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THE ORIGIN OF TUBULAR LAVA STALACTITES™
AND OTHER RELATED FORMS

Koevin Allred ™ and Carlene Allred ©

ABSTRACT

Tulsuabnr Tavie sealactites are often Towml i lavis tubes, Field observations, sample analysis, and Leaara-
tive studics nddicite thal hese are segregations estmded diering coaling rom partiedly coystallised v m
about 1OTE - LODGC, Betroprade botling (pas pressaneh swoibin the L provides o mechaniso te espel the
interstatnsl liaguisd, T mlinao o lslar B stalacsites, o variony of eller T features <o albso nesalt such as
Lawis B lictates, lava coralloids. hamacke-like stretched Liva, ronsers, rusier Channels. and seame lava blisters
s sguicese- ups,

Kevwarreds: Lavit spreleothenis, sodis sicows. experimental growih

INTRODUCTION

The sty sites for this paper are Tour lava ubes wotaling approsimately 71 ko of
mapped passages located on Kikiea voleano, Hawaii (Fig. Le Here, asin other well pre-
served lava wbes we mvestigated in Hinwid and the western Uniied States, interior sur-
Faces ore commonly coated with o thin, smooth, vitreows surface™ known as glaze (Lar-
som, [993). This is sometimies underlain by a variable layer of dark-hoed rock on cither
broken ar smvoth surfuces, Where thick, the dark deposiits are usually associated wiih
slender, worm-like v stalactites (Fig. 2,30 These are called tubular Lava stalactites, and
can be straight, branching, eccentric. or even deflated. Their interiors are usually an
entrmnment of clongated vesicles and septa, but some examples ure complewely salid or
hollow (Larson, 1993), Where these stalactites drain, globular stalagmiies might be built
(Fig, 2,30 Previous investigators have theorized these stalactites originaied Trom: 1
warler vipor {Dana 1849, Brigham 1868, Dana 1889). 20 remelt (Jaggar 1931, Hjelmevist
932, Perret 1950, MeClain 1974, Baird, Mohng and Welday 19851, and 3. other means
tWilliams 1923, Harter 1993, Favre 1993, Ceana 15993, Adlred 1994,

METHODS
Some whular lava stalactites wnd ceiling lining samples were crushed and then test-

edd for gram density using kerosene as a displacement medivm. Eight thin sections were
made of stalactite and ceiling lining samples, X-ray analyses were done on a Philips X-
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ray diffractometer for modal composition. Chemical analyses of 69 elements were
made of & group of small whalar Tava @talactites and the parent lining | - 3 ¢m above
the stalactites. This was done primarily by JCP-AES (inductively coupled plasma emis-
sion spectrometryd, INAA (instrumental neutron activation analysis). ICPMS (induc-
tively coupled plasma-mass spectrometry ), and XEF (X-ray Moorescence spectroscopy b

Field observations in 1995 and |99 were carrelated with parallin models used o simu-
late wobular Bwa stalactite groswth. A caldron of liguid paralfin deoned through a coarse filter,
vilve, and tube, imo i small conling reservoir, The pacaffin then seeped through a sponge 1l-
ter and out a fmal ke, Temperatore wis monitored with thermometers in both containers.

DISCUSSION

Field observations give us some clues as to the origing of wbular lava sialactites
and reluted forms. In some instances it can clearly be seen that their flurds originated
Trovne within the rock itself, as manifest by tiny conduits directly above their uppermaost
portioms. Most Wwbolar lava stalactites we found tended 1o be eccentric and kinky nearer
their ends (Fig. 31 Others had formed only as an incipient coralloid shape (Haltliday,
19940, They are called ranners (Larson, 1993} where they are found against o surface

Fig. L Tobular Leva stalactites amd Lava silsgmiles

thowght 16 b from Komana Cave near Hilo, Hawaii Fig. 4. Squeeee-up, Keala Cavee This eropted Biva is
1D, 18891 The ower ends of the stalachies el 1o staprcted ol heing eyt mo somlar Teshion b
I e cvochtric, Ao s dypical, stalagmines show signs tabwilir Tivi stalactites, The bamery ahove tse rombod

ool e Dutdivy sarer their hises cap s 5 bong . Phobe by Cardene Allned,
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{Fig. 20 10 tumners Bowed down a tubolar lava sialactite. the original free-dopping por-
ticny can be identificd by its annular growth rings.

The globolar structures of the stalagmites end 1o be more runny, and less distinet o1
their Buses (Fig. 2,30 The stalagmites were usually deposited after the foor of the whe
had stopped moving, Rarely a line of driblets had fallen on a slowly moving Moor
before i stalagmite was fmally formed,

Other kinds of Lava features result from extrusions similar to those described
abowe. Dripped “lva roses”™ (Larson, [9493) ¢an form by Falling masses and sheets of
avan originating from within ceilings, “miniature voleanoes™ (Jaggar, 1931), or “small
spatter cone|s |7 tMeClain, 1974) were forced upwards from ledges or Moors. Those we
abserved often had rounded caps (Fig. 4) and runmers around their robust perimeters,
Onhers had crter-like depressions at their wops and resembled minimure voleanos, Lava
blisters are sometimes Tound associnted with tubular stalactites and the squeese-ups,
Jamgar (1931 described “barnacle stalactites”. We sometimes found these stretched,
provved, fornis associated with wbular Tava stalactites behind slumped ceiling linings
tFig. 3) They are also common around comracted perimeters o subsided plunge pools,

Concepts of Filter Pressed Seeresation
!

Woright and Okamura {19770 explained that lava can “segregate”™ from o partially
crvstullized melt ot e mperatures bevacen LU0 and 170007 C) This results in veins of
relatively coarse grained, glassy, vesicular rock™ differing in composition from the
miain body of Tavie They aptly describe this process, which is called filter pressed segre-
zation, in Lva bikes of Kilawes Volcano:

“The cevatad froeseweek of the st Behaves ax o e dwoagh which e Siguid
Sracrion moves o the apen froctare, The efffcieney of the filtraiion preocess s varfefile.
vy yegregations coarry B crvstels, so that the btk composition of the segregation
eleres nent fie onr tee Nggeeied dine of descent for the fabe av o whele, wiercays othier segeege-
Homs are viviendfy free of earbv-furmed crvsnafs™,

Wright smd Helz (1987 ) concluded that highly differemtiated segregations can occur
in contraction cracks af these lakes between temperatures of 1000 - | KKC, even
when interstitial liguid becomes 109 or less, They were inferred to be sas-driven,

W subimit that twbular luva stalactites and other related forms are actually segrega-
tions ejected by expanding gas indo the cave passages. Like the cracks in the cooling
favar Bnkes of Kilauea, some fava tabe contraction cracks had been injected with intersti-
tised ligquad from both opposing surfaces after they <plicapart, This material did not come
from Towving parent lava of the lva ube, IF cracks were widening during the extru-
stoms, stretched bormacle-like forms grew (Fig. 55010 0s important o nete that the mgori-
v ol Bava tube cracks lack segregations becanse of improper conditions, or may have
apened nearer or below solidus, given as 980°0°C) by Wright and Okamura (1977). Nt
all eatrusive phenomena are filter pressed seeregations. For example, settling of cruses
may bave extruded some parent Tava as blisters and squecie-ups.

Kegreration emerLenee

Why and how dicd the Lva tuhe seerezation extrusions oceinr only after the kwva had
reached an advimced stage in crystallization”! Bounded bubbles, or vesicles are formed
o wolutile exsolution at a time when only o small percentage of lava has crystallized.
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When 50 o 55% ol the lava becomes erystallized ot abour 1070 *C-1065 °C, it ceases o
ow ¢Wright and Okamura 1977, Peck 19783 This rransition is called the crust-melt
interface, With more progressed ervstallization, nterstitial liquids can elfervesce betwecn
eryvstal faces 1o form irregular vugs (Peck, 19780, This is because as erystallizaion
hecomes more advanced, svolatiles (chiefly H2O0 will be concentrated in the residual melt
ined retrograde boaling ocours (Best P9US, pa. 246, 221 1t is sigailicant tha we obscerved
mare intense vugey fubric in linings having higher concentrations of whalar stalactites
and other segregaions (Fig. 61, Inosuch fabrie, vesicle surfaces can become honeycombed
with vugs until only their general spherical shapes remain, A feast some of the interstitial
el s Torced out inlo the cave w Torm wbokae stalactines (Fig, T

Frg. 8, Barvacles ke stieeched Tavie B e, Lavas lorinng hese was eatnnd-
o the crick widened. 1T the Tower pan G2l away, only e “stalactine” poation
retiins, Fioto by ke Shombizh,

Fag. . Virggy Labese on HAT D abwove o siiad] kb iobalar bysay stndacnine. The
stalactite s % e bong . Photo by Marparct Palimer
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The occurrence of coarse graims i scgregations s evidence of increased dilfusion of
atoms from high Ha0 content. Low viscosity of residual ligquid may result from some
waler molecules combining with O Si-03 tetrabedra (o break their chains. Addition of
K0 and NasO o silicate melts plays o similar role (Best 1995, pp, 232, 2930, With this in
mind, we observed a lendency of brownish colored segregation material 10 have once
been very Muid with almost none of the magnetite prevalent e more common dark
gray samples. This may indicate extensive oxidaion o hematite under high H:0 condi-
tions that would cause retrograde boiling. Vesiculation in segregations (Anderson et al.,
19841 s funther evidence that the driving force was retrograde boiling. Even later retro-
arde boiling can form vugs in fubular lova stalactites and stalagmites w estrode helictites
or coralloids (Fig. 51 None of these second order segregtions have vet been analveed.

Conpaerixons with povaffin wodels

To help understand the origin of wibular lva sialactites, we were able to simulate
their growth using paraffin at approximately 65-70 °C. Paratfin flow was regulated by
inserting & sponge plug into the drainage wbe which fed the stalactites, This is similar w
the process of filier pressed segregation i lava, bt where graviey tkes the pluce of gas
pressure. The resulting paralin stalactites were 3 - 4 mmin digmeter, and up o 15 om
long. As drblets drained guickly through o stalactite and dripped from the growing Lp

Fag. T Proposad extrasion of tulbwlio B saalacrines.

A Redr e hlilinl: iyt Iininp crentes vugs uml begins
catruding a then disconinuous laver of residual meh

ES Comiimmed resnduad oulpounmgs collect in sonks dis
S i s,

O Dt tubudar shapes become more appacein., and
s womlinue s forn in ihe lining

12 Conmtmmed auddation of dip seginents croates giowth
rings  Spliing ol the newest skin s perpehsded o
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el wmerzing wlribshets, Inn'ill__f (15 |i;||.|:d Icw tlag sighe aur
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iFig. 9 athin fexible skin extended in segments, We sometimes observed the skins of
newest segments splitting open and closing repeatedly. parallel w the axis during cvelic
driblet movement. This segmeming amd splitting s remintscent of growth rings and hn-
car seaims on some ubular kava staloctines,

The parathin stalactites could be divertied into cccemric direetioms. Paraltin s high
solidification contraction of 14839% volume, Since the solids will be heavier. they tend
ter compeal in ihe bottom of the emerging driblet. The driblet s held 1o the st segment
by surface tension. and the skin is thinnest around the sides of the driblet where spread-
g is occurming, I0he drainage is allowed w cool sufficently (due w convection Grther
dowen the stalactite, or Trom diminshed Gow b pressured lguid pushes our or upwards
Irowm the side of ihe driblet, beginning an eccentrie form, These breakouts can also
coeur nedrer the ottachment point of & stalactite resulting in o compound form, 1F o
breese s present, prelerentinl growth is leeward, We believe a similar process is
imvalved in the formation of cocentric tubular lava stalactites since lava contracts abow
FA% (Daly, 1944) fcompare Fig, 3, 10k I the paradtin iemperature was oo hot, o stilac-
tite could not forn, and all of cach drbler fell imo puddles below,

Perrographie Analvais aned Density

Our sectioned samples (Table 1) were generally similar 1o wbubar staluctites of pre-
viows pelrographic studics (Dana 1889, Hjelmgyist 1932, MeClain 1974, Baird and oth-

Sample (Hivee | Pyrene | Mapochs| lmemne | Maznetite | lemane ;'L; Apttike | Teal
ol
Hal shiark towthy staluctice
eomposed of seven imings oA | M LIe [z ] L ] 1TH At 413
HAZ Timng pertion directly above
Tubalar sulaciie 006 | MAE 15327 | 388 |9.H o7
HAZ  tabolar stalictite pontion
of sample 00| 2500 | 200 | 1900 i | e 1K)
HAY - bolh whelar stalacties and
prrction aboe are segregaions (224 | 1632 146 AT 5 99.97
HAL  stalagmite, transverse ross
section 46 | BT MET | 3B | 1038 .07
HAA stalagmite, axial cross section AL | 1590 | 103 | Bo6 ) 227 | IRIT | LI | 99w
1AS outer porion of HAR,
dirvethy abovye o snall wbhular [ # Jua | ukag e L Gy | a7
slzlctine
HAS small tubular stalactine of HAS EUTCON e M B[ 3% | w9
Mg Himeng from which tubul
stabictites hadl gnwn ' fifibt | 160 T M| e
Hy tubular stalactife,
Raufarholshellir Cave, lecland 1900 [ 1980 100 | 175F | B4R [LEIRLE
MLLY Chemcal mode Tor average
Makaopuhi hasalt A3y | R [ JXM ) 4AM [EL1] RLL IS [(EXNLY

Table 1 3losdal compaositione volieme pescent ). Segregations are shiched. ' Tooe HyeDmapis) 019320 7 the anter erusy of
b sinbactite, amd imcludes Both emntiie amd magnetite; ol glea: ® omileermmed amomits of gealite wene detected
nine pliess Y ungomected resles (W gzl and Clamues, 1977, Tuble B ®, inclindes minos amoants of Clay depaosited
vt e exterior surlaces of salactites alier they were Tormed. " olivioe wis visable o lnig @i may Bave been aoelud-
ol b okt couinls for |
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ers 1985 The segregations are of darker hue, more coarsely grained. and are higher in
magnetite and glass content, than the linings from which they estruded. We found tha
tubular stalactites can often cusily be picked up with g magnet. due 10 high magnetie
comtent throughout.

Glaze is a <50 micron thick magnetite <kin which has o characteristic silver luster
from light rellecting oft facets of tiny octahedrons. This magnetite ormamendation
appears 1o have grown after the greenish pyroxene-rich surface had begun w crysiallize
on many lava tube surfuces, We found rare sites of greenish colored linings and tubular
stalactites (acking much of the magnetite amamentation, A reddish color can result
when glaze has been oxidized 10 hematite, The magnetite indicates low emperature
erystallication between 1030 °C and solidus (Wright and Okamura, 1977) Thus, we
question the prevailing assumption that glaze is evidence of remelt (Jaggar 1931, Peter-
som and Swanson 1974, Harter 1978, Allred and Allred 1997), As Tor the darker-hoed,
coarsely grained, layer sometimes Tound under some glaee of our samples, this is sepre-
gated material. The chemical compositions of inbular lava stalactites and lining above
ther are found in Table 2. Table 3 shows that many incompatible trace clements are
concentrated wo nearly 2009 in the stalactites. This is another indication that 1he segre-
gations occurred al about the crust-melr imerface. Other clements are compatible with
the early formed minerl. olivine, and have lesser concentrations in the stalactines,

In liningAubular stalactite samples. the tmmsitions between the linings and segrega-
tions were much less distinet than between typical lavered linings. In the liningfsuilac-
tite samples, pyrosene crystals and laths of plagioclase often extended deep into either
side of the transition wone., indicating segregation drainage through the crysialline
framework.

Kerer Channely
Sometimes shallow, incised, “runner” channels are found which extend vertically

Triular stalceite, | Tubstar safacie, | Tebetar stabscie | Paens baing of ”“'r':f:ﬁ:: U2 1 gt vin, —
Ovale | Kilaues Cblrn. | Kammur Cove. | HAS, Kamaes | b siocos | IL.I.lum:.n Maksoguhi Lz | :T:f:. r:an ;
(12nE)! 119858 Cavie ithin study [ HA, ithis sy ¥ e ok o Lake. (1977

s | 319 533 e e am | osm w0 sl
wn| 134 135 114 1T LI 1 5
Fedk 155 1533 pam |16k 157 426 |44
Full li4 W 045 4 Siw
Wi & 5y in &% 18| wal e .
Laid us ({15 937 i 1135 1102 E4 IR
Nz 3 i 34 13 |t 175 i
Kb ¥ 5 4 i g W Ll )
T 28 363 Tk wro | orwm oy 14
P, 3 M By B 5t Ky
Miaid # ) 1 " B a0 I

Tabbe 2 Clemical composition of segregations and Kiliwean parend Bavas (weaght percenth, Seonegativdis ane shoabed. |,
silicn nwive med sodinm exide wene desipnuted ws 5108 and Ma0 respecuvely (Brgham, TEARY 7 collected frem Ko
muea Cive (innd, Mohog amd Welday. 19851 toul Fe calgulated as Fedd, *, oo Walfe and Moeris (T996), &, segroga-
o wein frome Makaopahi lava like sample fF-2- 100 0Wright and Okamnons, 1977 % Weigh and Okamwr (1977),
Tabde ) 2; % detogtion i of 0] %
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down the cave walls. Those we observed were up to 20 mm wide, 5 mm deep. and up to
a meter long (Fig. 113, These “appear” o have been meled into the already salidificd
wills by horer lava extruded imo the cave through tiny holes in the walls, We believe
e volatile-supersaturated segregations pouring from the orifices reacted with the resid-
ual lguid of the hot wall Tining. This caused some residual liquid 1o become less vis-
cous and Tow away with the segregations, Best (1995, pg. 234) calls this process
“depolymerization”™. In such circwmstances, previous)y crystallized oliving and other
minerals would be ondermined and wash down the channels with the liguid, Exit hales
and imernal comduits above the channels seem o have been enlarged as well, Tndeed. it
nuy be that “rools” observed o extend above some tubular stalactites (Harter, 1971,

1993) were formed by residual mels depolymerizing along the paths of segregations.

As with the other HQ._EI'CLLHLLI featwres, the depolymerization oecurred during caoling of
the lava be. It i important o emphasize tha none of these processes have anyihing 1o
do with g “remel™ scenario. Alhoogh the eventual solidus lemperature might be low-
ered by increased H2O in residual melts, there is no change from crystalline w melr,

CONCLUSIONS

Bused on evidence stated abave, we conclude that wbular Liva stalactites and some
olher extrusions in lava lubes ane fler pressed segregations extiuded by retrograde boil-
ing from partially crystallized lavi, They oceur o or below the crost-melt interface
between about 1070 and TOMNC. Segregations differ from their parent linings in densi-
v, fexture, mineral ratios, and chemical composition, In some cases, segregations
depalymerized residual liguid in partially crystallized linings,

Genetically, the owter shells of tubular stalactites function like the insolative linings
of the lava fubes in which they grow, The great vaneties of these and relmed features are
influenced by composition of the parent lavas, when the segregations oceur, the effi-
ciency of liltering, and the complex, open environmens under which they cool.
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Fig, 1 Tibular parallin siabictite during grewth, The Frg. M1 Soane il lar parndTin sialactites. The alilwcline
satalietine diamerer is 3 man Pheeo by Cadene A sl dhimmeters we =3 mm. Phole by Corlene Allned.
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