
Learning Objectives (LO) 

Lecture 27:  Hawaiian Marine Geology 
Read:  no reading! 
Homework: no homework! 

  Final Exam info: 
   Tuesday, December 15th   12-2pm 
   100 multiple choice/true-false questions 
   Covers material from all lectures (comprehensive) 
   1 hand-written page “cheat sheet” allowed (double-sided ok) 
   Things to help you study: 

1.  Lecture notes (posted on web) 
2.  Old midterms and practice exams (posted on web) 
3.  Homework assignment questions  
4.  Assigned reading 



Lō‘ihi: Length, height, 
distance: long. (also lōkihi).  
Lō‘ihi ke ala: the road is 
long.  
Ho‘o lō‘ihi : to lengthen.   

Also, a young undersea 
volcano 30 km SE of 
Hawai‘i Island.  (From the 
Hawaiian Dictionary by Pukui & 
Elbert 

LŌ‘IHI 



Volcanic activity in several places – Lō‘ihi is one of them 



Loihi today: Its summit is 970 m 
(3,200 ft) below sea level and 
visible only from research 
submersibles. 

Loihi in the future: It will emerge 
from the sea, form an island, 
and eventually join the big 
island of Hawaii.  

Loihi’s Future 



The first bathymetric map to show (but not identify) Lō‘ihi 

Stearns HT (1946) Geology of the Hawaiian Islands. Hawaii Div Hydrography Bulletin 8 



First thought to be an old 
volcano, but……. 

earthquake “swarm” from 
March and April, 1952  

 young volcano idea first 
proposed 

Macdonald GA (1952) The South Hawaii earthquakes of March and April, 1952.  
The Volcano Letter 515:3-5  

“Submarine contours…show a broad dome with its apex 21 miles nearly due south of  the 
summit of Kilauea volcano…This dome is probably a shield volcano, lying against the side 
of the Kilauea shield just as Kilauea does against the side of Mauna Loa.” 

Evidence that it was not an old volcano… 



Lō‘ihi gets a name (1955) 
“One of the seamounts 
(Wini – “coming to a 
point, sharp pointed”) is 
conical in shape, 
one (Loihi – “to extend, 
to be long”) is elongate, 
one (‘Apu‘upu‘u – “a 
rough, uneven surface, 
such as a hillock” is 
irregular with several 
peaks,  
and the other two 
smaller ones (Hohonu 
and Papa‘u – “to be 
shallow, as water”) are of 
uncertain shape, 
possibly conical” 

Seamount: underwater 
mountain (> 500 m) 

Emery KO (1955) Submarine topography south of Hawai‘i. Pacific Science 9:286-291 

Lo‘ihi 
Wini 

‘Apu‘upu‘u 

Hohonu Papa‘u 



Moderns maps since  
the 1980s: multi-beam 
sonar data 

Perspective view 
to the northwest 



perspective view 
to the south 



Earthquakes from 1960 to 1997 

What do you think 
the size of the 
circles means? 

Where are most 
earthquakes 
located? 

http://web.ics.purdue.edu/~braile/edumod/sv/11make.htm 



…but the 1996 swarm 
was by far the biggest. 

 The largest 
earthquake swarm ever 
recorded on any 
Hawaiian volcano. 

Garcia et al. (2006) Geology, geochemistry and  
earthquake history of Lō‘ihi Seamount, Hawai‘i’s  
youngest volcano. Chemie der Erde 66: 81–108 



The 1996 earthquake 
swarm occurred in  
July and August 

Age-dating of volcanic 
glass samples collected 
during the seismic 
swarm indicated that 
they had been erupted 
a few months earlier 

Garcia et al. (2006) Geology, geochemistry and earthquake history of Lō‘ihi Seamount, Hawai‘i’s youngest volcano. Chemie der Erde 66: 81–108 



Proving that the volcano is young with rocks 

Some time in the late 
1970s, an ocean dredge 
pulled up fresh-looking, 
un-sedimented pillow 
lavas – 

 Lō‘ihi was young! 



Picking rocks up with precision 

Submersibles like PISCES (UH), 
Alvin (WHOI) 



Pisces Submersible (UH) 



pillow lavas and 
sediments on Lō‘ihi, 
viewed from ALVIN 

Views of the bottom from ALVIN 



HUGO on the ship, about 
to be deployed 

HUGO on the bottom 

HUGO –  
Hawai‘i Undersea Geo 
Observatory 

Monitoring activity at Lō‘ihi 



1880 

1908 

1925 

1997 – installation of cable 

HUGO cable: Honu‘apo pier through the years 

Old photos from   http://www.soest.hawaii.edu/HUGO/pier.html 



Detailed Structure 



Garcia et al. (2006) Geology, geochemistry and earthquake history of Lō‘ihi Seamount, Hawai‘i’s youngest volcano. Chemie der Erde 66: 81–108 

Although Lō‘ihi is still ~1 km below sea level,  
it is already quite a large volcano 

Fuji Rainier 



O‘ahu 

Landsat Image, courtesy of NASA Hawai‘i Informart Project 



Today 

Evolution of Oahu 



Proof that some of the volcano is missing…… 

Dense rocks (e.g., 
solidified magma 
chambers) produce a 
stronger pull of gravity, 
measured at the 
surface as a positive 
gravity anomaly 



Kailua 

Kaneohe 



Slide by J. Sinton 

Nu‘uanu landslide ~ 2 Ma 

Big gap in flank, 
large “bumps” on 
the seafloor 

Largest 
(Tuscaloosa) is 
multiple miles 
across,  
>> thousand ft tall 

Debris stretches 
nearly 100 miles 



On the Ko‘olau side of Ko‘olau, there is original 
shield material remaining, but  

essentially no original shield surface remaining. 

original shield remnants 

approximate trace 
of giant avalanche 
scar Old slope  

roughly visible 

Old slope  
eroded/removed 



The Missing Piece 



Huge compared to what we think of as Ko‘olau because it 
involved mostly the submarine part of the volcano,  

which is huge compared to the sub-aerial part 

The Avalanche Deposit  



Profiles through E. O‘ahu showing landslide blocks (~3x vertical exaggeration) 

E. O‘ahu - restored 

Landslide headwall 

Putting it all back together 
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piece of Wai‘anae  

- referred to as a 
slump 

-  closer to main 
volcano, less spread 
out 

-  what does that 
suggest about the 
speed? 



Cliffs were used to argue for 
landslide, but there are 2 
things at play: landslide, 
erosion 

More 
avalanches / 
landslides 

Steep cliffs of 
Moloka‘i and O‘ahu 



Other Slumps 
Hilina Pali, S. Kilauea, moves at 
mm / year speeds 



Giant Avalanches and Mega-tsunami (not?)  



(Moore et al.  
1989) 

17 large landslides in 
principal Hawai‘i region  

Represents ~6 million yrs (= 
1 every 350,000 yrs) 

Two Kinds:  

1. slumps (prolonged, 
progressive formation)  

2.  catastrophic debris 
avalanches  

Debris avalanches are likely 
to produce huge tsunami 

locally, but 
Would tsunami be Pacific-

wide? 

Other landslides around the islands 



- 

Possible explanation:  Moore and Moore (1988) -  deposited by giant waves 
(megatsunami) generated by large submarine landslides. 

Mysterious Coral Deposits 100 m high on Lana‘i 



Rubin et al. (2000) dated carbonates from the 
deposit: 

-  Age correlates with stratigraphic height 

-  None of the clasts indicate a 105 ka “event” 

(slide by John Sinton) 

Problems with the idea… 



Tsunami 
moving 
across 
the 
ocean… 

Predicts large 
waves here 
and across the 
Pacific 



The “popular” case – more potential damage 
Kilauea is moving like a slump, Canary Islands seem ready to slide… 



Potential 
Big 

Problem 
for the 
East 
coast 

Large waves 
locally, and 
across the 

ocean 

10s of meters 
wave heights 

for the 
eastern U.S. 

coastline 



Hawaii’s Historic Landslides and Mega-tsunamis 
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However… 

Not based on real 
science: 

Slide/slump not a 
single event 

Waves decrease 
in size much 
faster 



Course Evaluation Time….. 


