compass bearing to individual features. Rachel Myron documented 102 individual 
archeological sites in this fashion.  The remoteness of most survey areas has helped to preserve 
these remains.  No obvious present day human destruction to these sites was noted.  One exception 
was in Pu’u Koli where spray painted lettering was observed on rocks both inside and outside the 
cave during our visit on 1/24/07.  Spray painted wording outside the cave started “MP”, but was 
not readable after that.  A second site inside the cave read “MP DET”.  A strip of flagging found 
inside the cave read “6th EOD 14 July (either 87 or 84)”.  None of this graffiti was observed to be 
associated with archeological remains. 
 
Most of the work produced this year was in areas that have not been surveyed by previous 
researchers. The exceptions to this were: 
 

-The one-day C Survey was previously sketch mapped by Fred Stone.   
-The Bobcat T101 habitation area was mapped in detail by a previous archeology team. 
 

Either Rachel Myron or Cary Stine noted the locations of previously documented archeology at 
these sites.  In most cases our efforts begin at known entrances that have been visited and 
documented with either short detailed maps of the twilight areas, or lengthy written accounts of the 
area.  In each case we first confirm that the artifacts noted by previous researchers are still intact 
and then move on into uncharted areas.  In nearly every case we have systematically documented 
extensive new areas of archeological interest 
 
Many of our project goals were accomplished in 2007.  A brief description of these are: 
 

1) All known cave passages in Bobcat Kīpuka have now been surveyed. 
 

2) The Pu‘u Koli survey project was limited to only one field day this season, as a 
result of military training activities restricting access to the area.  Three additional 
entrances were inventoried.  Only three more known tube entrances remain to be 
surveyed within this flow.  

 
3) Work in Lower D was focused primarily on locating and documenting all known 

passages and artifacts that lie in the path of construction for a new firebreak road 
proposed through the area.  The old road passes directly over a major archeological 



 

 72

site (19513 or T26) in an especially thin roofed section of cave.  Detailed mapping 
in the area located a natural break in the system a short distance south of this 
location.  Using this gap as an alternative route for the roadway should avoid any 
future damage to the cave.   

 
4) One three day camping trip was conducted at Lower Delta, the results of which 

indicate that this is a successful and viable alternative to hiking to and from the 
farthest cave locations each day.  Camping allows maximum data collection and 
minimizes travel time; we recommend more camping survey trips in the future. 

 
5) All original cave survey and archeological notebooks are stored at the PTA 

Environmental Office in the red Cave Files case.  Scans of cave survey notes, 
COMPASS cave data files, ArcView shapefiles, and Jpegs of topographic-air photo 
overlays for Bobcat, Pu‘u Koli, Delta, and Charlie have been created.  These are 
located on the PTA laptop and the shadow T drive, as well as back up CD discs.  
One hundred and fifty three digital photos, along with an Excel index, are also 
stored in these locations. 

 
Report compiled on March 14, 2007 by Barb Capocy and Don Coons. 
 

PTA Septic Tank Construction Monitoring 
APVG-GT-ENV           13 October 2006 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Archaeological and Historical Spot Monitoring of Septic Tank System installation at 
Pōhakuloa Training Area, Ka‘ohe Ahupua‘a, Hāmākua District, Hawai‘i Island, Hawai‘i. 
 
From August 16 to September 12, 2006 cultural monitoring was performed by PTA Cultural 
Specialists Kelly Luscomb and Cary Stine, during new septic tank installations within the PTA 
Cantonment, an area of about 49 acres within TMK (3) 4-4-016:006. 
 
A total of 4 excavations were observed for septic tanks IWS #6, #10, #18, and #28. No historic 
sites were encountered during the monitoring. All excavations fell outside of the designated historic 
district within PTA’s cantonment area, the closest excavation (IWS #10), was about 80 meters 
away. 
 
The monitoring consisted of observing the excavation work, noting the presence or absence of 
cultural material, making the determination of age if possible, and finally photographing and noting 
the soil stratigraphy in the excavation profiles to better understand the geologic history of PTA. 
 
The USDA Soil Survey of Hawai‘i classified the soil within the cantonment area as predominantly 
Ke‘eKe‘e Loamy Sand which had an average soil deposit of  

0-9in (0-0.23m) Loamy sand and silt loam,  
9-16in (0.23-0.4m) Silty clay loam,  
16-40in (0.4-1.0m) Sand, and  
40-60in (1.0-1.5m) Loam. 
Depth to bedrock: 3.5-8ft (1-2.4m) 
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The area of Pu‘u Pōhakuloa was the exception with a soil designation of Cinder Land and was 
composed entirely of red cinder. 
 
Overall, soil profiles of the observed excavations revealed an initial disturbed fill layer 0.15-0.9m 
thick with the exception of deeper fill encountered from existing cesspools. The fill layers revealed 
cultural material consistent with activity during the time period of PTA. Below this were natural 
non-alluvial or homogenous silt layers with pockets of a cemented ash-silt-sand conglomerate. No 
cultural material was found within these natural soil layers. 
Excavation #10 at buildings T-177 and T-180 
8-16-06, 0930 – 1130, IWS #10 
Cultural Resource Specialist Cary Stine met with foreman Larry Peck and discussed the area to be 
excavated by buildings T-177 and T-180. The area is within an existing cut into the Pu‘u 
Pōhakuloa and therefore is not likely to encounter any cultural material. Periodic monitoring will 
be required throughout the day for the purposes of stratigraphic analysis.  
Cary Stine observed the base of excavation about 3 meters below the surface for Cesspool #10 
(Plate 9). The excavation profile showed the red cinder that was present on the surface and in the 
cut of Pu‘u Pōhakuloa. This area has a USDA soil designation of Cinder Land. Cobble size basalt 
was also present near the surface of the excavation profile becoming boulder size at the base of 
excavation. No cultural material was present in the soil Profile.  
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.  
Plate 9. Profile of red cinder cut into Pu‘u Pōhakuloa at excavation #10. 
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Excavation #18 at building T-190 
8-22-06, 0700 – 0800, IWS #18 
Cary Stine visited the Cesspool #18 site. Excavation had occurred the day before between building 
T-188, the parking lot, and north of building T-190. The dimensions of the excavation were about 
L-9'xW-9'xH-9'.  

Soil Description (USDA: Ke‘eKe‘e Loamy Sand):   
(0-1.8 mbs) Gravel fill material, angular pea-pebble size dominated the excavation profiles. 
The fill material surrounded an existing septic tank which was present in the excavation 
north wall profile.   
(1.8-2.75 mbs) Silty sand was present in all profiles 0.6-0.9 m thick to the base of 
excavation. No large rocks were present in this layer in the soil profiles, the first 30 cm only 
showed roots. The bottom 0.6 m of the excavation revealed a layered alluvial deposit of 
silty sand and pea-pebble sized gravel.  

Other than the fill itself, no cultural material was present in this soil profile (Plate 10). 
 

 
Plate 10. West wall profile of excavation #18 with existing cesspool on the right. 
 
Excavation #28 at buildings T-196 & T-197 
8-24-06, 0800 – 0900, checked on IWS #28 and #6 
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Cary Stine talked to Larry Peck about the excavation schedule. Excavation would be performed for 
Cesspool #28 the next day. The excavations for Cesspools #28 and #6 would likely encounter 
natural soil deposits. 
 
8-25-06, 0800 – 1100, IWS #28  
Cary Stine monitored the excavator at Cesspool #28 between quonsets T-196 and T-197.  

Soil Description (USDA: Ke‘eKe‘e Loamy Sand):    
(0-0.9m bs) Fill material consisted of Fine silty sand and angular pea - pebble size gravel. 
Wood and cement chunks were the only cultural material present within the fill.  
(0.9-1.5m bs+) silty sand with some pea size gravel. No stratification was visible. 

The presence of wood and cement chunks appeared to be remnants of past construction, perhaps 
from the original septic tank installation. 
8-28-06, 0900 – 1130, IWS #28  
Cary Stine continued to monitor the septic tank excavation at Cesspool #28 site. The excavator was 
continuing to dig beyond the 1.5 meter range. As the excavation approached the base of excavation, 
at about 3 meters, there was evidence of soil stratification showing in the NE wall at about 1.2 
meters below the surface. Otherwise the soil was homogenous silty sand. No cultural material was 
encountered in the natural layers during the excavation. 

 
Soil description of NE excavation wall (USDA: Ke‘eKe‘e Loamy Sand):  
(0-0.9m bs) silty sand (fill) with pea – cobble angular gravel. 
(0.9-1.5m bs) silty sand with less than 2% angular pea gravel. 
(1.5-1.65m bs) cemented pea size sub-rounded ash conglomerate. 
(1.65-2.0m bs) silty sand with less than 2% angular pea gravel. 
(2.0-2.1m bs) cemented pea size sub-rounded ash conglomerate. 
(2.1-2.25m bs) silty sand with less than 2% angular pea gravel. 
(2.25-2.4m bs) cemented pea size sub-rounded ash conglomerate. 
(2.4-2.6m bs, base of excavation) silty sand with less than 2% angular pea gravel. 

 
 
Excavation #6 Building T-286, T-275 and T-276  
8-29-06, 0800 – 1030, IWS #6 
Cary Stine monitored the excavation at the septic tank #6 site (Plate 11). 
 
 Soil description (USDA:  Ke‘eKe‘e Loamy Sand):   

(0-0.15m bs) Red cinder fill 
(0.15-0.5m bs) Sand and silt fill with pea – pebble angular gravel.  
(0.5-2.5m bs, base of excavation) This layer was natural with a predominantly homogenous 
fine sand deposit with areas of pea gravel and sand at the top and pockets of cemented sand 
throughout. 
 

As the excavator reached the base of excavation a glass bottle was viewed in the wall slump but 
was not collected. No other cultural material was encountered during the excavation. 
 
8-31-06, 0800 – 0900, IWS #6 
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Cary Stine spoke with Larry Peck. No excavation occurred on this day. No other excavation 
occurred over the weekend with the exception of the re-excavation of Cesspool #10. 
 
 

 
Plate 11. Cesspool excavation #6 to north. 
 
9-12-06, IWS #6 
On 12 September 2006, Kelly Luscomb PTA Cultural Resource Specialist, visited sites 10, 18, 28, 
6, and 26 of the septic system installation within the PTA cantonment.  Ms. Luscomb spoke with 
the foreman operating the bulldozer at site #6 and took pictures of the trench and soil stratigraphy.  
Nothing historical or cultural was observed.   
 
 

Cary Stine 
 Cultural Resource Specialist 
 Environmental Office, PTA 
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Kīlauea Military Camp Percolation Test Monitoring 
APVG-GT-ENV        22 August 2006 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT:  Archaeological and Historical Monitor of Three Percolation Test Holes at Kīlauea 
Military Camp, Puna District, Hawai‘i Island, Hawai‘i. 

1. On 21 March 2006, James Head, PTA Cultural Resources Specialist, traveled to Kīlauea 
Military Camp (KMC) in the Keauhou Ahupua‘a [TMK (3) 9-9-00-10:01], inside of Hawai‘i 
Volcanoes National Park (Figure 16).  This trip was to support an archaeological and historical 
monitor of the location and construction of three percolation test holes within the boundaries of 
KMC.  Mr. Head met with Mr. Roger Panzer, Maintenance Mechanic Supervisor, KMC-DPW 
Engineering/Maintenance Shop at KMC and Valentin Bueno, Civil Engineer with Parsons, 
Brinckerhoff, Quade & Douglas, Inc., Honolulu, Hawai‘i. 

2. Testing of the percolation rate of the area is needed prior to the design and construction of a 
leech field.  Testing was accomplished with three hand-dug units, designated Holes #1, #2, and 
#3 originally projected to be 0.91m (3 ft) deep.  Holes #1 and #2 were located on an existing 
grassy lawn surface, with Hole #3 dug in a gravel road.  Trimble GPS locations (Rover file 
R081711A.cor) were provided by Mr. Roger Panzer.  All three test holes were completed and 
the results are discussed below.  All units were too small to profile, but a discussion of 
observed soils was written. 

3. Hole #1 (216262.061m E, 2150550.571m N) – 0.35 x 0.23 x 0.96m deep 

• Present Ground Surface (P.G.S) – 0.20m Below Surface (mbs) – Brown sandy silts with 
roots (10 YR 3/3 – Dry – Dark Brown). 

• 0.20 mbs – 0.36 mbs – Gray brown sandy silts with a high ash content (10 YR 4/2 – 
Wet – Dark Grayish Brown). 

• 0.39 mbs – 0.96 mbs – Yellow-brown clayey silts (10 YR 4/4 – Wet – Dark Yellowish 
Brown). 

4. Hole #2 (216268.848m E, 2150550.431m N) - 0.30m² x 0.97m deep 

• P.G.S. – 0.20mbs – Brown sandy silts with ash and roots (10 YR 5/2 Dry – Grayish 
Brown. 

• 0.20 mbs – 0.54 mbs – Gray brown sandy silts with a high ash content (10 YR 4/2 – 
Wet – Dark Grayish Brown). 

• 0.54 mbs – 0.97 mbs - Yellow-brown clayey silts with small clay particles (10 YR 4/4 – 
Wet – Dark Yellowish Brown). 

5. Hole #3 (216274.313m E, 2150543.706m N) - 0.30 x 0.24 x 0.66m deep 

• P.G.S. – 0.14mbs – Gravel from the road base. 

• 0.14 mbs – 0.35 mbs – Brown sandy silts with sparse basalt large gravels (10 YR 5/2 – 
Dry –Brown). 
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• 0.35 mbs – 0.66 mbs – Classic crunchy reticulate probably from 1924 eruption of 
Kīlauea Volcano that is medium yellow brown in color.  This appears underlain by a 
large piece of pahoehoe which prevented further excavation.  

6. No prehistoric or historic features or items were noted during the monitor of the three holes.  
Although the soils below 0.20 m appear to be intact, it is probable they were deposited after 
1924.    

 
 

 
James Head, BA 
Cultural Resource Specialist 
Environmental Office, PTA
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Figure 16.  General location of the Test Holes within Kīlauea Military Camp.
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Ke‘amuku Parcel Fires 
 
JANUARY 30, 2007 FIRE 
 
APVG-GT-ENV                                                                                    January 31, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report to plot firebreak location in relation to known archaeological sites within 
the Waikoloa-Ke‘āmuku fire and the potential impact if the firebreak were to be widened (TMK:(3) 
6-7-001:003) in Waikoloa Ahupua‘a, South Kohala District, Hawai‘i Island. 

1. On January 31, 2007, Kelly L. Luscomb Cultural Resource Specialist and Shalan Crysdale 
ITAM GIS Specialist visited the Waikoloa fire that crossed the Māmalahoa Hwy on January 
30, 2007.  The fire was a concern because of the increased onshore wind speeds and the dry 
fuels in the area.  After crossing the highway the fire began to move quickly across the newly 
acquired Ke‘āmuku parcel, towards Pu‘u Nohonaohae.  

2. The night of January 30, 2007, due to increased fire activity, a firebreak was cut with a D-8 
bulldozer.   The CRM staff was concerned with the heavy equipment and its possible impact on 
known archaeological sites in the area.   

3. It was important to assess the bulldozer line(s) to evaluate any impacts to cultural resources. 

4. The entire firebreak however could not be mapped because of the condition of the road and the 
still active fire. The perimeter of the fire totaled 7,349 meters, 5,132 meters of which were GPS 
plotted. Of the remaining 2,217 meters, 991 meters of the fire break are thought to have utilized 
an already existing road, leaving 1,226 meters with an estimated location.  In the portion of the 
affected area that could be examined, there was no impact to any of the known sites. The line 
estimated for the continuation of the fire break suggests that it utilizes a corridor between two 
archaeological sites, avoiding them both by approximately 50 meters. 

5. Around 11:30am the fire was contained and the light rains made the Fire Chief confident that 
the firebreaks would not need to be widened. 

6. The burn area needs to be revisited to survey the remaining 2,217 meters of the fire break road 
for archaeological sites.  We also have reason to believe that there may have been other fire 
break attempts with the bulldozer closer to Māmālahoa highway that would need plotting. At 
the same time an assessment can be made of the condition of the known sites and any 
additional archaeological features that may be more apparent without vegetation.         

 
APVG-GT-ENV                                                                                   March 7, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report to plot firebreak location in relation to known archaeological sites within 
the Waikoloa-Ke‘āmuku fire (TMK :( 3) 6-7-001:003) in Waikoloa Ahupua‘a, South Kohala 
District, Hawai‘i Island.  

1. On March 7, 2007, Julie Taomia, Senior Cultural Resource Specialist, and Kelly L. Luscomb, 
Cultural Resource Specialist, visited the Ke‘āmuku parcel in Waikoloa-Ke‘āmuku burn that 
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occurred on January 30, 2007 to record the remaining portion of the fire break and evaluate any 
effect of the fire or the fire breaks on previously identified archaeological sites.   

2. The previously estimated portion of the main firebreak plotted on the last visit was recorded 
with the Trimble XT.  Also to the surprise of the staff, several other smaller firebreaks were 
made prior to the main firebreak. It is worth mentioning that all addition dozer lines are closer 
to Māmalahoa highway and clear of any previously known archaeological sites.  

3. However, two electrical lines were encountered approximately 20 meters apart and plotted with 
the Trimble.  Both were located within the bulldozer tracks running parallel to the Māma 
highway; another bulldozer push is present to the SE. The electrical poles are wooden and each 
has a glass insulator attached with the following embossing “ARMSTRONG DPI MADE IN 
USA   (?)2052...” The bulldozer appears to have run them over.   More are likely to be in the 
area but obscured by tall fountain grass. 

4. Archaeological sites 23596 and 23595* identified by Garcia and Associates in 2005 were the 
only known archaeological sites in or in close proximity to the burn area.  These sites were 
revisited and appeared to be in good/fair condition and unaffected by the fire.   

5. Site 23596 was listed as being a single mound; however three others were identified for a total 
of four individual features and some possible modified trenches (not plotted).  All features were 
of the same construction and within 25 meters of each other.   The site appears to be unaffected 
by the fire and all four mounds were plotted with the Trimble. None of these mounds were 
affected by the bulldozer activity in the area. 

6. Site 23595* was also revisited and appears to be in fair condition.  The site was listed as a 
single mound but resembles more of an ahu.  A pillar-like feature stacked approximately 8 
courses at one time but currently several courses have collapsed.  The site is located on a 
natural pāhoehoe outcrop exactly on its assigned coordinates.   No other features were observed 
near site.  The collapse is not likely a result of the fire as the feature was outside of the burn 
area and to the south of the main firebreak road. 

7. The primary fire break was constructed between these two sites and fortunately stayed clear by 
approximately 50 meters of each known archaeological site. 

8. Return to the Waikoloa-Ke‘āmuku burn area is deemed necessary due to the incomplete 
plotting of the smaller unsuccessful firebreaks. Photographs will also be taken at this time 

 
• Site 23595 was later combined with site 23594 to become part of site 23543 
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APVG-GT-ENV                                                                                   March 21, 2007 

 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report to plot the lesser branch firebreaks within the Waikoloa-Ke‘āmuku fire 
(TMK: (3) 6-7-001:003) in Waikoloa Ahupua‘a, South Kohala District, Hawai‘i Island.  
 

1. On March 21, 2007, Dr. Julie Taomia, Senior Cultural Resource Specialist, and Kelly L. 
Luscomb, Cultural Resource Specialist, returned to the Waikoloa-Ke‘āmuku burn that occurred 
on January 30, 2007 (Figure 17).   

2. The remaining firebreaks that branched off of the main firebreak were plotted using the Trimble 
XT (Figure 18).  Photographs were also taken of the firebreak (Plate 12) and a section of 
pavement. The age and affiliation (whether it was one of the historic government roads) is not 
known. The road might have been paved by the Parker Ranch. 

3. The scarring on the piece of asphalt pavement present in this area by the bulldozer during the 
firebreak construction was documented. 

4. All additional firebreaks plotted avoided any known archaeological sites. 

5. All firebreaks/ firebreak activity has now been documented and plotted and archaeological sites 
within the burn have been assessed. No additional visits to the burn area are necessary at this 
time. 

 
Kelly L. Luscomb, BA 
Cultural Resource Specialist 
Environmental Office, PTA 
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 Figure 17. Location of January Ke‘āmuku Fire 
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 Figure 18. Additional Fire Break locations, based on GPS track logs 
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Plate 12. Ke‘āmuku Firebreak 
 
 
 
 
APRIL 28, 2007 FIRE IN A EUCALYPTUS GROVE 
 
APVG-GT-ENV                                                                                   May 1, 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT: Trip Report to firebreak location in relation to known archaeological sites within the 
Waikoloa-Ke‘āmuku fire and to visit the proposed area for the construction of a dip tank and 
facilities for fire personnel (TMK:(3) 6-7-001:003) in Waikoloa Ahupua‘a, South Kohala District, 
Hawai‘i Island. 
 

1. On May 1, 2007, Julie Taomia Senior Cultural Resource Specialist and Kelly L. Luscomb 
Cultural Resource Specialist visited the Waikoloa fire that was started on April 28, 2007. The 
burned area extended to about 200 m north of the Māmalahoa Highway-Waikoloa Road 
junction.   

2. PTA Fire Chief Eric Moller wanted to escort both cultural specialists through the burn area (as 
the fire was still active but contained) to a cement feature he had noticed during firefighting 
efforts.  The site (SHPD Site number 50-10-21-23576) was revisited and a point was obtained 
with the Trimble XT.  A few photos and a brief description were also taken (Plate 13).  
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3. Features 1 and 2 of SHPD Site 50-10-21-23576 were visited within the burn area.  These 
features have been recorded and described by Garcia and Associates as a series of concrete 
footings, two concrete foundations, a mound, and two borrow pits located adjacent to the 
historic Government road (Site 20855) and the proposed PTA Trail Easement (Robins, Desilets 
& Gonzalez 2007: 189-191).  Feature 1 is described as consisting of an alignment of four 
concrete and rebar footings on the west side of the Feature 2 foundation.  The alignment is 
5.0m north-south and each footing is 0.45m high.  Feature 2 was described as a concrete 
foundation on the east side of feature 1.  The foundation has a notched inset on its west side 
measuring 1.5m long by 0.9 m. The sites are Post-Contact and most likely a result of cattle 
ranching. The site was not affected by the fire fighting activities. 

4. During the drive along the old Waimea-Kona Belt Rd. which was utilized for access during the 
fire, it was noticed that in places it had been damaged, though the crews had tried to avoid this. 
Damage was noted to the black top pavement on the surface of the road; the stone facing along 
the down slope side of the road (makai) were not damaged.  

5. The fire break was constructed around the fire and along Māmalahoa Hwy.  The chief 
mentioned that he would like to see this firebreak along the fence line widened and maintained 
as a break between the highway and army land.  The Chief also proposed the idea of using the 
Old Kona Highway (old Waimea-Kona Belt Rd.) as a maintained permanent firebreak. 

6. Chief Moller then drove up to the Ke‘āmuku ranch where he would like to put a permanent dip 
tank and a small fire facility for future fire fighting efforts (Plate 14).  There has been concern 
that the construction would be too close to the cremations spread on a near by pu‘u.  The site is 
to be treated as a burial. 

7. Upon arrival at the proposed construction site it was determined that it is 90 m from the 
cremation site (see map). The proposed location is also more than 120 m from the Ke‘āmuku 
sheep station.  

8. A GPS point was taken at the proposed spot (Figure 19). No historic properties were observed 
at this location during this site visit. The location is a grass-covered swale between higher 
ground at the head of a gulch that trends toward the southwest. 

 
Kelly Leialoha Luscomb, Cultural Resource Specialist 

Julie M. E. Taomia, Senior Cultural Resource Specialist 
Environmental Office, PTA 
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     Plate 13. Site 23576, Feature 3 and the corner of Feature 2, facing east. 

 

 
Plate 14. Proposed location of the permanent dip tank and fire facilities, facing south. 
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Figure 19. Site Locations 
 
 
 
 
JUNE 14, 2007 NOHONAOHAE FIRE 
 
APVG-GT-ENV                                                                                   June 27, 2007 
 
MEMORANDUM FOR THE RECORD 
SUBJECT: Trip Report to firebreak location in relation to known archaeological sites within the 
Ke‘āmuku fire (TMK:(3) 6-7-001:003) in Waikoloa Ahupua‘a, South Kōhala District, Hawai‘i 
Island. 
 

1. On June 26, 2007, Julie Taomia Senior Cultural Resource Specialist and Kelly L. Luscomb 
Cultural Resource Specialist visited the Waikoloa fire that was started on June 14, 2007.   

2. A firebreak constructed around Pu‘u Nohonaohae was of concern because of the close 
proximity of several cultural sites.   
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3. Upon arrival, JT and KLL were unable to unlock gate 52.5 so the truck was parked at the 
entrance and the cultural specialists continued up the road on foot.  The firebreak was located to 
the north and continued around to the west.  Photographs were taken and a line file was plotted 
with the Trimble XT (Figure 20).    

4. Several broken concrete blocks were observed at the beginning of the firebreak, possibly from a 
fencing corner post.  Large pieces of chunky coral (not water worn) with fresh breaks was 
scattered along the beginning of the fire break.  Several rubbish piles, one consisting of broken 
concrete and large wooden logs and another containing corrugated iron sheets, were also noted.  

5. During the trek around Pu‘u Nohonaohae, a good view of the burn area and the surrounding 
paddocks (Plates 15 & 16) was viable. Several constructions were evident in the distance, 
possibly rock mounds or old wall rubble.  

6. A fork in the firebreak was also noted on the north side of the pu‘u and a point was taken at this 
location.  The northern fork trended in a west-northwest direction. This northern fork was not 
followed, as the area of concern was on the firebreak that circles the pu‘u. 

7. The firebreak does not make a complete circle of the pu‘u, ending at a fence line. Much of the 
fire break follows an existing fence line that encircles the pu‘u. JT and KLL stopped their track 
log at the end of the fire break and walked back to the truck using a combination of cross 
country and existing roads.  About 0.5 hour travel time each way.  

8. No archaeological sites were impacted by this fire break. 

 
Kelly Leialoha Luscomb, Cultural Resource Specialist 

Julie M. E. Taomia, Senior Cultural Resource Specialist 
Environmental Office, PTA 
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    Figure 20. Nohonaohae Fire Break Route 
 
 
 
 



 

 92

 
            Plate 15. Burn area looking northwest. 

 

 
             Plate 16. Surrounding paddock and burn area, looking east 
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Range 11 T Revitalization 
PHASE II ARCHAEOLOGICAL INVESTIGATIONS OF AN EXCAVATED PIT COMPLEX, 
SITE 23621, AT PŌHAKULOA TRAINING AREA, HAWAI‘I ISLAND, HAWAI‘I 
TMK (3) 4-04-016 
 
ABSTRACT 

This report documents a targeted survey of features of a previously known archaeological 
site on an existing range that is to be revitalized through new construction and subsequently used 
for new firing exercises. This project took place at the Pōhakuloa Training Area at the base of 
Mauna Kea in Ka‘ohe ahupua‘a, Hāmākua District, Hawai‘i Island (Figure 1). The parcel is in 
TMK (3) 4-04-016. The area that was covered for this project is 0.14 hectares on the southeast side 
of Pu‘u Menehune and west of Red Leg Trail. This parcel is controlled by the US Army as part of 
the Pōhakuloa Training Area. Seventeen previously documented clusters of pits, recorded as 
features of Site 23621, were revisited to record the number of pits in each feature, area of the 
feature, and gather information about the pits. Two additional pit clusters were identified in transit 
from on previously identified cluster to another. These latter two clusters were added to Site 23621 
as additional features. While it is clear from the documented features that something was sought 
beneath the pāhoehoe, there is no affirmative evidence to support any of several proposed 
hypotheses.  
 
INTRODUCTION 
 

This report documents a targeted survey of features of a previously known archaeological 
site on an existing range that is to be revitalized through new construction and subsequently used 
for new firing exercises. This project took place at the Pōhakuloa Training Area at the base of 
Mauna Kea in Ka‘ohe ahupua‘a, Hāmākua District, Hawai‘i Island (Figure 21). The parcel is in 
TMK (3) 4-04-016. The area that was covered for this project is 0.14 hectares on the southeast side 
of Pu‘u Menehune and west of Red Leg Trail. This parcel is controlled by the US Army as part of 
the Pōhakuloa Training Area. The background discussion focuses on the Saddle region, or ‘Aina 
Mauna, because this area has a unique environment on the island due to the elevation and the 
influence of the mountains on the local weather. PTA is well within this environmental zone, and 
the entire project area falls within it. Other portions of Ka‘ohe Ahupua‘a do not share the same 
environmental conditions and this has influenced the types of archaeological sites found in the two 
regions. 
  
BACKGROUND 
 

The project area averages about 1676.4 m (5500 ft.) above sea level. It is located about 41 
km from both the North Kona coast to the northwest and the Hāmākua coast to the northeast. The 
area consists of a combination of ‘a‘ā and pāhoehoe lava flows. The physical remains examined 
were found entirely on pāhoehoe flows, but in some cases these were small areas of pāhoehoe 
surrounded by ‘a‘ā. The landscape is undulating, with several deep trenches and numerous ‘a‘ā 
berms or ridges. The biotic communities in the area have been classified as barren lava, Myoporum 
shrubland, Myoporum-Chamaesyce tree land, and sparse Metrosideros tree land on the southern 
and eastern margins (Shaw & Castillo 1997). Most of the areas containing excavated pits were bare 
of vegetation, or had only small plants. A few of the pit clusters were located among trees. The lava 
flows are all Ka‘u Basalt from the Mauna Loa volcano, the k4 flow dated to 200-750 B.P. The 
pāhoehoe in the area of the pits was generally well weathered. With a few exceptions noted in the 
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discussion below, very little soil was present in the project area, and most of the excavated pits did 
not contain visible soil. The climate is dry and cool, with average annual temperatures ranging 
between 50˚F and 60˚F, with minimum temperatures between 30˚F and 40˚F. There are no 
permanent streams in the project area.  

Previous archaeological research at the Pōhakuloa Training Area (PTA) has identified trails, 
volcanic glass extraction sites, evidence of past human use and modification of lava tubes, some 
habitation sites, stone cairns (ahu), shrines, and excavated pits. Historic era sites such as walls and 
historic camp sites have also been identified in the vicinity. The mountain region (‘Aina Mauna) of 
Hawai‘i Island was imbued by Hawaiians with sacredness. Mauna Kea is represented in 
genealogies and mele as the child of Wākea and Papa, or the piko (umbilical chord) of the child 
Hawai‘i Island (Maly & Maly 2005). Legends relate stories of supernatural beings living on the 
mountain. Oral histories of the island include accounts of people traversing the region, often 
warriors in times of warfare. The high chief ‘Umi was said to have resided in the region following 
his consolidation of the island under his rule, and built heiau in the area between the mountains 
(Kamakau 1992). Kamehameha I traveled to Mauna Loa and Mauna Kea to make offerings upon 
inheriting the god Kūkā‘ilimoku from Kalani‘ōpu‘u, and others traveled through the area  during 
this time period as well (Maly & Maly 2005). Traditions and historical accounts indicate that the 
lands in this area to about 1828.8 m (6000 ft) elevation were covered in dense forests, and that the 
region was visited to gather forest plants, birds, and food. Travel to Mauna Kea was for worship, to 
gather stone for tools, bury family members, and to bury umbilical chords (Maly & Maly 2005). 
Golden plovers were said to be plentiful in the region.  

The Saddle region remained largely Crown lands throughout the 19th century, with leases let 
out. The cattle presented to Kamehameha I by Vancouver were set loose in the mountain areas. 
Nineteenth century accounts of travel through the region report encounters with cattle and bullock 
hunters (collected in Maly & Maly 2005). Wild goats, sheep and dogs were also present in the 
Saddle region by the early 19th century. Bullock hunters built huts or shelters in the saddle region, 
and dug pits in which to catch the feral cattle (Maly & Maly 2005). A letter dated December 1834 
relates Governor Kuakini’s order that a road be constructed through the mountain region to 
facilitate travel from one side to the other; this appears to have been completed by 1850 (Maly & 
Maly 2005). Leases for pasture lands in the mountain area began in 1857, by which time much of 
the forest in the area had been decimated. The land devolved to the Territory and then State of 
Hawaii, and in 1956 the Pōhakuloa Training Area was established by Presidential decree (Maly & 
Maly 2005). 

Archaeological remains in the Saddle region that date to the pre-Contact era generally are 
indicative of short-term or sporadic, recurring use. Lava tubes were used as shelters and places to 
collect water. Lithic procurement sites are located throughout the saddle, both for basalt and 
volcanic glass. C-shaped shelters, U-shaped shelters, and platforms are also found in this region. 
The area was crossed by numerous trails, and remains of these are found across Pōhakuloa Training 
Area. Physical indicators of trails include stepping stone trails, cleared areas in the ‘a‘ā, and cairns 
or ahu, particularly across pāhoehoe. Beyond the area of Pōhakuloa Training Area proper, 
extensive basalt adze quarries and ceremonial sites are located on Mauna Kea. Historic sites from 
the ranching era are present in the Saddle region, including fence lines, fence posts, wire, and some 
ranching facilities. 
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Figure 21. Range 11 T Project Location 
 
METHODS 
 

This project consisted of a targeted assessment of features of a known site. The site, 50-10-
31-23621 (shortened hereafter to 23621), is comprised of scattered clusters of excavated pits 
distributed over the entire project area. The site had been previously identified by Garcia and 
Associates (GANDA; Roberts, Robins & Buffum 2004; Robins & González 2006). However, field 
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notes and site descriptions in the reports did not document clearly and conclusively the full extent 
of each cluster. It was therefore determined that additional fieldwork was required to provide more 
accurate information for management purposes. This project sought to confirm that all features 
identified were indeed excavated pits, to fully record the number of pits at each feature and 
therefore identify boundaries for each feature, and to collect information that could be used to 
develop site protection recommendations. The entire area delimited as site 23621 was not 
systematically surveyed during this project, nor was the entire area identified as the SDZ for 11T. 
Systematic survey had been the goal of previous projects referenced above. However, two new 
clusters of pits were identified during this project in transit between previously known clusters, and 
these were recorded during the current project.  

The project to revisit the site features took place from January 30, 2007, through February 
2, 2007. The principal investigator was Julie M. E. Taomia, Ph.D. The field crew consisted of three 
to four personnel, including Dr. Taomia, Mr. James A. Head, Mr. J. Cary Stine, and Ms. Kelly 
Leialoha Luscomb, accompanied by one UXO specialist, Mr. Ron Smith of DEI. The feature 
locations were relocated using UTM coordinates entered into a Trimble GeoXT. 
 Once clusters were located, photographs were taken of all pits, GPS readings were taken on 
each pit with the Trimble GeoXT, and pit locations were recorded using distance and direction 
from a datum point established with a Trimble ProXR. The Trimble Pro XR obtains sub-meter 
accuracy. Information about the pit such as measurements, flora, and location of rocks was 
collected based on previous studies of pits by PTA Cultural Resources staff, and some sketch maps 
(not to scale) were made. The entire area was examined to ensure that all pits were identified. The 
locale of each cluster was evaluated for potential damage due to military activities in the area, and 
natural features that could provide some protection. These natural protections are noted when 
present, though they were evaluated on the basis of limited information regarding potential threats. 
Subsequent to the field work, lines were drawn around the pit clusters to establish feature 
boundaries. The GPS units were set to the North American Datum 1983. Collection times at each 
pit with the GeoXT were variable. Each datum was established with the ProXR collecting for 120 
seconds. The resulting maps are provided below, showing the distribution of the excavated pits in 
each cluster. The photographs are included in Appendix B. Figure 22 depicts the Surface Danger 
Zone, or SDZ, for Range 11T in the area of Site 23621 and the site features. The detail feature 
maps have been removed from this version of the report, but are in the original separate report. 
Plates 17-25 are included to provide an idea of the range of variation in the excavated pits and other 
features encountered. Photodocumentation of each pit and feature can be found in the original 
report.  
 
FINDINGS 
 

GANDA field crew members originally identified the clusters as individual sites and 
assigned temporary site numbers. During post-field analysis it was determined that these clusters of 
pits should be assigned to a single State site number, and feature designations were assigned to 
each of the clusters. The site tags placed at the features by GANDA carry the original temporary 
site numbers. Table 4 presents comparative information about the features of this site for the two 
projects, including the temporary GANDA numbers for correlation purposes.  

The number of pits identified at each cluster during the current project often varied from 
those previously recorded by GANDA. For many features, GANDA recorded an approximate 
number, and in the field notes indicated that there might be more by including a “+” after the 
number of pits at the feature. In later reports the numbers recorded became the numbers reported 
for that feature, with no mention of the possibility of more pits. In each of these cases, the current 
project identified more pits at the location than GANDA had originally described. The number of 
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pits associated with each feature cluster also varied between the GANDA field notes and the 
reports. In several cases fewer pits were identified during the current project than GANDA had 
identified. These cases are discussed under the individual feature descriptions. 

 
Table 4. Site 23621 Features 

Original 
GANDA No. 

Feature 
No. 

Number of Pits Identified at 
each Feature 

 

(From 
Robins & 
González 
2006) 

GANDA  
field 

notes 

GANDA 
Robins & 
González 

2006 
Current 
Project 

688 18 3 3 7 
687 17 4 4 2 
682 15 1 2 2 
678 8 3 3 7 
658 2 10 10 4 
659 3 5 5 14 
679 10 2 2 2 
681 9 3 3 3 
677 12 3 1 n/a 
683 13 10 10 9 
686 16 2 2 16 
684 14 7 7 11 
685 7 2 10 4 
666 5 4 5 3 
669 6 10 4 26 
664 4 10 10 12 
     
T-020107-
01 19 0  9 
T-020207-
01 20 0  5 
Total: At least 79 81 136 

 
 The excavated pits were found in pāhoehoe surfaces scattered throughout the project area. 
This area is characterized by interspersed ‘a‘ā and pāhoehoe flows. The relative dominance of each 
type of flow varies considerably depending upon the location within the project area. In some 
cases, the excavated pits are located on a small patch of pāhoehoe surrounded on all sides by ‘a‘ā. 
The area within Range 11T proper is dominated by ‘a‘ā, while the area to the southeast is 
composed of more pāhoehoe flows. The pits are characteristically areas where the top layer of 
pāhoehoe has been removed. The pieces that were removed are often found immediately adjacent 
to the edges of the pit. Most of the pits contain some sort of a void in some part of them, though 
areas were encountered during this project in which the underlying stratum was immediately 
beneath the broken portion. Some pits were encountered that appeared to have been re-filled after 
excavation. One characteristic of the excavated pits is that the loosened rock has been turned over 
so that what was naturally the bottom side of the surface facing downward is found adjacent to the 
pit area facing upward. The re-filled pits usually contain a combination of rocks facing bottom side 
upward and some with the original top surface facing upward. This distinguishes these re-filled pits 
from naturally collapsed tubes and bubbles in the pāhoehoe, which characteristically appear to 
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simply have been crushed in place with no movement of the pieces, and all top surfaces still facing 
upward. 

Table 5 at the end of this report presents information collected during the project for each 
pit. One-hundred thirty-six (136) pits were identified during this project. The average length of the 
pits was 1.49 m, with a range of 0.15 to 5.10 m. Average width was 0.9m, with a range of  

 

Figure 22. Site 23621 Feature Locations 
 
0.1-2.35 m. Of the 90 pits for which depth was measured, the average was 0.31 m with a range of 
0.05-0.60 m. Pits were excavated in lava blisters, lava tubes, and in the rings that formed as the 
lava pooled at the end of a stream. Numerous excavations were noted to have taken place along the 
edges of a flow, such that a portion of the “pit” was actually open and the floor of the pit actually 
contiguous with the adjacent ground surface. In several instances pits were excavated in different 
parts of the same lava tube, so that one could be seen from the other. The pits were generally of an 
irregular shape, tending to be circular or oval. The breakage most likely followed natural planes in 
the rock. The pieces of rock from the break event were usually located both within and adjacent to 
the excavated pit. Very little sediment was deposited on the floors of the excavated pits, and where 
sediment was present it was generally very shallow. Most pits had lichen growth on some part of 
them, and many had other plants growing from within them. An overhang with a void beneath it 
was recorded for 95 of the excavated pits, while no evident overhang was recorded for 41 of the 
pits. Some of the pits exhibited possible evidence of battering, but in many cases it was difficult to 
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separate this from natural weathering of the rock. A few pits had what appeared to be small pieces 
of the rock broken off in the process of battering. The pieces of rock associated with the pits were 
not examined for battering. No artifacts were noted in association with the excavated pits. The 
feature descriptions are presented here in the order in which the clusters were visited. Those pit 
clusters that fall within Range 11T or close to it are discussed first as these were visited during the 
first two days of the project.  

Feature 18 (GANDA #688) was originally reported by GANDA to have 3 excavated pits. 
Seven (7) excavated pits were identified over an area measuring 80 x 30 m. The site extends over a 
rise in elevation to the northeast, where some of the pits lie on top of the higher elevation. Four are 
located in a lower location that may provide protection from activities in the area. This feature falls 
within the area identified as Range 11T, and within the surface danger zone for the new firing 
exercises planned for the range (hereafter SDZ). 

Feature 17 (GANDA #687) was recorded by GANDA to contain 4 pits. The cluster is 
adjacent to Feature 18, covering an area 9 x 5 m. Two (2) excavated pits were identified at this 
location, and both were at a lower elevation than those of site Feature 18. The entire area had a 
large amount of jumbled rock but none was clearly culturally modified. A natural depression was 
located to the northeast of the two excavated pits, but there was no evidence of human modification 
at this location. This feature falls within the area identified as Range 11T, and within the SDZ. 

Given the close proximity of these two clusters (GANDA site tags were found in one pit in 
each cluster), it was not clear which pits other than those with the site tags in them were associated 
with which cluster. Regardless, the total number of excavated pits for these two features combined 
was seven according to GANDA, and nine were recorded between these two features by this 
project.  

Feature 15 (GANDA #682) was originally identified by GANDA as having only a single 
excavated pit, but Robins, González & Peterson 2006 reported two pits at this feature. Two (2) 
excavated pits were identified during the current project in an approximately 7 x 4m area. This 
cluster was located in the bottom of a natural ‘a‘ā lava trench with high berms on either side that 
provide natural protection to this cluster. This feature falls within the area identified as Range 11T, 
and within the SDZ. 

Feature 8 (GANDA #678) is located behind, roughly south, of a large man-made berm. 
GANDA identified three pits in this cluster. Seven (7) excavated pits were identified by the current 
project at this location in two concentrations that extend over a 13 x 13 m area. This cluster is at a 
lower elevation than the berm, though the landscape around it is fairly open and flat. The pits are 
on level horizontal ground surface. This feature falls within the area identified as Range 11T, and 
within the SDZ. 

Feature 2 (GANDA #658) was identified by GANDA as including 10 or more excavated 
pits. The current project identified four (4) features close to Engineer Trail (a dirt road) extending 
over an area 19 x 11 m. The area is in a low spot, with the topography rising to the north. The 
pāhoehoe is weathering badly and many of the features that were identified by GANDA appear to 
either be natural weathering or the result of a tank driving through the area. The rock pieces appear 
to have been crushed or collapsed in place. Few of the rock pieces have been moved out of place, 
and none were turned over so that the bottom side faced up. Tank tracks were identified in this 
area, including scoring on remaining bedrock, and an old tank has been abandoned nearby. This 
feature lies within the SDZ. 

Feature 3 (GANDA #659) was described by GANDA as including 5 or more pits. The 
current project identified fourteen (14) excavated pits over an 82 x 55 m area and a pile of rocks 
with a post standing upright from the center. The entire area consisted of undulating weathered 
pāhoehoe with a large amount of fountain grass and naio (Myoporum sandwicense) growing in the 
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area, and a dispersed ‘ōhi‘a (Metrosideros polymorpha) forest is south and east of the area. The 
mound of rocks measured 1.5 by 1.2 m and was 0.6 m tall. The post measured 1.3 m from the base 
of the mound, and was located at the center apex of the mound. The post was made from a tree, as 
the top branched into two directions. The area also contained evidence of burning, with burned tree 
stumps and several burn concentration areas. The burning event did not appear to have been a 
controlled cultural event, and did not appear related to the excavated pits. The area is largely 
horizontal with no natural protective elements for the pits. Feature 3 falls within the boundaries of 
the SDZ.  

Feature 10 (GANDA #679) was recorded by GANDA as consisting of 2 pits. Two (2) 
excavated pits were recorded at this location during the current project on a horizontal exposed 
surface measuring 10 x 3 m. There appear to be some natural ridges between this cluster and the 
firing points at Range 11T. This feature is at the edge of the established boundaries of Range 11T 
and falls within the SDZ. 

Feature 9 (GANDA #681) was documented by GANDA as a cluster of 3 excavated pits. 
The current project also recorded three (3) excavated pits at this location, one of which is very 
small. The pits extend over an area of about 9 x 4 m. Two of the pits appear to connect beneath the 
lava. The surface into which the pits are excavated slopes away from the firing points into a natural 
trench, and there is a natural ‘a‘ā berm to the northeast between this cluster and the firing points 
area. This feature is located outside of Range 11T and the SDZ. 

Feature 12 (GANDA #677) was not relocated during the current project. Three or more 
excavated pits were reported in the GANDA field notes at this location, but only one was noted in 
the Robins & González 2006. The location was identified based upon the coordinates provided by 
GANDA, but no excavated pits were found at this location. There were some naturally collapsed 
lava tubes in the immediate area that might originally have been identified as this site. This site is 
also close to Feature 13 and any excavated pits from this site might have been incorporated into the 
latter site number. No GANDA site tag was located. This location is outside of Range 11T and the 
SDZ. 

Feature 13 (GANDA #683) was recorded by GANDA as comprising 10 excavated pits. The 
current project identified nine (9) excavated pits that are found on both flat horizontal lava and 
areas that slope away from the proposed firing points. The pits extend over an area that measures 
23 x 22 m. Line of sight to the fire points is poor from many of the features, and there is an ‘a‘ā 
lava ridge to the north-northwest of the location. The feature is outside of Range 11T and the SDZ. 

A previously undocumented cluster of excavated pits was located between feature 13 and 
feature and feature 16. This cluster was assigned the temporary site number T-020107-01, and is 
referred to here as Feature 19. The cluster consisted of nine excavated pits extending over a 19 x 12 
m area. The pits were on a relatively horizontal surface, immediately south of an ‘a‘ā ridge. This 
cluster of pits is outside of Range 11T and the SDZ. 

Feature 16 (GANDA #686) was identified by GANDA as a cluster consisting of 2 
excavated pits. During the current project sixteen (16) excavated pits were documented, extending 
over a 78 x 23 m area. The cluster is to the south-southeast of a natural ‘a‘ā berm. Most of the pits 
are on a horizontal surface. This feature is located outside of Range 11T, but the western portion of 
this feature falls within the SDZ. 

Feature 14 (GANDA #684) was reported by GANDA to contain 7 or more excavated pits. 
The current project identified eleven (11) excavated pits in a low area with the ground surface 
sloping upward to the east and northeast. The pits extend over an area that measures 35 x 12 m. 



 

 101

The pits are largely located on a horizontal surface. A recent military feature was located close to 
the road, adjacent to some of the pits. This feature is located outside of Range 11T and the SDZ. 

Feature 7 (GANDA #685) was recorded by GANDA in the field notes as including 2 
excavated pits, and in the Robins & González 2006 report as including 10 excavated pits. The 
current project identified 4 excavated pits extending over a 15 x 8 m area. The feature is located on 
a small outcrop of bumpy pāhoehoe amid a predominantly ‘a‘ā flow. The entire available area was 
examined for excavated pits. The pits are on largely horizontal surfaces, with ‘a‘ā berms between 
this location and the proposed firing points. Feature 7 is outside of Range 11T and the SDZ. 

A previously unrecorded cluster of excavated pits was located to the east-southeast of 
feature 7. This cluster has been assigned feature number 20. Five (5) excavated pits were identified 
and recorded at this location extending over a 16 x 16 m area. The ground slopes downward to the 
southeast, and there are ‘a‘ā lava berms between this location and the proposed firing points. This 
cluster of pits is outside of Range 11T and the SDZ. 

  Feature 5 (GANDA #666) was described by GANDA field notes as consisting of 4 
excavated pits, and by the Robins & González 2006 report as including 5. The current project 
identified three (3) excavated pits on horizontal ground in an 8 x 7 m area. At least one of the 
excavated pit areas was large enough that it could have been recorded as two separate pits, although 
the broken lava of the two connected to delineate one large area; during the current project we 
chose to record this as a single feature. Several ‘a‘ā ridges are located between this cluster and the 
proposed firing points. Feature 5 is located outside of Range 11T and the SDZ. 

Feature 6 (GANDA #669) was reported by GANDA to include ten or more excavated pits. 
The current project identified and recorded twenty-six (26) excavated pits spread over a 64 x 32 m 
area. The pits over undulating, highly weathered pāhoehoe lava. Pits were located on horizontal 
and sloping surfaces. The area included natural collapse as well as features in which rocks had 
clearly been moved around, indicating human activity. There may be ‘a‘ā berms between this 
location and the proposed firing points. Feature 6 is outside of Range 11T and the SDZ. 

Feature 4 (GANDA #664) was described in the GANDA field notes as consisting of four or 
more excavated pits. The current project identified and recorded a cluster of twelve (12) excavated 
pits distributed over an area covering 70 x 68 m. The ground surface in the area is undulating, and 
the pāhoehoe flow is in a low spot surrounded by ‘a‘ā ridges. The pāhoehoe appears to be naturally 
broken, and in some areas it appears that the naturally broken rocks were moved around. This was 
noted, but as the rock that had been moved does not form any clear structures they were not 
recorded. Feature 4 is located outside of Range 11T and the SDZ. 

Several features that were at some point recorded as a part of this site are not discussed 
here. Time did not permit the relocation of one additional feature recorded by GANDA, feature 1 
(GANDA # 657). This feature was described as consisting of a single excavated pit. An additional 
feature location, GANDA 665, was originally described in the GANDA field notes but does not 
appear in Table 11 of the GANDA report (Robins & González 2006: 68). The time frame devoted 
to the current project did not allow for an examination of this area to determine the presence or 
absence of excavated pits in this area. GANDA Site number 680, which appears in Table 11 
(Robins & Gonzales 2006) as Fe. 11, was apparently at some point identified as Site 23464 and the 
subsequently discarded and included as part of Site 23626.  
 
CONCLUSIONS 
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The Saddle region was probably significant for a limited range of purposes prior to 
European contact. Oral traditions and genealogies clearly indicate that the area and its major 
landmarks were significant to the culture and religion of Hawaiians as they feature in origin and 
creation stories, and at the beginning of genealogies (Maly & Maly 2005). Physical manifestations 
of this include the mountains, the pu‘u, and the locations named in the various legends and 
genealogies.  

Most of the districts of Hawai‘i Island originate in the area between the mountains. It is 
possible that boundary markers of some type, including ahu, heiau or petroglyphs, might be present 
in boundary areas to designate them as such. 

Oral traditions also make it clear that the Saddle region was traversed regularly via a series 
of interconnecting pathways. This travel was normally from one part of the island to another, one 
coastal region to another. An exception of this is the story of ‘Umi-a-Liloa, who is said to have set 
up residence in the region between Mauna Loa and Hualālai. Trails would be the primary remains 
of this use of the region, though temporary habitation sites might also be present. Other site types 
related to this use of the Saddle region might include petroglyphs and cairns. 

Resource procurement represented a significant use of the Saddle region in the pre-Contact 
era. Basalt was obtained from Mauna Kea, and other areas of fine-grained basalt quarries have been 
identified in the Saddle region. Volcanic glass was also quarried in the Saddle region, and these 
resources are distributed across the Saddle. Hawaiians also climbed the mountains to obtain birds 
for both feathers and foods. The ‘ua‘u (dark-rumped petrel) nested in the area in the past, and the 
fledglings were delicacies reserved for the ali‘i. Given both the distances and the environmental 
factors, the people who came to obtain these resources probably set up temporary habitation sites 
that were used for short periods of time, and possibly over consecutive years. Excavated pits, where 
the lava has been broken to expose voids beneath and rocks variously removed and sometimes 
replaced, have been associated in the archaeological literature with hunting for the ‘ua‘u. Pits 
created in this context may either have been intended to create a habitat in which the birds would 
nest, or breaking open existing lava tubes to get to the birds. The historical literature indicates that 
the latter is less likely, as there is documentation of an alternative method for removing the 
fledglings from a burrow, using a long stick. Other suggestions have also been made for these pits, 
including sweet potato cultivation and volcanic glass (see Moniz Nakamura et al. 1998). It is 
probable that a similar site type – excavated pits – was in different areas the result of different 
activities.  

The excavated pits that were documented during this project were excavated in areas of 
weathered pāhoehoe surrounded in most places by ‘a‘ā. Other archaeological sites within 1 km of 
Site 23621 include lava tubes used for habitation, trails, volcanic glass quarries to both the south 
and east, and other clusters of excavated pits. The following discussion of sites within a 1 km 
radius of Site 23621 provides some context for use of this area that may help to interpret past 
activities in the area of Site 23621, and therefore aid in the interpretation of function for these pits. 

Site 23626 is within the boundaries of site 23621. The physical remains do not clearly 
indicate repeated use over a series of years. Charcoal samples were taken from an ash deposit that 
the excavators identified as possibly rakeout. The charcoal samples themselves were identified as 
possible burned roots; radiocarbon dates on the material both fell within the range of A.D. 1640-
1950 at 2 σ. About 59 g of bird bone was recovered from this site, some volcanic glass flakes, a kī 
leaf sandal, several fire altered bird stones, one of which had been re-used as a hammerstone. Two 
0.5 x 0.5 m units were excavated at this site, one in the south and one at the western side of the sink 
behind a wall. The stratigraphy varied between the two units, as did the physical remains (Shapiro 
& Cleghorn 1998; Robins & González 2006).  

Site 19490 is a complex site composed of multiple features located to the north of Site 
23621. The trail starts about 500 m from the closest feature of 23621, and the lava tube habitations 
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are about 760 m from the closest feature of 23621. There are three lava blisters and one lava tube 
with physical remains inside, two trail segments, and ahu. Feature A lava blister contained 
scattered bird bone, volcanic glass, a firebrand, and a burned wooden pole, as well as a complete 
gourd adjacent to an upright stone slab, behind two stacked rocks at the end of one lava tube. This 
habitation site has not been excavated. Feature C lava tube contained extensive cultural material on 
the surface, including bird bones, gourd fragments, volcanic glass artifacts, vegetable matting, fire 
brands, charcoal, ‘opihi shells, kukui nut fragments, and basalt artifacts. Concentration of bird 
bones and charcoal along the walls indicates efforts at clearing the floor of debris, and therefore 
probable re-use of the site for multiple habitation episodes. Excavation of a 1 x 1 m test unit at the 
entrance of the main tube uncovered multiple layers of ash deposits, as well as some heat affected 
basalt rocks that were likely used in an imu. Volcanic glass artifacts, basalt artifacts, mammal bone, 
fish bone, and sea and land bird bone, as well as egg shells, were recovered from the excavations. 
Stratigraphic provenance is not provided for the faunal material, and the artifacts are only 
quantified for one stratigraphic level, but the site appears to be a rich, well-used habitation site. 
Although the interpretation of the excavation was of an imu, given the relatively horizontal nature 
of the deposits and the layering this area may have been used to deposit ash and rocks from fire 
pits, probably including imu. Stratigraphic locations for radiocarbon samples are not specified in 
the report (two excavation layers are given, with three samples in one layer). Two charcoal samples 
returned dates of A.D. 1450-1660 and 1480-1660, while the other two returned multiple intercepts 
within the date ranges between A.D. 1490 to 1950 and 1650 to1950, respectively, at 2 σ confidence 
level. The latter three dates derived from the same, upper, stratigraphic layer. Feature D is a small 
blister shelter with bird bone and two volcanic glass fragments on the surface. Feature E is a small 
lava tube with an ash concentration and a volcanic glass blade on the floor surface, and a basalt 
hammerstone outside of the tube. One trail segment extends for about 250 m in an approximately 
northeast to southwest trending direction from the lava tubes. The other segment is oriented east 
and west, is visible from Feature A lava tube, and is evident for about 50 m. Three ahu are located 
on an ‘a‘ā ridge north of the lava tubes. Recent military debris is distributed throughout the site 
area (Shapiro & Cleghorn 1998; Robins & González 2006; Garcia & Associates n.d.). 

Site 21308 is a blister shelter containing four pieces of bird bone 210 m southeast of Site 
23621. No other artifacts were identified on the surface, and the site was not excavated (Roberts et 
al. 2004). Site 21309 is another lava tube habitation site nearby with one bird long bone in a 
crevice, and a small amount of charcoal at the western end of the cave. This site is east of 21308 
(Roberts et al. 2004). Site 21309 is about 400 m southeast of 23621. 

A number of volcanic glass quarries are located around to the east and south of Site 23621. 
Site 21666 is a volcanic glass quarry complex covering 14.6 hectares and including 388 individual 
volcanic glass quarries. Some other features, such as ahu and caves, are associated with some of 
the quarries. The closest elements of this site (Features 104 and 197) are 810 and 1015 m from Site 
23621 (Williams 2002; Roberts et al. 2004). Williams noted the presence of a possible excavated 
pit among the volcanic glass quarries, and that in some cases pāhoehoe covered volcanic chill glass 
was excavated when nearby exposed volcanic chill glass was not quarried. Site 21672 is also 
volcanic chill glass quarry complex located 815 m southeast of Site 23621. Site 21672 covers an 
area of 1175m2 and contains 9 individual quarry locations (Roberts et al. 2004). Site 21673 is a 
volcanic chill glass quarry located about 840 m southeast of site 23621, comprised of four 
individual quarry areas extending over an a 411m2 area (Williams 2002; Roberts et al. 2004). Site 
21674 is a volcanic chill glass quarry site 570 m from 23621, covering an area of 62 m2 and 
consisting of two quarried areas. Site 23545 is a volcanic glass quarry 290 m southeast of Site 
23621, encompassing 180 m2 and including three quarry locations, each of substantial size (32 m2 
to 101 m2). Site 23546 is 570 m southeast of Site 23621, encompasses 92.6 m2, and includes five 
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quarried areas (Roberts et al. 2004). Site 23458 is a volcanic glass quarry with elements about 300 
m to the south of Site 23621. The site consists of 14 quarried areas extending over 6.6 hectares. 

Elements of Site 23455 are about 830 m northeast of 23621. This is another complex of 
excavated pits, including more than 170 individual pits. This site includes some features to the west 
of the Range 11T project area as well. A bulk sediment sample was collected from Feature 8a of 
this site and analyzed. The results of the analysis of chemical elements, microflora, and microfauna 
did not show any physical evidence of avian nesting in this pit (Brown et al. 2006). 

The excavated pits remain something of an enigma in Hawaiian archaeology. It is possible 
that the archaeological category “excavated pits” encompasses several functional categories that 
have resulted in similar remains. Some of the pits may have been the result of either creating 
habitat for nesting sea birds or seeking access to existing burrows. In some parts of the island some 
of these pits may have been used for sweet potato cultivation, as described in the ethnohistoric 
literature. It is unlikely in the setting of Range 11T that sweet potato cultivation took place, both 
because of the harsh climatic conditions and because of the distance from any regular habitation 
sites. The sediment analysis, though limited, also indicates that many of them may not have 
supported birds in a nesting setting. Egg shells have survived in some archaeological sites (19490), 
so if they were present and if the nesting birds were inclined to leave the shells in the nest 
following hatching, it is likely that these shells would have survived. In general, insufficient details 
are recorded about excavated pits during projects to distinguish variations among the pits.  

The excavated pits examined for this project appear to be the remains of a search for 
something. In a number of cases it was clear that not only was an area with a void excavated, but 
adjoining areas with a lower layer of pāhoehoe were also pursued. In addition to bird nests, water 
and volcanic glass are other resources that might have been pursued. There are lava tubes in the 
vicinity of Site 23621, as discussed above, but water collection features have not been recorded in 
any of these. Gourd fragments were recorded at Site 19490. 

In discussing volcanic chill glass quarries in the Red Leg Trail vicinity to the east of Site 
23621, Williams noted that “in some areas the overlying pahoehoe was quarried to expose chill 
glass beneath the overlying surface” (2002: 69). The chill glass quarries are located within the k4 
Mauna Loa volcanic flow, which dates to between 200 and 750 B.P. Most of the excavated pits in 
the area, both site 23621 and others, are on the older k2 flow (1500-3000 B.P.), and are adjacent to 
flows with volcanic glass quarries. Site 23621 lies in an area that is dominated by ‘a‘ā lava. The 
features of Site 23621 are found on restricted areas of pāhoehoe among the ‘a‘ā. If the excavated 
pits in this area were indeed the result of a search for volcanic glass, it may have been a prospecting 
type of search and volcanic glass was not necessarily found. Roberts et al. (2004) note one 
excavated pit that contained volcanic glass flakes (feature 138 of Site 23455).  

The foregoing discussion is intended to point out some of the possible activities that could 
have resulted in the production of the excavated pits. Further research that could help to answer 
questions about the past use of these pits would include expansion of the analysis of sediments 
from a larger sample of pits, development of a better understanding of quarrying techniques for 
volcanic glass to allow comparison with activities in the areas of excavated pits. In the interest of 
time this project did not map individual pits and the locations of rocks in and around them; such a 
project might provide useful information about variation between pits, and similarities and 
differences with areas in which volcanic glass was quarried. 
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Table 5. Site 23621 
Excavated Pit Data      
Fea. 
No. 

GANDA 
ID 

Pit 
No. 

Length 
(m) Width (m) Depth 

(m) Floor Character Shape Rock Locations 

18 688 1 2.40 2.35 0.45 Pahoehoe, cobbles, pebbles & 
soil Oblong Both  

18 688 2 0.70 0.50 0.30 Cobbles, pebbles & soil Circular Both 

18 688 3 1.50 1.30 0.35 Pahoehoe, cobbles, pebbles & 
soil Circular Both  

18 688 4 1.10 1.00 0.25 Pahoehoe, cobbles, pebbles & 
soil Circular Both  

18 688 5 1.80 1.00 0.53 Cobbles & Pebbles Oblong Both 
18 688 6 0.80 0.60 0.30 Cobbles & Pebbles Irregular Both 

18 688 7 1.50 1.00 n/a Pahoehoe, cobbles, pebbles & 
soil Irregular Both 

17 687 1 1.50 0.75 0.30 Pahoehoe, cobbles, pebbles & 
soil Oval Both 

17 687 2 1.30 1.00 0.25 Cobbles, pebbles & soil Irregular Both 

15 682 1 0.90 0.65 0.47 Pahoehoe, cobbles, pebbles & 
soil Irregular External 

15 682 2 1.60 1.50 0.50 Pahoehoe, cobbles, pebbles & 
soil Irregular Both 

8 678 5 0.70 0.40 0.35 Cobbles, pebbles & soil Triangular Both 
8 678 6 0.90 0.40 0.25 Unknown Linear External 
8 678 3 2.00 0.80 0.36 Cobbles, pebbles & soil Oblong/Linear Both 
8 678 4 0.70 0.50 0.25 Cobbles, pebbles & soil Irregular Both 
8 678 1 2.10 2.00 0.30 Cobbles, pebbles & soil Round Both  
8 678 2 0.90 0.75 0.36 Cobbles, pebbles & soil Round Both 
8 678 7 0.90 0.80 0.34 Unknown Triangle Both 
2 658 2 1.30 1.07 0.40 Unknown Oval External 
2 658 3 0.80 0.70 0.10 Cobbles, pebbles & soil Round Internal 

2 658 1 2.20 0.70 0.47 Pahoehoe, cobbles, pebbles & 
soil 

Irregular (like 
glasses) Both 

3 659 5 2.60 0.97 0.30 Cobbles and Pebbles Rectangular Both 
3 659 18 4.00 0.80 0.30 Cobbles, pebbles & soil Kidney bean Both 
3 659 1 5.10 2.30 0.30 Cobbles, pebbles & soil Irregular Both 
3 659 16 2.20 1.30 0.30 Cobbles, pebbles & soil Irregular Both 
3 659 17 1.10 0.80 0.50 Pahoehoe, cobbles & pebbles Oblong Both 
3 659 4 2.70 1.30 0.25 Pahoehoe, cobbles, pebbles & Pear shaped Both 
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soil 
3 659 9 1.65 1.30 0.35 Cobbles, pebbles & soil Irregular Both 
3 659 13 0.85 0.60 0.30 Cobbles & Pebbles Oval Both 
3 659 12 0.95 0.85 0.30 Cobbles & Pebbles Irregular Both 
3 659 10 2.00 1.25 0.25 Cobbles, pebbles & soil Trapezoidal External 
3 659 8 1.20 0.80 0.55 Unknown Irregular External 
3 659 11 3.80 1.30 0.30 Cobbles, pebbles & soil Oblong Both 
3 658 4 0.30 0.30 n/a Cobbles & Pebbles Diamond Both 
3 659 6 1.50 1.00 0.25 Soil Oblong External 
3 659 14 3.90 1.50 0.40 Cobbles, pebbles & soil Triangular with tail Both 
3 659 3 1.05 0.75 0.35 Soil Oval External 
10 679 1 1.30 1.20 0.53 Cobbles, pebbles & soil 3/4 circle External 
10 679 2 0.85 0.60 0.70 Cobbles, pebbles & soil Triangular Both 
9 681 1 1.33 1.15 0.40 Cobbles, pebbles & soil Diamond Both 

9 681 2 1.00 0.80 0.25 Cobbles, pebbles & soil irregular Both, mostly 
internal 

9 681 3 0.16 0.10 0.20 Pahoehoe & soil Triangular External 
13 683 3 0.52 0.30 0.50 Pahoehoe & soil Trapezoidal External 
13 683 4 2.50 0.70 0.30 Cobbles, pebbles & soil Oblong, double pit Both 
13 683 5 0.90 0.50 0.35 Cobbles, pebbles & soil n/a Both 
13 683 7 1.20 0.75 0.30 Cobbles, pebbles & soil Oblong, irregular Both 

13 683 9 2.10 1.10 0.30 
Pahoehoe, cobbles, pebbles & 
soil Oblong Both 

13 683 8 1.55 1.50 0.40 Cobbles & pebbles circular Both 
13 683 6 2.00 0.90 0.40 Cobbles, pebbles & soil Oblong, irregular Both 

13 683 2 0.58 0.55 0.40 
Pahoehoe, cobbles, pebbles & 
soil Rounded square Both 

13 683 1 2.40 1.10 0.40 
Pahoehoe, cobbles, pebbles & 
soil Irregular Both 

16 686 16 1.30 1.10 0.35 Pahoehoe, cobbles, pebbles & 
soil Triangular Both 

16 686 13 1.50 1.30 0.40 Pahoehoe, cobbles, pebbles & 
soil n/a Both 

16 686 14 1.10 0.75 0.30 Pahoehoe, cobbles, pebbles & 
soil Irregular Both 

16 686 15 0.80 0.45 0.30 Cobbles, pebbles & soil Round Both 

16 686 11 3.00 1.40 0.40 Pahoehoe, cobbles, pebbles & 
soil Rectangular Both 

16 686 10 1.10 0.60 0.30 Cobbles & pebbles Small elongated 
oval Both 
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16 686 12 0.85 0.55 0.20 Cobbles & pebbles Irregular Both 
16 686 8 0.65 0.50 0.30 Cobbles, pebbles & soil Triangular Both 

16 686 9 1.50 0.75 0.10 Pahoehoe, cobbles, pebbles & 
soil Rectangular Both, mostly 

external 

16 686 7 2.60 1.80 0.25 Pahoehoe, cobbles, pebbles & 
soil 

Irregular, hard to 
see Both 

16 686 5 3.40 0.75 0.40 Pahoehoe, cobbles, pebbles & 
soil Oblong Both 

16 686 6 2.10 1.10 0.35 Pahoehoe, cobbles, pebbles & 
soil Oblong Both 

16 686 1 2.40 1.10 0.44 Pahoehoe, cobbles, pebbles & 
soil Irregular Both 

16 686 4 0.35 0.30 0.50 Cobbles, pebbles & soil Circular Internal 

16 686 2 3.10 1.40 0.35 Cobbles, pebbles & soil Round with 
extension Both 

16 686 3 4.00 1.30 0.30 Pahoehoe, cobbles, pebbles & 
soil Irregular  Both 

14 684 10 2.00 1.40 0.15 Cobbles irregular Both 
14 684 9 1.00 1.00 n/a Cobbles & pebbles Trapezoidal Both 

14 684 7 1.70 1.10 0.25 Pahoehoe, cobbles, pebbles & 
soil Oval Both 

14 684 5 1.30 0.75 0.25 Pahoehoe, cobbles, pebbles & 
soil Rectangular Internal 

14 684 8 1.60 1.00 0.25 Pahoehoe & cobbles Oval Internal 
14 684 3 1.30 0.80 0.30 Pahoehoe & cobbles Triangular Both 
14 684 4a 1.60 0.50 0.20 Cobbles & pebbles Rectangular Internal 

14 684 1 1.10 1.10 0.35 
Pahoehoe, cobbles, pebbles & 
soil Irregular circle Both 

14 684 2 2.00 1.70 0.40 Cobbles, pebbles & soil circular Both 

14 684 4 1.40 1.40 0.35 Pahoehoe, cobbles, pebbles & 
soil Trapezoidal Both 

14 684 6 2.50 0.80 0.15 
Pahoehoe, cobbles, pebbles & 
soil Oblong Both 

7 685 2 1.10 0.50 0.40 Pahoehoe, cobbles & pebbles Triangular Both 

7 685 1 2.00 0.90 0.30 Pahoehoe, cobbles, pebbles & 
soil Irregular Both 

7 685 3 0.50 0.50 0.15 Soil and 'a'ā irregular Both 

7 685 4 1.30 0.85 0.90 Pahoehoe, cobbles, pebbles & 
soil irregular Both 

5 666 1 1.30 0.70 0.50 Pahoehoe, cobbles, pebbles & 
soil oval Both  
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5 666 2 0.60 0.60 0.50 Pahoehoe & cobbles/pebbles irregular Both 

5 666 3 2.30 1.60 0.60 Pahoehoe, cobbles, pebbles & 
soil irregular Both 

6 669 1 1.30 0.90 0.60 Cobbles, pebbles & soil irregular Both, mostly 
external 

6 669 4 0.17 0.14 n/a Pebbles & soil square External 

6 669 5 0.50 0.50 0.20 Pahoehoe, cobbles, pebbles & 
soil Half circle Both 

6 669 2 0.50 0.40 0.00 Cobbles & pebbles n/a Both, mostly 
internal 

6 669 3 2.00 0.40 0.40 Cobbles, pebbles & soil irregular Both 
6 669 6 1.00 1.00 n/a Cobbles & pebbles irregular Internal 

4 664 1 0.90 0.60 0.50 Pahoehoe, cobbles, pebbles & 
soil irregular Both 

4 664 6 2.70 1.30 0.30 Pahoehoe, cobbles & pebbles Irregular Both 
4 664 8 1.40 0.70 0.50 Cobbles, pebbles & soil Rectangular Both 
4 664 7 0.80 0.80 0.50 Cobbles, pebbles & soil L-shaped Both 
4 664 9 1.30 0.60 0.65 Cobbles, pebbles & soil Irregular Both 
4 664 4 0.60 0.20 0.50 Soil Irregular n/a 
4 664 5 1.90 1.90 1.25 Cobbles & pebbles Roughly circular Both 

4 664 2 1.70 0.90 0.40 Pahoehoe, cobbles, pebbles & 
soil Edge of lava Both 

4 664 3 1.80 1.20 0.30 Pahoehoe, cobbles, pebbles & 
soil Edge of lava, linear Both 

4 664 12 1.60 1.50 0.12 Pahoehoe & soil Circular Both 
4 664 11 1.00 0.80 0.10 Cobbles, pebbles & soil Rectangular Internal 

4 664 10 1.20 1.00 0.60 Pahoehoe, cobbles, pebbles & 
soil Irregular Both 

6 669 25 0.50 0.45 0.40 Plant material Triangular Internal 

6 669 26 1.70 0.70 0.40 Pahoehoe, cobbles, pebbles & 
soil Bent Rectangle Both 

6 669 20 1.90 1.60 0.40 Pahoehoe, cobbles, pebbles & 
soil Circular Both 

6 669 21 0.75 0.40 0.20 Cobbles & Pebbles circular Both 
6 669 18 2.90 1.40 0.37 n/a Oval Internal 

6 669 19 1.04 0.80 0.37 Pahoehoe, cobbles, pebbles & 
soil n/a Both 

6 669 24 1.20 1.00 0.40 Cobbles & Pebbles Rectangular Both 

6 669 22 1.08 1.00 0.30 Pahoehoe, cobbles, pebbles & 
soil Elongated Oval Both 

6 669 16 1.20 0.40 0.30 Cobbles, pebbles & soil n/a Both 
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6 669 17 3.90 1.30 0.10 Pahoehoe, cobbles, pebbles & 
soil Rectangular Both 

6 669 15 0.70 0.40 0.50 Pahoehoe, cobbles, pebbles & 
soil Irregular External 

6 669 23 1.00 0.90 0.20 Cobbles, pebbles & soil Flattened circle Both 

6 669 11 0.80 0.50 0.15 Pahoehoe, cobbles, pebbles & 
soil Irregular Both 

6 669 12 1.20 0.50 0.20 Pahoehoe, cobbles, pebbles & 
soil Rectangular Both 

6 669 13 1.70 1.00 0.35 Cobbles, pebbles & soil Oblong Both 

6 669 14 2.20 0.75 0.30 Pahoehoe, cobbles, pebbles & 
soil  Internal 

6 669 10 0.55 0.30 0.05 Soil Oblong Unknown 
6 669 9 1.20 1.20 0.35 Cobbles, pebbles & soil circular Both 
6 669 8 0.15 0.10 0.25 Pahoehoe & soil Triangle Both 
6 669 7 1.25 0.95 0.35 Cobbles, pebbles & soil Rounded Triangle Both 

 
T-
020207-
01 

1 0.62 0.50 0.40 Cobbles, pebbles & soil circular External 

 
T-
020207-
01 

2 0.40 0.20 0.40 not recorded irregular external 

 
T-
020107-
01 

6 0.63 0.55 0.40 Pahoehoe, cobbles, pebbles & 
soil Oval Both 

 
T-
020107-
01 

7 1.45 0.90 0.45 Pahoehoe & cobbles Triangular, base 
open Both 

 
T-
020107-
01 

5 1.40 1.00 0.25 Pahoehoe, cobbles, pebbles & 
soil irregular Both 

 
T-
020107-
01 

9 1.40 0.90 n/a Pahoehoe, cobbles, pebbles & 
soil irregular Both 

 
T-
020107-
01 

3 0.94 0.80 0.20 Cobbles, pebbles & soil Half circle Both 
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T-
020107-
01 

4 0.70 0.60 0.25 Pahoehoe, cobbles, pebbles & 
soil Square Both 

 
T-
020107-
01 

1 2.10 1.70 0.50 Cobbles, pebbles & soil Round both 

 
T-
020107-
01 

2 2.60 2.15 0.30 Pahoehoe, cobbles, pebbles & 
soil irregular Both 

 
T-
020207-
01 

1 0.80 0.45 0.28 Pahoehoe Rounded Triangle External 

 
T-
020207-
01 

3 1.75 0.80 0.30 Cobbles, pebbles & soil Oblong Both 

 
T-
020207-
01 

4 1.30 0.80 0.35 Pahoehoe, cobbles, pebbles & 
soil Irregular Both  
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Plate 17. Site 23621 Feature 18 Pit 03 
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Plate 18. Site 23621 Feature 2 Pit 01 

 
Plate 19. Site 23621 Feature 3 Burn area 
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Plate 20. Site 23621 Feature 3 Mound with post 

 
Plate 21. Site 23621 Feature 10 Pit 02 
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Plate 22. Site 23621 Feature 19 Pit 04 

 
Plate 23. Site 23621 Feature 14 Pit 07 
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Plate 24. Site 23621 Feature 6 Pit 17 
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Plate 25. Site 23621 Feature 4 Pit 03 
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Miscellaneous Surveys 
APVG-GT-ENV     20 October 2006 

MEMORANDUM FOR THE RECORD 
 
SUBJECT:  Trip Report for Historic Properties Survey for Proposed Construction of 
Ammunition Holding Area (AHA) and Proposed Quarry located in Training Area 17.  
 

1.  On October 18, 2006, James Head, Cultural Research Specialist for Pōhakuloa Training 
Area, performed a pedestrian survey of the Area of Potential Effect (APE) for the 
construction of an Ammunition Holding Area in Training Area 17, between Pu‘u Kapele and 
Pu‘u Ke‘eke‘e Road (Figure 23).   

2.  Two new AHA sites are proposed to replace existing AHAs within the Battle Area Complex 
(BAX) footprint.  BAX construction will displace the existing AHAs.   Additionally a 
proposal has been made to open up a previous rock quarry area immediately north of AHA 1 
for quarrying activity again, with a slightly expanded footprint. 

3.  Both proposed AHA location footprints were previously surveyed and consulted upon in 
May of 2006.  However, since that time these locations have been modified.  This trip report 
discusses results of survey for the proposed location of the AHA 1 and the proposed rock 
quarry APEs.   

4.  At 1130 hours on October 18, 2006, Mr. Head proceeded to the site location of AHA 1.  The 
area of potential effect (APE) for revised AHA 1 included the proposed contractor’s layout 
(staging area), access road, and the proposed location of the AHA itself (Figure 24). Utilizing 
GPS data for the location of the proposed APE Mr. Head performed a pedestrian survey 
utilizing 6 transects about 30m apart parallel to the long axis of the proposed APE.  
Vegetation within the area is nearly non-existent and allowed for excellent visibility.  

5.  The survey focused upon identifying any possible human modifications to the lava, such as 
evidence of quarrying activities or excavations, and/or trail modifications, which occurs upon 
‘a‘ā flows.  Ahu or cairns were an additional possibility, as they are often found in the 
northern training areas of PTA.  

6.  The proposed project area APE includes a combination of a pre-existing “ground softened” 
area, which was believed to have been bulldozed in the 1970s for purposes unknown, and 
undisturbed ‘a‘ā lava, with several tumuli or outcroppings found adjacent to the location.  
The “ground softened” portion will be utilized as an access road for the proposed quarrying 
activity.  

7.  The area is dominated by ‘a‘ā lava flow dating to 200-750 BP, originating from Mauna Loa.  
Several outcrops of fine-grained basalt were identified to the south of the proposed access 
road.  These were inspected for evidence of possible quarrying activities, since this material 
has the potential for use in stone tool manufacture.  No evidence of human modification to 
the material was identified.  

8.  Upon completion of the proposed AHA 1 location, Mr. Head proceeded to the proposed 
quarry location, immediately north of the proposed AHA 1 location (Plate 26). No historic 
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properties were identified at the proposed location for AHA 1, the access road, or the 
contractor’s layout.  

9.  The proposed quarry area covers 7.3 acres extending southeast from Ke’eKe’e Road. 4.8 
acres of this area was previously used for quarrying activities (Figure 25). This area is at the 
center of the proposed quarry area, and extends to the northwest corner of the proposed AHA 
1. 

10.  Approximately 1.75 acres on the southwest side of the existing quarry footprint are proposed 
for expanded use.  This area was inspected for any evidence of historic properties. No 
historic properties were identified. 

11.  Another area on the northeast side of the existing quarry footprint is also proposed for 
expanded quarry use, measuring 0.75 acres. This area was inspected for any evidence of 
historic properties. No historic properties were identified. 

12.  An area to the east of the existing quarry footprint was inspected for possible historic 
properties. There is a kipuka in the lava in this area.  No historic properties were identified in 
this kipuka.  Several deep cracks, trending north-south, are present to the east of the kipuka.  
These cracks and the areas between were also inspected. A possible trail was identified 
between two of these cracks, but this was later determined to be natural.  

13.  The survey was completed at 1500 hours.  No historic properties were identified within the 
proposed quarry area.   It is recommended that quarrying activity and AHA 1 construction 
activities be restricted to the proposed areas shown on Figure 25 overlay, to ensure that no 
historic properties are affected by associated activities. 

14.  In sum no historic properties were identified within the APE for the construction of AHA 1 
and the proposed quarry area.  

 
Julie Taomia, Ph.D. 
Senior Cultural Resource 
Specialist, PTA 
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Figure 23  Proposed AHA locations at PTA 
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Figure 24.  AHA 1 revised location  
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Plate 26.  General Area of proposed location of AHA 1 
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Figure 25  AHA 1 and rock quarry projects overlaid.  
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APVG-GT-ENV     18 October 2006 

MEMORANDUM FOR THE RECORD 
 
SUBJECT:  Trip Report for Historic Properties Survey for Proposed Construction of new 
Ammunition Holding Area (AHA) located in Training Area 21.  
 

1.  On October 18, 2006 William C. Godby, Archaeologist, Pōhakuloa Training Area, and Julie 
M. E. Taomia, Senior Cultural Resource Specialist, performed a pedestrian survey of the 
Area of Potential Effect (APE) for the construction of Ammunition Holding Area (AHA) 2 
and an associated construction staging area in Training Area 21. 

2.  Two new AHA sites are proposed to replace existing AHAs within the Battle Area Complex 
(BAX) footprint.  BAX construction will displace the existing AHAs.    

3.  The two areas have been determined as suitable areas for the proposed AHAs.  Cleghorn, 
Shapiro and Shapiro performed previous surveys in 1993 for the proposed area for the 
location of AHA 2.  The site was chosen due to the low probability of historic properties as a 
result of the topographic nature of the areas, containing largely ‘a‘ā lava flows.  

4.  Pedestrian survey was determined appropriate for both proposed AHA locations to ensure no 
historic properties would be affected by the project.  

5.  On October 18, 2006 Mr. Godby and Dr. Taomia proceeded to the site location of AHA 2.  
The AHA 2 is located on the east side of Red Leg Trail, across from Range 8S, 
approximately 420 meters to the east.   The proposed staging area extends parallel to Red 
Leg Trail on the east side. Presently no staking exists. The survey focused on identifying any 
possible human modifications to the lava, such as quarrying activities, and/or trail 
modifications, which occurs upon ‘a‘ā flows. Ahu or cairns were an additional possibility, as 
they are often found in the northern training areas of PTA.  

6.  Utilizing GPS data for the location of the staging area and the AHA Mr. Godby and Dr. 
Taomia performed a pedestrian survey utilizing 50meter transects. The proposed access road 
for AHA 2 had been previously surveyed by Mr. Godby. Additional an area of approximately 
70 meters square was surveyed for the AHA location.  Vegetation within the area is nearly 
non-existent and allowed for excellent visibility. There was no indication of human activity 
in the area, excepting several small pieces of shrapnel and some possible damage surfaces 
from exploded ordinance.  

7.  Survey continued easterly to the location of the footprint for AHA 2.  This area is dominated 
by very jagged slabby pahoehoe and ‘a‘ā flows.  This flow is a Mauna Loa flow dated at 750-
1500 BP and abuts a historic flow at its easterly edge, dating to 1935.  The area of potential 
effect is about 225 by 70 m. Pedestrian survey was performed with exceptional visibility on 
each side, due to the lack of vegetation and the flatness of the terrain.  There were no 
indications of human activity in this area.  There were indications of ungulate activity 
evidenced by frequent coprolites.   



 

 124

8.  The new proposed site location for the AHA 2 is located within an area characterized by a 
combination of slabby pāhoehoe and ‘a‘ā. No potential for lava tubes or caves exists within 
these areas and thus none were identified.  

9.  At approximately 0850 hours Mr. Godby and Dr. Taomia arrived back at the vehicle.  No 
historic properties were identified in the new proposed APE for the construction of AHA 2 
and the associated staging area.  

10.  In sum no historic properties were identified within the APE for the construction of AHA 2 
and the associated staging area.    

 
     Julie M. E. Taomia, Ph.D. 

Senior Cultural Resource Specialist 
Pōhakuloa Training Area 

 
 
APVG-GT-ENV              26 January 2007 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT:  Archaeological Survey within the footprint of the proposed Mock Runway 
Pōhakuloa Training Area, North Kona District, Ka‘ohe Ahupua‘a, Hawai‘i Island, Hawaii. 

1. On  January 25, 2007, Cary Stine, PTA Cultural Resource Specialist and Jefferson Jacobs, 
PTA Natural Resource Biologist, accompanied by two EOD and two PTA Fire crew 
personnel, conducted a survey of a proposed Mock Runway within the south end of the 
Impact Area of PTA, just off of the Old Kona Road. See Figure 26 map. 

2. The purpose of this survey was to determine if there were any significant cultural and/or 
natural resources within the footprint of the proposed mock runway.  

3. There was no previous survey work done in this area because it sits within the Impact Area 
and was off limits to most personnel because of possible UXO hazards. 

4. The survey area was approximately 60x918 meters (100x3000 ft) on a north-south axis and 
was entirely within a K3 (750-1500 BP) ‘a‘ā lava flow and just outside of a K2 (1500-3000 
BP) pāhoehoe lava flow, partly bordering the survey area to the east and west. The survey 
was also bordered by the Old Kona Road on the north side. Part of the survey area was 
already graded and being used as a target. 

5. Starting from the Old Kona Road, transects were walked to the south end of the proposed 
runway and back. The survey area was void of vegetation with a clear line of sight to the east 
and west boundaries throughout the survey. 

6. With the exception of the observed military activity, no cultural material was encountered 
during the survey of the K3 ‘a‘ā flow within the survey area or just outside on the K2 
Pahoehoe flow. 

       Cary Stine 
 Cultural Resource Specialist 
 Environmental Office, PTA 
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Figure 26.  Map of the proposed Mock Runway south of the Old Kona Road. 
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Phase II Training Areas 1, 3 & 4 Fieldwork 
The following draft report provides documentation of the work carried out for a Phase II 
evaluation of sites identified by Garcia and Associates during a Phase I project.  
 
PHASE II ARCHAEOLOGICAL INVESTIGATIONS FOR TRAINING AREAS 1, 3, AND 4, U.S. 

ARMY PŌHAKULOA TRAINING AREA, ISLAND OF HAWAI‘I 
INTRODUCTION 

At the request of the USAG-HI Cultural Resource Program Manager of the U.S. Army 
Garrison, Hawai‘i (APVG-GWV), the Pōhakuloa Training Area Cultural Resources 
Management (PTA CRM) staff conducted Phase II archaeological investigations at Training 
Areas 1, 3, and 4 (Figure 27). These training areas are located within the northeast corner of the 
U.S. Army Pōhakuloa Training Area (PTA).  Training Areas 1, 3, and 4 are a 1,157 hectare 
(2,860 acre) parcel within the eastern portion of TMK: (3) 4-4-01-60: 05 located in the ahupua‘a 
of Ka‘ohe 5, Hāmākua District, Island of Hawai‘i.   
 
Scope of Work (SOW) 

Phase II archaeological investigations were carried out in accordance with Section 106 of the 
National Historic Preservation Act (NHPA), 36 CFR § 800 and Army Regulation (AR) 200-4.  
Sites and features identified during this project will be assessed for their eligibility for listing on 
the National Register of Historic Places (NRHP) using the National Register Criteria for 
Evaluation (36 CFR § 63) and the Secretary of the Interior’s Standards and Guidelines for 
Evaluation.  Phase II work was proposed for 19 sites previously identified in the area. The 
investigation includes the following procedures: 
 

1. Relocation of all sites documented during Phase I investigations within the project area 
(Roberts et al. 2004) and additional pedestrian survey to ensure that all features have 
been located at each site. 

 
2. Sites and features will be plotted using sub-meter GPS, mapped and drawn at appropriate 

scale, and photographed. 
 

3. Limited subsurface testing will be conducted at sites, where warranted, to determine 
depth, quantity, and context of cultural materials and to obtain samples for radiocarbon 
dating. 

 
4. Extensive historical and archaeological archival research will be conducted including a 

search for historical maps, aerial photos, written records, and State and County Planning 
Division documents pertaining to the project area. 

 
5. Oral interviews will be conducted with community members regarding their recollections 

of land-use and activities known to have occurred within the study area. 
 
6. Cultural material collected during Phase II research will be analyzed and stored at the 

PTA CRM curation facility. 
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7. A final report will be generated documenting the findings of Phase II archaeological 
investigations. 

 
To date, the archaeological field work has been completed, but archival research and oral 
interviews have not been conducted. The report is currently in preparation. 

 
 

       Figure 27. Site Locations in Training Areas 1, 3, and 4.  
 
 
CULTURAL RESOURCES IN TRAINING AREAS 1, 3, AND 4 

The geological terrain within the project area consists primarily of Pleistocene Mauna Kea 
pāhoehoe flows and fine sandy soils that were washed down off of Mauna Kea and deposited by 
Pleistocene glacier runoff.  Two small lobes of historic Mauna Loa pāhoehoe are also present 
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within the project area.  The older sandy terrain is more easily traversed but lacks sources of 
water and natural resources typically utilized for traditional Hawaiian economic activities.  These 
gently sloping landscapes support small shrubs and grasses that were amenable to grazing cattle, 
sheep, and goats.  The newer Mauna Loa pāhoehoe flows contain volcanic chill glass that was 
typically quarried by Hawaiians for the production of blade and flake tools. 
 

There are 19 sites, comprised of approximately 43 features (Table 6) documented within the 
project area during Phase I archaeological investigations (Roberts et al. 2004).  The majority of 
these features are walls, rock mounds, fence alignments, and stone corral enclosures that are 
most likely related to bullock hunting or sheep ranching conducted between the first quarter of 
the 1800s and 1950.  Only four sites, a pāhoehoe excavation area, a chill glass quarry area, and 
two lava tube sites are likely associated with traditional Hawaiian activities.  Function and 
cultural affiliation of 6 of the 19 sites were undetermined at the completion of Phase I work. 
Additional archaeological and archival research, as well as archaeological testing was needed to 
determine the nature, function, timing, and cultural affiliation of the features located in Training 
Areas 1, 3, 4. 
Table 6.  Sites Identified in PTA Training Areas 1, 3, and 4. 

SIHP# 
50-10-
31 

Feature Type Function Cultural 
Affiliation 

TA NRHP 
Criteria 

Recommendation 

5002 1-3 Rock Wall Ranching Ranching 4 A, C, D Preserve 
7119 1 Rock Wall Ranching Ranching 1 A, C, D Preserve 
21746 1-7 (?) Mound/ 

Excavation 
Complex 

Undetermined Undetermined 4  Map & Test 

22941 1-2 Lava Blisters Possible Temp. 
Habitation 

Undetermined 3  Map & Test 

23842 1 Platform/Terr
ace 

Possible Temp. 
Habitation 

Undetermined 1 D Map & Test 

23843 1-7 Modified 
Outcrops 

Undetermined Undetermined 1 D Map & Test 

23844 1 Rock Mound Clearing/Military Ranching/Military 1 D Map & Test 
23845 1 Rock Mound Clearing/Military Ranching/Military 1 D Map & Test 
23846 1 Rock Corral Stock Pen Ranching 1 A, D Map & Test 
23847 1-2 Rock 

Alignments 
Paddock Boundary Ranching 3 D Map 

23848 1 Rock Mound Clearing/Military Ranching/Military 3 D Map & Test 
23849 1 Rock Mound Clearing/Military Ranching/Military 4 D Map & Test 
23850 1 Rock Corral Stock Pen Ranching 4 A, D Map 
23851 1-2 Lava Tubes Possible Temp. 

Habitation 
Undetermined 4 D Map & Test 

23852 1 Rock Corral Stock Pen Ranching 4 D Map & Test 
23853 1 Lava Tube Possible Temp. 

Habitation 
Undetermined 4 D Map & Test 

23854 1-5 Chill Glass 
Quarries 

Quarry Hawaiian 3 D Map 

23855 1-2 Rock Walls Paddock Boundary Ranching 4 A Archival Research 
23856 1-4 Pāhoehoe 

Excavations 
Bird Resource 
Procurement 

Hawaiian 4 D Map & Test 
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PHASE II ARCHAEOLOGICAL INVESTIGATIONS 
The Pōhakuloa Training Area Cultural Resource Staff conducted a phase II archaeological 

research for Training Areas 1,3, and 4 at U.S. Army Pōhakuloa Training Area (PTA) Island of 
Hawai‘i.  The project is in the Northeast portion of PTA. Based on Phase I findings and 
recommendations for further work, PTA CRM staff carried out sub-meter GPS plotting, sub-
surface testing, and full recordation of all sites and features.    Seven test units (1x1m and 
0.5x0.5m) and 27 shovel test probes were excavated at various sites to recover data sufficient to 
determine the temporal, spatial, functional, and cultural aspects of all sites within the project 
area, and to satisfy standards set forth under the authority of Section 106 of the NHPA and its 
implementing regulations, and Army Regulations (AR) 200-4. 
The main goal of the Phase II work was to evaluate potential significance of all cultural 
resources in the project area and make recommendations for eligibility to the National Register 
of Historic Places (NRHP).   
 
PHASE I SURVEY 

A Phases I survey of the project area was conducted by GANDA, resulting in the 
identification of 19 potential archaeological sites in Training Areas 1, 3 and 4.  These results 
were later modified in the final report (Roberts et al. May 2004) to agree with the findings and 
evaluations of the Phase II study. 
 
PREVIOUS ARCHAEOLOGICAL INVESTIGATIONS 

Previous archaeological investigations with in the current project area are limited to separate 
liner right-of-way studies for the Saddle Road, and limited investigations conducted by PTA 
Cultural Resources Specialists (PTA-CRM).  Four sites have been previously identified. 
Rosendahl (1977) identified Site 5002 (wall), which was later relocated and described in more 
detail by Welch (1993:40-51) as part of Saddle Road Improvements Studies.  A historic wall 
component of Site 7119, Humu‘ula Sheep Station, was recorded by Rosendahl and Rosendahl 
(1986).  PTA-CRM have previously documented Sites 21746 and 22941, a complex and a 
limited-use occupation site, respectively (Godby 2001 Annual Report in prep.).   
 
METHODS 

Intensive archaeological survey of the three study areas focused on data collection necessary 
to evaluate site significance and to determine mitigation treatments for significant cultural 
resources. During fieldwork, sites and features were exhaustively documented, and some of the 
previous feature and site records were revised.  This documentation included preparation of 
detailed site descriptions, drawings or scaled site and feature maps, GPS plotting of features, and 
photographs.  All sites and features were thoroughly recorded on site and feature record forms 
specifically designed for the PTA sites.  Sites and features were mapped to scale using a meter 
tape and declinated compass.   

Test units were excavated at several sites to assess the nature and depth of cultural deposits 
and to collect datable samples for radiocarbon dating.  The test units were excavated by natural 
soil layers, within 10 centimeter arbitrary levels.  Excavated materials were screened through 
1/8-inch mesh.  Subsurface cultural features were fully exposed, drawn to scale, bisected if 
necessary, and profiled.  At least one wall was profiled of each excavation Unit and descriptions 
of the soil and sediments were recorded following U.S. Soil Conservation Service standards and 
Munsell color notations.  Photographs were taken of all levels, features, profiles, and plan views. 
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Shovel probes were preformed at several of the sites. The method proved useful as an 
exploratory tool because it provided information about site composition with little time and 
effort. Data derived through shovel probing can include evidence for artifact concentrations, 
feature locations, cultural/temporal composition, as well as the horizontal distribution of such 
elements across the site. The shovel probes were about the width of a shovel, 0.3-0.4m diameter. 
Fill from the hole was either troweled or screened through 1/4-inch hardware cloth to identify 
and recover any possible artifacts. Changes in fill texture and color and, where possible, the 
vertical levels of artifact recovery, are noted. The probes were excavated to a culturally sterile 
level (where no artifacts occur and/or where the fill ceases to be modified through human 
action). It is then backfilled.   Shovel probing was implemented in a non-random grid pattern. 

SITE DESCRIPTIONS AND TESTING RESULTS 

SITE 5002  

The documentation for site 5002 was recorded under the monitoring program for 
Archaeological Sensitivity Area (ASA) 5. The site is described here on the basis of the 
information collected during this project. Site 5002 is an historic ranch wall consisting of three 
segments (identified as features 1-3), and was probably breached by Saddle Road construction in 
the 1940’s.  

Recording of this site started at the southern end of the wall where bulldozing activities were 
evident. A site washer was placed on a large ‘a‘ā boulder that appears to be the terminus for the 
wall. The site was recorded with GPS equipment. The description of the wall materials and 
construction was made and photographs were taken on the basis of segments. The overall plan 
map of the site was produced with computer software utilizing the GPS information collected.  

The first section of wall was identified by Welch (1993) as Feature 1. The wall begins near 
an existing road where it is tied into the large boulder mentioned above. At the southern end of 
Feature 1, wall construction materials have been collected from an area about 2m wide on either 
side of the wall. Because of this, “walkways” of roughly paved areas with smaller sorted pieces 
of ‘a‘ā are present. The first segment of the wall from the southern end was defined by two large 
‘a‘ā boulders, one at either end. There were no vertical poles in this segment of the wall. Rocks 
0.15-0.4m in diameter are stacked about eight courses high. The wall is faced. Segment 2 runs 
north from a large ‘a‘ā boulder and drops down off of the ‘a‘ā flow onto silty rock with much 
collapse. Sample Area 2 is about 50m from the southern terminus of the wall. Rock in this area is 
stacked five courses high and faced, core filled with ‘a‘ā cobbles and pebbles. The southwest 
side of the wall is slightly collapsed. Two fence posts are in the wall in this area. The 
construction of the wall utilized natural outcrops. Sample Area 3 was at a junction of black ‘a‘ā 
flow and aeolian silts in a low area about 60m from the southern end. This is a collapsed portion 
of the wall, 0-1 courses high on a silty soil surface. A silt area separates the ‘a‘ā to the west and 
weathered reddish brown ‘a‘ā to the east. The wall is gone on the silt ground surface but is 
present on both the eastern and western ‘a‘ā surfaces. A C-shape constructed of wall material is 
located 30m north of Sample Area 3, and is probably of recent construction. At Sample Area 4 
the wall is on the older, weathered ‘a‘ā flow. Construction methods are similar to the previous 
sample areas, but slightly larger cobbles and boulders were used in this area and less core fill. 
Four fence posts are set in the top of the wall in this section. There is some collapse of the wall in 
Sample Area 5. The wall here is 1-4 courses high, with 0.2-0.6m diameter cobbles and ‘a‘ā 
boulders. The wall is well faced in places. A small C-shape is built onto the west side of the wall. 
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At Sample Area 6 ‘a‘ā cobbles and boulders 0.1-0.5m diameter were stacked 1-3 courses high. 
Sample Area 7 is the last portion of the wall section to the southwest of Saddle Road. The wall 
was subjected to bulldozing to build Saddle Road. Wall debris is piled 8m west of the road. 

 
Sample Area 8 is the southern terminus of the middle section of wall, Feature 2, 7m northeast 

of Saddle Road. Push piles with fence posts in them indicate that the wall was subjected to 
bulldozing. The wall is constructed of ‘a‘ā  cobbles and boulders (0.1-0.4m diameter) stacked 1-
5 courses high with some ‘a‘ā  pebble core fill. The wall is roughly 1m high in this area. 
Unmilled wood posts are set in the wall at approximately 2m intervals. The posts are small tree 
trunks about 0.05-0.1m diameter and reach approximately 0.5m above the wall. Several have 
fallen out due to wall collapse. The posts average just over 1m in length. The are roughly straight 
with bends and twists, and the wood is weathered and eaten by insects. There are no staples or 
wire associated with the posts. The southeast (downhill) edge of the wall is perpendicular to the 
ground surface and the northwest edge slopes slightly inward toward the top. At Sample Area 9  
wall construction is similar to that described at Sample Area 8. A small alignment (4 courses 
high) is built perpendicular to the wall on the northwest side. This alignment forms a rectangular 
enclosure with a bedrock outcrop to the north. The enclosure is south of Sample Area 9 and 
could be either associated with wall construction activities or a military feature.  This Sample 
Area starts along the base of a northwest to southwest downward slope at 25m from the south 
terminus of the wall. The wall is situated at the middle of the slope and climbs up a finger. The 
wall construction is small boulder faced and cobble filled on brown weathered ‘a‘ā and 
pāhoehoe. Sample Area 10 is about 45-60m north of the southern terminus of this section. The 
wall measures 1.4m tall by about 0.80-1.0m wide and is built of flat blocky platy pāhoehoe 
boulders stacked about 7-8 courses high. These boulders are laid flat with the long axis parallel 
with the wall facing. Wall elements are tightly fitted and well faced with some core fill. The wall 
is perpendicular to the ground surface in this area on both sides. The ground surface is a 
weathered reddish brown pāhoehoe. Sample Area 11 is constructed primarily of stacked angular 
and subangular cobbles and boulders with flat edges facing out along the surface of the wall. The 
wall measures 1.05m tall by 0.5m wide and is core filled. Both sides of the wall slope inward 
toward the top. At Sample Area 12 wall construction is primarily thin platy cobbles and boulders 
stacked flat with the long axis parallel to the facing and tightly fitted. The wall is built directly on 
an outcrop ground surface. The dimensions of the wall are similar to Sample Area 11. The wall 
is built primarily of angular and subangular boulders at Sample Area 13. The construction here is 
similar to that at Sample Area 11. The wall measures 1.26m tall by 0.74m wide, with about 4-5 
courses. The wall is still core filled and has fence posts set in the top. The sides of the wall are 
perpendicular to the ground surface in some places and slope slightly inward toward the top in 
others. Between Sample Areas 13 and 14 the wall is lower (about 0.9-1.0m high by 0.75m wide) 
with some collapse. The measurements in this area are higher on the eastern side than they are on 
the western side of the wall. Much of the wall is still well faced. The ground surface in this area 
consists of brown and grey pāhoehoe. At Sample Area 14 the construction is similar to that at 
Sample Area 13 with angular and subangular boulders, though collapsed in this area. The wall 
measures 0.6m high here. Between Sample Areas 14 and 15 the wall is built of thin platy cobbles 
and boulders stacked flat with the long axis parallel to the facing and tightly fitted. The wall is no 
longer collapsed at Sample Area 15, where it is constructed of small to medium angular and 
subangular boulders stacked 0.9-1.0m high by 0.8m wide. The wall is faced and core filled. 
Between Sample Areas 15 and 16 the wall is partially collapsed due to Saddle Road construction. 
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At Sample Area 16 a bulldozer passed through the wall, making a breach 4.2m wide. The wall is 
pushed to the west toward Saddle Road. Bulldozer scars are evident on rocks and bedrock in this 
area. The wall is intact north of Sample Area 16 for about 12m, after which it consists of a low 
collapse pile for about 15-18m north. At Sample Area 17 the wall is built of a mix of platy and 
blocky small to medium boulders stacked with the long axis of the stones parallel with the wall 
face. The wall is 1.0m tall by 0.67m wide. Sample Area 18 is the northern terminus of in-tact 
portions of Feature 2. At this point there is a 6m wide bulldozer breach after which the wall 
consists of a low collapsed pile for about another 12-13m due to damage from Saddle Road 
construction. This section of the wall ends at Sample Area 19 close to the eastern edge of Saddle 
Road.  

Feature 3 is built on a fairly level to slightly sloping yellowish-brown silt deposit and is 
constructed of reddish brown weathered ‘a‘ā. Sample Area 20 marks the beginning of this 
feature. Small to medium angular and subangular brown weathered ‘a‘ā  boulders are stacked 
and faced with cobble core fill. Some rocks were placed with the long axis parallel with the wall 
face. Some pāhoehoe elements were used in the wall construction. The wall is breached at a 
hunting access road. The relative amount of pāhoehoe slabs used in the wall construction is 
higher on the northern side of the hunting access road. Both sides of the wall are perpendicular to 
the ground surface. Several portions of the wall in this area were collapsed. The wall measures 
0.6m high by 0.8m wide in this area. At Sample Area 21 the wall is about 0.75m tall by 0.75m 
wide. The top portion of the wall is partially collapsed. Between Sample Areas 21 and 22 there is 
a single fence post, similar to those in Feature 2. Substantial collapse is present along the east 
side of the wall due to bulldozer activity. At Sample Area 22 there are two posts in the top of the 
wall, which measures 1.0m tall by 0.7m wide. The posts are about 2.0m apart. At Sample Area 
23 the wall is well faced. Some of the rocks used are platy, many are long and parallel to the face 
of the wall. The wall is cobble core filled, and traverses brown weathered ‘a‘ā . The wall 
measures 1.05m tall by 0.8m wide. Sample Area 24 is the northern terminus of Feature 3 along 
the east edge of Saddle Road. Three posts were still in place in the top of the wall, others have 
fallen out or were removed. Wall construction throughout Feature 3 is largely the same, with 
better facing at the northern end. Collapse is notable throughout. 

The site is in excellent condition in places, and is partially collapsed in others where it has 
been impacted by construction, hunters, and feral sheep and goats.  Overall Site 5002 is in good 
condition. The wall is eligible for nomination to the National Register under criteria A and D.   

SITE 7119 

Site 7119 is an historic ranch wall, probably constructed during the 1800’s as a barrier for 
sheep and goats. It is located in the southeast corner of Training Area 1 outside of the PTA 
boundary and along Saddle Road. The wall is dry laid stacked ‘a‘ā cobbles to small boulders. 
The rocks are mostly subangular in shape, though some are angular. The wall is well faced and 
has a cobble filled core. The wall measures 1.5m wide at the base and 0.8m wide along the top. 
The wall is about 1.8m high. There are split logs or branches built into the wall at 1.4 to 1.5m 
above the ground surface at the base of the wall. The wood sticks out of the wall at a 45˚ angle 
on the south side. There is a single wire stapled on the top end of the logs that once supported a 
strand of wire. This might have been barbed wire, but it is now gone. The ground surfaces along 
the edges of the wall are cleared and fairly level from building the wall. The wall is slightly 
collapsed in places but is generally in good condition overall. The wall should be preserved. The 
wall has been impacted by heavy equipment in places during the construction of a cinder quarry 
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road at Pu‘u Kalauaihapa just east of the wall. The wall appears to follow the eastern boundary 
of PTA. Its northern terminus abuts a Parker Ranch/Hawaiian Homelands post and net wire 
fence. The transition occurs at the edge of the lava flow/soil boundary. The wall on the flow 
where rock for wall construction is available and fence where not enough. Loose rock occurs 
naturally. The wall is built on the 1843 flow. The wall is generally in good condition and is 
eligible for nomination to the National Register under criterion D 

 
SITE 22941 

Site 22941 measures approximately 11.0 x 5.5m, and is a lava tube (Feature 1) and a lava 
blister (Feature 2) located along the east edge of Saddle Road and the west boundary of TA-3.  
The features are situated at 1,920m amsl on a Mauna Kea slabby pāhoehoe flow dated to more 
than 10,000 years B.P  There are thin pockets of silty sand sediment on the bare pāhoehoe.  
Vegetation at the site consists of sparse patches of fountain grass, ‘a‘āli‘i, and small māmane. 

 
Feature 1 is a lava tube on the west side of the site.  The tube exterior is 6.5m long, 3.5m 

wide, and is roughly 1m in height.  The interior is 3.5m long, 1m wide, and is from 0.4 to 0.9m 
in height.  The tube is accessed through a 1.5m wide by 0.75m high collapse on the south side of 
the feature.  A single bird skull was located along the west side of the tube just inside the 
entrance.  A tree branch was located at the back of the tube where it pinches off.  Two wooden 
survey stakes were located just inside the entrance to the tube.  They are likely from Saddle Road 
construction.  Two shovel probes and a test unit were excavated at Feature 1. 

Two shovel probes were excavated between 1 and 1.5m south of the entrance to Feature 1.  
Shovel Probe 1 (SP-1) was excavated roughly 1m south of the entrance to Feature 1 along the 
eastern interior of the collapsed tube.  SP-1 was excavated to a depth of 0.17m below ground 
surface and terminated on bedrock.  Sediment within SP-1 consisted of a single layer of 10YR3/2 
very grayish brown fine silt and sand.  Ten volcanic glass flakes and a single basalt flake were 
collected from SP-1.  The volcanic glass flakes ranged in size from 0.8 to 2.2cm long, by 0.4 to 
1.2cm wide, by 0.1 to 0.4cm in thickness.  They appear to be the result of primary and possibly 
secondary flaking.  The volcanic glass quality is quite good in relation to that most often found at 
PTA.  It has a high vitreosity and few inclusions and is not chill glass with a thin rind.  The 
basalt flake measures 1.3cm long, by 1.3cm wide, and is 0.35cm in thickness.  It is dense gray 
crystalline basalt.  The flake is possibly the result of basalt core reduction or adze preform 
production.   

SP-2 was excavated 0.5m south of SP-1, was excavated to 0.15m below ground surface, and 
terminated on bedrock.  Sediment within SP-2 consisted of a single layer of 10YR3/2 very 
grayish brown fine silt and sand.  No artifacts were recovered from SP-2. 

A 0.5 by 0.5m test unit (TU-1) was excavated just outside of the western side of the lava tube 
entrance between the east edge of the collapsed tube and a slab of roof-fall.  TU-1 was excavated 
to a variable 0.32 to 0.34m below ground surface and terminated on bedrock.  Four natural layers 
were encountered in TU-1.  A small amount of charred wood was recovered from the unit. 

Layer I/1 was excavated from 0 to a variable 0.10 to 0.13m below ground surface, consisted 
of loose 10YR3/2 very grayish brown fine silt and sand with less than one percent pebbles and 
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small cobbles, and contained a small amount of charred wood and a weak ash lens.  The weak 
ash lens was excavated from between 0.04 and 0.08m below ground surface, and consisted of 
10YR4/1 dark grey fine silt and sand.  There was a layer of thermally discolored 10YR5/8 
yellowish brown silty sand sediment below the ash from 0.08 to 0.13m below ground surface.  A 
single small sample of charred wood was recovered from the northwest corner of TU-1 at a depth 
of 0.08m below ground surface.  Four small pieces of charred wood were collected from the 
screen.  The lower boundary of Layer I/1 was abrupt and slightly wavy. 

Layer II/1 was excavated from a variable 0.10 to 0.13m to a variable 0.22 to 0.24m below 
ground surface, consisted of 7.5YR3/2 dark brown medium coarse silty sand with two percent 
pebbles, and did not contain artifacts.  The lower boundary of Layer II/1 was abrupt and slightly 
wavy. 

LayerIII/1 was excavated from a variable 0.22 to 0.24m to a variable 0.32 to 0.34m below 
ground surface, consisted of 10YR3/3 dark brown medium coarse silty sand with less than one 
percent pebbles, and did not contain artifacts.  The lower boundary of Layer III/1 was abrupt and 
slightly wavy. 

Layer IV was a thin (0.005m) deposit of 10YR4/4 dark yellowish brown medium coarse silty 
sand on bedrock.  Layer IV/1 did not contain artifacts.  The lower boundary of Layer III/1 was 
very abrupt and slightly wavy. 

Feature 1 is a lava tube that was likely used for temporary habitation by Hawaiians collecting 
resources or traveling through the ‘āina mauna region.  The small subsurface fire feature is likely 
the remains of a fire used for heat.  The volcanic glass and basalt flakes indicate that initial tool 
manufacture was likely carried out at the site, possibly for expedient use.  Feature 1 appears to be 
unaltered and is in good condition.  

Feature 2 is a lava blister on the east side of the site.  The blister exterior is 4.0m long, 2.0m 
wide, and is roughly 1.3m in height.  The interior is 3.0m long, 1.0m wide, and is from 0.45 to 
1.0m in height.  The blister is accessed through a 0.7m wide by 0.75m high collapse on the south 
side of the feature.  There are several small openings along the edges of the blister that allow 
sunlight into its interior. 

The interior of the blister is littered with C-Ration cans and MRE wrappers, and roughly 0.3 
to 0.4m of the floor sediment has been dug out to make the blister more spacious.  Two halves of 
a bird cooking stone were located inside the east side of the blister; one half on the north edge of 
the tube, and one along the south edge.  A single volcanic glass core was also located on the 
ground surface in the center of the blister. 

Feature 2 was likely used for temporary habitation by Hawaiians collecting resources or 
traveling through the ‘āina mauna region.  More recently, military personnel used the blister 
during practice maneuvers.  The feature has been altered by soldiers and is in fair condition 

The two traditional Hawaiian temporary habitation features at Site 22941 are good 
representations of a type of habitation used in the Saddle area, and may contain additional 
subsurface data related to travel and resource extraction in the area.  Site 22941 is eligible for 
nomination to the National Register under criteria A and D. 

SITE 23842 
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Site 23842 is a single three-sided terrace located near the southeast corner of TA-1.  The 
feature is situated at 2,020m amsl on deep alluvial and colluvial sediment overlaying Mauna Kea 
lava flows dated to more than 10,000 years B.P.  Vegetation at the site consists of isolated stands 
of mamane and naio with an understory of ‘a‘āli‘i and grass.  The ground surface surrounding 
the site has been bulldozed to create bivouac areas used during training.  There are plastic 
dinnerware, C-Ration cans, MRE wrappers, tent stakes, plastic shavers, spent training cartridges, 
and other debris on the ground surface in the immediate vicinity of the site. 

Feature 1 is a three-sided terrace that is 4.5m long, 2.0m wide, and is from 0.25 to 0.45m in 
height.  The terrace is constructed of moss and lichen covered angular and subangular ‘a‘ā 
cobbles and small boulders stacked two to three courses high along the southwest side of a 
bedrock outcrop.  The southwest edge of the terrace is well faced, and the top surface along the 
southwest side is level though uneven.  The terrace is constructed on a bedrock outcrop and slope 
that slopes to downward to the southwest.  The ground surface along the southwest edge of the 
terrace is level. 

Four shovel probes were excavated in the level soil from 0.75 to 0.85m southwest of and 
parallel to the southwest edge of the terrace.  The probes were spaced one meter apart, were 
excavated from 0.2 to 0.48m below ground surface, and terminated on bedrock.  Soil stratigraphy 
in the shovel probes consisted of four natural layers.  Layer I (0 to 0.1m bs) is a 10R2.5/1 reddish 
black loose silt loam without structure, with less than one percent fine rootlets, and less than five 
percent pebbles.  Layer II (0.1 to 0.2m bs) is a 10R2.5/1 reddish black and 5YR3/3 dark reddish 
brown mottled loose silt loam without structure, with less than one percent fine rootlets, and less 
than one percent pebbles.  Layer III (0.2 to 0.28m bs) is a 10YR3/1 very dark gray loose medium 
coarse sand without structure, with less than one percent fine rootlets, and approximately ten 
percent pebbles and small cobbles.  Layer III material appears to be an aeolian volcanic ash 
deposit.  Layer IV (0.28 to 0.48m bs) is a 10YR2/2 very dark brown loose fine sand without 
structure, with less than one percent fine rootlets, and approximately ten percent pebbles and 
small cobbles. 

Shovel Probe 1 was placed along the southwest corner of Feature one with subsequent probes 
each spaced one meter further northwest.  Artifacts were recovered from probes one, two, and 
four (Table 7).  All artifacts were modern items associated with training in the area of Site 
23842.  They included a piece of plastic spoon, a small piece of foil wrapper, and a plastic 
disposable razor. 

 
Table 7.  Site 23842 Shovel Probe Line A. 
Shovel Probe Number Depth Below Surface Artifacts 
1 0.47m Plastic Spoon 
2 0.4m Foil Wrapper 
3 0.48m  
4 0.2m Disposable Razor 
 

A single one by one meter test-unit (TU-1) was excavated in the south corner of Feature 1.  
The southwest side of the unit was placed to take in the level soil area along the southwest face 
of the terrace.  TU-1 was excavated to a variable 0.26 to 0.61m below the feature surface and 
terminated on bedrock.  An architectural layer and four natural sediment layers were excavated 
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from TU-1.  A small amount of charred wood, pieces of foil wrapper, a bullet slug, and a full 
cartridge of 30 caliber M1 rifle were recovered from the unit. 

The architectural layer was excavated from 0.12 (north corner) to 0.34m (west corner) below 
the feature surface, consisted of small angular and subangular a‘ā boulders and cobbles, and did 
not contain artifacts.  The architectural layer is set even with, to roughly 0.03m below the 
modern ground surface.  The rocks are stacked one course high on the ground surface in the 
northeast portion of the unit, and two courses high on the ground surface along the southwest 
edge of the terrace.  Organic detritus was also encountered in the interstices of the architectural 
layer.  No artifacts were present in the architectural layer. 

Layer I/1 was excavated from the surface to a variable 0.10 to 0.14m below ground surface, 
and consisted of 10R2.5/1 reddish loose sandy loam with less than one percent fine rootlets and 
roughly five percent pebbles and small cobbles.  Layer I/1 contained a small amount of charred 
wood flecks and small pieces of foil wrapper.  No other artifacts or subsurface features were 
located in Layer I.  The lower boundary of Layer I/1 was abrupt and slightly wavy.  Layer I/1 is a 
strong A-horizon overlying bedrock and two distinct lower sediment layers.  A pocket of Layer 
II/1 sediment was uncovered in the northeast half of the unit where the terrace existed.  Layer 
III/1 sediment was uncovered under Layer I/1 in the level soil area along the southwest edge of 
the unit. 

Layer II/1 was excavated in the northeast portion of the unit from a variable 0.10 to 0.14m to 
a variable 0.11 to 0.3m below ground surface (0.03 to 0.16m thick).  Matrix consisted of 10 R 
2.5/1 reddish brown soft sandy loam with 5 YR 3/3 dark reddish brown mottling.  Layer II/1 
matrix contained approximately one percent pebbles to small cobbles and less than one percent 
fine rootlets and small roots.  Artifacts collected from Layer II/1 include a metal-jacketed .22 
caliber bullet and a burnt stick.  The bullet was collected from a depth of 0.25m below ground 
surface, and the stick was collected at a depth of 0.27m below ground surface.  The bullet is 
damaged from being fired into the terrace and could not be identified as either a military or 
hunting round.  No other artifacts were recovered from Layer II/1.  The lower boundary of Layer 
II/1 was clear and even. 

Layer III/1 was excavated between pockets of bedrock throughout the unit.  It was excavated 
from a variable 0.09 to 0.3m to a variable 0.21 to 0.35m below ground surface (0.05 to 0.20m 
thick).  The matrix consisted of 10 R 2.5/1 reddish brown soft medium coarse sand with 10 R 5/1 
reddish gray clay mottling.  The matrix contained roughly forty percent large cobbles and small 
boulders (pieces of the underlying ‘a‘ā flow bedrock).  A 10 YR 3/1 very dark gray ash deposit 
was recorded in the west corner of the unit.  The ash deposit measured 0.1m in diameter and was 
0.1 to 0.12m below the ground surface.  A weaker ash deposit mixed with Layer III/1 material 
surrounded the concentrated ash deposit. An in situ sample was collected for carbon dating.  No 
other artifacts were recovered from Layer III/1.  The lower boundary of Layer III/1 was abrupt 
and even. 

Layer IV/1 was excavated as a 0.01 to 0.02m thick layer between Layer III/1 and the bedrock 
below.   Layer IV/1 matrix consisted of 10YR2/2 very dark brown soft fine sand. No artifacts 
were recovered from Layer IV/1.  The lower boundary of Layer IV/1 ended on bedrock and was 
abrupt and slightly wavy. 

The three-sided terrace at Site 23842 exhibits formal construction characteristics common to 
historic era ranching and sugar cane plantation stone structures.  The terrace construction makes 
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use of an existing bedrock outcrop and is stacked and well faced, as are most historic era terrace 
features.  Though it is possible that it is a pre-contact structure, traditional Hawaiian terraces are 
generally constructed of piled and sloping retaining walls, backed by a level soil surface.  
Historic era terraces were most often used as rest and lunch stops, or for prepping and storing 
agricultural products for transport.  Site 23842 is located in an area that was used extensively for 
ranching, and it is roughly 1.5km south of the trail from Waimea to Kalai‘eha, later called the 
Waiki‘i to Humu‘ula road.  Though only modern debris was recorded at the site, the formal 
construction characteristics and location suggest that the terrace was constructed during the 
period when Humu‘ula and surrounding lands were used for ranching.  The terrace rocks are 
covered with lichen and moss.  The feature was reconstructed after excavation, it appears 
unaltered and in good condition.  The three-sided terrace at Site 23842 is a good example of an 
early historic era structure utilized by ranchers in the Saddle area, and is eligible for nomination 
to the National Register under criteria A and D. 

SITE 23843 

During the course of the fieldwork, it was determined that Site 23843 is not an archaeological 
site. The site was originally recorded as including a rock mound, five enclosures, and a small 
mound with adjacent cobble lined area. Feature 1 (the rock mound) appears to be a bulldozer 
push pile, and the remaining features are natural.  The site is located just to the east of an 
unnamed improvement road east of LZ ROB and southeast of Pu‘u Kaena.   

SITE 23844 

Site 23844 is a single rock mound located along the south side of McKenzie Trail in the 
center of TA-1.   The site is most likely a recent military feature due to it’s appearance and the 
presence of military items and features in the vicinity. Therefore, this site is not eligible for 
nomination to the National Register of Historic Places. 

SITE 23845 

Site 23845 is a rock mound resting on a hilltop in Training Area 1 350m northeast of 
Mackenzie trail and 326m southwest of Ka‘ena Trail.  There is a 350 degree view plane.  
Construction materials consist of large cobbles or small boulders piled four to five courses high.  
The feature is resting on a low bedrock outcrop and measures 1.4 m (E/W) x 1.1 m. A modern 
broadhead arrow was located near this feature. The mound is probably a recent military feature, 
and therefore is not eligible for nomination to the National Register of Historic Places. 

SITE 23846 

This site consists of a single enclosure with an opening to the west.  It is constructed of basalt 
cobbles and boulders stacked up to seven courses in some places.  The wall construction is 
double course masonry with a rubble filled core that is roughly faced on the inside and out.  
There is an alignment running roughly north/south through the interior and a single flat rock 
measuring 0.43 x 0.3 x 0.15 m resting to the east of the alignment.  No additional features or 
artifacts were located in the surrounding area.  The design and construction of the feature make it 
highly unlikely to have been used as an animal pen, as was previously noted by Garcia and 
Associates in 2004. The site is probably an historic temporary habitation site. 

The feature is constructed of both ‘a‘ā and pāhoehoe cobbles to small boulders.  All stone is 
locally available and bedrock outcrops are incorporated into the southeastern portion of the wall.  
Stones are stacked five to seven courses high and all walls are two courses thick with smaller 
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cobbles and pebbles as a core fill.  The walls are roughly faced inside and out.  The walls have 
tumbled in along the south-southwest and the northeastern portions with rubble both on the 
inside and the outside in the northwest portion of the feature.  There is a probable entrance on the 
west and an alignment of pebbles running 12/192 degrees, forming a rough C-shape opening to 
the east.  This wall forms a small chamber with a flat stone in the central portion. 

A series of shovel test probes were excavated across this site, four inside the structure, three 
outside the opening on the western side of the structure, and one outside to the northeast. Two of 
the probes within the structure were to the west of the alignment, and two were to the east. The 
top layer of deposit was a silty loam, and lower levels were sandy silt across the site with rootlets 
in the upper layers and rock throughout. Two pieces of unidentifiable mammal bone were 
recovered from the probe to the northeast of the structure. Volcanic glass flakes and charcoal 
were recovered from one of the shovel probes within the structure to the east of the alignment. A 
1 x 1 m test unit was subsequently placed adjacent to the probe containing the volcanic glass. 
This unit was adjacent to the alignment within the structure, immediately to the east. The 
excavation was taken to 0.49-0.53m below the surface. Layer II (0-0.1m bs) was a very dark grey 
brown (10 YR 3/2) mottled silty loam with 5% roots and 1% small cobbles. Between 3 and 7 cm 
bs volcanic glass flakes, a volcanic glass nodule, and basalt flakes were encountered. Some 
charcoal flecks were also present. Basalt rock boulders were present just below the ground 
surface in the eastern half of the unit. Layer III was a very dark grey brown (10 YR 3/2) mottled 
silty loam with 7% roots and 40% small to large cobbles and small boulders. A few scattered 
pieces of charcoal were recovered from this layer, and were collected. Several larger roots were 
also present. Layer IV was a dark brown (7.5YR3/2) sandy silt with a few fine roots and 80% 
pebbles and cobbles. The base of the layer and unit contained large cobbles and small boulders 
with coarse sandy silt between. The base of the unit was the ‘a‘ā flow. 

This site is in good condition. It is eligible for nomination to the National Register under 
criterion D. 

 

SITE 23847 

This site lies on both sides of the McKenzie Trail near the boundaries of Training Areas 01 
and 03. It includes five recorded features as well as two additional concentrations of linked 
7.62mm cartridges. There is a general sparse scatter of military items appearing to be from the 
1950’s and 1960’s era. Four of the features appear associated with recent military construction or 
training. The features include a wall, a mound, an alignment, low c-shaped military construction, 
an enclosure and a military stacked rock feature. Test excavations at Feature 2 mound found only 
cartridges and C-ration cans. A second test unit placed in the c-shaped structure recovered only 
MRE wrappers.  There is a diffuse scatter of military features and trash throughout the area. The 
majority of these (based on the trash found) appear to be pre-1970. This site is of recent 
construction and is not eligible for nomination to the National Register. 

SITE 23848 

Site 23848 is a stone mound on a ridge in an area with military features. The field crew 
determined during this project that the site was a recent military foxhole. Therefore, this site is 
not eligible for nomination to the National Register. 
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SITE 23849 

This site is a stone mound that has an oval plan view and is constructed of local ‘a‘ā and 
rough pāhoehoe. Construction materials range in size from small cobbles to small boulders 
stacked and piled four to five courses high. All sides are roughly faced, although the north and 
east sides exhibit the best preservation. A test unit was placed in the center of this mound; no 
artifacts or other physical remains were recovered. There is no indication that this site is eligible 
for nomination to the National Register. 

SITE 23850 

This site consists of a number of constructions adjacent to and near Site 23855. Roberts et al 
2004 described these features as animal enclosures characterized by a series of low cobble 
alignments. During the current field work one C-shaped feature was noted, a modified outcrop, 
and some evidence of bulldozing activity. It was determined that this site consists of recent 
military constructions that included the use of fence posts from Site 23855, and therefore is not 
eligible for nomination to the National Register. 

SITE 23851 

This site consists of two lava tubes and a surface construction. Feature A is a cave opening 
on the western side of the site with a lava tube that extends toward the west. No cultural 
modification was observed during the Phase I work at this site, though soil deposits were noted 
(Roberts et al 2004). The current project noted the presence of charcoal on the floor, burned 
wood with an upright stick at about the point where the lava tube narrows, bird feathers further 
in, and a sharpened stick. Goat bones were also located in the tube. A test unit was excavated 
immediately west of the burned wood. Charcoal was located during the excavations. Feature B 
was described as having an entrance modified with cobbles and boulders (Roberts et al 2004). 
During the project reported here, a somewhat paved area, concentrations of wood, and some bird 
bone were located in the lava tube. Feature C is a military construction on the surface between 
the two lava tube entrances 

Surface charcoal collected from the two surface scatters was submitted for radiocarbon 
dating. The sample from Feature A was collected from the burned wood near the back of the lava 
tube. This returned a calibrated result of A.D. 1650-1890 and 1910-1950. The sample from 
Feature B was collected from the burned wood near the entrance of the lava tube, just east of the 
Test Unit. This sample returned a calibrated result of A.D. 1660-1960. 

Features A and B are potentially eligible for nomination to the National Register. Feature C 
is not an historic property. 

SITE 23852  

This site is a large, roughly circular enclosure that measures about 13m in diameter. The wall 
is comprised of faced pāhoehoe boulders with a cobble core fill. The construction incorporated 
bedrock outcrops. The wall measured 1.16-1.6m above the surrounding ground surface, and was 
0.6-0.8m wide. A piece of fencing wire was noted at the enclosure entrance (Roberts et al. 2004). 
The interior of the feature had a sediment deposit. Fifteen shovel test probes were excavated in 
the center and western portions of the enclosure. No cultural materials were found. The site was 
probably an animal pen from the ranching era, and is therefore eligible for nomination to the 
National Register.  
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SITE 23853 

Site 23853 is a small lava tube sink with soil deposits on the floor (Roberts et al. 2004). The 
entrance measures 2m by 2.5m. From the sink a lava tube extends for about 4.5m in a southern 
direction, and averages between 1.5 and 2m wide and 1-1.5m high. Two 50x50cm test units were 
placed in two separate soil deposits in this site. TU 1 was placed on the ground surface above the 
lava tube and TU 2 was placed inside the lava tube about one meter from the drip line. Although 
no definitive cultural material was recovered from these test units there was a layer of charcoal 
flecking and staining found in TU 2 inside the cave while no charcoal was found in TU 1 on the 
surface. This leaves open the possibility of habitation use, and the potential for the site to 
contribute information about the use of the Saddle region. Therefore the site is eligible for 
nomination to the National Register under criterion D. 

SITE 23854 

Site 23854 is a volcanic glass quarry complex with five volcanic glass quarries located on the 
K4 flow. The pāhoehoe flow is abutted on the west side by the 1843 flow. The pāhoehoe has 
brown to tan weathering on dark grey to black vesicular basalt with friable flaked top. It has 
smaller pockets of dark black chilled glass pāhoehoe. There is extensive natural cracking and 
flaking of the surface flow. There are also several large skylights with overhangs and shelters, 
but no cultural material was noted in these. Many of the naturally cracked chill glass areas were 
probably tested for usable material; no cultural material was found in these areas. Cartridges and 
evidence of goats were found throughout the area. Features 1 and 3-5 were relocated during the 
Phase II project; Feature 2 was not relocated. Feature 1 measures 31m by 20m, which 
encompasses several areas of intense working activity with flake concentrations. Three basalt 
hammerstones were present on the feature. Feature 2 is described as measuring 19.5m by 5m  
and is very close to the 1843 flow. Volcanic glass debitage was observed on the surface (Roberts 
et al 2004). Feature 3 measured 55m by 31m on the southwest corner of the pāhoehoe flow and 
includes a long ridge that is longitudinally fractured. Roberts et al (2004) indicate that quarried 
material was present in this area, but the current project could not find any evidence of quarrying 
activity. Feature 4 is described as 28m by 13m on lobes of undulating pāhoehoe. Roberts et al 
(2004) again indicate that flakes and debitage are present in low spots and are scattered 
throughout the area. However, the current project located natural cooling flakes and areas of 
nodules that seem to have naturally separated from the bedrock. There was no evidence of hard 
impact on the rock, and there were no hammerstones. Naturally detached nodules may have been 
removed, but there is little evidence of material reduction at the site. Feature 5 is described as 
13.2m by 12.5m in a low area adjacent to the 1843 flow. A vein of chill glass exposed within the 
pāhoehoe bedrock appears to have been quarried. Some natural cracking was evident, but there 
was also evidence of purposeful removal. A basalt hammerstone fragment was recovered, as 
were fragments of white rock. Overall, the site is in good condition and is eligible for nomination 
to the National Register. 

SITE 23856 

This site consists of 3 pāhoehoe pit excavations and an associated overhang.  Features 1-3 
pāhoehoe excavations exhibit fractured bedrock and scattered pāhoehoe  boulders in the vicinity 
of the pits.  The pit excavations generally measure 2m x 2m x 0.5m deep.  Some soil deposition 
was noted at Feature 3 only.  Feature 4 is a bedrock overhang measuring 2m wide by 2m deep by 
0.7m high.  The floor of Feature 4 appears to have some soil deposition that may contain cultural 
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material.  Military training features are also present in the surrounding area. This site is eligible 
for nomination to the National Register under criterion D. 
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Public Outreach 
The following section contains pieces prepared for public outreach purposes by the PTA CRM 
staff. The first is a slide presentation of the work on the West Side Firebreak for the PTA 
Cultural Advisory Committee. The remaining pieces are press releases that were published in the 
Ecosystem Management Planning Bulletin. The first article was duplicated in the Hawaii Island 
Chamber of Commerce Monthly Newsletter in March, 2007. 
 
WEST SIDE TRAIL POWER POINT PRESENTATION 
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Student Interns at Pōhakuloa Training Area 

By Kelly Leialoha Luscomb 
 

The Cultural Resource Program at Pōhakuloa Training Area would like to welcome two student 
interns from the University of Hawai‘i Hilo.  Ms. Elizabeth “Lisa” Leinā‘ala Kahahane and Ms. 
Tanya Souza, both anthropology majors at UH-Hilo and interested in Hawaiian archaeology.  
The students have been working closely with Dr. Peter Mills, Chair of the UH-Hilo 
Anthropology department, in the lithic analysis lab.  They have plenty of experience working 
with Dr. Mills’ EDXRF spectrometer, which allows the rock samples and stone artifacts to be 
sourced in a non-destructive manner.   They are currently analyzing several artifact types from 
our curation facility.  
Lisa, originally from Lahaina, Maui has been a great help is sorting out discrepancies in our 
artifact database, and is currently working on a disaster plan for our facility.  The disaster plan 
will be applied in emergency situations that may involve artifacts and/or serious damage that 
require immediate action.  The plan will also include how to anticipate and avoid emergencies.  
Tanya, who was born and raised on the Kona side of 
the Big Island, is currently analyzing the pōhaku ‘eho or 
bird stones of our collection and getting them ready for 
EDXRF element and DNA residue analysis.  We hope 
to learn where these stones originated and if in fact they 
were used to cook birds and possibly even what species 
were being eaten.  
The projects the students are working on will  
provide them with school credit and potentially  
another facet to the history of Pōhakuloa and Hawai‘i.  
It has been an honor and a pleasure to have them aboard.  We hope to continue this partnership 
with UH-Hilo and feel that it is a good opportunity to share Pōhakuloa’s cultural resources and 
give students work experience in cultural resource management. 
 

MISSION: EARTH DAY 
By Kelly L. Luscomb 

 
Earth day was celebrated on April 20th at the UH Hilo and on April 21st at the Keauhou 

Beach Hotel in Kona.  The event proved to be a window to the environment for kids and adults, 
providing data and information about air quality, water quality, drinking water safety, and toxic 
releases in our local community. The events combined activities with informational brochures, 
posters, and videos.  Representatives from federal, state and local agencies and organizations 
were present to answer questions about what is being done to protect the environment on the Big 
Island and what we can do as individuals.  The event also presented new ideas about 
sustainability and gardening, from the latest in electric cars to natural and low impact solutions 
for environmental problems.   

Pōhakuloa Training Area (PTA) Department of Public Works’ Environmental Office had 
a booth at both the Hilo and Kona events.  The booth displayed several posters about the unique 
saddle environment and steps the Army is taking to protect and perpetuate both the natural and 
cultural resources.  Children and adults were encouraged to take brochures about the plants and 
history of the area. The Cultural Resources staff encouraged visitors to examine an artifact 

Pōhaku ‘eho or bird stone from the PTA 
collection 
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display and to participate in a quiz about past uses of seven artifacts common to Pōhakuloa.  
Staff and participants exchanged ideas about past uses of the artifacts. Several new ideas on the 
usage of artifacts were suggested by visitors, including one memorable explanation for an ‘opihi 
shell with a hole.  The young girl confidently explained that it was obviously placed over the 
user’s eye for protection when producing stone tools, an idea definitely worth taking into 
consideration.   

Also exhibited at the booth were five of the most endangered plants at PTA.  One wild 
looking plant with red spines, the Solonom incompletum or pōpolo had people asking “where the 
heck did that come from…the Amazon?”  Another interesting plant on display was the Silene 
hawaiiensis or the Hawaiian Flycatcher, covered in a clear sticky slime in an effort to protect it’s 
pollen from the wrong type of pollinators.  Participants enjoyed touching the plants and learning 
about their rarity. Some couldn’t believe that they are found exclusively at PTA with only a few 
left in the wild.  “So what’s being done to prevent them from going extinct?” many asked.  A 
question answered with great content, by natural resource biologists. 

Children and adults walked away from the booth more aware of this desolate part of the 
island, its unique and delicate environment, and the steps the Army is taking to protect it.  
Numerous Earth Day participants had questions about out plantings and the Army’s activities 
around cultural sites.  Many were pleased with the extensive stewardship the Army has placed on 
the land and wanted to know how they could get involved.  

MISSION ACCOMPLISHED! 
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 CURATION FACILITY 
 
Materials collected and maintained at the PTA curation facility include artifacts, a small natural 
history collection, maps, photographs, original field notes and database information about the 
collections.  An archaeological collection is defined by 36 CFR 79.4 as “material remains that 
are excavated or removed during a survey, excavation, or other study of a prehistoric  or historic 
resource, and associated records that are prepared or assembled in connection with the survey, 
excavation or other study.”  The goal is to develop a system of information sharing with a well 
established facility in accordance with all federal regulations. 
 
Maintenance 
Routine maintenance and curatorial processes are maintained and conducted as needed.  
Maintenance includes dusting, sweeping and shaking out the carpets, and cleaning the air 
conditioner filter. A new vacuum with a HEPA filter and attachments was purchased to more 
efficiently clean the facility and to prevent dust and dirt from becoming airborne. The relative 
humidity and temperature are monitored by a hygrothermograph and a Hobo data logger, both of 
which are reset and maintained to proper working order (see Climate Control section).  Monthly 
inspections for any evidence of insect/rodent penetration are also conducted with insect glue 
boards.  There has been no evidence of either rodents or insects in the facility this year and the 
facility continues to be well secured and maintained.  
 
Collections 
The Bulk Sample (BS) collection now houses a total of 163 bulk samples, 83 of which were 
added this year, from various projects. Samples were sifted through 1/8 inch screen and extracted 
artifacts remain in the curation facility while the matrix is moved to Quonset hut T-284.  The 
bulk sample collection is expected to triple by the time the curation cabinets are filled and the 
collections are permanently housed.  
Approximately 2,000 artifacts were transferred from boxes to permanent housing in cabinets this 
year in the Pōhakuloa Facility with a remaining 29 boxes/approximately 3,000 artifacts to be 
transferred to the museum cabinets this coming year. About 1,870 artifacts were housed in 
museum cabinets at the beginning of the current reporting period. 
 
 
Educational Collaborations  
UHH Course in Collections Management 
On November 3, 2006, the Curation and Museum Management class from the University of 
Hawai‘I, Hilo, was invited to tour the Pōhakuloa Curation Facility.  An updated version of the 
PTA Archaeological Collections Standards, based on 36 CFR§79, was distributed to the class at 
the request of the instructor (see Appendix 1).  During their visit many questions were asked, the 
database was made accessible to the students, and a discussion was had about cultural sensitivity 
and ethics in collections management.  The students were also provided with a copy of the 
collections management plan and the Archaeological Standards of Pōhakuloa’s Facility.  They 
will serve as a reference for their final project.  
One of the course requirements was for each student to volunteer 20 hours at a museum or 
repository during the course of the semester.  Because of Pōhakuloa’s remote location, only one 
student volunteered to help house artifacts in the cabinets on two occasions. 
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Student Interns  
Two student interns from the University of Hawai‘i Hilo, Ms. Tanya Souza and Ms. Lisa 
Kahahane volunteered eight hours a week during the fall semester.   The interns helped in sorting 
out discrepancies and updating the database, drafted a disaster plan for the facility in the event of 
an emergency (appendix II) and conducted Energy Dispersive X-Ray Fluorescence (EDXRF) 
spectrometry on over 250 lithic artifacts (see EDXRF Section). 
 
The Collections Database had duplications and unassigned numbers due to several individuals 
working on different days and updating different versions.  Both different and/or duplicate 
number sequences were found in the database.  The interns helped to merge the different copies 
of the databases into one, check for any discrepancies and fill in sometimes missing data as well 
as check to make sure artifacts were labeled correctly. 
 
While entering data Ms. Souza became aware that a large number of artifacts that are listed as 
“bird stone” or “possible bird stones”. Ms. Souza’s interest in these items led to her efforts in 
recording specific details of a total of eighty-four artifacts. Recordation details included 
theweight, maximum length, width, thickness, and the type of basalt material.  The items were 
also individually photographed. The attribute data collected and the photographs were compiled 
into artifact forms. This information will be highly useful in future research regarding these 
unique items. 
 
Ms. Kahahane noticed the amount of lithic flakes collected by the UH Mānoa Field school run 
by Dr. Bayman in 1998 while entering data into the database.  Approximately 200 flakes had 
been collected from one habitation site.  Ms. Kahahane had already begun working on a disaster 
plan  (see Appendix II) for the facility but was interested in the source of the lithic material and 
decided to work on both projects during the course of her internship.  The UH field school had 
already documented the weight, maximum length, width, thickness, and basalt material of the 
lithics.  No pictures were taken but detailed sketches were produced for each of the artifacts. Ms. 
Kahahane analyzed the artifacts using the EDXRF spectromerter at the University of Hawai’i, 
Hilo. 
 
Energy Dispersive X-Ray Fluorescence 
Energy Dispersive X-Ray Fluorescence (EDXRF) analysis is a non-destructive and efficient 
method to identify the geological source of stone by measuring the elemental composition 
primarily of basalt or volcanic glass. The bird stones from the PTA collection that Ms. Souza had 
documented  and the site 5003 lithics were analyzed by using the EDXRF spectrometer at the 
University of Hawai‘i at Hilo, Geoarchaeology Lab.   
 
The bird stones and the lithics were not cleaned in  hopes of doing future DNA residue analysis 
to potentially identify what bird species were being captured and eaten and what flake tools were 
being used to cut/scrape.  Twelve artifacts were omitted because they were too “dirty” and could 
damage the spectrometer. 
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The elements traced during the analysis of the artifacts consisted of Copper (Cu), Zinc (Zn), 
Rubidium (Rb), Strontium (Sr), (Y), Zirconium (Zr), (Nb), and Lead (Pb).   Other elements were 
not included to avoid expected inaccurate counts due to the unclean surface of the artifacts.  The 
spectrometer could easily detect the eight traced elements opposed to the remaining elements 
that are detected on the surface. 
 
The results of the analysis of the artifacts reveal a wide range of distribution of the Strontium 
(Sr) to Zirconium (Zr) values.  Still, there are five identified groups consistent with readings 
taken from the Mauna Loa, Mauna Kea, Hāmākua Volcanic Series, the Kīlauea Volcanics 
(BHVO-2) and the Laupāhoehoe Volcanic Series.   
 
The bird stones are sourced from three main lava flows (Figure 28); Mauna Loa, Mauna Kea 
Adze Quarry and the Laupāhoehoe Volcanic Series A small cluster was identified within the 
range of the Mauna Loa lava flows, slightly more are within the range of the Mauna Kea Adze 
Quarry and the majority of the bird stones fall within the range of the Laupāhoehoe Volcanic 
Series. 
 
A majority of the lithic debitage from site 5003 (Figure 29) range within the Hāmākua Volcanic 
Series with six ranging within the Laupāhoehoe Volcanic Series.  All of the volcanic glass at site 
5003 ranges nicely within the Mauna Loa lava flows and approximately 20 lithic flakes range 
within the Kīlauea Volcanics. See Appendix II for elemental composition. 
 
The EDXRF analysis results were compared with the lava flows where the artifacts were 
collected and the results were well stratified (exhibited in Figure 28 but not in Figure 29).  Full 
length reports are in the works, but will not be completed by the submittal of this document. 
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Sr to Zr- Bird Stones Recovered Within Lava Flow Areas
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Figure 28: EDXRF analysis of bird stones from the Pōhakuloa Collections 
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Figure 29: EDXRF analysis of lithics Collected by Bayman et al at site 5003. 
 
 
Radio Carbon Dating 
In October of 2006, two charred samples were sent into Beta Analytic Inc. for radiocarbon 
calibration for an age to calendar years.  Both samples were collected from the D cave system. 
Sample PTA031804-1 (Beta-221680) was collected near mapping cave station K-6 and sample 
PTA31804-2 (Beta-221681) was collected with in the E survey area, between cave mapping 
stations E-69 and E-70.  Samples were dried and mailed in for analyses; the first mentioned 
requiring an extended count because of its smaller size. 
Surprisingly both samples were calibrated with rather recent dates. Sample PTA031804-1 (Beta-
221680) was dated with a conventional radiocarbon age of 110 BP with a +-of 50 years (Figure 
30). Sample PTA31804-2 (Beta-221681), was dated with a conventional radiocarbon age of 190 
BP with a +-of 40 years (Figure 31), see details and full calibrations in Figures 30 and 31. 
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          Figure 30. Radiocarbon Data 
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           Figure 31. Radiocarbon Data 
 
Assistance with Collections Management 
 
In February 2007, Jill Sommer, Museum Tech and Laura Gilda, Archaeologist from the DPW 
Cultural Resources Section at Schofield Army Base visited the Pōhakuloa Training Area 
Curation Facility for assistance in starting a curation facility of their own.   They were provided 
with catalogs and copies of standards, guidelines, and references used and created for the 
Pōhakuloa Facility.  Both Ms. Sommers and Ms. Gilda had numerous questions about setting up 
a collections database and artifact housing.  The visitors took pictures and notes on the curation 
facility and housing materials and methods.  Problems and challenges encountered with the 
Pōhakuloa collections were shared and suggestions were made to lessen their occurrence.  With 
regular correspondence an effort is being made to keep both facilities working under the same 
operational standards. 
 
Interpretive  
Visiting Groups 
On several occasions artifacts were used in outreach/educational activities. They include Ka Imi 
Pono No Ka ‘Aina, summer enrichment program, the Boys, Girls and Cub Scouts, several school 
groups and two Earth Day celebrations this year.   Participants were encouraged to take one of 
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several artifact quizzes, sift through dirt for planted artifacts, think like an archaeologist and/or 
analyze three bird bones for use wear patterns.  All artifacts used in the activities came from the 
PTA collection but remain without contextual data. 
Display 
Commander Rapacz requested a display to represent the cultural resources found at Pōhakuloa 
Training Area for the Army’s birthday celebration (Plate 27). A display case was provided by 
Headquarters and was set up outside the Commander’s Office.The display includes lithics, 
woven fiber, ipu (gourd), a niu (coconut) comb, and signage about the culturally rich landscape 
of Pōhakuloa and its history.  The display case remains under close surveillance and is monitored 
for artifact deterioration on a regular basis. The display was a Birthday Present to the Army and a 
reminder that Pōhakuloa has some precious and sensitive resources.  

 
Plate 27. Display Case at Headquarters 
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Climate Control 
Although Pōhakuloa is naturally a dry and cold environment lacking much moisture, the PTA 
curation facility is climate controlled.  Both humidity and temperature are monitored with a 
hygrothermograph, producing a monthly chart that is kept on file.   Humidity ranges from 34 – 
62 percent and the temperature is relatively stable, averaging 60 degrees Fahrenheit.  
Higher than desirable fluctuation in temperature and humidity were noted this year (Figure 32), 
resulting in the use of a Digital HOBO Data Logger for comparison.  The HOBO enables us to 
record 15 different environmental conditions and produce digital graphs and comparisons.  A 
comparison of the Digital Data Logger and the traditional hygrothermograph revealed that there 
was less than a 2 degree temperature difference and less than 4% difference in relative humidity, 
indicating that the two are fairly accurate. 
In an effort to mitigate the fluctuations, DPW was contacted and a service order was completed 
to replace our interior door and have the exterior door painted white.  Painting the exterior a 
lighter color should decrease the radiant heat transfer from the afternoon sun into the facility. 
The exterior of the door is currently black, resulting in the door itself becoming quite hot in the 
afternoon.  The current interior door is also slightly smaller than the door frame itself, resulting 
in cold air escaping and moisture possibly entering into the facility. We are currently waiting on 
the delivery of the new door and the availability of DPW service men. 
 

 

 

Figure 32: Digital HOBO data logger print out, showing fluctuations in temperature and 
humidity. 

Recommendations and Conclusions 
Based on the work during this period, the following recommendations are made for future work 
in the curation facility: 
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 Have all remaining 29 boxes/approximately 3,000 artifacts permanently housed in the 

curation facility and all bulk samples cataloged and housed in the Bulk sample collection. 
 Complete the contact and locational information in the Pōhakuloa Training Area — 

Cultural Resources Section Curation Facility Disaster Plan:  Standard Operating 
Procedures and provide it to the appropriate personnel in the event of a disaster.   

 Hire one to two student interns to help in housing artifacts and data entry.   
 Switch over to Past Perfect collection management software instead of the current Access 

program for our collections database and management. 
 Conduct residue analysis to detect DNA on bird stone collection and other lithic tools to 

identify uses and bird species that may have been butchered/eaten in the area. 
 Obtain a full length report from each of the interns on their EDXRF analysis and results.  
 Double check with contracting companies to make sure that we received all artifacts from 

their work at Pōhakuloa Training Area.    
 
 
 
 
 
 
 

          

   Appendix I 
 

Pōhakuloa Training Area Archaeological Collections Standards 
``````````````````````````````````````` 

Cultural Resources 
Environmental Office 

November 2006 
 

 
Treatment and Processing of Collections 
 
Artifact cleaning, labeling and packing 
 
All artifacts will be cleaned, labeled and packed according to the following guidelines.  The 
following recommendations for artifact processing are to be followed for each material category: 
 
Ceramic and glass:  All ceramic and glass fragments will be thoroughly cleaned with water, 
except where this may be damaging to the object, or for samples set aside for chemical analysis. 
 
All ceramic and vessel glass fragments will be marked with their catalog number as time permits 
(database generated) using India ink or permanent Pigma Pens over a base of Acryloid B-72 or 
clear nail polish.  An explanation of the numbering system is to be provided.  Do not mark small 
finds (i.e., buttons, marbles, and pipes) unless they are to be exhibited. 
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If cross mending and restoration are necessary for photography or exhibition, use Acryloid B-72 
(HMG brand in a tube, or polyvinyl acetate resin dissolved in acetone).  All tape and tape residue 
is to be removed. 
 
Whole or nearly complete vessels should be wrapped in bubble wrap or polyethylene foam for 
protection in storage.  Other fragments should be stored in polyethylene bags. 
 
Metals: Assuming all metal artifacts are dry, remove dirt and loose corrosion with dry brushes, 
using alcohol swabs for surface cleaning when necessary.  Use swabs or fiberglass brushes for 
non-ferrous metals.  Rinse metals in acetone to dehydrate and degrease. 
 
No not mark metals unless they are to be exhibited. 
 
Significant unstable artifacts should be treated by a conservator.  Any extensive removal of 
corrosion (including electrolytic reduction, air abrasion or mechanical methods), or coating of 
artifacts, should be done only by or under the direct supervision of a professional conservator. 
 
Metal objects are to be stored in labeled polyethylene bags with air holes.  Different types of 
metal (iron, copper alloys, white metals, lead etc.) are to be stored separately to avoid chemical 
interaction.  The bags are to be stored in airtight polyethylene or polypropylene containers with 
packets of dry silica gel.  Over-size objects may be wrapped in bubble wrap.  Composite artifacts 
made of metal and other materials such as bone and wood should be stored separately, in the 
same manner as metal artifacts. 
 
Organic Materials:  If found wet, keep wet; if dry, keep dry. Archaeologically significant 
waterlogged artifacts are to be professionally treated by a conservator.  Until that time, they are 
to be kept in a freezer or in a holding tank of de-ionized water, changed monthly.  A mild 
fungicide (no more than 3%) can be added to the water as needed.  Stable organic materials are 
to be stored in labeled polyethylene bags with air holes, with proper support provided by acid-
free materials such as acid-free trays, ethafoam or acid free tissue/blotting paper. 
 
Bone and Ivory Artifacts: Stable bone artifacts may be washed in water.  Delicate bone artifacts, 
and those made of ivory, should be surface cleaned with swabs barely dampened with 1:1 
ethanol: water, as for bone and ivory artifacts.  Allow bones to dry very thoroughly, at least 24 
hours, before storing in polyethylene bags with air holes. 
 
Soil Samples: Store in polyethylene bags with waterproof label on interior and also an exterior 
label. 
 
Cataloging   
 
All artifacts must be cataloged, and an inventory by provenience must be provided.  The catalog 
must be accompanied by complete documentation, including explanation of provenience 
designations; artifact codebooks, definitions of terms used, and database documentation. 
*Cataloged artifacts in or before 2005 received a computer generated catalog number. 
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All artifacts  
 
Documentation 
 
Provide full documentation of conservation work undertaken, including procedures and 
chemicals used, data undertaken, and name of conservator and other personnel directly involved 
in treatment, and before and after photographs 
 
If soil samples are analyzed, provide a list analyzed samples and the analyses undertaken, and a 
list of unprocessed soil samples and reasons for their collection. 
 
Provide a translation of the method by which the provenience information is recorded on 
artifacts, labels and bags.  A copy of the complete artifact catalogue, or inventory will be 
provided to the Pōhakuloa Curation Facility with the artifacts.  Full documentation for the 
database, including a code book, will also be provided. 
 
The Pōhakuloa Curation Facility is to be provided with a useable digital copy of the collections 
catalogue, preferably in Access or Excel.  If using another system, please discuss compatibility 
issues with the database manager.  The facility is to be provided with a searchable copy of the 
inventory; not just a PDF file. 
 
Storage 
 
Artifacts are to be prepared for storage using stable, acid free materials, as follows: 
 
Bags:  Artifacts are to be stored in polyethylene plastic bags at least 2ML in thickness.  Bags 
should be re-closed or sealed with plastic twist-ties.  Re-closable bags are to be perforated to 
prevent condensation.  Clear polyethylene bubble wrap or polyethylene foam is to be used for 
padding of whole or nearly whole objects, as appropriate.  Oversize objects are to be wrapped in 
bubble wrap, ethafoam, or polyethylene sheeting as appropriate for the material 
[All oversized objects currently in collections are sufficiently conserved on cabinets with foam 
padding and Tyvek to protect from light and possible water damage.] 
 
Bag labels: Bags are to be labeled with acid free labels (acid free card stock, Mylar, or 
polypropylene film such as Kimdura), facing out for legibility.  The labels are to be written 
legibly in waterproof black ink or marker.  Bags should be labeled on the exterior (using a 
permanent marker) in addition to the separate interior label (such as Mylar or Kimdura), and also 
on the exterior of the bag, either directly on the bag or with a well-secured Mylar or Kimdura 
label fastened with a plastic tie. 
 
All labels are to be marked, minimally with the Site Registration Number and complete 
provenience information. 
 
Boxes: Artifacts are to be stored in acid-free record storage boxes, 10x12x15” with removable 
lid (Hollinger #151210 or equivalent).  Larger acid free boxes may be used for oversized objects.  
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Oversize objects may be wrapped in polyethylene sheeting or padding for flat storage on shelves, 
but are to be supported on a firm surface during transportation.  Metals are to be separated and 
stored in air-tight polyethylene boxes (such as Rubbermaid or other food storage boxes) in the 
manner described above.  Metals can be stored in a size box appropriate to the collection. 
 
Box Labels: Boxes are to be labeled clearly on the end panel with Site Registration Number, site 
name or address, and other suitable information regarding proveniences or artifact type.  This 
information is to be clearly recorded on a 5 x 8 card in a polyethylene sleeve (such as Associated 
Bag Co. Press-on Envelope #45-3-35), placed on the lower right corner of the end panel of the 
box. 
 
Associated Records: 
 
At the conclusion of the project, all photographs, negatives, slides, videotapes, field notes and 
forms, maps, other field records, records regarding conservation and collections care, an artifact 
inventory and final reports will be deposited along with the collection, with the original records 
going to Pōhakuloa Training Area. 
 
A master inventory of all the boxes and their contents (i.e. List of bag numbers for each artifact 
box; list of file folders per record storage box) must accompany the collection. 
 
The records are to be prepared as follows: 
 
Field Records, artifact inventories and other written records:  Pōhakuloa is to receive the original 
records in acid free file folders, plus one copy on acid free paper and in acid free file folders.  
The original set of records and the duplicate are to be stored in separate acid-free Hollinger type 
record storage boxes, with a finding aid listing all folders, etc. 
 
Maps:  Pōhakuloa is to receive the original maps, on drafting film where applicable, plus one 
copy.  A list of maps is to be provided. 
 
Photographs:  All photographs are to be housed in archival materials as follows: 
 
Slides are to be housed in Perma-Saf #3520 top loading slide pages (available from University 
Products).  Each slide is to be labeled in pencil with the site number and/or name and detailed 
provenience information. A list of slides is to be provided. 
 
Black and white negatives are to be housed in Perma-Saf 35 mm negative strip pages, #3542.  
Contact sheets are to be keyed to the negative pages, and filed in acid free folders with an 
inventory of each negative.  Prints are to be filed in polypropylene print storage pages and are to 
be labeled with the negative number. 
 
Copies of all digital images are to be provided on CD, in IBM-readable format with file 
extensions (.jpg, .gif or .tiff as appropriate).  
 
Permanent Storage of the Collections 
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The Pōhakuloa Curation facility currently meets the Federal standards for archaeological 
curation and collections management as described in 36CFR Part 79.  The consulting 
archeological firms are to facilitate the transfer of the collection and to transport the collection to 
the facility.  Artifacts recovered from PTA are the property of the US ARMY, unless deeded to 
another party with the intent of the items receiving long term care and preservation and their 
accessibility for continuing research and exhibition. 
 
Donation of artifacts to the Pōhakuloa Curation Facility 
 
The donation of artifacts to the Pōhakuloa facility is no recommended, unless it has been 
collected on the PTA property.  This will be accomplished through signing of a Deed of Gift to 
PTA (see accompanying form).  The donor must have free and clear title to the objects (i.e., be 
the owner of the property from which the artifacts were excavated, at the time of the excavation).  
The Pōhakuloa facility discourages the donation of only portions of a collection and the resultant 
division of the collection among more than one owner, because the research value of the 
collection as a whole is so much greater than that of the individual artifacts. 
 
The Pōhakuloa Curation Facility is responsible for the curation of archaeological materials that 
PTA holds in title or trust.  These materials, because of their important research value for PTA, 
researchers and field archaeologists and will be made available for appropriate study and 
exhibition.  Pōhakuloa cultural resources recognizes the importance of context with regard to 
archaeological materials, and will thus maintain and preserve field notes, catalogues, research, 
data, reports and other supporting materials in perpetuity along with the artifact collections. 
 
The acceptance of collections will be contingent upon the Pōhakuloa curation facility’s ability to 
provide long-term care.  PTA, through the Pōhakuloa cultural resources, will maintain the 
collections and related documentation in accordance with established standards of the museum, 
archaeology and conservation professions.  All personnel who handle artifacts will receive 
training and/or supervision in the care and handling of collections. 
 
The Pōhakuloa curation facility is maintained for storage of archaeological collections.  The 
facility is kept at a constant temperature of 55-68°F and 45-50%RH. The facility currently has 
adequate shelf and storage space.  All collections are added to a computer-assisted inventory 
system. 
 
Storage of Federally Owned collections from Pōhakuloa Training Area sites: Federal agencies 
retain ownership of collections obtained from their lands, and deposit artifacts with Pōhakuloa 
Cultural Resources through a Memorandum of agreement.  Sample text for such an agreement is 
provided in 36 CFR Part 79 (see accompanying form).  There will be no curation fee for the 
storage of these Federal collections.  Please consult with Pōhakuloa cultural resources collections 
manager prior to excavation. 
 
Storage of artifacts at other repositories:  The Pōhakuloa Cultural resources may elect to deposit 
the artifacts at another repository that meets the federal Standards, either through loan or 
donation.  The repository must be able to provide acceptable storage conditions, must have a 
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curatorial staff, and must be able to provide access to the collection to Pōhakuloa Cultural 
Resource Staff 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 

 

 

 

 

DEED OF GIFT TO THE 

 

Pōhakuloa Training Area, Department of Defense 

 
Whereas, the Pōhakuloa Training Area, Curation Facility, hereinafter called the 

Recipient, is dedicated to the preservation and protection of artifacts, specimens and associated 
records that are generated in connection with its projects and programs; 
Whereas, certain artifacts and specimens, listed in Attachment A to this Deed of Gift, were 
recovered from the <name of the prehistoric or historic resource> site in connection with the 
Recipient's <name of the Recipient's project> project; 
Whereas, the <name of the prehistoric or historic resource> site is located on lands to which title 
is held by <name of the donor>, hereinafter called the Donor, and that the Donor holds free and 
clear title to the artifacts and specimens, and the Donor is desirous of donating the artifacts and 
specimens to the Recipient to ensure their continued preservation and protection; 
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Therefore, the Donor does hereby unconditionally donate to the Recipient, for unrestricted use, 
the artifacts and specimens listed in Attachment A to this Deed of Gift. 
The Recipient hereby gratefully acknowledges the receipt of the artifacts and specimens. 
 
Donor <signature>________________________________Date:______________ 
 
Federal Agency Official<signature>__________________Date:______________ 
        
Recipient <signature>_____________________________Date:______________ 

 

Attachment A: Inventory of Artifacts and Specimens. 
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Appendix II 
EDXRF ANALYSIS RESULTS — DENSE BASALT FLAKES 

Sample No. Na2O (%) MgO (%) Al2O3 (%) SiO2 (%) K2O (%) CaO (%) TiO2 (%) V (ppm) MnO (ppm) Fe (%) Ni (ppm) Cu (ppm) Zn (ppm) Rb (ppm) Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm) Pb (ppm) 
B30-L78a 0 1.886 12.588 45.549 0.659 7.901 3.037 378.853 1642.83 12.341 26.5 81.916 176.232 27.942 558.997 37.107 291.474 25.833 -18.153 
B30-L78b 0 0.812 12.235 44.607 0.813 7.141 3.192 433.419 1588.25 12.312 38.29 47.105 164.915 34.306 553.691 38.972 346.302 34.846 -18.153 
B30-L78c 0 0.812 10.012 72.14 0.896 6.341 3.225 427.646 1581.54 11.977 29.989 51.162 154.106 23.792 563.446 43.724 360.792 31.547 -14.526 
B30-L78d 0 1.677 11.389 41.188 0.718 6.233 10.262 798.644 1270.93 10.859 28.602 22.308 142.511 30.088 521.2 37.864 321.148 30.031 -17.562 
B30-L78e 0 0.812 8.432 85.458 1.022 6.07 3.187 443.635 1670.2 11.327 51.206 39.918 158.39 25.279 574.754 40.816 352.76 35.053 -18.153 
B30-L78f 0 0.812 9.787 72.894 0.91 6.445 3.218 416.722 1603.11 11.79 30.756 41.605 158.585 24.708 587.367 45.946 359.871 35.344 -18.153 
B30-L78g 0 0.812 8.008 75.296 0.806 6.652 3.015 411.105 1573.69 11.354 34.906 23.963 162.204 29.262 576.812 40.09 331.298 30.773 -18.153 
B30-L78h 0 0.812 11.054 51.749 0.788 7.534 3.211 430.74 1588.24 11.704 38.667 34.392 160.456 31.392 542.783 41.791 324.204 30.091 -18.153 
B30-L78i 0 2.127 11.119 57.23 1.085 6.933 3.101 411.687 1530.16 11.021 42.179 44.386 152.355 28.616 535.343 35.763 304.393 31.151 -18.153 
B30-L78j 0 0.812 11.355 59.984 0.818 7.351 3.19 434.138 1465.39 12.331 36.174 56.116 189.699 46.524 574.113 39.954 332.419 30.587 -18.153 
B30-L78k 0 3.808 12.942 47.605 0.766 8.8 3.356 426.209 1643.42 12.095 31.682 68.263 141.768 23.936 564.653 37.726 297.558 31.305 -18.153 
B30-L78l 0 0.812 9.234 69.569 0.754 7.697 3.125 423.78 1594.56 11.001 40.854 57.944 161.693 27.401 558.914 36.569 283.456 26.182 -18.153 
B30-L78m 0 0.812 7.34 77.484 0.709 7.077 3.146 458.498 1635.85 10.41 53.614 28.514 147.801 32.478 545.477 34.758 277.498 30.086 -18.153 
B30-L78n 0 0.812 8.143 72.131 0.918 6.674 3.42 492.596 1599.39 11.568 44.773 37.944 177.475 49.23 555.521 45.602 362.362 33.502 -18.153 
B30-L78o 0 0.812 9.842 71.713 0.835 6.727 3.221 446.119 1625.32 11.169 59.538 29.997 167.563 28.926 532.724 37.392 337.012 31.619 -18.153 
B30-L78p 0 0.812 9.371 83.043 0.986 6.563 3.228 438.829 1675.36 11.435 51.888 62.997 162.744 31.65 564.131 39.766 314.295 29.841 -18.153 
B30-L78q 0 0.812 10.74 58.519 0.886 6.927 3.294 459.155 1625.23 11.328 41.967 76.284 163.51 24.688 544.195 42.064 336.699 34.605 -18.153 
B30-L78r 0 0.812 11.558 55.725 0.952 7.322 3.396 418.547 1649.56 11.409 31.618 10.232 166.432 41.986 574.607 47.171 379.718 38.852 -18.153 
B30-L78s 0 0.812 8.674 76.927 0.845 7.217 2.955 415.766 1596.23 11.084 43.848 17.152 161.929 25.403 568.515 39.219 297.954 29.744 -18.153 
B30-L78t 0 4.317 10.531 44.312 0.692 9.05 3.08 396.715 1538.86 11.396 24.362 72.757 150.244 23.657 582.417 36.416 292.275 32.36 -18.153 
B30-L78u 0 0.812 10.181 63.92 0.874 7.259 3.144 444.984 1547.19 12.021 34.339 41.749 193.16 68.033 537.285 39.978 317.409 30.398 -18.153 
B30-L78v 0 0.812 9.469 68.944 0.924 6.625 2.837 389.277 1536.42 11.248 57.918 53.471 164.7 34.776 558.077 38.674 302.934 25.539 -16.182 
B30-L78w 0 1.847 12.539 50.962 0.688 8.093 3.098 399.759 1628.89 12.118 40.582 46.281 155.14 26.16 561.108 32.375 295.191 27.441 -18.153 
B30-L78x 0 0.812 7.861 71.512 0.792 7.05 2.994 410.632 1576.85 10.501 63.666 19.536 178.77 51.884 573.665 37.824 297.379 31.586 -17.741 
B30-L78y 0 0.812 7.016 83.575 0.877 6.447 3.044 430.934 1625.15 10.918 51.547 20.973 154.985 33.924 570.585 37.26 310.859 32.315 -18.153 
B30-L78z 0 0.812 9.265 63.36 0.907 6.626 3.422 424.195 1648.96 11.058 32.762 22.838 151.427 34.925 532.067 43.42 330.118 36.968 -18.153 
B30-L78aa 0 2.257 11.142 62.163 0.749 7.814 3.02 385.773 1589.32 11.916 34.515 38.576 161.16 29.859 571.082 36.573 294.744 25.887 -18.153 
B30-L78ab 0 0.812 10.559 58.041 0.914 7.253 3.43 474.679 1571.01 10.611 37.03 32.813 157.374 32.821 568.725 47.472 380.167 37.703 -18.153 
B30-L78ac 0 0.812 7.806 70.596 0.885 6.499 3.006 410.933 1566.32 9.895 48.222 41.285 158.531 28.683 563.99 35.046 307.084 29.076 -18.153 
B30-L78ad 0 0.812 9.795 75.141 1.076 6.232 3.14 422.019 1597.04 11.082 39.289 51.509 152.647 31.402 558.523 42.135 356.105 36.374 -18.153 
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B30-L78ae 0 4.018 9.991 39.538 0.689 8.388 3.045 404.987 1427.29 9.761 20.797 77.732 146.957 25.414 569.963 36.038 278.008 28.004 -18.153 
B30-L78af 0 0.812 10.524 59.31 0.921 7.103 3.462 467.018 1644.95 11.836 29.948 54.347 158.226 26.317 558.127 43.709 355.03 32.245 -18.153 
B30-L78ag 0 0.812 9.382 62.956 0.727 7.506 2.958 402.323 1527.28 10.937 36.391 64.448 146.866 27.28 545.938 35.609 279.259 28.969 -18.153 
B30-L78ah 0 0.812 8.845 73.657 1.057 6.177 3.016 402.045 1683.95 10.247 20.781 45.206 160.886 40.85 592.372 48.211 406.508 34.271 -18.153 
B30-L78ai 0 0.812 8.869 60.321 0.921 6.926 3.177 440.97 1666.62 10.473 49.138 45.287 145.476 35.248 556.637 37.313 299.209 26.468 -16.981 
B30-L78aj 0 0.812 7.806 70.915 0.851 7.047 3.248 425.632 1708.08 9.727 60.207 44.874 164.318 25.346 535.398 34.829 297.442 31.435 -18.153 
B30-L78ak 0 0.812 11.084 49.344 0.829 7.355 2.999 418.792 1459.43 10.951 29.147 47.336 183.419 55.153 552.907 40.717 313.644 35.602 -18.153 
B30-L78al 0 3.269 10.505 44.032 0.838 7.876 3.072 400.4 1577.58 11.062 35.002 68.274 149.465 26.718 534.081 38.776 305.646 32.795 -18.153 
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EDXRF ANALYSIS RESULTS — DENSE BASALT FLAKES (continued) 
Sample No. Na2O (%) MgO (%) Al2O3 (%) SiO2 (%) K2O (%) CaO (%) TiO2 (%) V (ppm) MnO (ppm) Fe (%) Ni (ppm) Cu (ppm) Zn (ppm) Rb (ppm) Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm) Pb (ppm) 

B30-L78am 0 4.978 8.318 37.229 0.722 8.609 3.186 409.629 1545.86 9.767 21.086 64.118 154.757 20.282 549.805 37.785 279.622 35.272 -17.582 
B30-L78an 0 0.812 9.324 60.914 0.822 7.14 2.937 400.328 1521.85 9.632 34.794 19.98 142.541 25.809 545.331 35.174 273.711 24.645 -18.153 
B34-L41a 0 4.384 11.387 46.577 0.836 8.117 3.07 388.166 1537.37 11.781 36.67 78.115 141.687 26.142 549.547 36.412 298.824 31.565 -18.153 
B34-L41b 0 3.176 8.7 38.378 0.67 10.495 2.497 341.795 1572.93 13.143 9.97 96.328 159.71 29.177 577.77 39.432 298.072 34.356 -18.153 
B34-L41c 0 4.177 13.195 49.621 0.788 8.571 3.327 418.243 1582.13 11.908 29.219 99.77 144.875 28.947 591.473 38.386 304.176 33.144 -18.153 
B34-L41d 0 2.912 11.334 46.117 0.804 8.18 3.164 415.652 1568.39 11.417 34.036 79.551 144.411 24.201 547.498 35.226 284.759 27.363 -18.153 
B34-L41e 0 3.486 13.152 47.434 0.732 8.437 3.211 408.647 1527.45 11.612 23.997 79.053 159.196 24.76 597.133 41.097 307.975 28.915 -18.153 
B34-L41f 0 5.779 12.039 47.176 0.768 8.114 3.103 378.381 1552.34 11.92 23.414 91.985 160.014 26.297 591.971 39.864 340.778 32.619 -18.153 
B34-L41g 0 3.133 10.848 42.921 0.786 8.009 3.058 402.867 1525.41 11.119 36.306 73.189 154.563 25.056 567.248 40.451 304.032 29.53 -18.153 
B34-L41h 0 3.841 13.109 48.728 0.783 8.053 3.119 430.146 1575.04 12.503 22.255 69.362 151.287 28.528 584.832 37.323 305.687 28.975 -18.153 
B34-L41i 0 3.794 11.785 45.687 0.85 8.129 3.215 439.941 1628.37 11.385 25.846 73.877 147.094 27.055 550.711 37.036 294.327 29.522 -18.153 
B34-L41j 0 11.647 11.208 48.471 0.446 8.826 2.033 297.56 1553.32 10.673 190.001 116.778 136.674 11.562 308.27 23.935 148.671 9.729 -18.153 
B34-L41k 0 3.256 11.515 45.718 0.844 8.253 3.209 443.956 1609.18 11.473 31.571 74.36 150.353 27.16 566.5 39.613 303.739 32.097 -18.153 
B34-L41l 0 4.024 12.668 47.997 0.723 8.314 3.098 408.23 1547.4 11.421 37.619 46.102 147.082 24.514 564.944 37.296 301.812 28.465 -18.153 
B34-L41m 0 2.638 11.045 44.358 0.709 8.932 3.099 430.584 1469.97 11.534 34.207 46.896 143.061 23.799 557.461 37.404 280.26 25.76 -18.153 
B34-L41n 0 6.313 8.078 41.647 0.829 8.145 3.035 365.36 1586.81 11.838 18.182 96.771 154.583 31.8 564.739 40.043 322.714 33.561 -18.153 
B34-L41o 0 3.489 9.005 40.524 0.662 8.974 2.925 386.589 1488.54 10.709 33.737 63.474 141.432 19.84 551.207 36.098 280.6 32.172 -18.153 
B34-L41p 0 10.751 10.48 43.26 0.446 9.066 2.073 285.28 1600.63 9.849 170.745 121.727 130.64 11.076 308.905 27.915 159.418 9.841 -18.153 
B34-L41q 0 3.213 10.923 44.143 0.719 8.407 3.252 375.382 1545.52 11.012 30.098 66.983 155.407 21.837 574.917 39.101 299.496 28.783 -18.153 
B34-L41r 0 10.672 10.381 47.126 0.446 8.774 2.009 294.007 1562.48 10.613 175.77 118.346 127.943 8.052 300.731 25.463 151.445 9.707 -18.153 
B34-L41s 0 0.812 6.234 36.89 0.715 8.776 3.167 428.109 1580.79 12.739 21.368 65.783 171.103 31.7 597.4 44.007 337.197 32.288 -18.153 
B34-L41t 0 3.021 12.547 48.115 0.705 8.548 3.266 437.824 1557.96 12.323 31.551 76.128 143.536 22.486 565.669 34.923 283.783 27.351 -18.153 
B34-L41u 0 2.749 9.647 39.735 0.708 8.326 3.077 426.857 1479.6 10.772 28.086 81.022 147.628 26.22 569.007 38.74 296.509 36.035 -17.111 
B34-L41v 0 2.725 8.776 41.337 0.705 9.118 3.153 410.585 1505.2 11.774 15.431 123.732 161.721 25.479 620.373 38.146 309.516 31.639 -18.153 
B34-L41w 0 0.812 10.306 46.232 0.915 7.413 3.558 457.243 1628.39 10.923 37.396 58.705 144.399 27.849 531.667 46.326 358.098 31.701 -18.153 
B34-L41x 0 2.463 9.042 39.908 0.741 9.165 2.814 382.074 1466.07 11.575 28.532 87.086 149.758 29.645 594.513 38.486 312.095 31.049 -18.153 
B34-L41y 0 3.276 12.215 45.877 0.814 7.823 3.13 405.517 1570.7 11.809 27.218 93.759 159.549 34.72 590.895 38.038 322.739 37.137 -18.153 
B34-L41z 0 3.707 11.865 46.245 0.657 8.545 3.255 433.972 1520.82 11.943 27.788 68.067 156.175 24.42 582.173 37.105 290.914 30.022 -18.153 
B34-L41aa 0 7.952 8.019 41.855 0.676 8.867 3.084 372.811 1529.29 11.877 23.184 88.842 162.436 24.972 591.017 35.835 284.177 29.603 -18.153 
B34-L41ab 0 8.511 6.903 41.763 0.795 8.64 3.043 408.828 1605.01 11.513 18.197 83.718 171.434 30.071 592.237 41.563 318.18 32.346 -18.153 
B34-L41ac 0 2.011 10.708 44.373 0.785 7.781 2.963 399.899 1517.13 11.113 29.627 93.994 148.341 27.765 571.043 33.736 300.527 32.8 -18.153 
B34-L41ad 0 4.286 9.065 39.593 0.674 9.873 2.983 392.569 1485.67 10.635 35.19 79.745 157.704 27.635 604.389 35.783 304.668 30.409 -18.153 
B34-L41ae 0 2.963 12.795 46.642 0.73 8.46 3.178 423.771 1617.89 11.517 35.688 69.938 145.172 28.897 579.339 38.405 307.915 27.702 -18.153 
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B34-L41af 0 10.289 9.518 47.781 0.454 8.878 2.122 291.061 1553.5 10.548 160.305 117.462 136.192 12.605 302.324 24.302 153.075 8.629 -18.153 
B34-L41ag 0 12.227 9.559 47.15 0.446 8.67 1.996 288.956 1600.9 10.322 179.122 149.627 123.635 11.806 313.094 25.175 149.834 12.899 -18.153 
B34-L41ah 0 0.812 7.427 37.027 0.785 8.036 3.037 396.25 1574.91 10.77 26.743 83.199 152.982 28.513 564.88 38.857 307.382 28.464 -18.153 
B34-L41ai 0 0.812 8.806 39.7 0.672 8.527 3.053 383.73 1521.44 11.038 34.347 69.303 157.558 20.455 572.473 35.966 286.232 28.441 -18.153 
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EDXRF ANALYSIS RESULTS — VOLCANIC GLASS (continued) 
Sample No. Na2O (%) MgO (%) Al2O3 (%) SiO2 (%) K2O (%) CaO (%) TiO2 (%) V (ppm) MnO (ppm) Fe (%) Ni (ppm) Cu (ppm) Zn (ppm) Rb (ppm) Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm) Pb (ppm) 

B34-L41aj 0 3.675 10.937 42.984 0.666 8.28 2.907 366.855 1415.33 10.997 31.18 82.87 150.947 18.696 541.421 35.334 269.369 23.617 -18.153 
B34-L41ak 0 3.165 10.105 41.954 0.825 8.223 3.158 406.319 1532.3 11.427 19.889 85.409 153.308 24.897 575.758 39.648 313.776 36.484 -18.153 
B34-L41al 0 3.379 11.75 44.586 0.674 8.256 3.126 385.788 1543.62 10.761 33.213 55.605 146.612 25.076 585.965 37.362 298.782 27.845 -18.153 
B34-L41am 0 2.877 8.103 36.875 0.77 8.417 2.907 402.389 1546.9 10.207 37.937 84.09 148.849 23.153 553.058 36.327 291.446 27.053 -18.153 
B34-L41an 0 3.165 11.198 45.21 0.811 7.918 3.145 431.938 1630.31 11.512 25.139 109.814 152.708 26.429 556.198 39.751 303.551 29.624 -18.153 
B34-L41ao 0 2.575 10.172 41.058 0.78 7.874 3.234 411.481 1558.88 10.85 30.151 62.024 156.714 31.463 557.504 41.173 321.229 28.674 -18.153 
B34-L41ap 0 2.856 11.09 44.625 0.841 7.634 3.059 369.436 1485.07 11.007 25.163 81.112 146.617 29.348 554.606 40.075 311.069 27.167 -18.153 
B34-L41aq 0 3.614 12.16 43.987 0.611 8.261 3.025 386.977 1439.92 10.951 31.957 60.582 141.718 17.654 610.571 38.321 270.493 24.782 -18.153 
B34-L41ar 0 6.014 9.182 43.694 0.824 8.32 2.981 375.971 1614.07 12.43 18.142 123.167 158.95 40.038 608.154 39.932 319.049 32.883 -18.153 
B34-L41as 0 3.487 8.449 38.6 0.754 8.06 2.944 396.814 1542.58 11.051 28.103 74.195 155.618 24.843 593.531 36.172 307.781 31.798 -18.153 
B24-L41at 0 2.89 10.387 44.532 0.825 7.521 3.008 397.739 1614.3 11.344 38.325 76.579 155.644 29.702 560.014 40.045 324.334 30.838 -18.153 
B34-L41au 0 2.764 10.738 41.791 0.848 8.119 3.087 415.437 1587.48 10.501 26.924 82.492 149.418 29.003 565.111 36.002 313.673 30.753 -18.153 
B34-L41av 0 0.812 6.165 33.959 0.634 9.191 2.939 393.576 1477.53 10.299 25.593 69.155 160.063 20.668 623.445 35.409 297.876 26.743 -18.153 
B34-L41aw 0 2.438 10.033 45.261 0.914 7.792 3.463 425.614 1543.53 11.493 26.381 52.794 160.936 39.422 589.07 45.37 369.536 35.54 -18.153 
B34-L41ax 0 2.742 8.272 38.012 0.797 7.507 2.931 399.637 1490.68 10.166 28.505 84.833 158.237 26.975 538.861 37.241 297.744 28.745 -18.153 
B34-L41ay 0 2.502 9.486 39.269 0.778 7.654 3.13 435.036 1525.19 9.559 42.38 74.041 143.87 24.182 518.855 34.621 281.57 28.2 -18.153 
B34-L41az 0 4.252 10.618 44.497 0.785 7.5 3.183 417.989 1558.63 10.992 32.495 103.325 155.679 26.721 569.78 36.659 309.409 32.388 -18.153 
B34-L41ba 0 8.319 8.83 39.863 0.446 8.612 2.043 319.8 1603.54 8.543 158.255 127.402 133.02 11.757 295.739 19.645 154.11 9.539 -18.153 
B34-L41bb 0 3.798 12.057 46.208 0.76 7.817 3.089 394.986 1582.54 11.627 27.727 88.669 143.617 26.208 554.774 37.623 293.41 29.743 -18.153 
B34-L41bc 0 7.723 9.001 39.324 0.446 8.553 2.008 287.179 1534.18 8.212 164.238 105.825 129.925 10.624 284.719 22.441 136.432 11.267 -17.469 
B34-L41bd 0 3.02 11.063 44.967 0.801 7.977 3.096 397.173 1549.37 11.43 20.677 79.104 163.435 29.491 603.387 43.818 323.267 29.75 -18.153 
B34-L41be 0 3.688 11.271 42.445 0.658 8.316 3.053 398.881 1562.84 10.378 33.357 63.742 147.588 19.815 574.826 36.022 272.294 26.448 -18.153 
B34-L41bf 0 6.541 9.026 34.985 0.491 7.83 1.901 298.811 1373.57 8.675 157.096 104.582 134.226 12.655 282.3 21.595 136.929 6.824 -17.426 
B34-L41bg 0 9.461 9.436 41.995 0.446 8.587 2.031 288.354 1626.3 9.241 185.963 120.16 131.323 10.499 283.891 25.056 143.774 8.476 -18.153 
B34-L41bh 0 6.432 9.546 39.349 0.944 6.946 3.339 435.433 1578.01 9.462 29.093 55.057 149.209 30.202 517.287 40.333 312.527 27.45 -18.153 
B34-L41bi 0 2.349 10.81 43.711 0.813 7.843 2.894 405.716 1603.17 12.068 26.647 110.187 149.014 35.587 562.096 41.414 308.673 28.576 -18.153 
B34-L41bj 0 2.191 9.916 39.468 0.763 7.665 3.192 442.42 1554.82 9.96 31.05 91.371 162.341 30.299 548.595 40.35 321.407 24.603 -18.153 
B34-L41bk 0 3.097 9.373 40.74 0.773 8.43 2.95 384.657 1540.76 11.067 30.878 94.998 150.171 22.727 584.213 41.991 315.317 29.923 -18.153 
B34-L41bl 0 2.894 10.959 44.187 0.784 7.646 3.088 399.289 1595.55 10.818 31.168 70.688 153.319 29.629 557.366 37.008 306.634 25.266 -18.153 
B34-L41bm 0 7.744 8.731 39.616 0.446 8.457 1.976 305.548 1486.94 8.277 166.081 110.514 132.283 8.465 286.238 23.954 145.002 12.329 -18.153 
B34-L41bn 0 3.136 10.839 43.821 0.817 7.611 3.103 392.867 1542.95 11.454 15.841 84.921 149.154 30.284 571.35 39.007 302.57 31.268 -18.153 
B34-L41bo 0 2.91 9.069 37.615 0.741 8.039 3.072 421.037 1592 9.275 29.497 64.552 143.819 25.526 510.259 35.958 278.23 27.781 -18.153 
B34-L41bp 0 2.821 9.106 38.351 0.828 7.45 3.038 380.562 1546.66 9.983 29.49 80.253 146.142 27.313 519.706 37.416 306.679 28.072 -16.277 
B34-L41bq 0 2.128 9.09 35.515 0.652 8.15 3.085 397.387 1506.76 8.98 20.428 71.874 150.987 22.197 555.239 36.599 269.744 23.239 -18.153 
B06-L69 0 2.044 8.123 33.788 1.193 2.728 35.382 2013.94 744.233 4.123 -6.575 8.403 113.617 48.676 1151.02 52.579 548.537 58.588 -17.545 
B23-L25 0 3.392 12.075 46.197 0.775 7.482 2.954 411.923 1436.72 11.15 22.09 73.371 149.7 24.974 562.526 36.751 304.757 28.068 -18.153 
B26-L81 0 3.176 13.481 48.295 0.757 8.443 3.156 416.825 1507.93 11.328 34.664 46.533 142.032 22.189 551.448 36.373 278.753 29.493 -18.153 
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EDXRF ANALYSIS RESULTS — DENSE BASALT FLAKES (continued) 
Sample No. Na2O (%) MgO (%) Al2O3 (%) SiO2 (%) K2O (%) CaO (%) TiO2 (%) V (ppm) MnO (ppm) Fe (%) Ni (ppm) Cu (ppm) Zn (ppm) Rb (ppm) Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm) Pb (ppm) 

B29-L76a 0 3.804 14.316 50.098 0.715 8.188 3.278 447.515 1511.52 11.813 30.936 48.287 150.147 22.701 593.922 36.359 294.329 30.301 -18.153 
B29-L76b 0 4.127 14.26 50.964 0.735 7.847 3.223 411.06 1508.43 11.835 19.616 72.718 143.422 24.239 571.834 37.779 296.884 28.049 -18.153 
B29-L76c 0 3.684 14.537 50.835 0.814 7.551 3.209 428.103 1587.71 12.416 24.961 82.001 142.58 28.969 576.44 39.149 312.233 33.326 -18.153 
B29-L76d 0 3.843 12.963 47.732 0.754 8.322 3.287 426.024 1565.92 11.351 29.806 49.809 144.775 27.337 568.374 34.703 284.771 31.499 -18.153 
B35-L31a 0 2.294 12.73 49.447 0.94 7.106 3.508 478.542 1598.89 11.957 22.881 45.965 149.151 34.078 546.121 43.11 352.508 36.657 -18.153 
B35-L31b 0 5.575 13.377 51.497 0.723 8.194 3.321 421.46 1548.39 11.977 22.761 70.949 140.941 23.925 585.005 36.156 296.548 31.13 -18.153 
B42-L33a 0 2.814 12.846 47.673 0.79 7.66 3.019 397.291 1479.58 11.625 30.311 36.179 145.949 27.673 578.235 41.726 302.093 28.549 -18.153 
B42-L33b 0 11.111 11.041 48.086 0.455 8.948 2.032 312.316 1525.77 10.093 170.222 133.158 133.791 8.651 290.946 23.79 147.811 11.093 -18.153 
B42-L33c 0 1.696 12.572 49.381 0.878 7.467 3.409 458.299 1593.17 12.774 21.72 46.618 158.714 35.785 576.165 50.783 362.514 36.478 -18.153 
B42-L33d 0 10.422 10.569 47.448 0.452 8.597 1.936 301.331 1432.84 10.097 154.043 125.92 128.372 9.894 312.999 26.648 153.655 10.296 -18.153 
B42-L33e 0 1.657 8.808 35.695 0.802 6.248 11.167 797.81 1240.03 10.309 29.558 75.231 144.875 27.344 521.398 35.876 302.509 31.084 -18.153 
B42-L33f 0 10.744 10.839 46.711 0.446 8.888 2.022 315.115 1559.07 9.646 164.497 149.991 138.256 11.165 304.555 26.067 151.52 9.168 -18.153 
B42-L33g 0 1.74 7.96 30.311 0.672 5.774 15.018 1073.53 1186.28 9.427 26.668 49.748 134.787 22.975 499.351 36.538 266.716 26.596 -18.153 
B42-L33h 0 2.902 11.078 42.643 0.677 8.023 5.012 592.265 1458.54 10.988 25.697 59.581 150.417 20.329 580.429 34.994 274.857 27.734 -18.153 
B42-L33i 0 1.617 11.296 42.401 0.784 7.388 3.221 460.393 1516.08 10.755 31.367 63.226 151.404 29.528 536.741 39.33 314.953 24.654 -18.153 
B53.2-L29 0 2.613 11.861 47.384 0.716 8.474 3.024 392.215 1447.98 12.043 20.734 99.441 150.256 24.691 574.613 38.596 290.605 29.41 -18.153 
B61-L14a 0 5.112 14.71 53.164 0.851 7.787 3.069 401.168 1480.94 12.872 25.126 42.962 142.58 28.325 576.246 39.716 291.452 27.644 -18.153 
B61-L14b 0 5.514 13.424 51.658 0.822 7.842 3.053 424.952 1470.02 12.28 25.798 64.733 141.149 30.02 561.049 36.838 280.744 26.503 -18.153 
B62-L26 0 0.812 10.795 44.5 0.969 7.666 3.151 427.596 1738.27 11.351 35.031 64.596 175.897 43.932 555.733 34.285 299.37 31.586 -18.153 
B63-L72 0 2.964 9.113 39.752 0.78 9.092 2.936 420.545 1466.53 10.631 21.332 50.732 153.225 34.123 569.107 43.091 338.79 33.439 -18.153 
B63.1-L7 0 4.843 14.135 53.861 0.834 7.595 2.811 384.902 1415.13 12.581 23.601 44.969 145.096 24.749 558.456 34.237 279.151 26.793 -18.153 
B66.1-L6 0 0.812 16.167 54.063 1.996 5.965 2.312 230.484 2138.05 7.722 24.394 5.273 135.43 68.137 1247.92 64.22 646.856 62.952 -13.206 
B68.1-L51 0 0.812 11.932 45.94 0.869 7.486 3.288 437.035 1457.15 12.09 29.527 52.317 148.802 39.05 571.955 38.413 329.959 31.608 -18.153 
B74.1-L19a 0 0.812 12.624 47.11 1.468 6.03 2.463 253.134 2122.59 8.846 5.847 26.871 155.037 43.88 1278.05 54.101 549.842 64.42 -10.222 
B74.1-L19b 0 2.537 10.762 42.986 0.74 8.095 2.879 410.568 1852.9 12.5 32.245 48.992 146.363 25.188 542.78 34.847 265.012 24.698 -18.153 
B75.1-L11a 0 2.069 12.284 46.467 0.765 7.977 3.119 449.184 1595.15 11.303 29.596 149.392 151.918 24.829 537.596 37.895 323.346 33.774 -18.153 
B75.1-L11b 0 0.812 11.22 45.047 1.402 6.362 2.514 245.099 2028.84 8.958 19.877 14.168 149.35 45.482 1199.7 51.026 519.811 62.623 -14.773 
B78-L1 0 1.979 12.794 49.959 0.798 8.228 3.304 429.82 1594.26 13.653 24.993 129.976 161.238 28.905 600.678 43.155 344.712 34.791 -18.153 
B80-L38 0 0.812 12.523 48.408 0.846 7.541 3.192 423.721 1505.28 11.693 27.476 64.774 153.019 39.375 556.271 44.824 332.017 31.628 -18.153 
B83-L20a 0 3.993 14.038 52.205 0.889 7.369 3.332 472.588 1704.3 12.65 24.458 68.048 134.903 29.571 545.42 38.625 316.533 28.61 -18.153 
B83-L20b 0 3.56 15.202 52.076 0.694 7.997 3.138 431.478 1573.4 12.922 28.541 64.081 149.857 25.633 586.384 28.818 292.145 27.511 -18.153 
B83-L20c 0 3.308 13.744 50.103 0.847 7.585 3.497 474.234 1623.78 12.42 33.083 27.026 143.908 30.828 558.18 38.037 317.248 34.118 -18.153 
B83-L20d 0 1.445 15.483 53.533 2.178 4.311 2.246 209.217 1741.89 8.34 -1.881 26.766 158.214 57.729 1185.85 49.377 612.545 61.852 -18.153 
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B83-L20e 0 3.18 13.791 51.607 0.708 7.878 3.218 428.438 1636.15 12.876 32.89 62.562 142.606 20.32 542.309 36.964 296.928 29.164 -18.153 
B83-L20f 0 0.812 15.106 55.036 1.527 4.913 2.638 244.109 2155.39 10.208 2.772 9.086 142.481 45.906 1242.82 49.615 518.971 61.23 -18.153 
B83-L20g 0 3.499 12.909 48.718 0.735 8.026 3.249 459.738 1621.2 11.308 36.6 82.257 159.375 24.069 545.282 32.083 281.104 31.496 -18.153 
B34-L85 0 3.882 10.984 44.777 0.739 8.308 3.231 402.197 1544.81 11.545 22.313 56.494 148.33 21.656 562.573 38.352 292.979 32.072 -18.153 
B95.1-L61 0 1.827 13.593 47.511 0.684 8.999 3.028 399.903 1498.59 11.172 37.837 86.52 145.434 19.344 586.64 38.999 272.058 24.717 -18.153 
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EDXRF ANALYSIS RESULTS — VOLCANIC GLASS 
Sample No. Na2O (%) MgO (%) Al2O3 (%) SiO2 (%) K2O (%) CaO (%) TiO2 (%) V (ppm) MnO (ppm) Fe (%) Ni (ppm) Cu (ppm) Zn (ppm) Rb (ppm) Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm) Pb (ppm) 

B17-L19b VG 0 6.376 11.424 48.945 0.446 9.346 1.905 303.738 1533.83 9.222 55.31 117.73 124.029 4.723 315.607 24.217 138.028 4.15 -18.153 

B17-L91a VG 0 5.942 10.744 52.292 0.456 9.007 1.891 277.296 1517.62 9.933 62.91 108.471 128.967 9.841 324.24 24.383 140.149 11.878 -18.153 

B22-L92a VG 0 6.128 11.347 48.18 0.446 9.706 2.02 283.751 1515.61 11.141 38.869 166.549 153.8 8.095 360.691 30.468 145.596 7.551 -18.153 

B22-L92b VG 0 7.267 11.821 53.169 0.446 9.521 1.91 312.392 1464.03 9.833 46.167 147.753 127.886 8.612 344.053 28.17 143.14 8.632 -18.153 

B22-L92c VG 0 7.576 11.906 53.489 0.446 9.868 1.958 300.318 1568.19 9.588 46.767 129.691 128.759 8.293 329.864 25.695 139.32 5.93 -18.153 

B22-L92d VG 0 6.364 11.156 50.429 0.509 9.369 1.893 282.951 1519.84 9.736 56.351 77.521 139.003 10.496 322.565 24.216 141.877 5.668 -18.153 

B22-L92e VG 0 6.024 11.136 48.836 0.446 9.137 1.831 283.193 1486.42 9.31 56.155 123.843 128.682 7.389 319.403 27.458 138.092 4.982 -18.153 

B22-L92f VG 0 7.526 11.248 51.104 0.446 9.736 1.945 284.07 1518.18 9.473 51.237 134.169 129.427 6.549 328.283 26.603 136.13 5.194 -18.153 

B23-L93a VG 0 6.459 10.614 48.614 0.446 9.186 1.865 270.467 1506.3 8.929 43 133.084 136.498 7.321 342.888 29.338 146.416 5.295 -18.153 

B23-L93b VG 0 3.951 8.135 59.219 0.491 8.599 1.995 293.981 1555.64 9.234 53.481 88.972 132.976 8.944 323.533 25.41 141.425 6.581 -18.153 

B23-L93c VG 0 6.272 9.869 49.491 0.526 8.954 2.068 301.601 1498.05 9.255 43.071 98.709 125.028 9.846 315.481 23.766 140.275 8.667 -18.153 

B34-L89a VG 0 6.674 7.684 42.377 0.463 8.812 1.866 308.039 1429.65 9.198 37.9 82.744 123.353 10.551 325.014 25.043 139.206 2.975 -14.911 

B34-L89b VG 0 7.817 10.373 49.184 0.492 9.173 1.768 289.443 1430.23 9.266 48.381 114.638 127.863 7.774 320.561 28.53 133.751 6.445 -18.153 

B34-L89c VG 0 5.916 10.554 49.946 0.487 9.28 1.845 317.244 1487.62 9.903 53.08 128.826 122.322 9.867 318.778 25.848 131.201 8.02 -18.153 

B34-L89d VG 0 5.967 10.151 46.602 0.454 10.364 1.83 271.13 1428.93 9.368 46.191 115.513 123.6 7.426 329.772 25.48 135.809 9.339 -18.153 

B34-L89e VG 0 5.692 9.727 52.236 0.446 9.158 1.852 280.07 1419.38 8.895 45.1 122.047 121.338 9.39 312.201 26.292 136.286 4.748 -18.153 

B34-L89f VG 0 9.171 11.144 54.892 0.446 9.405 1.875 304.6 1588.74 9.775 86.687 125.037 131.307 9.129 321.079 26.034 133.87 7.573 -18.153 

B34-L89g VG 0 7.618 10.787 48.958 0.564 8.794 1.758 311.633 1422.54 7.999 60.04 82.98 120.486 5.916 301.769 25.347 130.91 3.033 -18.153 

B34-L89h VG 0 7.378 12.702 54.961 1.26 8.501 1.898 307.399 1504.12 9.795 42.803 76.102 124.209 11.88 340.204 25.873 142.263 4.281 -18.153 

B34-L89i VG 0 6.953 12.281 52.675 0.446 9.627 1.918 288.7 1526.22 9.027 40.048 126.656 123.819 8.571 322.783 26.522 131.866 8.035 -18.153 

B34-L89j VG 0 7.819 11.231 49.332 0.446 9.464 1.912 285.271 1477.46 9.25 58.585 114.117 127.358 8.193 322.142 26.546 136.79 8.463 -18.153 

B34-L89k VG 0 7.566 12.239 53.062 1.998 7.73 1.608 257.01 1351.76 8.867 49.29 42.574 126.186 12.741 323.83 26.352 134.518 5.423 -18.153 

B34-L89l VG 0 7.426 11.053 56.877 0.482 9.573 1.915 308.943 1496.7 9.191 58.762 108.368 131.596 8.438 323.823 25.438 136.267 7.745 -18.153 

B34-L89m VG 0 7.212 11.063 49.726 0.446 9.731 1.911 301.963 1513.64 8.692 52.11 112.531 134.901 7.781 323.995 27.55 130.49 8.004 -18.153 

B42-L90a VG 0 8.927 10.542 51.18 1.304 8.516 1.724 261.329 1419.57 9.017 46.409 93.144 128.333 10.109 321.23 26.624 135.285 4.066 -18.153 

B42-L90b VG 0 7.213 10.732 50.421 0.446 9.553 1.901 283.328 1535.34 8.831 55.273 111.745 126.507 8.311 304.579 26.797 129.633 9.352 -18.153 

B42-L90c VG 0 7.205 11.303 50.812 0.446 9.293 1.873 303.673 1467.26 8.548 55.699 126.015 124.715 7.915 310.719 24.201 136.399 8.802 -18.153 

B42-L90d VG 0 8.307 10.98 50.864 0.494 9.889 1.921 312.187 1548.19 8.877 51.765 124.266 121.594 6.124 312.335 27.403 138.127 5.189 -18.153 

B42-L90e VG 0 7.178 11.084 50.525 0.446 9.578 1.923 329.008 1469.6 9 40.939 137.559 139.006 6.486 328.417 26.962 142.342 11.964 -18.153 

B53.2-L100a VG 0 8.134 11.187 53.556 0.452 9.696 1.942 290.134 1588.55 9.569 57.041 119.312 124.117 10.228 315.049 25.855 137.373 12.121 -18.153 
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B53.2-L100b VG 0 6.621 11.439 52.161 0.446 9.83 1.925 288.711 1505.48 9.994 47.67 126.381 131.954 11.948 337.678 27.351 141.675 7.757 -18.153 

B53.2-L100c VG 0 6.696 11.084 57.468 0.462 9.741 2.006 279.429 1518.76 13.927 20.672 129.415 148.26 11.726 347.428 28.6 141.741 9.731 -18.153 

B53.2-L100d VG 0 6.434 9.715 49.956 0.462 9.222 1.972 288.362 1554.88 9.136 51.439 104.049 121.424 7.555 316.271 24.756 134.495 10.288 -18.153 

B53.2-L101a VG 0 5.534 9.274 49.546 0.519 9.032 1.967 307.427 1507.15 9.178 50.232 105.463 129.157 10.059 327.572 25.463 139.36 6.902 -18.153 
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EDXRF ANALYSIS RESULTS — VOLCANIC GLASS (continued) 
Sample No. Na2O (%) MgO (%) Al2O3 (%) SiO2 (%) K2O (%) CaO (%) TiO2 (%) V (ppm) MnO (ppm) Fe (%) Ni (ppm) Cu (ppm) Zn (ppm) Rb (ppm) Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm) Pb (ppm) 

B53.2-L101b VG 0 5.74 9.636 52.351 0.608 9.512 1.994 293.647 1549.44 9.328 47.98 93.15 128.372 8.66 328.219 25.615 137.656 6.594 -18.153 

B53.2-L101c VG 0 7.466 11.157 51.604 0.457 10.14 1.965 301.561 1655.3 10.608 58.102 111.873 119.074 8.731 319.78 25.958 132.143 4.445 -18.153 

B53.2-L101d VG 0 8.573 12.295 53.826 0.446 9.736 1.928 315.577 1535.76 10.042 50.075 132.305 119.077 10.878 325.967 23.657 138.259 6.159 -18.153 

B53.2-L101e VG 0 7.604 10.362 51.352 0.47 9.639 1.847 282.317 1520.96 9.209 52.42 115.42 123.145 6.89 314.632 29.873 130.905 9.323 -18.153 

B53.2-L101f VG 0 6.471 11.284 50.395 0.7 9.396 1.823 286.881 1545.36 10.235 62.86 101.784 131.596 10.685 313.694 24.988 133.201 7.432 -18.153 

B53.2-L101g VG 0 7.752 11.333 52.339 0.446 10.011 1.983 293.245 1600.67 9.126 60.16 137.969 128.741 8.681 322.587 26.531 137.683 6.123 -18.153 

B53.2-L101h VG 0 6.701 10.213 56.667 0.494 9.035 1.923 280 1541.94 9.841 42.691 133.241 128.2 10.522 331.211 26.914 137.321 6.282 -18.153 

B53.2-L101i VG 0 7.79 10.305 51.239 0.446 9.512 2.05 292.594 1586.45 9.774 52.329 103.675 131.508 8.367 328.231 26.942 142.029 6.935 -18.153 

B53.2-L101j VG 0 6.95 10.86 47.477 0.676 10.005 1.815 261.231 1537.25 9.668 70.302 107.313 130.534 10.119 325.66 26.884 136.65 2.975 -18.153 

B53.2-L101k VG 0 7.193 10.978 50.761 0.446 9.782 1.854 282.453 1532.23 9.907 56.038 129.558 138.725 10.655 327.737 28.384 140.552 5.712 -18.153 

B53.2-L101l VG 0 7.414 10.999 51.791 0.446 9.859 1.896 281.544 1520.85 8.982 49.014 117.781 126.325 7.388 319.181 24.91 137.871 8.029 -18.153 

B53.2-L101m VG 0 6.326 10.376 48.756 0.531 9.064 1.869 277.17 1506.69 9.582 60.643 107.796 125.787 8.473 330.439 22.508 139.872 8.835 -18.153 

B53.2-L101n VG 0 7.392 9.432 49.671 0.705 9.379 1.862 283.898 1539.03 9.015 48.676 92.809 130.409 10.004 323.023 26.297 144.224 6.852 -18.153 

B53.2-L101o VG 0 6.91 10.902 50.108 0.446 9.227 1.873 294.142 1531.6 9.876 46.59 119.198 122.759 8.763 324.184 25.133 139.614 8.013 -18.153 

B53.2-L101p VG 0 7.151 11.176 50.254 0.446 9.612 1.916 319.085 1585.45 9.526 55.765 109.414 129.64 8.09 314.699 26.655 138.266 6.755 -18.153 

B53.2-L101q VG 0 5.741 9.808 43.504 0.446 9.377 1.859 307.292 1536.58 8.049 55.551 112.655 118.722 6.849 304.94 24.715 131.589 8.071 -18.153 

B53.2-L97a VG 0 8.09 12.52 52.748 0.446 9.229 1.841 304.797 1516.68 9.406 49.692 130.609 124.684 5.809 328.485 29.692 146.378 5.957 -18.153 

B53.2-L97b VG 0 7.72 11.229 52.349 0.446 10.026 1.93 272.157 1524.84 11.275 41.097 150.808 133.412 8.233 345.787 30.745 144.203 6.426 -18.153 

B53.2-L97c VG 0 10.545 10.445 49.068 3.07 6.08 1.424 211.459 1150.89 9.289 42.544 78.71 131.739 18.698 311.785 26.243 134.426 3.928 -18.153 

B53.2-L97d VG 0 6.811 10.422 47.977 0.446 9.627 1.792 295.469 1446.34 8.27 51.367 94.633 126.252 8.043 320.863 24.46 135.102 3.965 -18.153 

B53.2-L97e VG 0 8.223 9.968 50.003 0.566 9.56 1.948 296.837 1510.71 10.206 41.497 119.354 136.637 12.2 328.872 26.674 140.769 8.957 -18.153 

B53.2-L97f VG 0 7.794 11.635 51.892 0.446 9.704 1.9 294.974 1563.54 9.837 56.209 118.697 130.873 10.873 329.065 26.542 138.015 8.887 -18.153 

B53.2-L97g VG 0 7.066 11.089 49.779 0.446 9.766 1.929 296.559 1580.9 9.338 58.242 126.367 128.823 9.035 325.858 26.394 140.086 5.827 -18.153 

B53.2-L97h VG 0 7.336 10.724 52.027 0.446 9.646 1.939 284.023 1583.43 9.548 54.721 129.645 122.138 9.595 323.028 26.414 135.015 9.143 -18.153 

B53.2-L97i VG 0 8.403 11.178 51.507 0.981 8.839 1.79 273.636 1468.68 11.318 59.997 125.53 132.687 9.895 324.644 25.071 134.519 8.105 -18.153 

B53.2-L97j VG 0 7.077 10.812 50.312 0.446 9.664 1.892 278.939 1502.16 8.778 64.424 111.932 123.393 8.082 315.017 26.901 132.218 5.028 -18.153 

B53.2-L97k VG 0 7.374 11.531 52.164 0.446 9.494 1.857 287.258 1544 9.529 51.791 129.587 124.213 9.315 322.55 25.38 134.94 8.24 -18.153 

B53.2-L97l VG 0 6.666 10.139 47.706 0.78 8.93 1.802 295.363 1481.15 9.99 58.458 86.569 123.787 8.506 318.384 28.892 132.092 9.92 -18.153 

B53.2-L97m VG 0 6.914 10.858 50.038 0.446 9.622 1.921 316.848 1608.71 9.605 49.077 125.619 126.023 8.855 323.569 26.201 133.914 7.121 -18.153 

B53.2-L97n VG 0 5.369 8.947 43.824 0.446 9.524 1.853 298.454 1525.11 8.545 55.426 134.571 126.638 7.783 311.908 26.789 124.993 8.265 -18.153 



 

 180

B53.2-L98a VG 0 7.137 10.91 48.457 0.446 9.451 1.907 281.158 1511.12 8.239 52.462 128.918 131.744 8.861 322.179 24.395 135.56 7.615 -18.153 

B53.2-L98b VG 0 7.504 11.419 51.977 0.446 9.251 1.888 284.548 1545.35 8.873 53.405 121.458 128.333 7.122 325.058 25.621 136.476 7.026 -18.153 

B53.2-L98c VG 0 6.866 10.718 49.858 0.446 9.588 1.94 269.788 1536.23 8.704 58.032 125.508 121.024 7.446 321.451 25.925 133.013 3.972 -18.153 

B53.2-L98d VG 0 6.307 9.315 45.244 0.503 10.007 1.796 283.602 1443.16 9.18 46.512 125.031 138.824 8.804 337.851 25.694 137.496 9.899 -18.153 
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EDXRF ANALYSIS RESULTS — VOLCANIC GLASS (continued) 
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Sample No. Na2O (%) MgO (%) Al2O3 (%) SiO2 (%) K2O (%) CaO (%) TiO2 (%) V (ppm) MnO (ppm) Fe (%) Ni (ppm) Cu (ppm) Zn (ppm) Rb (ppm) Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm) Pb (ppm) 
B53.2-L98e VG 0 7.54 10.932 50.505 0.446 10.107 1.962 312.268 1634.76 9.028 57.258 132.318 125.384 6.85 324.605 26.803 134.274 7.832 -18.153 

B53.2-L98f VG 0 6.578 10.103 46.996 0.446 9.337 2.49 349.438 1498.38 8.011 46.251 119.763 123.583 9.684 321.973 26.603 132.02 9.022 -18.153 

B53.2-L98g VG 0 6.746 10.777 49.019 0.504 9.635 1.861 283.146 1518.63 9.545 51.493 127.737 131.2 7.939 338.389 25.641 143.519 7.471 -18.153 

B53.2-L99a VG 0 7.211 10.806 51.004 0.454 9.642 1.887 254.208 1532.24 9.414 63.173 117.39 126.784 9.004 326.557 25.656 134.694 8.655 -18.153 

B53.2-L99b VG 0 8.238 11.585 53.404 0.446 9.742 1.962 298.337 1583 9.13 66.737 118.027 120.165 8.442 312.385 24.244 135.589 8.63 -18.153 

B53.2-L99c VG 0 5.884 9.345 57.656 0.525 9.186 1.978 302.733 1593.82 9.343 59.861 113.877 125.483 11.027 320.412 28.195 135.691 9.896 -18.153 

B53.2-L99d VG 0 7.752 11.278 53.773 0.446 9.306 1.883 297.007 1561.47 9.794 52.778 133.975 136.397 10.167 334.319 26.402 143.162 9.385 -18.153 

B53.2-L99e VG 0 7.926 11.676 53.594 0.446 9.915 1.973 286.087 1519.8 9.725 49.196 123.982 126.821 9.61 327.188 26.653 143.394 6.671 -18.153 

B53.2-L99f VG 0 4.652 9.754 51.231 0.548 8.819 2.156 287.045 1432.31 9.294 62.91 125.699 118.292 8.509 309.122 27.694 159.785 10.053 -18.153 

B60.3-L94 VG 0 7.871 11.302 51.448 0.446 9.732 1.941 310.057 1554.44 9.787 50.971 135.873 128.105 9.615 324.143 25.683 137.662 4.475 -18.153 

B60.4-L107a VG 0 7.944 11.482 53.229 1.065 8.879 1.782 272.232 1485.28 9.162 58.267 106.54 137.59 8.625 310.115 24.591 137.566 6.653 -18.153 

B60.4-L107b VG 0 7.446 11.307 51.296 0.446 9.116 1.765 295.351 1451.21 10.17 69.139 123.304 127.635 5.124 331.506 31.073 146.48 3.337 -18.153 

B60.4-L107c VG 0 6.629 11.537 51.145 0.499 9.897 1.955 281.785 1596.4 10.382 54.947 118.765 133.539 10.292 321.804 27.678 137.318 7.348 -18.153 

B60.4-L107d VG 0 7.965 11.104 51.897 1.326 8.397 1.733 266.281 1437.6 9.314 60.465 104.079 125.48 8.906 315.161 27.259 136.086 5.634 -18.153 

B60.4-L107e VG 0 8.041 11.299 54.228 0.446 9.318 1.884 297.226 1560.4 9.536 57.836 139.723 132.125 9.487 324.989 28.341 139.037 6.632 -18.153 

B60.4-L107f VG 0 5.641 9.895 58.408 1.133 8.36 1.799 285.027 1504.09 9.171 60.924 110.053 122.199 11.78 317.261 24.616 138.333 3.374 -18.153 

B60.4-L107g VG 0 6.688 11.81 58.601 0.612 9.014 1.834 273.815 1493.14 9.606 65.491 112.197 132.14 8.024 326.123 23.589 139.479 7.938 -18.153 

B60.4-L107h VG 0 5.843 10.698 52.634 0.511 9.214 1.768 284.166 1488.76 9.717 70.272 120.294 118.466 8.429 313.008 25.587 133.519 6.04 -18.153 

B60.4-L107i VG 0 6.62 12.278 51.018 0.464 9.988 1.894 301.545 1580.5 8.936 57.097 143.74 126.752 9.047 335.185 25.144 138.527 8.277 -18.153 

B60.4-L107j VG 0 6.612 10.197 48.748 0.446 9.392 1.934 284.542 1580.78 8.752 58.878 104.164 121.694 8.463 316.158 25.824 135.158 6.371 -18.153 

B60.4-L107k VG 0 7.212 9.87 52.039 0.548 9.723 2.018 302.454 1574.74 9.495 45.602 119.286 133.061 10.235 328.007 26.263 139.019 7.555 -18.153 

B60.4-L107l VG 0 7.721 9.788 49.037 1.402 8.852 1.781 244.017 1425.39 9.304 40.118 110.245 132.773 12.005 328.852 27.137 140.821 10.148 -18.153 

B60.4-L107m VG 0 6.825 12.812 55.781 3.025 6.78 1.473 229.307 1252.16 9.26 50.765 59.342 122.389 12.938 313.369 26.042 127.132 10.863 -18.153 

B60.4-L107n VG 0 6.645 9.909 51.079 0.498 9.305 1.776 282.719 1476.86 8.886 69.873 102.032 120.443 6.881 313.232 25.677 130.776 10.33 -18.153 

B60.4-L107o VG 0 5.784 11.461 56.374 0.593 9.387 1.835 287.948 1524.66 9.626 67.34 108.77 122.156 9.949 313.821 24.96 132.647 6.736 -18.153 

B60.4-L107p VG 0 8.374 12.774 53.388 1.871 7.755 1.627 246.426 1354.86 9.199 56.89 86.259 133.443 11.716 318.497 25.633 137.216 6.033 -18.153 

B60.4-L107q VG 0 8.392 11.774 52.921 0.589 9.377 1.872 287.935 1549.95 8.993 61.166 121.579 122.13 9.465 316.197 23.302 139.462 10.283 -18.153 

B60.4-L107r VG 0 8.186 11.506 53.783 0.474 9.699 1.948 301.751 1620.98 9.299 60.748 136.259 122.903 9.66 328.575 24.764 141.098 7.244 -18.153 

B60.4-L107s VG 0 7.057 10.355 48.336 0.637 9.733 1.923 292.757 1507.83 9.621 35.334 123.892 142.954 11.084 335.001 28.099 145.482 6.65 -18.153 

B60-L102a VG 0 7.829 12.052 52.1 1.018 7.986 1.644 254.072 1249.41 9.673 44.937 90.455 124.313 9.322 317.832 29.596 134.809 3.56 -18.153 

B60-L102b VG 0 7.298 11.502 51.414 1.059 9.285 1.819 280.298 1443.3 10.742 42.22 118.647 122.554 11.451 333.576 29.817 136.69 8.817 -18.153 

B60-L103a VG 0 7.72 11.217 52.163 1.95 8.199 1.651 250.765 1357.85 9.746 45.654 84.901 126.77 8.069 339.41 26.903 144.82 6.7 -18.153 

B60-L103b VG 0 7.781 12.046 53.815 0.446 9.824 1.926 294.674 1500.16 9.429 54.31 128.203 127.588 7.492 322.158 25.75 139.93 5.242 -18.153 

B60-L103c VG 0 8.097 11.035 52.805 0.94 9.511 1.889 283.701 1522.3 9.671 47.518 108.992 127.35 9.485 318.742 25.055 132.685 7.153 -18.153 
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EDXRF ANALYSIS RESULTS — VOLCANIC GLASS (continued) 
 

Sample No. Na2O (%) MgO (%) Al2O3 (%) SiO2 (%) K2O (%) CaO (%) TiO2 (%) V (ppm) MnO (ppm) Fe (%) Ni (ppm) Cu (ppm) Zn (ppm) Rb (ppm) Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm) Pb (ppm) 
B60-L103d VG 0 7.653 10.772 54.889 0.507 9.57 1.942 272.243 1510.06 9.967 42.064 141.41 145.412 9.935 344.114 28.539 143.876 5.759 -18.153 

B60-L103e VG 0 7.261 10.142 50.603 1.041 9.152 1.775 263.006 1510.83 9.075 54.221 73.478 131.529 9.914 327.29 26.502 142.934 6.309 -18.153 

B60-L103f VG 0 7.119 10.525 50.047 0.986 9.065 1.776 274.153 1433.7 9.427 39.728 93.619 141.328 8.605 344.613 29.4 141.437 8.235 -18.153 

B60-L103g VG 0 7.344 11.088 50.973 0.446 9.937 1.976 296.612 1577.18 9.156 61.221 127.757 131.409 9.732 320.195 26.022 136.354 7.627 -18.153 

B60-L103h VG 0 8.151 11.204 52.675 1.009 9.084 1.869 291.652 1426.52 9.175 50.439 106.266 123.901 8.649 319.737 28.456 137.878 3.523 -18.153 

B60-L103i VG 0 7.546 11.8 51.959 0.518 9.728 1.891 327.547 1592.47 9.246 58.093 110.454 119.979 8.205 325.12 25.486 143.196 8.489 -18.153 

B60-L103j VG 0 5.758 9.193 44.672 1.053 9.08 1.84 284.219 1486.81 8.559 52.169 71.665 132.307 9.317 315.915 23.312 134.395 8.182 -18.153 

B60-L103k VG 0 7.356 11.037 51.566 0.446 9.535 1.881 322.691 1481.24 9.707 35.517 142.787 133.835 6.799 343.481 28.571 146.329 10.003 -18.153 

B60-L103l VG 0 6.17 10.191 49.95 0.446 9.63 1.871 283.52 1579.86 9.614 44.979 143.459 126.4 9.405 329.482 27.756 135.108 6.052 -18.153 

B60-L104a VG 0 7.733 10.963 51.776 1.182 9.216 1.874 287.707 1572.99 9.642 57.914 102.907 129.868 10.714 315.809 23.258 139.776 7.954 -18.153 

B60-L104b VG 0 6.636 10.947 52.672 0.495 9.357 1.92 285.864 1616.33 8.691 60.389 100.402 126.203 8.24 315.085 25.819 129.053 3.266 -18.153 

B60-L104c VG 0 7.73 11.759 51.789 0.496 9.201 1.863 285.537 1554.53 9.303 65.9 119.872 130.022 9.328 321.163 24.985 139.542 9.971 -18.153 

B60-L104d VG 0 6.575 11.033 49.824 0.446 9.372 1.868 285.658 1542.48 9.375 59.631 105.521 127.614 9.007 327.222 25.776 143.867 3.664 -18.153 

B60-L104e VG 0 6.015 10.226 54.381 0.486 9.007 1.821 278.962 1508.55 9.075 55.73 114.233 122.797 8.911 319.783 27.273 141.101 5.361 -18.153 

B60-L104f VG 0 5.773 9.511 49.647 1.027 9.557 1.73 257.121 1447.76 9.047 44.23 117.025 129.224 9.82 330.801 24.806 134.697 9.583 -18.153 

B60-L104g VG 0 7.675 11.805 53.423 0.572 9.647 1.873 255.294 1547.89 10.322 51.614 121.443 135.333 9.963 338.971 26.17 145.144 7.069 -18.153 

B60-L104h VG 0 7.088 10.527 52.447 0.68 9.467 1.907 309.376 1494.01 11.07 52.154 115.271 139.427 9.262 350.813 30.442 150.409 3.225 -18.153 

B60-L104i VG 0 8.121 11.936 53.37 0.446 9.805 1.956 284.962 1588.47 9.303 74.085 116.986 125.016 9.163 320.541 26.034 133.458 6.952 -18.153 

B60-L104j VG 0 8.83 11.15 54.208 0.59 10.234 1.984 287.54 1553.31 11.084 59.139 113.5 136.176 10.057 329.013 26.904 143.868 8.8 -18.153 

B60-L104k VG 0 7.836 11.074 53.418 0.479 9.528 1.876 293.733 1552.21 9.665 59.305 118.713 129.269 8.29 314.547 23.771 137.433 7.349 -18.153 

B60-L105a VG 0 7.389 12.378 52.106 0.81 9.265 1.933 263.229 1498.27 10.041 51.833 115.388 125.68 8.462 324.416 25.216 137.958 6.423 -18.153 

B60-L105b VG 0 11.386 10.227 51.372 1.723 8.838 1.717 246.79 1422.65 9.904 43.602 79.79 137.764 9.83 330.389 23.575 134.101 8.019 -18.153 

B60-L105c VG 0 8.466 10.206 51.646 1.696 8.012 1.82 290.208 1427.13 9.35 50.565 84.501 128.497 9.957 311.334 23.209 135.714 6.177 -18.153 

B60-L105d VG 0 6.807 10.961 50.59 1.483 8.592 1.742 284.678 1495.8 9.206 60.295 74.741 120.999 8.804 317.403 27.847 133.687 7.998 -18.153 

B60-L105e VG 0 8.602 10.257 49.321 1.037 9.803 1.787 294.412 1456.06 9.742 52.494 99.192 127.742 9.407 327.633 26.601 135.737 7.662 -18.153 

B60-L105f VG 0 8.663 11.667 53.145 0.966 9.363 1.901 299.792 1576.99 9.062 63.692 93.255 132.595 8.794 323.619 26.065 141.683 6.652 -18.153 

B60-L105g VG 0 7.181 10.944 50.964 0.512 9.742 1.929 310.99 1534.68 9.348 52.012 103.258 121.946 8.812 320.824 24.335 134.534 6.622 -18.153 

B60-L105h VG 0 7.272 9.521 46.524 0.446 11.007 1.79 272.854 1502.06 8.988 50.715 114.37 129.865 9.349 333.644 28.084 141.107 8.334 -18.153 

B60-L105i VG 0 8.207 10.005 49.944 0.778 9.659 1.814 254.974 1485.78 9.43 52.736 115.043 120.338 10.697 314.106 25.636 134.12 5.277 -18.153 
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B60-L105j VG 0 7.226 9.794 52.873 0.769 9.223 2.041 296.256 1533.13 9.763 49.341 99.08 130.519 8.563 312.634 28.101 135.528 8.676 -18.153 

B60-L105k VG 0 7.549 11.438 53.226 1.186 8.828 1.843 278.612 1490.79 9.877 43.605 89.894 127.864 8.321 315.037 27.111 139.067 5.436 -18.153 

B60-L105l VG 0 6.738 9.184 54.203 0.523 9.335 1.893 280.948 1511.05 8.567 57.934 88.188 121.549 5.819 311.675 24.87 133.494 8.991 -18.153 

B60-L105m VG 0 7.891 12.783 54.045 0.479 9.662 1.896 290.731 1509.76 9.796 51.165 127.449 129.33 9.074 338.784 23.069 140.29 10.469 -18.153 

B60-L105n VG 0 7.379 10.405 50.935 0.608 9.771 1.968 288.307 1582.84 8.949 63.225 99.986 117.865 7.858 309.969 25.469 137.988 3.98 -18.153 
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EDXRF ANALYSIS RESULTS — VOLCANIC GLASS (continued) 
 

Sample No. Na2O (%) MgO (%) Al2O3 (%) SiO2 (%) K2O (%) CaO (%) TiO2 (%) V (ppm) MnO (ppm) Fe (%) Ni (ppm) Cu (ppm) Zn (ppm) Rb (ppm) Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm) Pb (ppm) 
B60-L105o VG 0 6.562 10.431 48.235 1.04 8.781 1.765 290.854 1460.51 8.734 63.876 81.966 126.204 6.562 313.111 26.497 129.624 6.415 -18.153 

B60-L105p VG 0 7.209 11.173 51.531 0.446 10.174 1.935 281.244 1590.06 9.647 38.919 137.483 126.772 9.012 330.981 25.473 140.802 7.926 -18.153 

B60-L105q VG 0 5.355 8.759 45.217 0.454 9.599 1.835 305.517 1554.1 8.769 58.676 121.086 118.487 7.737 311.47 23.91 134.121 2.975 -18.153 

B60-L105r VG 0 7.236 10.884 49.721 0.927 9.688 1.87 304.096 1478.14 9.154 54.433 96.112 126.903 7.866 317.662 24.968 136.854 4.749 -18.153 

B66.1-L95a VG 0 5.007 6.92 37.129 2.698 7.784 1.241 191.572 1056.36 8.967 34.766 85.102 130.858 15.611 341.04 26.582 135.116 9.475 -18.153 

B66.1-L95b VG 0 6.743 10.515 51.62 0.446 10.211 1.928 298.844 1595.5 8.868 51.235 135.357 131.843 10.853 329.434 25.586 136.367 7.851 -18.153 

B66.1-L95c VG 0 6.776 9.263 50.322 0.46 8.926 2.028 280.647 1507.49 10.418 39.882 116.447 134.462 9.862 335.473 28.382 142.897 7.208 -18.153 

B67-L96a VG 0 7.867 9.514 49.174 0.558 9.273 1.837 303.596 1432.94 9.382 37.86 120.464 128.609 7.642 332.621 25.569 143.278 8.988 -18.153 

B67-L96b VG 0 6.708 10.774 52.49 0.446 9.849 2.054 299.955 1561.9 9.583 41.751 105.436 126.611 9.635 321.155 26.975 137.268 11.375 -18.153 

B67-L96c VG 0 8.021 9.892 51.425 1.259 8.906 1.867 277.603 1427.81 10.779 29.899 93.949 140.558 11.058 336.18 26.127 144.942 10.757 -18.153 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

DATABASE DEVELOPMENT 
 
Database Development for the FY 2006-07 was greatly diminished from past years due to the 
increase in higher priority fieldwork related to Stryker training and firebreak survey requirements 
to support Section 106 consultation. 
 
The 2006-07 season began with the development of a Data Dictionary based on the Army Corps 
Spatial Data Standards for Facilities, Infrastructure, and Environment or SDSFIE (Figure 33). 
This standard was being pushed in 2005 as a data structure requirement by the Army Corps. 
During the development process I found three glaring problems with the use of the SDSFIE 
database as it applied to the needs of PTA Cultural Resource Program. 

Figure 33. PTA / SDSFIE compliant Data Dictionary 
 

The first problem was with the use of cryptic field names in the SDSFIE Geodatabase Feature 
Class tables. This meant that the Attributes in the Data Dictionary would also have the same 
unrecognizable names. This was necessary to effortlessly import the data into a compliant 
SDSFIE Geodatabase. The alternative was to give the attribute fields a recognizable name but 
then the import process would require the cumbersome procedure of matching the SDSFIE fields 



 

 

with Data Dictionary Attribute names every time feature data was imported into Geodatabase. 
Neither option seemed practical. 

 
The second problem was the use of Feature Class tables, Attribute fields, and Attribute list 
content that did not apply to the data recording needs of the archaeology being performed at 
PTA. In fact the entire SDSFIE cultural section of the Geodatabase seemed designed for 
mainland archaeology with no Polynesian cultural reference. Therefore the Feature Classes, like 
“Cliff Dwelling”, and attribute fields that didn’t apply were ignored and replaced the selection 
set in the Attribute lists like “Type” and “Function” with applicable PTA cultural data. Even 
after these changes the pertinent Feature and Attribute data that was left did not necessarily make 
any sense. An example of this was the question of the presence or absence of human skeletal 
remains addressed in the “h_skel_d” Attribute list in the “Archaeological Site” Data Dictionary 
Feature. This question had to be addressed for every site and feature encountered. It seemed like 
a waste of time to be filling out presence or absence in this field when it could be entered as a 
single Feature Class record when present and not have to be addressed if not present. 
 
The third problem was a lack of required Feature Classes and necessary fields. In addition to 
removing some of the SDSFIE Feature Classes and fields some new ones were added for data 
that wasn’t being addressed in the SDSFIE Geodatabase such as Lava Flow ID, Lava 
Morphology, and Archaeological Sensitivity Areas. Also many of the SDSFIE Feature Classes 
tried to put too many fields under one feature class. Dimensional measurements, survey data, 
excavations, and photos each needed their own Feature Class to accommodate more than one 
record per site or feature. 
 
The final result of creating a Data Dictionary compliant to PTA and SDSFIE data standards 
yielded Feature Classes that were both drastically changed from the original SDSFIE feature 
classes and at the same time unrecognizable and unwieldy for those who were used to working 
with PTA data. Consequently the PTA SDSFIE Data Dictionary was shelved by field personnel 
in favor of smaller simpler Data Dictionaries that were customized for easier data input. 
 
During FY 2006-07 database development was continued for the CR_PTA_Geodatabase in the 
area of Feature Class organization and creation but for the most part the emphasis was on data 
input and QA-QC. This change in direction from data development to data input and analysis 
was primarily due to a request for cultural site data on military lands for the state of Hawaii by 
the Colorado State University’s Center for Environmental Management of Military Lands 
(CEMML) tasked with developing the Integrated Cultural Resource Management Plan (ICRMP) 
for the Garrison. 
 



 

 

 
 

Figure 34. ArcCatalog viewing Cultural Site data from the Site_Area Feature Class in the 
CR_PTA Geodatabase 
 
Most of this work was done on the PTA Cultural Sites “Sites_Area” Feature Class (Figure 34). 
This polygon Feature Class was created to hold the most current data for all state sites and viable 
temporary sites that had not been submitted for state site designation yet. The sites in this Feature 
Class were cross checked with all available reports for completeness and accuracy of data before 
being passed on to CEMML. A Cultural Survey Area “Surveys” polygon Feature Class was also 
created and all survey data available was imported into it. This Feature Class was also sent on to 
CEMML and was used to calculate total cultural surveyed area for PTA. 
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