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ABSTRACT 

LAVtt (,l.ow.iJ1g acJLO~~ the glLOwui 4Wt.t\ttc.e tenM to develop LIle.U-de6.i.ned chan­
nelo. Lav~ 06 blU~ c.ompo~.ui.on thAt aILe h..i.ghi.y c.Jtaltged w.i.th ~~o~ved 
glU4U l.teJtmed 'pttJl.Oe.hoe') 40me.tUnU tloJtm CAU4U ovelL .the CMItI1W, malung 
lava .tubu. LAva. .:rube c.a.vu aILe dtuz..i..ned pOJt.U.OM 06 ltoo6ed lava chal1¥le..U. 
Lava c.ha.Melo aILe. pII.imaILil.y cUArubu.t.aILfj .(.Il i1!1.tWLe., ~e.ltv,(,rtg to ;t/ut11.4 6e1!. 
lava. 6ILom a vol.c.a.n.i.c. ve.n.t .to .the. advanc"i.ng 610w edge lOLl/elL on the volcano. 

V.i.tlt\eMng C.Ond.i.;ti.OM, laItgely .i.nvolv.i.ng plLe6low topoglW.pliy and lava. eJlUp­
t.i.on Jl.a-te, 1t~u.U .(;1 ~ eve.lUll ~tiitc.t type.4 06 lava c.haltnev.., and he.1~c.~, 
On lava .tube4. tJlU6ia tube.4 aILe. noJtme.d wite.lte. laItge open CItIlc./u. aILe L.L.UUzed 
ll.4 c.hal1l1W by Ie :wi""1low. Pll.44agu 06 1t.i.6t tu.be6 tend .to be h.i.gh and 
iUlItItOW; .the 4ha.pe 06 the il.i.6t. Wa.U4 06 1t.i.6t tubu C.OM.i.ot on plte6.f.ow 
c.oW1.tll.v 1L0c.k OIL 40il.. Leveed laVtt c.hanne.f.4 have. wa.l.l4 bu.i.U: up bV .the 
lava 4.t1teamo .they c.onQ.i.ne. Leveed c.ltannw Me ~ubd.i.v.i.ded .i.11.tO .tILu.e 
tltenc.iLe.4 LI/h.i.c.h ;".;;.ve ~ C.On4.i.oWlg 06 onl.y ~11e. 6.tow~, and ~­
tlte.llc.he.t. that have ~ built 0 II nume.JLOU4 .dun 6.tow ~. TILue .OLe.nc.hu 
Me. U4iii:LUy 0 6 ~11D1t.t length and aILe unc.ommon. SemUlLenc.hu. Me c,:mmol'l, . 
and a 6low c.on.ta..i.n.i.l'lg a 4em.i..tlLe.l'lch ge.ltvr.a.U.V ma.1z.e.4 a .tow, blwad IUdge. l\lUll 
.dLe. .tube on the. JL.i.dge aW. A 4ma.U .lava ·4.tILeam ca.n tlC'lLm a c·'Lt.I.~.t McJU.l'lg 
oveIL .the. e.n.t.i.lLe IIloil/ wu..t, malUng a' ~WL6a.c'e .tube. that .U. pelLciLed 011 .top 
06 .dIe gJtowld. 

C1UlJt.a.c.teJU.ot.i.c tube type.4 tend to be 60und .i.n 4pe.c"i.6.i.c pCL/I..U 0 & la.va 6lol~. 
lU6;t tubu .tend to be. tlound neaIL .the. ve.n.t, and poJt.U.On4 0 ~ tIle el!.Up.t.i.ve. 

I il.i.6;t Me. the. mOot W-e11j to be.come. .u 6t tubu. 1U6t .tu.bu Me Uhllj .to 
/(M ~ .l.aJtge. ~emi.Vteneilu, wil.i.eh .(.11 ttl/I.n 6eed oma.UelL ~e;n.i..tlLe.l1che·~ \ anc1 o/.LlL-

6a.ee. tubu. 

#.locU6.i.ca-UOt10 06 lava .tu.bu oc~ ll.4 the. el!.UptiOIl pJtog/l.U~e.4. A tempOILMIj 
l~4en.i.ng 06 eltUpted lava.. a.UOWO tubu to cool, a.nd ltoc./t6a.U OCCLlJt,L Re­
rWl/ed tllow ma.y CalLlty away the blLe.ctRdo'lItl, a.nd a UIl.i.ng Lu.U.f. clli.U a9(lill~t 
the. .i.lmeIL wa.e..u whelt a cool tube. .i.o /l.e.6ille.d. Lava .tu.be.,~ Me 0 ,<.tell b,,·~.i.ed 
by lava that oVelL6loW4 6ILom the tube, DIl. by lava o/l.om o.the.Jt ~"U ,,:e·L Ho.t 
ga..~ and IW.cUM.t heat Il.e.me.i.t the .u1.4.i.de06 lAva ;tu.bu, malz..i.ng ~11I(lCe ~taeac· 
.tU~. La.va dJi.optw ·a.c.c.umu.e.a..te on 6.tooJi.4, malUn9 lava 4.ta..ea.9m.i.te~ • 

'.'1' lH'mODUCTION 
.. ' ,. TYPES OF LAVA TUBES . 

.:,41.. L&va channels 01' all types play an important role 
:.:-:L.:o 1n the growth and development. of volcanoe., 'oecauu 
••.• ,.. they tranlllllit. lava from t.he vent. to the advancing 

.}~'£~.;.;.. tlov tront. A1though open'* Channell torm in lava 
;'.,:~'!.~.~ .... :.; .. ,.: no"s ot various chemical composition, nearly all 
-, .. ;~ reported roofed lava tubes are in pahoehoe basalt.s. 
'~'i:.~'. Lava tubes ditter from other lava chll.Mels only in 
*,~;::'< tbat. they are rooted. Lava tube caves are portions 
. ~~ at l.&va channels that have rooted and. subsequently 
::'~;'>" clrained. The tube and open chaMel network 01' a 
:':1,:~" l.&va now 111 the plumbing system by which the lava 
~;: now '4S emplaced. By studying lan tubea, a more 
~:~.,. t.ho~OU&h Wlderstanding may be gained 01' the goo- . 
.. _.. loetl.C otNc;ture ot some volcanoes. 

"- _ ... :.:....... -----
706 Venice Blvd., Apt. #1, Venice, 

2801 San1born Ave., Venice, CA 90291 
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Based on the structure of the wall rock, there are 
five possible types of lava tubes. These are ~ 
~, ~ trenches, semitrenches, surface ~, 
and interior ~ (tigure 1). Examples o! lava 
tube caves can be identitied for all of these types 
except tho last one. 

Rift Tube:! 

When lava com·es to the surface in a volcanic eNp­
tion, it flows out. of a large crack in the ground. 
Commonly some part of the crack, or rift, continues 
downhill from the point.ot eruption. Once erupted, 
lava flows downhill. Since the ritt is a low place, 
the lava tends to 1'0110'01 the rift, using it as a 
channel. This channel may roof, and then drain. 
BecauBe thiB iB a lava tube in a rift, it is a rift 
tub2. This type ot tUbe make. cave passages that 
usually are high and narrow; t.he shape 01' the rift. 
The 'W&lls are made 01' country rock that was present. 
before the eruption. Host rilt. tubes contain 



SURFACE TUBE 

SEMITRENCH 

TRUE TRENCH 

INTERIOR TUBE 

/~ Preflow rock or soil 

,"~ Lava of tube flm·-

>"RIFT TUBE 

Figure 1. Idealized cross sections ~f different types of 
:lava tubes. Surface tubes' can be a variety of shaIJes, and 
usually form small passages. The roof an~walls of a surface 
tube are a single layer of 1. a': a . S,=mi trenches have levee 
walls built up of overflcws from the lava stream. A true 
trench has walls mad a of a single stratum. Rift tubes form 
in large fissures. Interior tubes lie entirely ~ithin a 
single layer of lava, and do no~ form caves. 
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l.1n.1n&1I on tho walls that ObllCllrO tho F"01'J.OW ·rock. 
• r1fi caye 1. a dn.inod tube in & tielNl"ll ot & 
r1fi aane, it 111 a hollov, near surtace, 41ke. 
Tho corroct~entUicatian 01' r1tt tube can. c:an 
preclllol1 locate volCAnic r1ttll ~olle ~t&ce 
oxprossian is othenriee obaCllred by lan !low. 

True Trenches 

True trenches are ch&nnola inc1l1od into & eec1-
solld Uov unit by d1tterontial .0lid1t1.cation. 
In &roall ot lov groUnd slope, the lava can poncl, 
JD&lcing a a1ngle mass (. tlov unit), nth a channel. 
throl.J8h it. Tho Channol iOQlllotrr rooombloo that 
ot a _tel' atroam channel inc1l1ed into & .:Lltod-up 
la.Icebed. 'mo cave lIrt.ll cona1lltll 01' a a1n&le th1.ck 
layer of lava. 

Semitrenches 

U the lIrt.ll.:s ot a tube are campolllld ot a llWIIbor 01' 
thin layel':J rather than a single lava layer, the 
tube 19 a pemltrench.Seudtrench vallil arll tormad 
by repeated ovllrtlo~ to the s1dlls ot tho channlll, 
and make lllvells that III ope gradually away tram the 
channel. The overflows are small. flov units and 
sheets ot lava, that cool in placo. Inside· a cooled 
law tube of this type the edges ot the IIheet over­
flows are horizontal layers in the walltl, lIhile the 
flow unitll appear as interlocking but discrete 
blobs of rock. Thickness of the layers is typically 
about seven to eighty centimeter.s. 

Surface Tubes 

A small lava stream can form a crust over its entire 
outer surface. This makes a tube with root and 
walls consisting of a single arched stratum. The 
tube is formed entirely above the adjacent ground 
surface, so is called a surface tube. Surface tubes 
are typically small in size, and are fed tram lar­
ger tubes (trenches and rifts). 

Interior Tubes 

Within a single thick lava flov unit, channels can 
form vith:iJ\ the interior at th~ law mass. The 
tubes lie entirely lIithin a single now unit, with 
a fairly flat top on the flow surface, 110 are term­
ed interior tubes. The cross sectional shape is 

. elliptical, with the width about 1af" greater than 
the height. The interior tube is the thermal 
equilibrium shape, so other types of tube tend to 
modity toward thill :shape. Although plugged interior 
tubes have been identitied, no IJUch open lava caveD 
are kn.own to the ~terll. Lava tube cavell that . 
have been identified as interior tubell by OllieI' dr. 
Brown, Hatheway dr. Herring, and Gree~ey (1971b) are 
readily identifiable by other wrkers as either 
eemitrenches or ritt caves. Furthermore, a theo­
retical relationllhip between interior tubes and 
hypothetical shearing within the lava flow has yet 
to be demonstrated in any manner. 

Identifying Tube Type 

The IItructure of the walls ot a lava tube can be 
identified at points within the tube lIherie the 
lining is missin&. expODin& the wall IItrata •. Since 
ritt caves have walls IIIILde of prenolf country rock, 
these· otten are much older lava no~ with toslI11 
soil horizons. In semitrenches the strata may be 
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vert th1n now unita, that are ~d.ily idClRt1t:1r..blo 
•• IJUCh be~ they wl)re depollihd 6C1p1in..t1)11 .&lld 
~ccoo.1volT, allowing at loaot the ~taco ot coo 
to cool b~oro tho next tl.o_d ovor it. Tho un4ex­
sido at Mch nov unit makes a calJt ot tho nov 
unit bolov. Open glUl: pocketll noar tho lIIiddlo ot 
the thin now unito otton occur I duo to 4cgUlling 
ot tho lava u it cools. 

Surfaco tubell, lIomitroncheo, and true trenchoo are 
actu.ally dilJt1nct cont1guratiolUl ot & continUOUll 
aorillo. Hybrids botweon true trenches and sOllli-

Tt.r~~ .. ~1 .. H~.~J.y~JY.~.l~1;fri~lh~tll in the r../pr a ;r;ew liulJ1 :t1"ov wu:l<o ali .. :O'\)"oe, 
and hao a· typical surface tubo roof. Tho largellt 
law tubea are ocm1trencbes and r1tt tubes. 

L.\VA 'l1JBE MCtiPHOLOGI 

Since a semitrench is a leveed channel, tho main 
tUbe is located at the axi8 ot a verr wide, low, 
ridge. A tlow width ot a kilometer i8 typical tor 
a tube height otlten meters. The 6dvancing toe or 
a t~ow that i8 building 8 semitrench riQge extends 
itself as numerous thin flow units and toes, form­
ing braided Channels at first •. Later, IIIIlny ot the 
small branche:s are plugged or cut ott a:s tho lIIIlin 
tube deve~oplI. The leveell of a moderate to largo 
lIize semitrench generally contain numerous small 
sur£ace tube:s, and the lie sametimes make an elaborate 
complex ot crawlway side pa~sages. 

Any type of tube lIl8y overf~ow through a hole in the 
root. Such overflows frequently bury the lo~er 
tube completely, adding lIignificantly to the root 
thickness (Anderson 1910,p. 630; Wentworth & 
MacDonald 195), p. 45). When a roof overlow 
draina only pa·rt.ia'lly, it leave a a cupola in the 
passage ceiling. More complete drainage often 
yields 8 complex of surface tubes radiating out­
ward trom the cupola. Overflows to the side of 
any open law channel lIl8y make tubes that became 
side passagell when the main channel roofs and then 
drains·. This occurs most commonly in semit.renches. 

Rift tubes tend to overtlow on a grand scale. The 
entire complex otflows a.nd channels produced by 
an eruption is merely the overflow tram the erup­
tive rift. Repeated minor overnows ot a rift 
being utilized as an open channel can conlltruct a 
seudtrench atop the rift, increasing its capacity. 
Such structures are difficult to diatinguish trom 
semitrenchea that have deeply eroded floors and 
usually can be identified only by careful consid­
eration ot several geOmetric factors. , 

Rift tubes take on the geametrr ot the fissures 
they tollow, with the primarr modificatioPII being 
liningll and tilling ot adjoing parts ot the tiS5Ul"O 

syutem. &cause tension cracks are irregular and 
not straight, the plan viev at a r1tt cave may 
appear to lIhow. meanders. The law stream may 
actually have had the tendency to meander, but. las 
restricted by the rift walls. A r1tt 'tube cannot 
curve or branch unless the tlllsure does. Reatric­
tion by the rift lalls uso mean:s that r1tt tubell 
otten have a characteristic high and narrow pao­
sage IIh&pe that other types ot tubo cannot obt&1n. 
Vertie&ll,.- auperposed passages can [Ol'1ll by root1n& 
over the r1.tt at different levelll within the con­
t:l.n.ing walls. Stacked lava tubes ot other typell 
V1ll not be exactly auperpoaed, becauao a tubo 



I 
roof ill a IllllAll rid&e and tho upper tubo will 
now alla;Y f1'Qll it. 

'!be mechanics o! flow unit advance (Nichols, 1936) 
otten produce chamberll along a lava tube. In 
llAlrtace tubes, tho cbamberll are :1nci1v:1.CiwU flow 
lm1.tll. In a cave, the bouncl&r;y between two flow 
lm1.ts 1a a IIhort, amall, connection bet won tw 
auch larger roClila. The connection is a hole that 
bllrat through the IIkm o! an Wlat1.ng flow unit. 

:lDd1.vidu&l cavell are generall;r juat. lIegment.a ot a 
auch lArger lava d.1atributar;r IIYlltem. U one lava 
tube cave 111 found, otherll are very l.1kely' to be 
tound in the IIame nov. Since the 'bailie function 
o:t J.ava tubell 111 to tranafer and diIItr1buto J.ava 
in a dollIlh1ll direction, the overall. pattern 111 
that channela diverge dollnhill, and cave paall8&ee 
that converge in the direction of flow are nearly' 
al.wa;ya branchea o! a braided IItream, rather than 
streama com1n8 fl'Cll} eeparate ventll. 

P.lSSAGE MODIFICATIONS -

Becauae the interior tube shape representa thermo­
dynamic equilibrium, as a lAva tube develops it 
sl.o'olly evolves toward the pAsaa.ge ahape of an 
interior tube. A lava tube often has a complex 
history ,wherem rock is repeatedly added within 
the tube all linin8s, while other rock is removed 
by rockfall during cooling epiaodes. Rock ma;y 
al.so be removed through the erosive actiorA of 
tl.ololing lava. Modifications that occur after the 
initial tube formation generally have little re­
lat.ion to the remainder of the lava flow. 

BreakdoW!'"; 

When lava cools, it shrinks and breaks. Over a 
lava ~ube, unless the pieces ke;y together to torm 
an arch, the roof will fall in. This may happen 
due to temporary cooling during periods of slack 
flow, as well as during final cooling. Fragments 
.thGt fall wtlile the tube is still active are often 
carried away by the flowing lava,- although a large 
bl.ock or breakdown pile may jam between the' !loor 
and ceiling, making a pillar. When rockfall occurs 
upon final cooling, portions of the ceiling stope 
out, and breakdown piles up on the floor. Most 
entrances of lava tube caves are formed by collapse 
ot a portion of the roof. Nearly all breakdown in 
lava tubes. occurs during or shortly after formation, 
as a result of cooling. Once a lAva tube has with­
stood the stress of cooling shrinkage, it is ordin­
ari1;y very stable. 

Lil'I.ings 

A noor lining is present in every lava cave, be­
cause lAva chills against the cold ground below it 
and drainage of the tube is not complete. The 
floor lining can be considered a small. lava flow. 
It can be either pahoehoe or aa, and can form 
channels or tubes. If the lava withdraws trom 
beneath a crust, it ma;y leave a deflated floor 
lining •. A passa.ge with a denated floor lining ma;y 
be near round in cross section, even though addi­
ti.onal drainage 'oIOuld have lett It. tlat floor. I.t' 
additional lava is injected beneath a crust, the 
noor lining can be inflated. In both cases, the 
ed6e or the crust is anchored to the lIall, while 
the center deflects (t~e 2). 
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Wol.lAceillng l1n1:lga are c1opoaited lfben renewed 
!low 1f1t.h1n a t.cmporar1.l1 dninee tube part1al.l;Y 
or completely ret1lla it. It a rigid cruet tOrm4 
on the lava IJtream Won t.ho tube 1'1on at. leoo than 
tull capacity, the crulJt may br1d&e acrolUS the tube. 
Thi. makoll & l1n1ng partition or two noor. r. ... 
DUlt1rl& in two vertically. mlpOrpoaol1 pa'Nie •• 
Fwe !loora tend to torm ncar Gkyll&ht.D -nere QIlt.­
lIide air chiJ.la the cruat. 

Plugs 

The end at a lava tube cave ott.en 1.11 a apot lfhere 
the pasaage simply pinches out. . 'r.l1.a uwally 1.0 a 
plug. and the actqal tube coninuea even though the 
cave doea "not.", In the lower porti0n8 oL a lava . 
tube netwrk, the tubes otten plug trom a aimple 
failure to drain. Where II. l.ava ut.ream 1a ch~ed by 
breakdown. the tube tends to plug. The illd1.v1dual 
blocks ma;y remain visible, or they can be completel;y 
hidden 1f1th1n a ~8 ot lava that they chilled. 
Upper enda ot major Cavell often are breakdown plugs. 

V1IIcous plugs are closel;y related to l.in:1n8s. As 
a cool tube refills, it may produce enough ch1.l.led 
lava to completely fill the pasaage, rewlting in 
a v:i.scous plug. An upper level above a l1n1ng par­
tition is espec:1£lly prone to plug it refilled. 
while the Domewhat 1I6rmer lower level tends to 
remain open. Since even thin- linings rtlduce the 
passage Due, repeated lining tWentu.ally leads to 
pluggin8 - ldth the final. viscous plug being pro­
duced in the same manner as the linings th!lt 
surround it.. 

Erosion " 

Lava flows usually have insufficient heat to melt 
the underlyin& rock. However, a lava IItream can 
sometimes erode its 116118 and bed by sc0u.rin8 and 
plucking. Eroded material initially is cold, but 
if it is carried tar by the nowing lava it IllUst 
be at or near the temperature ot the lava stream. 
It too IllUch material requires heating, erosion 'otill 
cease and a lining 'oti1l deposit. In extreme casea 
the chilling produces a plug, which will completely 

. ,block the lAva tube. Thus, the erosional processes 
ot IICouring and plucking (as well as melting) are 
limited b;y the available heat. If any type of 
erosion is to be extensive (such as cutting of a 
channel into prenow rock or soll) great quantities 
of heat IIII1St be present. If the eruption is of a 
long enough duration, sufficient excess heat may be 
available to erode the bed of a lava stream on a 
large scale. In the case of a lav;a t.ube of Mauna 
Ulu (Kilauea Volcano, Hi.lwati) , the noor reportedly 
eroded dOMnward a maximum of 15 meters between b&rly 
September 1970 and mid - Ma;y 1971 (Swanson, 1973, 
p. 621). 

Erosion normally occurs onl;y on a small Beale, 
where its overall eUeet is to round ott sharp 
corners and projections, l~ving smooth curves. 

MINCB MODIFICATIONS 
... 

As pahoehoe lava tlows. it loses dissolved gas. 
When a lava stream has a cru.ut. oVlilr it.. t.he gas 
acCUlJlUlAtes It.S a troth;y llsycr bClleoth the crust. 
The froth soon begins to break down, forming a 
continuous layer of gas. As t.he gas llsyer aCcu­
mulates, the crust becomes a roof that is separate 
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trom the stroam. At the time ot II eparat ion , the 
under surface ot the root ill IItill molten, held 
in place ' only by surtace tension ot the gall 
bubbles which have not yet broken. All the coiling 
froth continues to break down, the remaining molten 
material migrates to~rd lo~ pointll (peaks ot 
troth) and drips ott. The rewt 111 a amall, blunt, 
pyramidal stalactite. Such stalactites are known 
as common stalactites. 

Heat transfer through aoli.d lAva ia lellll et!1c1ent 
than radiation acroslJ open IJpace. Therefore, the 
ceiling and. ~llIJ ot an active lava tube have 
almost the aame temperature all the lava !lo~ 
through the tube. While thiIJ temperature IJeldom 
is high enough to remelt bulle lava, it orten 111 
able to surfic1ally remelt some componenta ot the 
lava. This produceIJ a varietY' o! thin glazell that 
a!t.en are much d.itterent in color (black, rec1dish 
brown, or: silver) from the underlying rock. 

More extensive remelting allows tlo~ge o! the 
glaze. Since the more refractory componentll of 
the lava can be transported as a suspension of 
crystals in the remelt, the m1grating material may 
be almost indistinguishable from that associated 
with common stalactites. Both produce small ~'ibs, 
gours, slumps, and similar lava flowstone struc­
tures on walls. 

When the migrating material drips from Ii ceiling 
or an overhang, it can produce a variety of stalac­
tite known as a drip pendant . Drip pendants vary in 
shape: small beads, conical shafts, short cylinders, 
and sh~it~ with delicate narrow ~aists. A drip 
pendAnt actually is a single har~ing drop, so the 
various shapes represent stages of the drip cycle. 
Drip pendants formed by remelting of smooth or 
·dense surfaces tend to be small. Those associated 
with cnmmon stalactites hang from the tips of the 
pyramidc, and consist of a large pyramidal base 
with 8 drip pendant tip. 

Lavacicles 

A third type of lava stalactite is the lavacicle. 
Lavacicles are cylindrical or only slightly tapered, 
with little or no base. Some lavacicles have been 
reported (for example, Dana, 1889, p. 452) that 
~ere soda straws at least 75 cm long, but most are 
even shorter than drip pendants (less than 3 cm). 
Linear striations and concentric rings indicate 
that lavacicles are extruded from the ceiling, but 
the mechanism is not well understood. Lavacicles 
often are helictitic. having several sudden changes 
of size and direction within a short length. This 
appears to result from irregularities of the ex­
trusion process. 

Lava Stalagmitez 

Stalagmites form when many droplets of lava fall 
onto the same spot on the floor. If the floor is 
a moving lava s~ream, the droplets are lost and 

\ no sthlagmi~e can accumulate. Small stalagmites 
occasionally are found below drip pendants, and 
consist of solid droplets of lava. Most lava 
stGlag~ites that are more than a few centimeters 
in h~ight are found below lavacicle stalactites, 
snd consist of bubbles of lava. 
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Blowout Pockets 

Blo~t pockota torm wnen a tlat gaa pocket behind 
a reGIolt layer or thin ~ blolCSthe lava cover­
ing it lnto tho lava tube. Tho prollzsure appearll 
to come 1'rom auperheating the pocket ot IIteb.lll or 
air all the lava aur!aco inaido the tube ia remelted.. 
Tho moat common torm 01' blo'WOUt 1a a tinal, removal, 
atop in the degeneration ot a atand ot common 
atalactitea. In thill calle, it ia relahd to the 
root-separation mechaniam, and the gas pree~e 
lnvolved m,ay be qu:1te 6IIlofl.ll. 

ROOF STRATA 

Lava tubes are diat1ngu1ahed trClpl open lava chann~ls 
by the presence ·01' a roo!. Root strata ot lava 
tube caves may be observed :in section at break­
down entrances and at areas 01' root breakdown with­
in caves. Three general types ot strata occur in 
lava tube rootlll initial roo! strata,. overlying 
lava·, and l.1nin8s. I The various atrata can be 
identitied in cooled lava tubeIJ by their surfaces 
and geometric interrelationships. Tne presence 01' 
either overlying lava or 01' ceiling linings in a 
cave root is evidence that the initial lava tube 
root has been moditied. Detailed sequences in the 
formation of lava tube roots can be determined 
through examination of roof strats in cooled lava 
tube caves. 

Lava channels can form roofs in at least six lNlYs: 
1. Wholesal~ crusting of the lava stream (Peterson 
'" Swanson, 1974 p. 211). 
2. Agglutination of lava splash and spatter in 
arched levees (Cr~ele:r . 19711 p. 2.22-223)._ 
3. Jamming and fusion of floating crustal plates 
(Wentworth'" MacDonald, 1953, p. 45). 
4. Crusting of whole lava toes (Wentworth '" 
MacDonald, 1953, p. 43). 
5. Underriding of cooled lobes by the lava stream 
(Baldwin, 1953, p. 3). 
6. Lining shut of the upper )(/ills of a deep lava 
channel. 

The mechanism of roofing (that is, formation of the 
initial roof stratum) can be established for cooled 
lava tubes it sufticient exposures are present. 
Indications of the mode of initial roof stratum 
formation include: single crusts with no internal 
complexities, lumpy or clotted outer surfaces, 
plates with sutures at distinct boundaries, lobes 
connected to a continuous lava layer belOW, or 
roof consisting of vertical linings. 

Cooling rates of lava tube roofs (with lava flowing 
below) should be somewaht similar to measured cool­
ing rates of crusts on ponded lava (which has in­
ternal convection). In addition, flow units that 
cool outside should have cooling rates generally 
similar to those of lava lakes. Figure:3 gives a 
first approx:iJnation of lava crust thickness as a 
function of time. 
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Figure 3. Graph of laya c~st thickness versus 
time. The curve represents the approximate mean 
values of the extremes olthe experimental data. 
Data from Peck, Moore, and Kohima, 1966. 

AFTER THE FLOW HAS COOLED 

Whereas limestone caves form during time spans on 
the order of thousands to hundreds of thousands of 
years, a lava cave forms during a time span that 
may range from a few hours to perhaps a year and a 
half. Differential cooling of lava leaves caves 
that are essentially complete before the entire 
lava flow has cooled. 

After cooling, processes of weathering and erosion 
begin immediately to obliterate the lava cave. De­
pendiijg on the climate, especially the quantity of 
rainfall, a lava cave may last only a few years, or 
be nearly as long lived as a limestone cave. Since 
the cave is topographically a low spot, sediment 
tends to accumulate and fill it. Portions of a 
tube roof, tha.t are only marginally stable will fall 
when weakened by weathering. 

Various soluble salts are leached from the lava by 
rain and redeposited in cooling cracks and cave 
passages below. These secondary minerals include 
thenardite, mirabilite, gypsum, and calcite. Var~ 
ious types of silicates have been identified, 
usually reported as "opal". 

FINDING CAVES 

One of the simplest ways to locate lava tubes is 
by linearity. If several collapse sinks lie 
ro~hly along a line, it can be assumed that there 
is (or was) a connecting lava tube. The uncollapsed 
portions would be the fir~t places to check for 
caves. 

Surface tubes lie in small abrupt ridges: Semi­
trenches lie in low, broad, ridges. Lava streams 
that follo~ rifts frequently overflow the rift and 
build semitrench - type walls, making a low, broad, 
ridge over a rift cave. Any of these ridges may be 
level areas 'it they are buried by later lava flows. 

The ridges show where the lava tubes were at the 
time the flow was emplaced. Unfortunately, this 
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is not necessarily where present caves are. The 
ridge includes plugged tubes and segments of open 
tubes that do not have entrances. Di6ging may be 
futile, since more ~han half of the tube se5ments 
without entrances are probably plugged. So, find­
ing caves becomes a matter of finding entrances to 
known lava tUbes. 

Some en~rances remain open from the initial for­
mation at the tubes. These include gas vents, 
overflows, or other places where the tube failed 
to roof. Although this type ot entrancef is 
common on the island of Hawaii, in the western 
continental United States most lava tube entrances 
were formed by collapse during cooling. Weathering· 
seems to till lava caves with soil rather than 
make their roots· fall in. 

Entrance collapses tend to occur at points that 
were flaws during formation. These points include 
root overflows, passage junctions, joints between 
root cr.ustal plateft sharp changes in slope along 
the tube axis, and any thin spot in the roof. In­
conveniently, these relationships are in most 
instances noted only after the cave entrance is 
found by accident. Such is the present state o£· 
the art. 

MANAGEMENT PROBLEMS OF LAVA CAVES 

The problems ot managing lava caves, as with other 
types of caves, can be reduced to two. These 
consist of protecting the cave from people 
(preservation), and protect.ing people from t.he 
cave (safety). 

I·tatters 01', safety in lalla caves are largely ;like 
those of other caves. Within a lava tube cave 
there may be unsteady breakdown, vertical ,*,ops, 
and slippery slopes of mud or ice. In cool cli­
mates lava tubes tend to be especially cold, so 
hypothermia may be a constant problem for cave 
visitors. As with other caves, it is occasior~lly 
possible for inexperienced people to become lost 
or trapped. 

Lava caves are often thought to be featureless and 
indest.ructable. In spite of this viewpoint, lava 
formations exist and are highly vulnerable to both 
accidental and malicious breakage. The potential 
for damage has greater significance when we realize 
that lava stalagmites, soda straws, and helictites 
are rarer than similar formations in limestone 
caves. Spray paint is nearly impossible to remove 
from lava. Litter can cause serio~s last.ing damage 
(carbide dumps, batteries) and may be especially 
difficult to remove from caves (broken glass). 

Lava caves are no more expendable than are any 
other type of cave. Once a Cave is lost by quarry­
ing, flooding, road building, or land development, 
it is gone. Even the constructive efforts of vol­
canoes cannot keep ahead of the unrestricted de­
tructive habits of man. 
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