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Original U.S. Geological Survey topographic maps:
1:24,000: Milolii, 1981; Papa, 1981; Puu O Keokeo, 1981; Punaluu, 1982; Manuka 
Bay, 1981; Pohue Bay, 1981; Kahuku Ranch, 1981; Naalehu, 1981; Puu Hoe, 1981, 
Ka Lae, 1982

U.S. Geological Survey, 1:24,000, digital elevation models (DEMs) and digital line 
graphs (DLGs) (https://ngmdb.usgs.gov/topoview/viewer/#9/19.3228/-155.3865):
Contours (100 ft) interpolated from DEMs
Roads from DLGs, combined with TIGER/line data. Roads updated 2001 by Hawaii 
Department of Land and Natural Resources and Division of Forestry and Wildlife
Administrative boundaries (historic land divisions, ca. 1850 ahupua‘a boundaries 
and ca. 1900 coastlines) from DLGs
Hydrology polyline geodatabase extracted from DLGs

U.S. Geological Survey, 1:100,000, Historical Map of Hawaii, GEOPDF  
(https://ngmdb.usgs.gov/topoview/viewer/#10/19.4167/-155.51495):
Geographic names verified April 2020 (https://geonames.usgs.gov/)
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Table 3.  Explanation of map unit labels for lava flows and vent deposits on Mauna Loa, Island of Hawai‘i, Hawaii. 
[Map unit labels for lava flows and vent deposits consist of four parts that identify flow morphology, flow age group, phenocryst mineralogy, and flow number in 
an age group. For example, unit p10e1 is a pāhoehoe flow (p) dated 9,000 to 10,000 radiocarbon yr B.P. (10) that contains >15% olivine phenocrysts (e) and is 
the youngest flow in Age Group 10 (1). Materials dated include charcoal, roots, twigs, vegetative litter, or unaltered wood (rarely). All ages are reported in 
radiocarbon yr B.P. (before the calendar year datum of A.D. 1950). Pyroxene is not an abundant phenocryst in Mauna Loa lava flows and, therefore, is not 
included in phenocryst mineralogy] 

Flow morphology (letter; for example p10e1)

Spatter, tephra, and cinder-fall deposits

Pāhoehoe

‘A‘ā

Mixed ‘a‘ā and pāhoehoe

Littoral

Flow age group (number; for example p10e1)

A.D. 1843 and younger

A.D. 1843 to 1,000 yr B.P.

1,000–2,000 yr B.P.

2,000–3,000 yr B.P.

3,000–4,000 yr B.P.

4,000–5,000 yr B.P.

5,000–6,000 yr B.P.

6,000–7,000 yr B.P.

7,000–8,000 yr B.P.

8,000–9,000 yr B.P.

9,000–10,000 yr B.P.

10,000–15,000 yr B.P.

15,000–20,000 yr B.P.

Flow age group (number; for example p10e1)—Continued

20,000–30,000 yr B.P.

30,000–100,000 yr B.P. 

Phenocryst mineralogy (letter; for example p10e1)

Aphanitic (<1% of any mineral)

1–5% olivine

5–10% olivine

10–15% olivine

>15% olivine

Variable amounts of olivine (2–30%)

1–5% plagioclase

5–10% plagioclase

Mixed, 1–5% olivine + 1–5% plagioclase

Mixed, >5% olivine + 1–5% plagioclase

Mixed, 1–5% olivine + >5% plagioclase

Mixed, >5% olivine + >5% plagioclase

Flow number in age group (number; for example p10e1)

Youngest flow in any age group

Next youngest flow in any age group

Number increases as age increases
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EXPLANATION OF MAP SYMBOLS

Contact—Approximately located. Internal contact 
defines flows

Fault—Ball and bar on downthrown block. Solid 
where certain, dashed where approximate, 
dotted where concealed

Fissure—Trace of fissure

Vent or crater—Trace of vent

Ground-crack zone

Dike

Littoral deposits

‘A‘ā and mixed flows

Spatter

Ash—Ash (unit ts) covering flows

Tephra—Tephra from the eruption event(s) that 
formed the Hapaimamo flows (FID 499). 
Shown where the underlying unit is identifi-
able and mappable

Kīlauea Volcano deposits—Exposed in eastern 
part of map area

Radiocarbon-dated sample locality—Age 
shown in yr B.P. See table 2 (pamphlet) for 
analytical data; note that not all age localities 
are in map area

Sample from surface flow—Charcoal
Sample from measured section—Does not 

date surface flow

K

4790

8730

Aerial photograph showing the Kahuku Pali. The area atop the fault scarp has not been inundated by lava flows for more 
than 7,000 years. In the distance, the land jutting into the sea is Kalae, or South Point. The black flow (center foreground) 
is the A.D. 1868 lava flow. These flows reached the ocean, from source to coast, in 3.5 hours—a distance of 
approximately 10 km. Photograph by Jim Griggs, U.S. Geological Survey.

Photograph showing Māniania Pali (sea cliff). The top flow in the sequence is Kāhilipali Nui (FID 647), 
which is dated at 8,870 yr B.P. At its base is the southern tephra (upper orange layer; FID 959). Below that 
is another flow sequence, which is separated by another ash horizon (lower orange layer). This second 
flow sequence was dated at 13,210 yr B.P. 

Figure 1. Shaded-relief map showing subaerial volcanoes (green boundary) forming Island of Hawai‘i, main rift zones (orange) and 
fissures (red lines) on Mauna Loa, and 7.5-minute topographic quadrangles in (shaded) and adjacent to map area.

Photograph showing three pit craters below Highway 11 on the Kahuku Fault scarp, below Kahuku Ranch headquarters. 
These pit craters are near the distal end of the Southwest Rift Zone, a region that has not erupted in 7,000 years. The 
black flows to the left of the fault scarp and those at the top right of the photograph are the A.D. 1868 lava flows. 
Photograph by Jim Griggs, U.S. Geological Survey.

Photograph showing Puāuāomahana (FID 774), a tuff cone in Ka Lae quadrangle that is otherwise known as “Green 
Sand beach.” A flow that overlaps the northeast side of the cone created charcoal, which was found to be radiocarbon 
dead and >49,900 yr B.P. in age.

Photograph of Honuʻapo Bay showing a sequence of ʻaʻā and pāhoehoe flows. The yellow-orange soil horizon (at center) 
is the Pāhala Ash (unit pa, FID 389). Flows above the Pāhala Ash range in age from 20,000 to 6,000 yr B.P. 
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