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	 	 	 	Introduction	 to	 the Seafloor in	 the North	 Central	 Pacific 
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Known	and	Dated	Seamount	Trails	in	and	Around	PMNM	 
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How	It’s	Believed	to	Have 	Happened	 
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How	It’s	Believed	to	Have 	Happened	 



An	Enigmatic	Seamount	Trail	is	Also	Present	in	PMNM	 
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“These	Enigmatic	seamounts,	particularly 	the	western 
cluster,	are	located	on	the	Hawaiian	Arch.”	 

Jasper	 Konter,	 pers comm 

North	Hawaiian	Arch	 



'flexural bulge' 
occurs becaus 

plate is ri id 

Formation	of	the	Hawaiian	Trough	and	Arch	 



	

	Big Island	

Gloria Sidescan 	Surveys	1980-90s		 

North	Arch	Lava	Field		 



	
	

	 	

"flexural bulge" 
occurs because 

plate is ri~id 

“These	seamounts	could 	have	been 	formed 
by	 flexural	 arch	 secondary	 volcanism” 

Jasper	 Konter,	pers comm 
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No	one 	Had	Ever 	Been	to	These 	Seamounts	 
Previous	Deepwater	Exploration	of	PMNM	 
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We	Really	Didn’t	Even	Know	What	They	Looked	 
Like	From	Existing	Satellite	Data	 
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Only 	One	of	These	Seamounts	Even 	Had a 	Name	 
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So		What	Did	We 	Need	to	Do? 
First,	We	Needed	to	Map	Using	Multibeam 	Sonar	 (Primary	 Objective 1)	 

Second,	We	Needed	to	Collect	Rock	Samples	 (Primary	 Objective 2)	 

Un-named	Cluster 1	 

Naifeh 	Cluster	 



	

"flexural bulge" 
occurs because 

plate is ri~id 

If	These	Seamounts	Were	Formed	by	Arch	Volcanism,	They	Should		 
Have	the	Same	Age	as	Gardner	Pinnacles,	~	12-14	Ma.	 

The	Only	Way	to	Determine	That	Was	to	Collect	Rocks	That	Could	be	Dated	 



	 	

	

We	Needed	to	Survey	their	Biological	Resources	 (Primary	 Objective 3)	 

We	Were	Hoping	to	Find	More	Spectacular	Deep	Sea	Coral	&	Sponge	Communities	 
Similar	to	Those	We	Had	Found	on	Either	Sides	of	These	Seamounts	During		 
Earlier 	Dives	Conducted	off NOAA’s	 Okeanos	Explorer	 and	UH’s	Ship	 KOK.	 

Un-named	 
	Cluster	1	 

Naifeh 	Cluster	 



	

	

	

This	Time,	We	Had 	Their	Sister	Ship,	 R/V	 Nautilus, to 	do 	the	Exploring 

Operated 	by 	the	 Ocean 	Exploration 	Trust 	(OET), This	Cruise,	 
Designated	NA101,	Took	Place	September	15	to	October	2,	2018	 

http://www.nautiluslive.org 

http://www.nautiluslive.org


	

	 	

Cruise	Summary 
Mapping	and	ROV	Dives	Conducted	By	the	R/V	 Nautilus 	During	 

NA101	 

Naifeh Cluster	(6-10)	 

Un-Named	Cluster	1	(1-5)	 

(Nicole Raineault,	 OET) 



Primary	Objective	1:	Mapping	During	NA101	 
All	10	Seamounts	Were	Completely	Mapped	 

Un-named	Cluster 1	 

Naifeh 	Cluster	 

(Unknown	Source)	 
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Before	and	After	Mapping	 
Naifeh 	Seamount	(Summit	at	723	m) Seamount	3	(Summit	at	1,676	m)	 



Eleven	ROV	Dives	Completed	During	NA101	 
Dives	Were	Conducted	on	All	10	Seamounts	at	Depths	of	1,243-2,844	m		 



	

Primary 	Objective	2:	Geological 	Samples	 
A	Total	of	56	Rock	Samples	Were	Collected	From	All	10	Seamounts	 

Rocks	From	8	of	the	10	Seamounts	Appear	to	be	Dateable	Using	 Ar/Ar 
All	Rocks	Were	Split	for	Distribution	to	4	Labs/Repositories	 



Primary	Objective	3:	Survey	of	Biological	Resources	 
Five	High	Density	Coral	and	Sponge	Communities	Were		Discovered	on		 

Seamounts	4,	5,	6,	 Naifeh,	and	9	With	Densities	of	3021-8064/km	 



	 	 	
	

	

	

Primary	Objective	3:	Survey	of	Biological	Resources	 
Forty-six	biological	specimens	were	collected	that	potentially	including	several	 
new species	 of hexacorals 	and octocorals,	1	new	glass	sponge 	species,	2	new	 
species	of 	arthropods,	6	potential	new	species	of holothuroideans,	1	new	 

tunicate	species,	2	new	species	of	mollusks,	3	potential	new	species	of	 seastars.	 

All	specimens	are	being	archived	at	the	Museum	of	Comparative	Zoology	 



117	 Hrs 	of	High 	Definition 	Video 	and 	1000’s	of	Image	Captures	 

Many	Different	Types	of	Animals	Were	Documented		 



	Gulper	Eel 	Video 



Secondary	Objectives	 
Testing	of	A	New	JPL	Gripper	During	the	Dives	 

Testing	of	A	New	3D	Camera	During	the	Dives	 

Collecting	Water	Samples	for	 eDNA 	Analysis	 



	 	
	

Enigmatic Seamounts Exploring th• Geologic Origins 
and Biological Communities In Papahinaumokuikea Marin• Natio1$11 Monument 

By Chrtstophor Kelley, Thomas Hourigan, N,cole A. Ralneaul~ Andrea Balbas, Dorsey Wanless. Leigh Marffl, 
Rebec<a Wlpfler, Lila Ardor Bellucci, and Renato Kane 

The PapahJnaumokuAkea Marine National Monument 

(PMNM) was established in 2006 to protect all emergent 
land (I.e .. island~ atoll~ pinnacles} in the Northwestern 
Hawaiian Islands {NWHI) as well as the seas extending 

50 nautical miles (nm) out from these features. In 2016, the 
boundary was expanded to the full 200 nm US Exclusive 
Economic Zone, making PMNM the largest contiguous 
marine protected area in the country. Since the expansion 
occurred only two years ago. previous deepwater research 
in the monument was focused almost entirely within the 
original SO nm boundaries. Submersible and ROV dives 
had only been conducted on five of the 88 seamounts in 
the •expansion area.• Providing PMNM's management with 
more information on the resources in this part of the mon
ument was the main driwr for F./V Nautilus cruise NA101, 
conducted from September IS through October 2, 2018. 

The NA101 dives focused on two clusters of enigmatic 
seamounts located north of Gardner Pinnacles (Naifeh 
cluster} and Necker Island (unnamed cluster} (Floure I ) that 
had not previously been mapped or explored. Their loca
tion north of the NWHI chain and lineation may indicate 

they formed by "'arch vokanism~ This type of volcanism 
occurs along a flexural bulge that forms due to loading 
of the oceanic plate by an adjacent large volcanic edifice, 
in this case Gardner. This poorly understood process ha.s 
been linked to the formation of a large lava field north of 

the Big Island of Hawai'I. If they were formed by arch volca
nism, then Gardner and the seamount chains should have 
formed contemporaneously. Thus. the primary geologic 
objectives of the cruise were to determine the age of the 
seamount lavas using 40Arl" Ar dating methodologies and 
analyze the geochemical constituents to better understand 
volcanic dynamics and origins. 

The primary biological objectives were to determine if 
high-density, filter-feeding communities were present on 
these seamounts and to survey for new species or new 
records of species for this area of the Pacll\c. Prior to this 
cruise, 14 spectacular communities of deep·sea corals, 
sponges, and their associates had been found in PMNM at 
depths of over 1,500 m. Only one of these is located within 
the expansion ctrea, although many more are believed to 
exist. Such communities represent hotspots of biological 
diversity in lhe deep sea and are thus principal targets for 
conservation. The primary mapping objectives were to 
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Post 	Cruise	Update	 
Kelley, C., T.	Hourigan, 	N.	Raineault,	 
A. Balbas,	 D. Wanless, L.	Marsh, R.	 
Wipfler,	 L. Bellucci, 	R.	Kane.	2019.	 
Exploring	the	Geologic	Origins	and	 
Biological	Communities	of	Enigmatic	 
Seamounts	in	the	 
Papahānaumokuākea	Marine	 
National	Monument.	 Journal of	 
Oceanography. 32-1, p.	50-51.	 



  	

 



Post	Cruise	Update	on	Primary	Objective	1:	Mapping	 
• 16,594	km2 

• Three	of	five	seamounts	 
in	the	 Naifeh cluster	were	 
revealed	to	be	 guyots,	 
indicating	they	had	once	 
reached	the	ocean	 
surface	 

Data	Have	All	Been	Submitted	 
to	NCEI	and	Are	Publicly	 

Available	 

Seamount 6 perspective view 

(Renato	Kane	OET	 
presented	at		 

OceanObs 2019)	 



		

mgmanc eamounts: 
Investigating Pacific intraplate volcanism with lead isotope 
Molly J. Cunningham 1· , Jasper G.I Konter2, V. Dorsey Wanless3, Andrea Balbas4 
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Post 	Cruise	Update	on 	Primary 	Objective	2:	Geology 

(Molly	Cunningham	&	Jasper	Konter, University	of	Hawaii, presented	at	AGU	2019)	 



	

We present initial result s from the OcHn Exploration 
Tru.st's E/V Nautilus , which mapped and conduct~ 11 
remotely -operated veh ide (ROV} surveys on 10 
previously une.xplored sHmounts in Sept . 2018. 

Cruise Hl1hli1hts: 

Mopping : 16,594 kmJ mapped 

Biology : HiJh-den.s ity coral & sponce commun it ies 
were documented on 4 snmounts . 46 biolocical 
samples and 14 ■-DNA samples collected . 

Geology : 65 rock samp les collected for 40Ar/39Ar 
dat in1 to determ ine the 11e of the seamounts and 
to analyze 1eochem irtry to bett■r understand 
volc.anic dynamics and ori1 ins . 

Instrument te stin1: Succe" ful tens of a 360• camera 
(Manachusetts Inst . Tech.) and ROV-deployed 
"'aripp,er • tool . 

An Expanded Monument 

In 2016, P1pahln1umokuikH Marine National 
Monument wu e,cpanded to CAltl the nat ion 's th4 
larcest cont iruous marine protected area . There have 
been few surveys The unexp lored seamounts are 
amonc 80 sea mounts in the ex~nsion area - only five 
of which have been visited . 

.... -- A 
~ pahJ naumokuikH Marine Nat iona l Mon ument showi ns 
the two cluste,s of p, evlousty unmapped and une:icplored 
seamoun ts QIJete d durin1 this cruise. BIKk dots are t he 
locatM>n of all previous dffp water dNH arou nd the 
Nort hwHte rn H,1waUan Islands. 

Coral and Sponce Communities - Hot-spots of Biodiversity In the Deep Sea 

Discover inc habitiiits with hich-density deep -sea cor.11s and sponce s •nd undersUind in1 the ir rict1e fH tures (Naife h 

distr ibut ion is a pt lor lty for conservat ion plann ln&. On Pacific s•amounts , such commun ities can be Sea.moun t ) 

damaced by human act ivities , such as bottom-contact fish ln& or dHp-sea mlninc . 

Gorson ians , black cor.1ls and class sponaes (Oas.s Hexact ine llida) were observed on all dive.s, wi th 
hl&h4 dens lty communltJe s on four seamount s at depths between 1548-2420 m. Corals were the 
dom inant taxa In most ht1.h-den sity communit ies , but spe cies compo sition varied from those 
dominated by bamboo corals (Fam. lsldldae) to othe rs with a diwir sity of ta.xa (esp . Fam. 

Chrysoaors lldH , Corallildae , Primnoldae} . A var iety of clas s sponaes also occurred In hi&h dens itie s. Biological Samples: 
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OCEANEXPL RATION TRU ST 

Biolo1 icat »mples - 46 primary bioloc ical samples were 
collected , includ inc a number of prolabl• new species . 
Collections Included 6 r tass spon1es , 13 octocorals , 3 
black corals , 4 ca latheoid squat lobsters , 1 sea urchin , 6 
SH cucumbers , 2 ophluro lds , 3 sea star , 2 mollusks , & 2 
stalked tun lcates . Vouchers from all s.amples are 
housed at Harvard 's Museum of Comparat ive Zooloev 

Next Steps: 

Coral and spon1e observaitions will be annot•ted 
by the U. Hawaii Undersu Research Lilboratory 
and made available by NOAA1s 0.•p Sea Cor.11 
Research & Technolorv Pro1r.1m 

Corillls will be DNA bucoded & eDNA will be 
•nalyz~ for octoconl sicnatures 

Rock sample s - ceoc-hem istry and 40Ar/39A r 
datin1 

Acknowledam•nts 
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Post 	Cruise	Update	on 	Primary 	Objective	3:	Biology 

(Tom	Hourigan, 	NOAA	DSCRTP, presented	at	Ocean	Sciences	2020)			 
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Post 	Cruise	Update:	Primary 	Objective	3:	Biology 
All	Video	was	Annotated	and	the	15,905	Records	Were	Submitted	to	NOAA	DSCRTP	 
Documenting	Over	45,000	Corals	and	Sponges	along	with	4,839	Associated	Animals	 

(Deep-Sea	Animal	Research	Center	(DARC)	 
at	the	University	of	Hawaii)			 https://deepseacoraldata.noaa.gov 

https://deepseacoraldata.noaa.gov


Benthic Deepwater Animal Identification Guide V3 

"f'IO'; .. 

Slllor"' • 

:xllJll. ! LDOi<lll!L 9 

I 
C"C,m1t1,, a 

llen...,,.,l!W' • 

Cr"'1&1.a .-. 

co,11.1~M1o::JA,w,1nornn • 

l'fl"l<OtO.t~ -

c,_ , 

About the Guide 
Welcome lo the lhlrd version ol OER's Bencnic Dffpwaler Arnmal ldanhticallon Gulde, a oollect10n ol In Situ Images 
created lrom video J'tame grabs laken lrom Deep Discoverer (021 remotely opera1ed vehlCle (ROV) Video. Toe l,,st pllol 
verlk::in ol 111e guide 5CUVed u a taxonomic reterence of deep W3ll!f 3!11m!alt encountered dur~ 02 ROV d!Yfl around 
the Hawaiian ArchipelaQo a,,d Johnston Atoll in 2015. The second versm nduded magM ol anlmals llt'ICOOntBl'ed 

d1mog both 2015 and 2016 expeditions, the lattm lf1YOMng 02 dives Ill Hawaiian Archipelago, The Marianas 
Archipelago, and Waka Island lhil third V8'SIOn 01 lhe gUide add& a!I the images ol animals encoun1er11d during lhe 

2017 exped1UOOS lnvoMog 02 dives If\ Iha South Paciflc. Johnston Atoll. and !ho Mu$1C1al\S seamounts. This versK>n 
110W lneltides al ol the aflimal Images from the entire 3 year CAPSTONE campaign In the Pacific. We welcome your 
lnput and reoommenttallons 11$ we evaluate whether, and lhe best app,oach, !o cont!flue deYelopment ol lhe guide u 
new imaget become available 

ldent1UcatJOOs haV11 been updated on a periodic basis as er,ots have been delecied and raporled by taxonomist& IIJld 

olhers using the guide or When ltlllonomic revisions were made IO 1h11 vanous g1oups lncloded t,e1e, Taxonomic 
reVIS10ns are partJCularly common for deep water ammals. wh!Ctl are poorty knoWn. therefore we eK9&Ct rou1rne upaMts 
tocon~nue to occur 

The gutde Is Of{l&nized IICCO(Omg IO m8fO' tau and ldent1ficatlons were made With assistance from taxonomic e)(JleftS 
v.ho specialize !fl cleep water animals. Expens provkled lhelt IISSIStance lrlroogh varlOUs venues 111at lnClllded audio 
commentary and event log entries while lhe AO\/ Q'ves were taking place. PoSI Oi't'e email correspondence. and 

eKamffibon ol then fmages just prior to them being mounted on this web&la 

Please tile this anmal guide in the lollow!ng manner: 

NOAA Ol'lk:e of Ocean Exploration and Aas.earch Benlhic Deepwalet Animal ldenhllcahon Gulde. Available horn 
htlp://ocean8ll~.noaa.govlokeanos/anlmal__gulde.'anlmal__gui0e.h!ml . 

Those ot you who have used version 2 ol this guide w,U be tamlllar w,lh lhe header on each ol the images, wfllch did nol 
Change In this 3fd verSIOn. For lhose of you who are new to lhe guide, lhe left aide ol the header has a box that contains 
a code tor the ocean and region where the Image v.aa taken (see region key beloW} Next to ltlat Is a colored square to 
lndcat11 lhe deplri at which 1h11 Kn&gfl fl'8S taken jsc11 cleplh key below). In the middle ol !he header is lhe anJTlll!'S 

ldenhlicaUon . as best we car, delennloe at this time, and a 511rles ol lelters and numbllf:! which correspond lo "ROV. 

Expedlllorl Number-leg Number (1f the cruise has a leg ldentil~) - Div• Numbef - Hour - M,nu!es - Seconds• (for 
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(DARC	at	the	University	of	Hawaii)			 
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1 I INTRODUCTION 

Abstract 
We present the des ign and experimental results for the JP~Nautilus Gripper , a 

16-flngcr highly underactuated mlcrosplne gripper f0< use in the deep ocean. The 

gripper can grasp objects from 10 to 30cm in size and anchor to flat and curved rocky 

surlaces (i.e .. cliff faces and secYnounts). Laboratory results demonstrated an 

anchoring capability of greater than 450 N on rough rocks in both shea r and normal 

loading directions . Deployment on the He«:ules ROY (remotely ope,-ated vehicle) 

aboard the EN Nautilus on three deep-ocean dives vttified performance at dept hs up 

to to 2.100 m with awoxima tety 100 N loads applied through the ROVs thrusters. 

including moment loads. The gripper also serves as a deveJopment unit for future 

robotic tools that will include a cor-ing drill in the center- of the gripper, ais previously 

demonstrated in non-ocean environments with miaospine grippers. Such a tool will 

facilitate the collKtlon of geologic s.amptes from the deep ocean using more aglle and 

cost.effective systems. 

KEYWORDS 

exploration, manipulaton. marine robotics, mechanisms , underwater robot ics 

Colf:tctq represcraatiYe rock sar'1)lles is cencr.al to a,r, &rololicM 
expedition but the bck of appropriate samplWlg 1ools lnwt.s the tQlection 

of se;iftoorsampe5 to specimens tN t an beploed up off the se~ffooror 

broken off from outcrops. Currently. most marine dril-b.lsed 5,1"1)1.-g 

systems consist of dedated dril ships or liwge rr•dti-1cw, dediulted 

robotic drils ~ of t.ik:lrc core~ th.'K iilf'e 10-10:h of meters 

lore (S.,. ();ck. f"1"f , &. Jomson. 2003) . There .,.. • few ,.._.1y 

open,ted undefW.Jte..-veNde {ROVl opcr3ted drill sysiems but these 

S)Stems still take rmtivety large co-es and an onJt operate when the 

ROI h.M patka:i 01'1 the-~ ot thrusts ;tp.1'15t a cliff f~ (ludvfpM 

et al~ 2017; MurtOI\ 2016: St.1kes et al. 1997). Thef'efote 1he nwlne 

gedcgv arnm.Jnlly h.H repeatecly expr'tSSC!d a desiire for a small whide 

~tic dril that an be handtd by a robotic: manipulatot and (oltd. 

oriented ares in a WKle r.i,.,e of terrains: .and rode types from a free

floatq ..i.cJo (E""""" & Shani<. 2016: G«man & Tonmaea. 2016' 

Hil'Vffl,iWl & Perfit. 2016: ~ROV Maripulawr ,Based Drillinr: 2015: Sager 

et ~- 2003l Ardlori'41 tho driU to tho tatict rod< may be nc««ary 10 

ld:I the ~tide in position ¥d a:iuntcrilCt drillrc loads.. 

Here we present the: design and eval.lation of a microspine,,based 

rock ;n;hor (shown in operation lo Figure 1) that m;Jf be combined v.ith 

a a,rirc drill in the future to faciltate the collection d small rock cores 

frcm a free-f~ tirg ROY. This design le--,,erages prior work combinrg 
,_...,.., .,.,._,. with rock c1<;n1,. 1hot h>s bee<> conruc1'd tor 

n»Cl'agravily s.mpliog but adapcs it to the marine erwirorrnent (~mes5. 

2011: Porness & frost. 2012: P:vne55 et ,t. 201:l P>me,._ Wl lg et •I. 

2017). In lhe remaindtf of tNs o,ape-r. ~ presett a brief overview d 

~,_ ROV mou'lttd dtitk ~ tht W0l'k to date on mlcrosp~ anchors 

devdooed for ...,p1,._ describe tho de,la,> and fill>tlcallon d tho 

JPI.-N.1uti.., C',rippot, th< -- and results of lab-bao<d chatactttlt.1· 

tion d iH capabilit~ and iH ~ on a firld trial c:onructed 

abcwd l~ EN Nuius on cruise NA101 to the P~ 

M.wtt National Mol'ul"lierlt. 

J Fiad 'fooodc::s. 2020::t .. ts. wfltycnndi>r.,y .conw'joum,Vrob 01020 v.11rv-....1nc. I I 

Post 	Cruise	Update:	Secondary 	Objectives	
A	New	JPL	Gripper	Was	Also	Tested	During	the	Dives	 

(Spencer	Backus, JPL)	 



	

	

Post 	Cruise	Update:	Secondary 	Objectives	
Water	Samples	Were	Collected	For	an	 eDNA 	Study 

Twenty-five	water	samples	were	collected	from	nine	seamounts	for	the	 eDNA study.		 
Sampling	targeted	dense	coral	and	sponge	communities	where	representative	coral	and	 
sponge	specimens, HD	video	and	still	images	were	also	collected.		Whole	community	 
diversity	around	these	seamounts	was	explored	by	combining	high	throughput	amplicon	 
sequencing	of	the	 eDNA samples, 	including	markers	developed	for	 octocorals, black	corals, 
sponges, and	fish, 	with	traditional	video	and	DNA	barcode	analysis.		 
(Meredith	Everett, 	NOAA, presented	at	the	7th	International	Symposium	on	Deep-Sea	Corals)			 



	

Post 	Cruise	Update:	Secondary 	Objectives	 
A	New	 360° 	camera	 Was	Successfully 	Deployed 	During	the	 

Dives 

(Allan	Adams, MIT)	 
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But	Wait,	That’s	Not	All!	 
The	E/V	Nautilus	is	Heading	Back	Up	to	PMNM	in	2021	 
to	Map	and	Dive	on	More	Unexplored	Seamounts!	 



	

There	Are	Thousands	of	Seamounts	in	the	Pacific	 
These	Cruises	Will	Help	to	Clarify	Their	Complex	Origins	and	Remarkable	Communities	 

Thank	You	Very	Much	 

Many	Thanks	to	Those	Who	Helped	Make	This	Cruise	Possible	at:	 
PMNM,	OET,	UH,	OER,	and	DSCRTP,	as	well	as:	 
The	onboard	participants	of	Nautilus	cruise	NA101	including	the	co-scientists	from	OSU,	Boise	State,	 
MIT,	JPL,	the	ROV	pilots,	videographers,	crew,	communication	interns,	and	many	others.		 




