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ABSTRACT

Giant blocks of pumice lie strewn along a femshoreline of intraddera Lake Taupo,
New Zealand, and are the sole subaerial evidehtiee most recent volcanism at the Taupo
supervolcano. Geochemically they are idehtioamaterial erupted during the complex and
multiphase 1.8 ka Taupo eruptiomhich they post-date by one two decades. The blocks,
some of which are >10 m long, show compjeiting patterns indiative of both surface
chilling and continued interior expansion, aslives heterogeneous vesicularity, with dense
rims (mean density 917 kgAngrading via an interveningansition zone (mean density 844
kg/n?) into a more highly vesiculadnterior (mean density 815 kgfin Analysis of thermal
demagnetisation data indicates significant recatgm of the blocks athey cooled through a
series of blocking temperatures. Some partsl@tk rims cooled to below 580°C well before
emplacement on the shore, whereas other jpartise interior and transition zones, which
cooled more slowly, acquired different oriemdats before strandingsome block interiors
cooled after blocks were finally deposited, aedord the direction of the 1.8 ka field. The

blocks are believed to be derived from oneboth of a pair of rhyolitic lava domes that

1of 37



33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

Von Lichtan et al. 2016_2_28

developed on the bed of Lake Taupo seveeahdes after the climactic Taupo eruption over

the inferred vent area.

These, and similar giant rafted pumice blogkther marine and lacustrine settings
raise a number of questions about how volatdh-felsic magma can be erupted underwater
with only limited thermal fragmentation. Furthermore, the prolonged flotation of out-sized
fragments of vesiculated magma formed dgrsubaqueous dome-growth contrasts with the
rapid sinking of smaller pieces of hetinian pumice under laboratory conditions. The
genesis of pumice forming the blocks is muoitirely clear. Most simply the blocks may
represent part of a vesiculated carapace growing lava dome, broken loose as the dome
grew and deformed then rising buoyantly te surface. Parts of ttearapace could also be
released by local magma-water explosions. Stertures of the pumice, however, suggest
fresher magma released from beneath the carapace. This may suggest that silicic dikes and
pillows/pods intruded into a growing mound dfcsc hyaloclastite, itself formed by quench
fragmentation and thermal graatibn of the dike marginsThis fragmental cover would
have inhibited cooling of a still-hot and taely vesiculating interior, which was then
released to float to the sade by gravitational destabilisati and collapse of the growing
pile. Following their formation, the large fragme of pumice floated to the lake’s surface,
where they were blown ashore to becoméetided in accumulating transgressive shoreface

sediments and continue cooling.

Keywords:. giant rafted pumice, thermal remnantgemmagnetism, vesicularity, subaqueous
rhyolitic dome growth

1.0 INTRODUCTION

The ascent and degassing tigs of magma influence @resses of vesiculation,
crystallization and fragmentation (Toramat989; Mangan et al., 1998jug and Cashman,
1996; Blower et al., 2001; Noghicet al., 2006), and are criéic factors in the style and
magnitude of volcanic eruptions across a diitg of environments (Gilbert and Sparks,
1998). For subaqueous eruptions, there are fuitiigences from thehermal, hydrostatic,
viscous and phase-specific properties of waited their influences on fragmentation and
dispersal (White et al., 2003pubaqueous eruptions thabguce highly vesicular silicic

glass (pumice), are apparently commonK&jsl969; Kato, 1987; Kano et al., 1996; Allen
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and McPhie, 2000; Kano, 2003; Raos and McP2i8)3; Bryan et al.2004; Allen et al.,
2008; Cantner et al., 201Rotella et al. 2013, 2014Zarey et al., 2014), and produce
extensive pumice-rich aprons around subn@agrplosive calderas (Nishimura et al., 1991;
Fiske et al., 2001; Wright etl., 2003). Rapid quenching of hot, magmatic steam- (Allen et
al., 2008) or air-charged (Whitham and Spafl&86) pumice accelerates water ingestion and
attainment of negative buoyancy, resulting rapid fall-out from subaqueous eruption
plumes as eruption-fed density currents (@aan and Fiske, 1991; White, 2000). In contrast,
air-cooled fragments of puge float for long periods (Richards, 1958; Coombs and Landis,
1966; Frick and Kent, 1984&Risso et al., 2002; Bryeet al. 2004; Jutzelet al., 2014) due to
their low permeability, with the time to saturatibeing proportional to either the square of
the clast radius (small clasts: Manville et al., 1988its radius alone grge clasts: Vella and
Huppert, 2007), or to #thclasts' c-axis (Risso et al., 201Pore challenging to explain are
subaqueously erupted pumice clasts that float long time (Bryan et al., 2012,), or out-

sized vesicular blocks that avoid quench fragmentation or thermal decrepitation. Here we

analyse such blocks from depositeward Lake Taupo, Ne&ealand (Fig. 1)

1.1 Giant rafted pumice blocks

Observed subaqueous pumice-producing eragtfall into two categories: explosive
ones from shallow depths that breach ggsovdaden tephra jets; and passive upwelling of
pumice blocks and lapilli, distoured hot water, and bubbles from deep water (Kano 2003),
with only a single, recent, satellite-obserdadge, deep-water explosive pumice-forming
eruption (Carey et al., 2014). The 1952-58p#ion of Myojinsho, Japan, involved dome
growth, submarine explosions including emeatg8urtseyan jets, dnproduction of floating
pumice blocks and lapilli (Fiske et al. 1998). Mosty floated briefly, buthe largest, up to 1
m in diameter floated for long periods andrevstill hot when samed (Tsuya et al. 1953).
The 1953-57 eruption of Tuluman volcano nPapua New Guinea evolved from upwelling
of metre-sized pumice clasts (Fig. 2) to gdatomagmatic eruptions and emergence of a
number of lava domes (Reynolds and BE320; Reynolds et al. 1980). The 1934-35 eruption
of Shin-lwojima (Maeno and Taniguchi 2006pushwest Japan, occurred in 300 m of water,
with early activity producing swarms of hoteaming metre-sized pumice blocks that floated
to the surface (Tanakadate 1935). Sdlmating pumice blocks up to 30°nm volume sank

abruptly, but many remained floating and weegeried away by ocean currents. The 1924
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eruption near Iriomote Island, Japan also produxeagentle but continuous rise of pumice
clasts to 2-3 m across that fted for over 1 year (Kano 2003).

Large blocks of subaqueously erupted punhiage also been reged in a range of
marine (Kano et al. 1991; Kano et al. 1998gA and McPhie 2000; Allen and Stewart 2003;
Binns 2003) and lacustrine geoicg settings (Clough et al981; Mann et al. 2004; Barker
et al. 2012), including Lake Taupo (Wilson aWhlker 1985). In most cases, such pumice
blocks are contained within populations wiore finely fragmented pumice, suggesting
relatively energetic, explosive eruption pesses (Raos and McPhie 2003), but sometimes
they occur in depositional setttings that are clearly rerantedecoupled from where they
formed, presumably as a result of flotation &nrathsport. Recorded exahes include a bed of
giant pumices at La Primaevera caldera (Cioeg) al. 1981), the San Agustin deposit at
llopango (Mann et al. 2004), and the Green Lalkmice at Raoul Island (Barker et al. 2012).
The observed and inferred prolonged buoyanchiatffragments of vesicular dome-derived
rhyolite formed under natural conditions thus contrasts markedly with laboratory experiments
on hot subaerially and subaqusly erupted pumice clastahich sink almost instantly
through ingestion of water caused by thernmalteaction of the cooling vesicle-filling gases
(Whitham and Sparks 1986; Dufek et al., 200fle\et al. 2008). Thisantrast in behaviour
must reflect either a scalequEndent effect or a fundamenthfference in pumice properties
such as vesicle interconnectivity produced by fragmentation of degassing magma ascending
in a conduit versus that produced by efferveseeaas part of a growing lava dome (Manville
et al., 1998; Bryan et al., 2004).

20GEOLOGICAL SETTING

The Taupo Volcanic Zone (TVZ) is a 30068 km region of intense, predominantly
silicic, Quaternary volcanisnfHoughton et al. 1995; Wilson et al. 1995) and extensional
normal faulting (Rowland and Sibson 2001; &ifor and Berryman 2001) in the central
North Island of New Zealand (Fig. 2). Two wahic centres are presently active in the
central, rhyolite-dominated segment of the T\@kataina to the north (Nairn 2002) and
Taupo to the south (Wilson 1993). Taupo volcans ieneath Lake Taupo (Lowe and Green
1992), one of the largest bodies of fragater in Australasia (area 616 ¥molume 60 krf),

which was largely formed in its current capfration by caldera dlapse and pyroclastic
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133 flow emplacement during the 26.5 ka Oruapuiption (Davy and Caldwell 1998; Wilson
134 2001).

135

136 The Taupo 1.8 ka eruption (Wilson and Walké&85) was the most recent explosive
137 one at Taupo volcano. The complex multiphaspton generated a number of fall deposits
138  (Wilson, 1993) before culminating in emplacement of the c. 38 Kaupo ignimbrite
139 (Wilson 1985) which blocked the outlet to thérataldera basin. LakBaupo refilled in the
140 decades after the eruption to a mean highdewvel c. 34 m (Manvilleet al. 2009) above its
141 present elevation of 357 mASbefore breaking out cataspiuically (Manville et al. 1999).
142  Several decades after the climactic phastheferuption (eruption Y6: Wilson, 1993), based
143 on inferred filling rates (Smith991; Manville et al. 1999), two subaqueous lava domes
144  (eruption Z: Wilson 1993) coposed of magma geochemically indistinguishable from that
145 erupted in the explosive eruption, weretreded beneath the refilling lake to form
146  Horomatangi Reefs (c. 0.25 Rmrolume), Waitahanui Bank (c. 0.03 Rmand the giant
147 pumice blocks themselves (Fig. 1), from whtbe eruption Z geochemistry is known (Sutton
148 et al., 2000). Horomatangi Reefs comprises agfa@rcuate ridges oriented NE-SW, parallel
149 with the regional tectonic grain and aligem of Holocene vents (Wilson 1993), that rise
150 from the deepest part of the lake basin to within <5 m of the modern lake surface and are
151 associated with an active geothermabtsyn (de Ronde et al. 2001, 2002). Published
152 bathymetric charts showteep-sided topographwt{ps://data.linz.goviz/layer/1466-chart-

153 nz-232-lake-taupo-tauporana-horomatangi-regf/but we know of no detailed observations

154 of the submerged domes, which are culturally isiees even the most recent papers do not
155 document dome form (Davy and Caldiy&998; de Rondet al., 2002).

156

157 During eruption, blocks of vesicular teaial from one or both of these domes
158 reached the surface of Lake Taupo then drifeid its northeastern shores between Te Kumi
159 Bay and Motutere, mostly in the Fiveil®l Bay area, where they lie embedded in
160 transgressive lacustrine shamel sediments (Fig. 3; see also supplementary file 1). These
161 blocks of grey vesicular rhyolite are hereiriereed to as ‘pumice’, a term applied to very

162 vesicular volcanic glass foam (Fisher échmincke 1984), although Muaille et al. (1998)

1 Elevations are expressed either as mASL (metres above mean sea level) or + x.y m (metres above
modern lake level of 357 mASL)ake Taupo water levels havedn artificially controlled since

1941 AD for hydroelectric purposes when the lakeswnaised by about 1.5 m: the natural minimum

and maximum levels being 355.84d 357.72 mASL respectivelyormal operating levels are around
357 mASL.
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restricted the definition to micro-vesicular pyroclastic fragments of generally silicic
composition that will float omvater when dry and cold. Clasenge from 2 mm to 20 m long
and are angular and blocky, especially & #maller (< 0.5 m) ses. Complex jointing
patterns are present on blodiesger than c. 0.5 m, @tuding surficial polygonal fracture
patterns and interior herring-bone and rosettectiras. The smaller grey pumice clasts form
a secondary population that enly found associated witlthe giant blocks, and were
presumably broken off the large blocks by wave action or collision during residence along the
shoreface. In addition to its diisctive grey colour, which redicts textural properties rather
than a distinct geochemistry, the dome-dediypumice has a more variable and generally
lower vesicularity than the white, tube-Veal pumice that forms the bulk of the Taupo
eruption’s products (Houghton and Wilson 1988ughton et al. 208; Houghton et al.
2010) and is chemically identical in both nagmd minor element abundances (Sutton et al.
1995; Sutton et al. 2000). Measunaalatile contents, in glassdalusions trapped in crystals,
are uniform throughout all phases of both itf&ka Taupo eruption and the eruption Z dome-
derived pumice at 3.6-4.3 wt.%® (Dunbar and Kyle 1993).

3.0SEDIMENTOLOGY

Grey, dome-derived giant pumice claststhwaggregate volume of approximately
4,000 ni, are exposed along 42 km of the nortiems shoreline of Lake Taupo (Fig. 1
includes all known giant pumice clasts), predomilyain the Five Mile Bay area where they
crop out in the toe and face of a lowstand shoreline terrace. This terrace was cut into primary
deposits of the Taupo eruption by wave actidarahe level of Lake Taupo dropped from its
highstand at c. +34 m when the intracaldess breached and released a break-out flood
(Manville et al. 2007; Manvillet al. 1999). Wind-driven waveepresent the most important
sediment transport process at modern LakgdgRiggs et al. 2001), and wave energy varies
significantly around the ke. Prevailing winds are from the south and southwest (Thompson
1984), which coincides with the long axis thie lake, maximizing wave energy along the
exposed Five Mile Bay beaches where most giant rafted pumice is now expasedvithin
eroding lacustrine deposits. Losbere drift generally moves dienent from stream mouths
north-north-east along the lake.

3.1 Lacustrine and shor eface sediments
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Transgressive lacustrine shoreline depasisdeveloped extensively around the Lake
Taupo basin as a result of tleke overfilling by c. 34 nfollowing damming of the outlet
during the 1.8 ka Taupo eruption (Wilson @t 1997; Manville etal. 1999). Efficient
hydraulic segregation of the different sizmd density components in the reworked
pyroclastic materials gave rise to a suite atidctive litho- and petrfacies (Manville, 2001;
Manville et al. 2002). Tése sediments overlie an erosiomatonformity cut into the top of
the Taupo ignimbrite and comprise a deepenipgard sequence that broadly corresponds to
the shoreface-offshore succession developedgathe modern lake steline, although the
back-beach berm of rounded pumice pebldesl cobbles is usually absent from the
transgressive sequence excepthat highstand shoreline (Cladn 1996; Riggs et al. 2001).
Swash-zone sands lie above the unconformity are represented by 10-20 cm of plane-
parallel bedded and low-angle cross-stratifiedrse sands and fine gravels that dip lakeward
at 1-8: componentry is dominated by dense clastisicipally lithic fragments (rhyolite lavas
and obsidian) and crystals (quartz, feldspemrnblende and magnetite). Bedding is defined
by sharp changes in grain-size, and pelinds, which commonly include sub-rounded
pumice clasts, are normally graded. In the zmfrghoaling waves (sudone) beds are tabular
and thicker, comprising 30-66m of decimetre-bedded onlappi lenses of matrix-free,
normally graded, moderately to well-rounldgumice gravel. These grade upward into
nearshore (lower shoreface or transition zeagiments developed above fair-weather wave-
base; Riggs et al. 2001). This sub-environmentharacterised by ripgd fine to medium
pumice sands 20-50 cm thick. Symmetrical ketiry ripples dominate, but slightly
asymmetric or trochoidal ripples alsocooir. Fine dense component sands may be
concentrated at ripple crests, while occasiongle sets are entirely composed of crystals
and lithics. Wavelengths vary between B® mm and amplitudes between 3.5-14 mm. As
water depth increased duringetlransgression, theppled facies passes up into offshore
sediments developed above storm wave-baskidimg massive and laminated vitric (pumice
glass-shard) silts. Interbeddishses of dense-component-ricbarse-sands and fine gravels
are interpreted as material eroded from thereflace and transported into deeper water by
storm waves and rip currents. Deep watatiments accumulated below wave base are
dominated by massive and lami@@d fine pumice sands and silts. In general, this sequence
reflects partitioning of different density magdrduring reworking of the Taupo ignimbrite by
wave action: high-density components are concentrated as a lag on the high-energy
shoreface, whilst lower density, more easily obitised material is transported into the

quieter offshore. The transgressive successioenmsrkably consistent around the lake, being
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largely unaffected by variations in sedimélnok and wave energy. Higanergy settings are
marked by more-common lithic-enriched stofaties in offshore as well as onshore sub-
environments, while in high sediment supply arsadimentation rate kept pace with the rate
of lake deepening giving rise to thickergsences with weaker deepening-upward trends
(Riggs et al. 2001).

The giant rafted pumice blocks occur in a number of transgressive shoreline sub-
environments. Grey clasts that are sub-rounaghedpntrast to the generally angular margins
of the large pumice clasts, and associatétth whoreface dense-component-rich sands are
inferred to indicate abrasion itme surf-zone, while thosembedded in nearshore pumice
gravels and sands were probatthnsported into deeper water by wave action (Fig. 4). There
is very little or no deformation of the sedinte below even the largest grey pumice clasts
(Fig. 5), suggesting that they did not sinlpicdy into place, and were almost neutrally
buoyant when deposited (Manville et al. 1998hite et al. 2001; Manville et al. 2002).
Assuming neutral buoyancy and given the c. 1dQ:50 gradient of the shoreface, typical
blocks c. 2 to 4 m in minimum to maximudiameter would have run aground 20-200 m
offshore of the shorelineEnclosing sediments show no evidence, such as fluidisation
structures or thermal modification, of havibgen in contact witthot pumice, and this
suggests that block exteriors were cool &t time of final lodgement and burial. Rates of
accumulation for the sediment enclosing the pumice blocks varied around the lake, with
relatively high rates inferred fdhe Five Mile Bg area (Riggs et al. 2001). If a maximum
rate of 5 m/yr is accepted (as determinad defended by Riggs at. 2001), burial of the
largest blocks within the erading sediment would haveqg@red about a year once they

ceased movement. Lower rates would imply slower burial.

The lake is inferred to have drained dpiin response to breaching of the outlet-
blocking ignimbrite barrier wén the rising lake overtopped(anville et al. 1999). High
drawdown rates estimated at c. 1.5 m/day misgaireworking of the ansgressive shoreline
and lacustrine sediments during regressiaithough in some areas small intermediate-
elevation wave-cut terracesccur and local rounded-pumiagavels are interpreted as
stranded pumice rafts (Riggsat 2001). Most of the giant rai pumices in the Five Mile
Bay area crop out in the lowstand shorelimeaize: post-breakout downcutting at the outlet

lowered lake level by a further 2-4 m, but tbeel is now controlled by engineering works.
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265 3.2 Distribution of the giant rafted pumice

266

267 Differential GPS surveys of grey pumice ltoas show that their basal elevations
268 range between 6.8 and 12.0 m above modern lee (Fig. 4; see also supplementary
269 information 2). Expected relative accuracyosld be within a couple of decimetres —
270 discussed in Wilson et al. (1993horeline atlas cited. This wanformally confirmed within
271 longitudinal sections in which the DGPS elewat went up for clasts higher and further from
272 the lake, and down for those in the otherediion. Accepting that the DGPS heights are
273 reliable, this variation reflects a combination ddtributed and fault-related offsets of the
274 lake shoreline by tectonic movements over plast 1800 years (Wilson et al. 1997; Manville
275 and Wilson 2003), differences in the groundingeleof different-sized pumice blocks, and
276 reworking of smaller clasts into the offsholdany of these small clasts are denser than
277 water, and so cannot have travelled from the dome to the shoreline except as part of larger,
278 more-buoyant blocks. Their presence prdeki our obtaining and using a pumice-size
279 distribution to infer how long pumice clasts neededloat in order to reach the shoreline.
280 Even without the grey pumice, however, sacHdistribution would be deeply compromised
281 by the sampling bias inevitably accompanying size measurements confined to the narrow
282 modern-day outcrop belt.

283

284 The interval between the climatic phaslethe Taupo eruption and emplacement of
285 the subaqueous lava domes is uncertain. Manvil €1999) estimated that the lake refilled
286 from a post-eruption lowstand level of c. -18Q based on features seen in sub-bottom
287 profiling (Lister 1978), to +34 m in c. 40 years. i8n(1991), put the interval at closer to 15
288 years, plus an extra couple of years for the o rise from its moda level (inferred to
289 approximate the pre-1.8 ka eruption levélilson, 1993) to +34 m. Excluding the time
290 required to refill Lake Taupo from an arghbus post-eruption lowstand elevation to its
291 modern level, a period which sibject to the most uncertdes and assumptions regarding
292 starting points, inflow rates, and establishment of a stable water table in the eruption-
293 impacted catchment (Riggs et al., 2001), arsthg the modern range of natural annual
294  inflows (minimum 80 M¥s, mean 125 &, maximum 170 Afs), it is estimated that the lake
295 took c. 4-7 years to fill from +0 to +34 m. Thiwvgs an annual filling ta of 5-9 m/yr (Riggs
296 etal.,2001).

297

298 At individual sites, giant grey pumice claoccur over narrow elevation ranges (less

9 of 37
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299 than 1 m), implying that they were emplacduaring a single, short-lived stranding event
300 (Riggs et al. 2001). Correction for post-1.8tkatonic movements (Otway, 1986; Wilson et
301 al., 1997) and grounding-line variations sugfgeemplacement occurred over less than one
302 year. This implies either rapid emplacementlef Horomatangi Reefs dome at a rate (c. 8
303 m/s) somewhat higher thanettnistorically observed rander modern subaqueous rhyolite
304 dome growth (1-3 dfs: (Maeno and Taniguchi 2006)), or more prolonged dome growth and
305 a brief episode of block redse from the dome (Kano 2003).

306

307 4.0JOINTING PATTERNS

308

309 The giant rafted pumice blocks (laleel GRP## in this paper) at Taupo show

310 complex, heterogeneous, jointing patterns. Blsgiaces and rims are marked by a distinct
311 zone of fine surface-normal joints approximately 10 cm deep, with joint spacings decreasing
312 towards the outer perimeter to a minimum diemm. These form polygonal (tortoise-shell)
313 crack patterns on the block surfaces. Largertgoare spaced c. 30 capart and traverse a

314 transitional zone where they are oriented peaijmermar to the clast margins to penetrate up to
315 0.5 m into the interiors of thiargest blocks. Here they typically merge into more closely
316 spaced ‘herringbone’ (sample from GRP29) or ticgoint sets. In some more-equant blocks
317 (i.e. GRP40; Fig. 2) surface-normal joints comeeinward to a central point in a rosette-like
318 structure that becomes less chaotic inwardsitidg patterns are generally identical on all
319 exposed sides of the observed blocks, althougishiort side of GRP40 has a smaller and less
320 prominent transition zone and a wider rim witlore-irregular jointshan do the two longer

321 faces.

322

323 The bimodal depths of cracks extending imivcom the block rims is indicative of

324 formation by two processes. First, the fipelygonal cracks are inferred to result from
325 thermal contraction of the block surfaces dgrrapid cooling and quenching by contact with
326 water (Yamagishi 1991)as observed in pillow (Yameadpi 1985) and ice-contact lavas
327 (Lescinsky and Fink 2000; Spdrli and Rawtl 2006). When thermally-generated stresses
328 exceed the tensile strength of the rock, fractures develop perpendicular to the surface of equal
329 tensile strength, i.e. parallel to the thermadyent, forming columnar joints (DeGraaf and
330 Aydin 1987; Saliba and Jagla 2003). Crack spawnigversely proportional to cooling rate

331 (Toramaru and Matsumoto 2004). Second, the wider-spaced and larger open joints are

332 interpreted as tensional feagdsr developed by inflation ahe block interior (Yamagishi
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333 1991), most likely as a result of continued eakation, similar to the process that produces
334 bread-crust bombs (kght et al. 2007).

335

336 Smaller grey pumice clasts lack complebjimg patterns, but often have curvilinear
337 faces or polygonal cracking on one surface osliggesting that they were formed by the
338 break-up of larger blocks alornigermal contraction fractures, $gibly due to wave action or
339 thermal decrepitation. Reworking in the swashezoaused partial rounding of some blocks.
340

341 5.0VESICULARITY

342

343 A number of qualitative and quantitative techniques were used to characterise the
344 vesicularity of the giant rafted pumice bloclksxd complement datan vesicle populations
345 from imagery studies (Houghton et al., 20@810). BET (Brunauer, Emmett and Teller)
346 analysis and mercury porosimetry are commgo@ntitative industry techniques applied to
347 porous materials, but have rarely beeedusn pumice (Whitham and Sparks 1986). BET
348 analysis provides information on the intersakface area of a pumice clast while mercury
349 porosimetry yields data on the dimensions pafre throats: in combination they vyield
350 information on pore-size distribution and abumgks, and a measure witerconnectedness.
351 While vesicularity governs the bulk denstfa pumice clast (Houghton & Wilson 1989) and
352 determines whether it will float all (Manville et al. 1998), total porosity, interconnected
353 porosity, and pore geometry all influence permeability (Klug and Cashman 1996), which
354 controls its ability to become saturated witht@vaand the time required to do so. This in turn
355 controls the buoyancy history tife clast (Whiteet al. 2001).

356

357 The large grey pumice blocks display obviaasiations in vesidarity, with ‘core’
358 domains nearer the clast centbesng most vesicular, outedges least vesitar, and zones
359 of transitional vesicularity occurring betwe@fig. 5). Overall, the grey pumice has a more
360 varied, domainal, and generaltywer vesicularity than the white tube-walled pumice (71%-
361 79%; Houghton & Wilson, 1989; Houghton et aD10) which dominates the surrounding
362 nearshore pumiceous gravels and was rewofied the Taupo ignimbrite. Measurements
363 were conducted on eight 1 cm cubic samplestdilen the giant rafted pumice blocks, and a
364 number of scanning electron microscope (SEMpettions were made. Exterior and interior
365 samples were taken from two large claét® m; GRP29 and GRP40 which also has a
366 transitional sample). The transitidrzmne of GRP23 was also sampled.
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367

368 5.1 Resultsof vesicularity analysis

369

370 In hand specimen, consistent macroscopic trends in vesicularity are apparent in the

371 larger giant rafted pumice blocks (Table Ayt with inhomogeneous vesicle populations in
372 all zones; rim, transitional armbre. Specific area, from BET analysis (Table 2) is greatest in
373 transitional zones because of the presesicdoth small and large bubbles and greater
374 connectivity: although rim zones have moremauous and smaller vesicles, measured
375 specific area is reduced by isolation of somesicles and poor connectivity among others
376 (See also supplementary information #3). Corelgrspecific area in core zones is reduced
377 by the presence of abundant large and mmsite pores. Quantitative data from Hg
378 porosimetry yields a rather noisy pattern revepho dominant vesicleze (Table 3; Fig. 6;
379 supplementary information). This contmstwith the SEM-observed peak in vesicle
380 abundance at 2pm in all samples examined, which matches the "low vesicularity" mode
381 identified for these pumices using image sl and stereology (Houghton et al., 2010). No
382 other peaks or troughs areastd across all our pumicensples. Mercury porosimetry
383 consistently overestimates potential speafiea because of the abundance and frequency of
384 non-spherical and ink-bottle-shep vesicles (pores) in aBamples. We now describe
385 vesicularity of three giant pumice clasts in more detail.

386

387 Pumice clast GRP23: The centre of the clast shows the highest macro-vesicularity, with
388 patchily distributed sub-sphesl to tubular pores, includini@rge cavities up to 4 cm in
389 diameter spanned by fibrous glass bridg8EM examination of sample T71 from the
390 transitional zone shows multiple generationslaghtly elongate vesicles down to minimum
391 size of 1um. BET analysis of this sample (Table 2) records a low vesicularity but high
392 specific area, indicating lots of very smallsides. Mercury porosimetry results (Table 3)
393 show low injected volumes and moderatemgta on extrusion, indicating low pore volumes
394 and an intermediate number of bottle-shaped pores.

395

396 Pumice clast GRP29: Sample T89 from the clast interiis very porous, with a minimum
397 (SEM) vesicle size of 4m. BET analysis (Table 2) showdaav specific area relative to the
398 rim sample (T91), whilst mercury porosimefflyable 3) shows lower intruded volumes but

399 greater retention on extrusion. The minimuesicle size seen under SEM in T91 is 3.
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Since both samples have similar vesicularibased on sample density, it is inferred that
although T89 contains more bottle-shaped pomas tliat T91 has more pores of a given-size
than T89, many of those in the rim are uncoregeind hence not measdrby either BET or

mercury porosimetry techniques.

Pumice clast GRP40: BET and porosimetry analysis ofnsple T134 from the clast interior
underestimate total vesicularitydliles 2, 3) because, as witle tther interior cube samples,

the measured sample lacks the multi-centimatiameter cavities that occur dispersed
through the clast central domaiBET analysis gives an imteediate specific area between
the lowest (rim sample T137) and the highest (transitional sample T135). Mercury
porosimetry results (Table 3) indicate thag thterior sample accepted and retained the least
mercury. T135 (transitional) eepted the most mercury, inditay good connectivity, and in
conjunction with the BET results, a mixed p&giion of large and small pores. T137 (rim)
had the greatest mercury retention: combinét the BET data this indicates abundant small

but poorly connected pores with many closelsoSEM analysis shows few broken bridges.

6.0 PALEOMAGNETIC ANALYSIS

Early paleomagnetic studies of the grey pumice blocks showed that they shared the
same remanent magnetic orientation as Harth's current magtie field, which was
interpreted, along with ghsurface-normal jointing patterns,result from in-place cooling as
miniature rhyolitic intrusions or ‘necks’ truded along an arcuate structure (Northey 1983).
More detailed field work rewaed that the pumice blockse surrounded on all sides by
lacustrine sediments and that the arcuate lieedran which they appear to be aligned is a
lowstand shoreline associated with the post-eouptise and fall of Lake Taupo (Wilson and
Walker 1985). The absence of a chilled glassyon the pumice blocks or thermal alteration
of the surrounding sediments also indicates theit #xteriors were codlt the time of final

lodgement and burial.

We conducted more-detailed magnetic analyses to determine the emplacement
temperatures of the giant pumice blocks.gimeious rocks ferromagnetic minerals, principally

Fe-Ti oxides, generally recordetlorientation of Earth’s geomaditefield as they cool below
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the Curie temperature {T(e.g. Butler 1992; Dunlop and Ozdi& 1997) which is known as a
thermoremanent magnetisation (TRM). Differemherals have different Curie temperatures
and coercivities (ease of degmetization), for example the: Bf magnetite is c. 575°C and
that of hematite c. 675°C. Rock magnetiectors are described ideclination (angular
difference between grid north and magnetic northclination (dip angle relative to the
horizontal plane of the Earth’'s surface),damtensity of magnetisation. Progressively
reheating an oriented sampfthermal demagnetisation) afneous rock will cause it to
demagnetize as the constituent magnetic minerals exceed the unblocking temperature or
Curie temperature. The aim pifogressive thermal demagnetisation is to remove low stability
components, which often are late stage ovetpruntil only the high stability ones remain,
which are referred to the as primary magnébsaand most representative of the time of
cooling below the curie temperature. tBeen each heating step magnetic moment
measurements are made that track the dertiagtien process. Magnetic moment data are
typically plotted on orthogonal component \acidiagrams whergrincipal component
analysis (PCA) is conducted to deconvole&v and high temperatefstability magnetic

components (Fig. 7).

6.1 Paleomagnetic M ethods

Thirty-eight orientated samples were collectemfrten large (>4 m) rafted pumice blocks for
which samples could be confidently assignedhe rim, transition oinnterior zones. To
minimise any iron hydroxides such as goethitamalysed samples, less weathered and soil
free/poor locations were selected for sampliRgmice blocks were set in plaster and 188
oriented cores (at least two from each bladkljed using a standard 2.25 cm diameter, non-
magnetic diamond tipped drill. Magnetic momemasurements were made using a Molspin
minispin spinner magnetometer or withe 2G EnterprisedDC 760.5, pass-through
superconducting rock magnetometer, both of twhace housed in a rgaetically shielded
room at the Otago Paleomagnetic Rese&atility (OPRF). Thermal demagnetisation was
conducted using the triple shielded, ASGe&tfic® demagnetising oven housed at the
OPRF and Alternating Field (AF) degmetisation was conducted using the inline
demagnetising coils on the 2G Enterprises mimmneter, induced remanent magnetisations

(IRMs) were imparted using an ASC-Scient®iampulse magnetiser and hysteresis analyses
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were conducted using a Princeton Meas@m@ Corporation Vibrating Sample
Magnetometer (VSM).

6.2 M agnetic mineralogy

Alternating  Field (AF) demagnetisation, saturation-isothermal-remanent
magnetisation (IRM) analysesd hysteresis analyses we&@nducted to determine magnetic
mineralogy samples. Eighteen cores were ARatmetized at 5 mT increments in fields
between 5 mT and 50 mT, then at 60 mT, 80and finally at 100 mT using the in-line AF
demagnetization coils of the 2G magnetomdi#agnetic moment measurements were made
between each demagnetisations step. IRMyaralwere conducted on 17 samples using an
ASC Scientific impulse magnetiser where sarmaplere magnetised at 10 mT increments to
100 mT, 20 mT increments to 20@T, 50 mT increments to 1{Baturation) at which point
the orientation of samples was reversaad the process repeated. Magnetic moment
measurements between magnetising stepse waade using the Molspin minispin
magnetometer. Hysteresis analyses weonducted using a Princeton Measurements
Corporation VSM with maximum applied fieldd 500 mT which was sufficient to saturate
samples.

AF demagnetisation revealed a rapid dase in magnetisation with most samples
reducing to an average of a quarter ofrthural remanent magnetisation (NRM) at 100 mT
(Figure 9) indicating that the dominant matynenineral is likely to be magnetitef( Lowrie
and Fuller 1971; Dunlop and Ozdemir 199¥he remaining remanence above the 100 mT
demagnetisation step indicates the presencenwdll quantities of one or more ‘hard’
magnetic minerals such as haematite, goethite, or oxidised magnetite. IRM analyses (Figure
7) revealed a rapid increase in magnetisatidghin the first 50 mT and complete saturation
by the 300 mT step. Mean sample coatgiwwas 21 mT, which indicates a magnetite
dominated mineralogy (Dunlop and Ozdemir 19@ith a dominance of small Pseudo Single
Domain (PSD) or Single Domain (SD)agns (Dunlop 1973; Wasilewski 1973). A few
samples had higher coercivities and saturatébaer fields indicatinghe presence of minor
guantities of higher coercivity minerals agreement with AF demagnetisation (Dunlop and
Ozdemir 1997). Hysteresis analysis (Figureintlicates samples saturate at relatively low

fields and indicating the dominance of magnetite. The closed nature of hysteresis data likely
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indicates the presence of large, multi domgmins with a minor component of single

domain grains.

6.3 Thermal demagnetisation and magnetic moment measur ements

The thermal demagnetization was conductetivo parts: a pilostudy of 38 cores,
one from each sample and a follow-up study, which analysed a further 19 cores at smaller
temperature increments. The natural remnant magnetisation (NRM) was measured before
thermal demagnetisation was started. Samples were then subjected to stepwise thermal
demagnetisation with magnetic moment measients made between demagnetisation steps
using the spinner magnetometer. Thermahagnetization data were plotted on orthogonal
component vector plots using PuffinPIl@turcock and Wilson, 2012). Magnetisation
directions were calculated using pripai component analyses (PCA, Kirschvink, 1980).
Thermal alteration of samples was monitorednfiyasuring magnetic susceptibility using a

Bartington MS2B magnetisusceptibility meter.

Most samples completely demagnetidegl c. 590°C indicatingmagnetite is the
dominant remanence carrier (Lowrie and Full871). Some samples exhibited minor, very
low blocking temperature components (2QL#8°C) which may indicate small amounts of a
magnetic mineral with a very low Curie teerpture, such as goethite. The remaining
intensity measured at temperatures higher 8807C, can be attributed to small amounts of
hematite.

6.4 Inter pretation of thermal demagnetisation data

We analyse the orientation of the primdfgM to determine whéer selected blocks
have experienced rotation since cooling betbe Curie temperature. The geomagnetic field
at the time of eruption was similar to the maodgeomagnetic field with a declination of
approximately 000° and an inclination of betm -50° and -60° (Turner and Lillis 1994).
Results for other blocks are given as Suppgletary information (supplementary information
#4).
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Clast GRP23: Three samples from span the intetioithe rim (Fig. 8a). Sample T237, from

the interior displays a primangmanence direction that is sian to the modern geomagnetic
field indicating that the sample cooled beltive Curie temperature in its current position
(Fig. 8a). In contrast, sample T238 frahe transition zone has a dominant remanence
declination of 069° indicating this sample hawbled beneath the Curie temperature and was
then reoriented before emplacement. riinor low temperature component aligned
approximately north-south demagnetises by @0°C and is probably a recent overprint.
T239 is from the rim of the block and disptamore complex demagnetisation behaviour
with a north-south oriented shallow inclinatiommaonent (-43°) that is offset from the origin
and persists to above 500°C. The north-sou#mtation of the componemtdicates that this
block has not rotated in the lmontal plane since cooling beneath the Curie temperature of
magnetite. However, the sample may have been rotated in the vertical plane, possibly when it
settled in its final position. Early in its hist, however, GRP23 didxperience rotation in

the horizontal plane, which is recorded by sEmM[238, but it is probable that parts of the
block remained well above the Curie temperature after the block settled in its final position.
Sample T239 has a more-complex multi-component demagnetisation path with low-

temperature magnetic components, Whidicates some degree of rotation.

Clast GRP40: All samples have steep inclinationagF8b), which indicates that this block
has not been overturned. However, the declinatfgprimary remanence varies from place to
place through the block, indicating that differeparts cooled at different times. The
declination of interior sample T219 is rotat@éi3° indicating that thipart of the block had
cooled below the Curie point prior to lodgimg its current position. Sample T220, taken
inward from the small-normal-jointed margin and lacking transitional textural characteristics,
has a primary remanence direction thapragimates the modern geomagnetic field,
indicating that it was above the Curie tengtere when it lodged in its current position.
Samples T221 and T218 have very similar remeaelirections that are mildly rotated with
respect to geographic north, but sample T2l1ainfthe rim of the block, has been rotated
170° indicating that the outer rface had cooled and the clastated significantly prior to

emplacement in its current position.

ClastGRP104: Samples show a wide range of magsston directions (Fig. 8c). Overall

inclination and declination aquite varied, and indicate thidte block had cooled below the
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566 Curie temperature before emplacement. Silow inclinations (T243 and T244) also

567 indicate that the tabular 5.1 m long block was tweed after cooling.

568

569 Principal component analysi®®CA) of magnetisation dicions demonstrate that
570 some large blocks record significant reeotiations during their cooling history. In all
571 instances samples from the dense pumice rim, which forms shortly after initial extrusion,
572 display the greatest degree of roigentation with respect to the expected geomagnetic field.
573 This indicates that, unsurprisingly, theydheooled below 580°c prior to emplacement and
574 burial along the lakeshore. Systematic interpratadif the transitional and interior samples is
575 more difficult. In GRP23 and GRB4he mean inclination of all samples is c. -60° which is
576 similar to the expected geomagnetic fieldtta time of eruptior{Turner and Lillis 1994)

577 suggesting that these blocks experienced bota rotations only. A systematic relationship
578 between declination and the position within a kl@aterior vs transition) is not clear with

579 some interior samples showing evidence for emplacement at temperatures above 580°C and
580 others showing a emplacement at cooler tempeastiiris likely that water entering fractures
581 or open permeability pathways (e.g. Manville et al., 1998) in the blocks, or even in the
582 pumice carapace prior to block separation, causatke saterior parts tde cooled earlier

583 than others. One simple relatitifs can be seen. Magnetisatiortla exteriors of the blocks,

584 which developed in the dense pumice rims shortly after initial extrusion, rarely matches the
585 expected field, indicating rotatiortd the clasts after their rims had cooled below the Curie
586 temperature. Other samples, from transitioeaiture zones and from the interiors of the
587 blocks, show a variety of magnetic orientaBo These developed asegular, reticulate

588 (Manville et al., 1998), cooling fronts advandeaim the surface and from deep fractures and
589 joints. Some of these samples have the expeuntaghetic orientation, and are from sites that
590 cooled below Curie after the pumice blocksli Heecome lodged and fixed in place at the
591 shoreline. Smaller, blocks display apparemdypdom orientations related to rotations while
592 floating across the lake, especidity higher blocking temperatures.

593

594 7.0 DISCUSSION

595

596 Synthesis of data from sedimentary featupesnice vesicularity, paleomagnetic analyss, and
597 jointing geometries indicates that the giaafted pumice blocks at Taupo still had hot
598 domains internally (>575°C) when washeshore, and finished cooling to ambient

599 temperatures after stranding along the transgrgshoreface of the lake. Block rims show

18 of 37



Von Lichtan et al. 2016_2_28

600 evidence of the most rapid dow, with the finestpolygonal cooling crack and the lowest
601 vesicularity, vesicle sizes, and permeabilifyansitional zones are cut by cooling joints
602 perpendicular to the outer surfasdth a greater spacing tham the rim, indicating slower
603 cooling. Minimum and maximum vesicle sizesdasesicle-size distributions are intermediate
604 between those of the rim and core zones,mady pores have broken @gged inter-vesicle
605 bridges. In addition, théhickness of intact bridges is le#isan that in the rims and many
606 coalesced vesicles are visible in both hapdcimen and SEM. Broken bridges between
607 vesicles, as well as fully coalesced vesictesult in greater connectivity and permeability.
608 The boundary between the transition zone isgemmetrically regularand the interior is
609 marked by a very abrupt change in the sizeyatter, and orientations of joints. In many
610 places within block interiors, joints are clossbaced in intricate arrangements, such as the
611 rosette shape as seen in GRP40 or the serigdrichte chevron-like structures in GRP29 —
612 these are taken to record complex coolinghaf interiors in respoesto local invasion of
613 water. Vesicularity generally increases towards the block centres, and many joint rosettes
614 terminate in this central marum-vesicularity zone, consisitewith their being among the
615 last parts of the blocks to cool. Merguporosimetry and SEM data show that pore
616 connectivity is greatest in parts of the interiavgjls are thinner and more likely to be broken
617 or fibrous. The longer period of ductility expenced by some inner parts of the blocks,
618 compared to the rims, allowed bubbles to geowd coalesce, resulting internal expansion
619 and the development of expansion jointshe cooler, more rigid exterior.

620 Studies of the vesicularity aflasts from all phases tiie explosive Taupo 1.8 ka eruption
621 (Houghton et al. 2010) show eweidce of bubble coalesnce late in th@re-fragmentation
622 degassing history of all mags, with new bubbles nucleagirright up to the point of
623 fragmentation. The magma involved in the late-sdg®es that gave rise to the giant rafted
624 pumices remained deep in the plumbingteyn for an extended period, enabling limited
625 growth of microphenocrysts, before ascend aqguilibrium degassing. These samples also
626 show evidence for the onset of permeabitigvelopment, partial outgassing, limited syn-

627 eruptive crystallizaon and bubble collapse.

628

629 7.1 Pumice from domesvs high-intensity eruptions

630

631 Experiments on cold and hot pumice claBtsm high-intensity, plinian eruptions

632 demonstrated that cold pumice floated for egt periods of timeyhereas hot pumice in

633 the experiments (up to 25 érsank immediately (Whitham and Sparks 1986), with vesicle
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634 interconnectivity (Manville et al1998; Scott et al. 2004) strgly mediating saturation rates
635 of cold pumice. Loss of buoyancy for hot pumice resulted from volume reduction and
636 condensation of hot internal gases (Whitham and Sparks, 1986), including magmatic steam
637 (Allen et al. 2008), by cold water that was tlitrawn inward by the suddepressure contrast
638 progressively along a variably igelar, reticulate (Manville edl., 1998), cooling front. This
639 behaviour differs from that of large blocks ludt, steaming pumice ofawved floating at the
640 subaqueous Myojinsho (Tsuyaat 1953; Fiske et al. 1998)uluman (Reynolds and Best
641 1980; Reynolds et al. 1980), and Shin-lwg@irfTanakadate 1935; Maeno and Taniguchi
642 2006) eruptions, and the inferred behaviour efTaupo giant rafted pumices, or similar ones
643 at La Primavera (Clough et al., 1981) armptingo (Mann et al., 2004). The question is then
644 different buoyancy responses reflect in parhedundamental difference in the porosity and
645 permeability of pumice from high-intensity etigms versus from domes, or whether hot
646 flotation is entirely ascale-dependent effect.

647

648 Pumice from intense eruptions appears teehauch greater vesicle connectivity than
649 dome-derived material, due to more-rapidjasing of the ascending magma in a conduit,
650 which culminates at a fragmentation frdiflug and Cashman 1996; Mungall et al. 1996;
651 Kaminski and Jaupart 1997; Wright et al. 20Mader 1998; Kremers et al. 2010; Richard et
652 al. 2013). Rhyolite lava domely contrast, are formed by tleeuption of largely outgassed
653 magma that subaerially may be undercooled by 300or more below its liquidus
654 temperature (Manley and Fink 1987), and Hoaoghet al. (2010) reponesicle-population
655 evidence that the Taupo giant pumices are fitsm "partially degassed" magma. Subaerial
656 domes develop a variety of distinctive surfaeg&tures during and after extrusion at the
657 surface as a function of further degassing anitrifecation processes (Fink et al. 1992), and
658 the evolving rheology of theooling flow (Fink 1983; Griffihs and Fink 1992; Griffiths and
659 Fink 1993).

660

661 7.2 Subaerial vssubaqueous silicic domes

662

663 In contrast with subaerial domes (Fink 19&3¢chelberger et al. 1986; Griffiths and

664 Fink 1993), subaqueously extruded silicic magmsuigjected to more-péd surface cooling
665 due to the much greater hemtpacity of water, while hydrtatic pressure reduces vesicle
666 growth (White et al. 2003). Exposures of théernal structure of felsic domes developed
667 underwater show that they take the fooh large mounds venemst by dome-derived
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668 hyaloclastite that comprises fragments ofrywrag vesicularity anddegrees of quenching.

669 The "dome" itself has a complex internal stiwre defined by mutdigt crosscutting, more-

670 coherent dykes, pods, and lobes (Furnes d980; Yamagishi 1991; Scutter et al. 1998; De
671 Rita et al. 2001; Goto and Tsuchiya 2004). Tergins of these bodies can be vesicular, and
672 show a range of features, including ropyinktkes and corrugationsbimodal fractures

673 comprising small polygonal contraction cracgsrpendicular to the surface and larger
674 tensional expansion joints (Yagishi 1991), glassy rims (Fes et al. 1980; Yamagishi and
675 Dimroth 1985). Contacts of coherent rock witle enclosing hyalocléte are gradational,

676 passing through areas of more- or less-fragew monolithologic angular breccia (often
677 resembling a jigsaw puzzle) spalled off from the pseudo-pillows margins. Continuous and
678 well-defined glassy rims are usually absent (Yamagishi and Dimroth 1985), though pumice
679 and obsidian may be present (de Rosen-. &oenhal., 1980), and erdidomes/lobes may be

680 aphyric (Hanson, 1991).

681 Pumiceous textures are favored where confining (hydrostpteysures are low
682 (Hunns and McPhie 1999; Gifkins et al. 2002).

683

684 7.3 Subaqueousdome disruption processes

685

686 Subaqueous rhyolite lava domes, with otheut hyaloclastiteveneer, have been

687 inferred to be disrupted in various watgs produce floating pumice blocks (Kano, 2003),
688 including by Vulcanian eruptions, phreatomagmatiteésn explosion) eruptions, and non-
689 explosive dome breakup ("dome collapse"yptions in which effusing rhyolite forms
690 unstable hyaloclastitenounds laced with bodies of coherent rhyolite. The presence of
691 microlites and distorted and deflated bubBleapes in the Taupo giant rafted pumices
692 suggests an extended period of magma stgragcent and equilibrium degassing, followed
693 by vesicle coalescence and partial collapse.

694

695 In Vulcanian eruptions, magmatic gaspgped within coarsely vesicular pumice
696 (Manley and Fink 1987) below a largely impermeatone at the outer margins of the dome
697 attains pressures sufficient to disrupt the dorarapace, therebyqalucing a thick bed of
698 coarse pumice with a basal lithic breccia adsgly lava crusts in proximal locations, and
699 potential flotation of coarselyesicular pumice (Kano 1996).

700 Phreatomagmatic explosions can be generated when water penetrates cracks in the

701 carapace of a growing lava dortmecome into direct contaetith molten rhyolite (Allen and
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McPhie 2000). The mixing efficiency of coldater with hot rhyoliticonagma is low because
of the latter’s high viscosity (Kokelaar 1986;0Wletz 1986), but explosive interactions can
be induced by dynamic fracturing of submergedalan response to internal dome inflation
(Austin-Erickson et al. 2008). Such eruptions expected to generate dilute volcaniclastic
density currents and floating hot pumices, some of which will be derived from the molten
dome core and may have fluida/and quenched exteriors.

Non-explosive "collapse” of a growing deniKano et al. 1991) can occur when the
hyaloclastite veneer creeps or slumps ge(iigcause of the small effective density of the
fragments in water) in response to growdh the underlying complex dome in which
vesiculating lava is intrudedtmand through a carapace ghseruptive hyalocldge breccia.
Thermal gradients are lower in this watemrssated mound, which at least proximally has
zones of mechanically-interloeH ‘jigsaw’ blocks. Dynamicral gravitational destabilisation
of the growing pile camesult in weak slumping, enablinbe release of externally-cooled
pseudo-pillows and blocks as a result of bumyaand thermal and mechanical fragmentation
(Kano 2003). Such blocks will have complex coglhistories, with some surfaces that began
cooling when they were outer constituentsghef dome prior to breakup, and other surfaces
newly created at the time of disruption armtdtion. Alternatively hot blocks, once detached,
can rise through the mobile granular mas®soape; buoyancy forces experienced by the
largest blocks at Lake Taupo (>406)nwould exceed 60 tonnes for a mean density of 900
kg/m?, which allows for some saturation of mamjirparts of the bldes. Clasts that are
sufficiently large retain for long periods the imal heat necessary to preserve vapor in the
vesicular core, which allows them to floatttee surface and drift ashore. Clasts of pumice
with interconnected vesicleghich is the general case (Klug and Cashman, 1996), that cool
before stranding will slowly saturate amehd may sink before stranding (Whitham and
Sparks, 1986; Manie et al., 1998).

We have only the floated blocks to examat Taupo, so we cannot use the style or
fragment types in near-vent deposits to lifpinguish among differerdruptive styles. The
chilled outer margins of floalepumice blocks at Taupo aretramarsely vesicular, nor do
they contain bands of obsidian, both of whigould be expected fdlocks produced by a
Vulcanian eruption (Manley and Fink, 1987; KaB0603). There is variable but not obviously
systematic development of fracture and vestautapatterns on all sidesf the giant rafted
pumices, showing that the blocksternal textures continued to evolve after release from the

dome. The finely vesicular rims of the raftpdmice blocks, as wells lack of obsidian
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736 interbanded with coarsely vesicular pumice the blocks, furthe argues against fully
737 subaqueous Vulcanian disruption. From the itexmal to core zones some vesicles become
738 larger and there is clear evidence of coaleseerThese are both probably responses to gas
739 expansion, which is most likely to have tal@ace when pressure was released as the blocks
740 rose from shallow depths to the lake's soef. Without additional information from near-
741 source beds it cannot be determined whetherbtbcks were released by phreatomagmatic
742 explosions, or by low-argy disruption of a growing dom#je floatable material released

743 would be the same.

744

745 8.0 CONCLUSIONS

746

747 The giant pumice blocks preserved aroureddhoreline of Lake Taupo formed during

748 subaqueous dome growth in the decades-loteymafith of the explosive 1.8 ka eruption,
749 floated to the surface and were blown ashore where they became embedded in accumulating
750 transgressive lacustrine shoreface sedimehn®&M orientations preserved in rim-to-core
751 profiles record an initial field acquired during dome extrusion or intrusion into an auto-
752 brecciating saturated hyalostde mound, more-random vectateveloped during flotation

753 and transport across the lake, and in places widaick interiors a finastable vector close to
754 the modern geomagnetic field, locked-in dgrifinal lodgement and burial. Parts of the
755 blocks thus remained above the Curie terapge of magnetite for an extended period,
756 probably due to their size and the thermal lason afforded by the vesicular rim, and
757 remained buoyant long enough to cross sevalaktres of open water. Surficial fracture
758 patterns include both small thermal-contractional cooling cracks and inflation-expansion
759 joints, indicating rapid cooling of block margins below the brittle-ductile transition while
760 parts of the interiors contindeto expand. Denser fragmeniscluding those spalled from
761 floating block exteriors, never reached the shoreline, resulting in efficient hydraulic
762 segregation, and probably a traflisolated blocks on the lake bed tracing back towards the
763 blocks’ source.

764

765 The blocks are unlikely to be the product spkesive disruption of an emergent dome by a
766 Vulcanian or phreatomagmatieruption, because there are norrelative fall deposits
767 associated with the eruption Z dome gro@t¥ilson 1993). Release of buoyant pods of lava
768 grown into its own fragmental carapaceudqls as pseudo-pillows: Yamagishi 1991) is

769 envisaged, associated with breakup and pasgbteatomagmatic explosions in the unstable
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edifice. Similar rafted giant pumice blockse a common product of subaqueous rhyolite
dome growth at depths @D0-500 m (Kano 2003), but are rgrebserved in the geological
record unless trapped within a closed basin such as an intradakke(&lough et al. 1981,
Wilson and Walker 1985; Manet al. 2004; Barkeet al. 2012). Of the 26 known post-26.5
ka eruptions at Taupo volcano, 23 have bsebaqueous, with the majority showing
evidence for late-stage lava extrusion (Wilson 1998grefore, the probability that the next
eruption at this hyperactivényolite caldera will also indde a subagueous dome-forming
event are high, potentially gengrg floating giant pumice blds with implications for

water quality and hazards.

ACKNOWLEDGEMENTS

This study was funded by FRST through Gbishtract CO5X0006 to Manville, sub-
contract 5/HAZ/OU to White, and an Otago Uerisity Award to von Lichtan. BET analysis
was arranged for us by Bernd Zimanowskid conducted by Dietmar Schenk using a Nova
1200 Gas Sorption Analyser V.3.00 at thestitat fir Geowissenschaften, Johannes-
Gutenberg-Universitat Mainz, Germany. Mercyorosimetry analysig/as conducted at the
Particle and Surface Science Application LabmmgtNSW, Australia. Paleomagnetic studies
were carried out at the Otagalaeomagnetic Laboratory at tdeiversity of Otago, Dunedin
using a Molspin spinner magnetometer (SIRM), an automated pass-through cryogenic
magnetometer (AF demagnetisation and magrest@alysis), and Princeton Measurements
Corporation VSM. The paper was improved ghli of comments from JVGR reviewers Scott
Bryan, Kazuhiko Kano, and an anonymous reviewer, and we thank them for their efforts.

24 of 37



795
796

797
798

Von Lichtan et al. 2016_2_28

Table 1: Generalised trends iwresicularity patterns

Parameter Distribution

Vesicularity core > transitional > rim
Minimum vesicle size core > transitional > rim
Maximum vesicle size core > transitional > rim
Vesicle size variation core > transitional > rim
Specific area transitional > core > rim
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799 Table 2: BET results for 1 cfhcubes, and granulate fragn®eri mm or 2 mm diameter.
800 Samples are core, rim, core-rim transitionr{&)a or typical for @ampled clast (typ).

801 Granulate samples labelled by granule size Brunauer, Emmett and Teller (BET) analysis
802 was conducted using a Nova 1200 Gas Sorpiinalyser V.3.00 through Dietmar Schenk at
803 the Institut fir Geowissenschaften, Johanneteherg-Universitat Mainz, Mainz, Germany.
804

Sample No. Weight | Surface Area | Specific Area BETC Simple Point Surface Simple Point

(8) (sqm) (sq m/g) Area Specific Area
((sq) m) (sa m/g)

TO71 trans 1.0761 12.3426 11.4698 3.45412 | 5.9685 5.5464

GRP 23 8

TO89 core | 0.9162 11.3688 12.4087 3.66710 | 5.6208 6.1349

GRP 29 6

TO91 rim | 1.0166 6.8864 6.7739 4.48977 | 3.6498 3.5902

GRP 29 1

T134 core | 0.6414 8.388 13.0776 422113 | 4.3513 6.7841

GRP 40 9

T135 trans | 0.6107 10.2709 16.8183 3.96910 | 5.2258 8.5571

GRP 40 4

T137 rim | 0.9209 12.2408 13.2922 3.79275 | 6.0959 6.6195

GRP 40 4

T134 core | 0.021 0.0646 3.0779 8.86863 | 0.0282 1.3428

1mm

granulate

T134 core | 0.0824 0.131 1.5894 8.97527 | 0.0706 0.8563

2mm 9

granulate

T137 rim | 0.043 0.1335 3.1037 6.99903 | 0.0659 1.5328

Imm 1

granulate

T137 rim | 0.3089 12.5784 40.7201 2.23116 | 4.5429 14.7067

2mm

granulate

805
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806 Table 3: Mercury intrusion porosimetmesults for granulated puod. Samples are core, rim,
807 core-rim transition (trans), or typical fosampled clast (typ). Data reported from
808 Particle & Surface Sciences Applicationsbbaatory, Gosford, New South Wales, Australia,
809 26 September 2002.
810
811
Total Total izalen biEEIED Average
Sample : Pore Pore Envelope | Skeletal .
Sample . Intrusion Pore . . Pore : : Porosity
Weight Diameter | Diameter . Density Density
ID Volume Area Diameter (%)
(9) (cclg) (m?/g) (Volume) (Area) (um) (g/cc) (g/cc)
(Hm) (Hm)
T71 trans
GRP 23 0.6985 0.3584 | 10.78839 20.2966 0.0129 0.1333 1.2749 2.3473 | 45.686533
T89 core
GRP 29 0.6176 0.3072 | 9.802458 20.2851 0.0099 0.1256 1.3655 2.3521 | 41.945496
T91 rim
GRP 29 0.5382 0.3195 | 9.834642 16.5746 0.0089 0.1304 1.3724 2.4439 | 43.843856
T134 core
GRP 40 0.5699 0.4404 | 10.15727 22.2397 0.01 0.1354 1.1367 2.3092 | 50.77516
T135 trans
GRP 40 0.465 0.5043 | 14.90674 22.2397 0.01 0.1354 1.0668 2.3092 | 53.802183
T137 rim
GRP 40 0.622 0.4649 | 11.84878 11.1909 0.0099 0.0955 1.2062 2.357 | 48.824777
812
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List of figures
Fig. 1. Locations of rafted grey pumice blocki®ong the NE shore of Lake Taupo. Blue line

marks the highstand of Lake Taupo following 1h& ka Taupo eruption, with spot elevations
marked. Inset shows Lake Taupo near centtbe@fNorth Island of New Zealand, with study
area boxed. Location of Figudedeposits indicated.

Fig. 2. Giant floated pumice. (a) Floating steaagfew-m wide pumice blocks from the
Tuluman eruption, Papua New Guinea, taketh 24arch 1955 (Reynolds and Best, 1957).
(b) Giant Rafted Pumice GRP40. Outer coojmigts are perpenditar to the cooling
surface, while “rosette style” inteal joints centre on the mostsreular area of the clast. (c)

SEM of pumice-interior texture of T134. (@)ose-up of transition-zone sample T135

Fig. 3: Photo of giant rafted pumice blo@GRP) and lacustrine sedimer@ant rafted
pumice resting on undisturbed alternating beds of laminated mineral-rich sand and thin pumice-

pebble layers, Five Mile Bay

Fig. 4: Photo (A) of giant rafted pumice block alyeng 10 cm thick bed of pumice pebbles,
over normal-graded pumice bed of fine pebiibesand. B-D are selected measured sections
(see online supplement for all §eas). Elevations are a.lwith error estimated 10-20 cm
(within symbol size), grainsize scale in m{B) Sections show variability in a small area
with many pumice blocks, with 057 showiagluster of large grey pumice clasts
representing a broken-apart raftddck; most of these gregJasts would not float on their
own, as tested by putting a group into the lgkg Section 171 with giant rafted pumice
overlying shoreface pumice and lithic-sand beds. (D) Section 169b giant rafted pumice
overlies a more pumice-rich section. (E) Elen of pumice blocks (sizes indicated by
symbols) plotted against distance northwaahglFive-Mile Bay. Insgillustrates draught
ratio of a floating partly satuted block with density ~900 kgAnNote that despite having
greater draught, the lagt blocks lie at higher elevatis further north in the downwind
direction — this suggests thaey were repeatedly liftechd re-stranded as the shoreline

transgressed.
Fig. 5. GRP23, in roadcut above MotutdBay, and vesicularity variationk.has visible

jointing, perpendicular joints on the outer margins and a chaotic jointing structure centred on the

more vesicular area. Close up scans and SEM images show the variation from: (a) the rim (av.
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vesicularity 63%); (b) transitional (av. vesicutgi66%); and (c) the interior (av. vesicularity
67%). Estwing hammer (~33 cm) below “a” for scale.

Fig. 6: Plot of vesicle(-throatjliameter versus incremental vesicle (porosity) volume for
selected samples from giant pemiblocks at Taupo obtained using

Hg porosimetry. Note large raa@f pore-throat diameters and lack of distinct measured
differences between rims and car&@89=GRP29 interior; T91=GRP29

rim; T134=GRP40 interior; T137=GRP40 rim

Fig. 7. Saturation isothermal remnant magneimsa{SIRM) and backfield acquisition
experiment (A) and AF demagnetisation data (B) from representative samples from large
grey pumice blocks. All samples have a lovem@ivity (Hcr of about 20 mT) and saturate
rapidly (below 300 mT) which indicatésw coercivity magnetic minerals. AF
demagnetisation indicates a rapid decrease gnet& intensity indicating the presence of
magnetite but multiple samples did not fullyntegnetise by 100 mT indicating the presence
of high coercivity magnetic minerals thda not easily demagnetise in AFs. Hysteresis
analysis (C) of GRP29 saturation occurs at field strength indicative of magnetite and the

closed nature of the hysterg$spop indicates that grainsediarge, multidomain grains.

Fig. 8: Orthogonal component vectplots and PCA of thermaemagnetisation data for
samples from selected giant pumice block§atpo. Solid symbols are projections for data
in plan view, and hollow symbols are of dat@jected in the vertical, N-South plane.
Magnetisation gradually decreases with incrag$emperature steps, which allows for PCA
which is used to identify the primary magsation. NRM describethe magnetisation of

each specimen prior to demagsation. Dec and Inc provides the orientation of the dominant
and most subtle magnetic component aedMIAD3 value provides an estimate of the
‘goodness of fit’ of the PCA where small numbeérdicate a bettdit. GRP23 and GRP40
display varied cooling histories with some fpams of the blocks cooling below the Curie
temperature of magnetite befaettling in their modern position (e.g. T238, T217) and other
portions of the blocks remaining well ababe Curie temperatunantil after emplacement

(e.g. T237 and T220). PCA of specimens fléRP104 have anomalously low inclinations
and varied declinations which do not aligithwthe expected geomagnetic field indicating

that it cooled before emplacement and probably overturned.
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Fig. 9: (A) Schematic diagram, after Kano (2008)pwing inferred mode of eruption of the
giant pumice blocks at Taupo volcano frarsubaqueous rhyolite dome. Magma extrudes
and fragments to form a loose clastic cacapdormed by quench fragmentation and auto-
brecciation at their outer margins, and continues to grow as magma is added from within.
Continued addition of magma helps break @ff-Bot vesicular dome crust, which continues
to vesiculate and expand aftésing buoyantly from the pile, perhaps aided by partial
uncovering of parts of the dome by phreatomagnedpiosions or/and weak avalanching of
carapace material down flanks of the gnogvimound. Some blocks float briefly, either
sinking due to quenching andAbre ingestion of water, @re disintegrated by thermal
contraction or internal gas expansion asuiditng water flashes to steam. (A, B) Survivors
drift with the prevailng wind, rotating about horizontal amdrtical axes and washing ashore
as they progressively cool from their ouserfaces and from cracks and permeable vesicle
paths. (C) After initiashoreline lodgement while partstbe interior arestill above Curie
temperature, they continue periodiovement until (D) they become embedded in
transgressive shoreline sediments and cool cdglplevith the last-cooled parts retaining the
1.8 ka magnetic orientation.
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Figure 2 (a) Floating steaming pumice block from the Tuluman eruption, taken 24th March (Reynolds and
Best, 1957). (b) Giant Rafted Pumice #40. Outer cooling joints are perpendicular to the cooling surface, while
“rosette style”internal joints centre on the most vesicular area of the clast. (c) SEM of pumice-interior texture
of T134. (d) Close-up of transition-zone sample T135



Figure 3. Giant rafted pumice block (GRP) and lacustrine sediments.
Giant rafted pumice resting on undisturbed alternating beds of
laminated mineral-rich sand and thin pumice-pebble layers, Five Mile
Bay.
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Figure 6: Plot of vesicle(-throat) diameter versus incremental vesicle (porosity) volume for selected samples from giant pumice blocks at Taupo obtained using
Hg porosimetry. Note large range of pore-throat diameters and lack of distinct measured differences between rims and cores. T89=GRP29 interior; T91=GRP29
rim; T134=GRP40 interior; T137=GRP40 rim
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Appendix I - Graphic Logs Isabella J. von Lichtan

Al.l INTRODUCTION

Twenty-five stratigraphic logs were drawn of the lacustrine gravels that encase or underlie
grey pumice clasts. The detailed logs with descriptions are included in this appendix. Below

is a key associated with the graphic logs.

Sands

————| Laminated sands

Sands with crossbedding

Grey pumice clasts

White & beige pumice clasts

Clast supported, matrix
poor, normally graded

Clast supported with
sandy matrix

Matrix supported

Very well sorted

Poorly sorted

Podsol

.. Lithic clasts in sand




Appendix I - Graphic Logs

Isabella J. von Lichtan

Height Section: 024 Logged by: Isabella J. von Lichtan
above Log — —
a.l.l. Grainsize Descriptions and comments
| 6268775.76, 2777061.21, 367.12m, 11.27 m
12.70 [Northing, Easting, elevation, elevation above lake level]
12.60
12.50
12.40
12301 % . . ©
o o °
1° ° *N© Matrix supported, poorly sorted podsol
2 o o Q e
12201 o - o
a ()<)° i’ o s ¢

Matrix supported, very poorly sorted
contains large rounded pumice cobbles

Matrix supported, medium sorted

Clast supported, very well sorted

Matrix supported, very well sorted

~ Clast supported, very well sorted

Matrix supported, medium sorted

Clast supported, medium sorted

~ Clast supported, well sorted

B :Clast supported, poorly sorted

~ Clast supported, well sorted

Clast supported, well sorted

Clast supported, poorly sorted

Matrix supported

Clast supported
medium sorting

Grey pumice clasts

Matrix supported

Clast supported
very well sorted

0.125

4095




Appendix I - Graphic Logs Isabella J. von Lichtan

Height Section: 045 Logged by: Isabella J. von Lichtan
above Log — —
a.l.l. Grainsize Descriptions and comments

] 6268823.57, 2777024.87, 365.83 m, 9.98 m

11.60 - [Northing, Easting, elevation, elevation above lake level]

Matrix supported, poorly sorted podsol

Matrix supported, very poorly sorted
contains larger pumice clasts - ‘drop pumice’

Clast supported, matrix poor, well sorted

Matrix supported, poorly sorted

17 Te ) ~ Sand
v g ~ Clast supported, matrix poor, well sorted
Sand
Clast supported, matrix poor, well sorted
Sand
hane - Clast supported, matrix poor, well sorted
FERE) o ~ Sand
: K Clast supported, matrix poor, well sorted
~ Sand
Clast supported, matrix poor, well sorted
grading towards the top
10.60 —F er .g*:';f_-'a Clast supported, matrix poor, well sorted
: Clast supported, matrix poor, well sorted
grading towards the top
— Sand

Alternating beds of clast supported, matrix poor, well
sorted gravels and sand encasing grey pumice blocks.
Grey clats are angular to sub-angular with large vesicles
contained within some of the clasts. Some minor bed
distruption is visiable around the small blocks. They

10.40 appear as if the blocks fell into soft sediment and were
later incased by further sediment.
et 0
\_——\_-’

10.30 : . e .
S ——— Alternating layers of dark grey, lithic rich sands with
o T lighter grey, more pumiceous sands. Well sorted.

B
-,
10.20 - > .
base not exposed
10.10 TT T T L LT
REZ~ VI8
m S mm %




Appendix I - Graphic Logs Isabella J. von Lichtan

Height Section: 057 Logged by: Isabella J. von Lichtan
above Log — —
a.l.l. Grainsize Descriptions and comments

6268861.18, 2777009.93, 367.17 m, 11.32 m
[Northing, Easting, elevation, elevation above lake level]

Matrix supported, poorly sorted podsol

Clast supported, very well sorted
pumiceous sand

Sand
very well sorted

Clast supported, poorly sorted
very vesicular pumice clasts

LN . Sand
12.30] o' e~
4 - P o
Q .&_c %
122042 .9 . O L% e ° Matrix supported
. . very poorly sorted
] o @ o rounded white pumice clasts
O -~ O .o . OO : clasts are very vesicular
< a o
1210,°_ 7 /N9 —o.
' O . L, e Q
He AR
O G . — .
' (X e
12.00

Clast supported, matrix poor, well sorted
2 grading towards the top

Angular grey pumice blocks within smaller rounded
and sub-angular white pebbles (white pebbles from
0.5cm to 5 cm, average 1cm across).

Matrix is a fine sand

very poorly sorted

matrix supported

grey pumice clasts tend to be tabular, have a non-
homogenous vesicularity, distribution of clasts is
chaotic




Appendix I - Graphic Logs Isabella J. von Lichtan

Height Section: 061 Pt1 Logged by: Isabella J. von Lichtan
above Log — —
all. Grainsize Descriptions and comments
1 6268861.18, 2777009.93, 367.17 m, 11.32 m

12.50 - [Northing, Easting, elevation, elevation above lake level]

12.40

12.30 Clast supported, well sorted
ooc%% ’%,06;0. [ )0)

12.20 _GO'O OOQO . c>° s 9 i :0 ’ Matrix supported, very poorly sorted
S5 S 500002

12.10 Clast supported, well sorted
‘00000 O N
8 Odoqg? G’o %Ooc:,% Matrix supported, poorly sorted

Clast supported, matrix poor, well sorted

12.00 grading towards the top
Clast supported, matrix poor, well sorted
grading towards the top
11.90 Clast supported, matrix poor, well sorted
grading towards the top
11.80 Clast supported, matrix poor, well sorted
: grading towards the top
OIS S Clast supported, matrix poor, well sorted
11.70 e e grading towards the top
11.60
— e — 1 A Alternating beds of clast supported, matrix poor, well
’ ‘ D sorted gravels and sand encasing grey pumice blocks.
11.50 / Grey clats are angular to sub-angular with large vesicles
: \h < contained within some of the clasts. Some minor bed
- i distruption is visiable around the small blocks. They
—— . 7 appear as if the blocks fell into soft sediment and were
) T L later incased by further sediment.
11.40 o (
= N
130 ———— =
h_‘ﬁ_'—'—
B e B
e e—— A
e o
Alternating layers of dark grey, lithic rich sands with
J— lighter grey, more pumiceous sands. Well sorted.
11.20 ____._.<: Some beds are coarser than others. These are also
e well sorted comprising mostly of pumiceous material.

4095
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Height Section: 061 Pt2 Logged by: Isabella J. von Lichtan

above Log — —
a.l.l. Grainsize Descriptions and comments

6268861.18, 2777009.93, 367.17 m, 11.32 m
13.70 - [Northing, Easting, elevation, elevation above lake level]

13.60

13.50

13.40

13.30

13.20

Matrix supported, poorly sorted podsol

Sand

Clast supported, well sorted, with a fine matrix

Matrix supported, very poorly sorted. Contains larger
pumice clasts - ‘drop pumice’ up to 4cm across.

Clast supported, well sorted, with a fine matrix

. . Sand
12.60_0'0'000 8. 0g"
G NG Matrix supported, poorly sorted
10789 5°9,.9.0° pported, poorly
oo Sand
12.50 OOO O, O 0% g 00 O Qt] Matrix supported, poorly sorted
. -.".-.--. .. Sand

12.40 — OG 'oo. Matrix supported, poorly sorted

ool s ool M sosuppored.poorly sored
1509 00%:%:C > __ Mamixsupported poorly sorted
[S 595 0. Sa™® a°'G.a0 o Matrix supported, poorly sorted
12.30 continued from
previous section
12.20 T T T T LT
m FERRRE L T
S mm %




Appendix I - Graphic Logs Isabella J. von Lichtan
Height Section: 079 Pt 1 Logged by: Isabella J. von Lichtan
above Log — —
all. Grainsize Descriptions and comments
1 6268888.97, 2776991.03.93, 366.96 m, 11.11 m
11.70 [Northing, Easting, elevation, elevation above lake level]
11.60

10.70

s

553

do- Jol

Clast supported, well sorted, pumiceous gravel
clasts are sub-rounded to rounded
contains a matrix

Very poorly sorted, clast supported containing grey
pumice clasts of varing sizes in amongst smaller white
pumice. Grey pumice clasts/blocks are angular to
sub-rounded, and of a lower vesicularity to the white
pumice. Matrix is predominetly sand-sized.

Alternating layers of dark grey, lithic rich sands with
lighter grey, more pumiceous sands.
Planar beded.

Matrix poor, well sorted, rounded pumice clasts

Matrix supported, poorly to medium sorted, pumiceous
clasts

10.60

10.50 -

10.40

10.30

< 2O e

-0 o ° *
0.0 04 <"’ = 2
00500 ; .0.8.°.§-3wo5.

e

base not exposed

Alternating layers of dark grey, lithic rich sands with
lighter grey, more pumiceous sands.
Contains planar and wavy bedding.

Clast supported, very well sorted, matrix poor,
pumiceous gravel
clasts are sub-rounded to rounded

10.20

0.125

T 7T T
W e— NS OW
83 83
© mm <




Appendix I - Graphic Logs

Isabella J. von Lichtan

Height Section: 079 Pt 2 Logged by: Isabella J. von Lichtan
above Log — —

all. Grainsize Descriptions and comments

] 6268888.97, 2776991.03.93, 366.96 m, 11.11 m

12.90 [Northing, Easting, elevation, elevation above lake level]
12.80

12.70

12.60

12.50

Matrix supported, very poorly sorted podsol

Pumiceous sand

Matrix poor, well sorted, rounded pumice clasts

11.70

11.60-

11.50

continued from
previous section

Alternating layers of dark grey, lithic rich sands with
lighter grey, more pumiceous sands.
Planar bedded.

Clast supported, well sorted, pumiceous gravel
clasts are sub-rounded to rounded

__contains a matrix
Alternating layers of dark grey, lithic rich sands with
lighter grey, more pumiceous sands.
Planar bedded.

Clast supported, well sorted, pumiceous gravel
clasts are sub-rounded to rounded
contains a matrix

Pumiceous sands.

Clast supported, well sorted, pumiceous gravel
clasts are sub-rounded to rounded
contains a matrix

11.40

T T T L L1
MWW e—AN < T O W
~yo ©°33
N

5SS mm S




Appendix I - Graphic Logs Isabella J. von Lichtan

Height Section: 096 Logged by: Isabella J. von Lichtan
above Log — —
all. Grainsize Descriptions and comments
i 6268482.61, 2777231.17, 365.51 m, 9.66 m
12104 — /’ \\‘\ ~ 5| [Northing, Easting, elevation, elevation above lake level]
m 0 -_:
12.00 - / S =
— - GRP23
1 \. Large grey rafted pumice clast
- angular, blocky with radial cooling joints
=
~
Reverse graded, well sorted, matrix poor, angular to
sub-angular pumice clasts

Contains small pieces of grey pumice

] Sand

Lithic rich sand

Lithic rich sand with alternating layers of more
pumiceous rich sands; very well sorted

Dune bedded

Upper part conatins grey pumice clasts

Poor to medium sorted, matrix poor, angular to sub-
rounded pumice clasts

Lithic rich sand with alternating layers of more
pumiceous rich sands
Planar bedded near bottom, dune bedded near the top

Lithic rich sand containing clasts, usually of lithic
origin, 3 to 15cm across

Lithic rich sand with alternating layers of more
pumiceous rich sands
Planar bedded

Lithic rich sand

Lithic rich sand with alternating layers of more
pumiceous rich sands
Planar bedded

10.80

- Lithic rich sand

Lithic rich sand with alternating layers of more
pumiceous rich sands

Areas of coarser gravel and also larger pumice and
lithic clasts

Sand part has planar bedding

base not exposed |
10.60 T T T T L1
m e -
S mm %




Appendix I - Graphic Logs Isabella J. von Lichtan

Height Section: 098 Pt 2 Logged by: Isabella J. von Lichtan
above Log — —

a.l.l. Grainsize Descriptions and comments

] 6270592.00, 2772900.14, 370.31 m, 14.46 m

10.50 - [Northing, Easting, elevation, elevation above lake level]
10.40

10.30
10.20

10.00

9.90

980 GRP24

Grey rafted pumice block with smaller clasts of grey
pumice above.

Clasts are angular, blocky, clast supported, contains

between the clasts. The block and larger clasts have
radial cooling joints. The smaller clasts perhaps are
broken pieces from the larger one.

9.70

9.60

9.50

9.40

9.30

9.20

Laminated and dune bedded pumiceous sand. Some
beds have a slight lithic content.

continued from
previous section

]
N

m -3
o

9.00

3
3
4095




Appendix I - Graphic Logs Isabella J. von Lichtan
Height Section: 109 Logged by: Isabella J. von Lichtan
above Log — —
all. Grainsize Descriptions and comments

6268426.09, 2777254.96, 366.15 m, 10.30 m
[Northing, Easting, elevation, elevation above lake level]

Matrix supported, very poorly sorted podsol

~ Matrix supported, very poorly sorted, contains very

rounded clasts in a sandy matrix - ‘drop pumice’

/' Laminated and dune bedded

/' alternating layers of lithic rich and lithic poor sands
/Clast supported, medium to well sorted white pumice

clasts

/ Laminated and dune bedded

* alternating layers of lithic rich and lithic poor sands

_~Clast supported, medium to well sorted white pumice

clasts

~"Laminated and dune bedded
alternating layers of lithic rich and lithic poor sands

“~ Clast supported, medium to well sorted white pumice
clasts

~" Laminated and dune bedded

e reEa e 2 TeRE S,

-
-
I R 29 2525 X O XN

alternating layers of lithic rich and lithic poor sands
Clast supported, medium to well sorted white pumice
 clasts
Laminated and dune bedded
alternating layers of lithic rich and lithic poor sands
Clast supported, medium to well sorted white pumice
__ clasts
Laminated and dune bedded
alternating layers of lithic rich and lithic poor sands

Matrix supported, medium sorted, contains pumice
clasts in a sandy matrix, normally graded
Laminated and dune bedded

alternating layers of lithic rich and lithic poor sands

Matrix supported, poorly sorted, contains pumice
clasts in a sandy matrix

Matrix supported, very poorly sorted, contains pumice
clasts in a sandy matrix

8Je

Sxepe

.f,;""‘. Very poorly sorted

Seve clast supported

'-tf;‘-' contains grey pumice clasts and blocks with small

white pumice
contains a fine sand sized matrix

B Lithic rich sand, with small pumice clasts

3 . Lithic rich sand, dune bedded
~~————
S " Lithic poor sand, dune bedded




Appendix I - Graphic Logs

Isabella J. von Lichtan

Height Section: 131 Logged by: Isabella J. von Lichtan
above Log — —
a.l.l. Grainsize Descriptions and comments

T 6268383,40, 2777267.20, 366.12 m, 10.27 m

11.90 [Northing, Easting, elevation, elevation above lake level]
o ‘e
11.80 . o : Matrix supported, very poorly sorted podsol
4 ' % ‘ °O
11.70—¢ = o
o L]
1. - &

11.60- o

11504 . ¢ ©

Matrix supported, very poorly sorted, sub-angular
pumice clasts as well as rounded ‘drop pumice’

i <4
i o o .
L)
< . o
11.404g9 "o ¢ & A
., © - O Matrix supported, very poorly sorted, sub-angular
1° o .° i O pumice clasts as well as rounded ‘drop pumice’
* Q o ] o
e -0
11304 .0 O - © - Q
] Sandy layer, well sorted
: £e) ) Clast supported, poorly sorted, contains matrix
11.20o - Oo o
Matrix supported, very poorly sorted, sub-angular
pumice clasts
11.10 Contains some grey pumice clasts

11.00

10.90

10.80

10.70

10.60

Clast supported, poorly sorted, contains matrix

Clast supported, poorly sorted, contains matrix

Matrix supported, very poorly sorted, sub-angular
pumice clasts

Alternates form being clast supported, to matrix
supported

poorly sorted, contains sub-angular to sub-
roundedwhite pumice clasts and sub-angular grey
pumice clasts

matrix supported, very poorly sorted, sub-angular
pumice clasts

Clast supported, poorly sorted, contains matrix

Clast supported, poorly sorted, matrix poor, rounded
vesicular pumice clasts

10.50
= Grey pumice clast
base not exposed | It is blocky, angular, medium vesicular
10.40 T T T T T T T1
m QLo NTgoe
s° mm ¢




Appendix I - Graphic Logs Isabella J. von Lichtan
Height Section: 133 Logged by: Isabella J. von Lichtan
above Log — —
all. Grainsize Descriptions and comments

6268369.80, 2777275.42, 366.12 m, 10.27 m

11.90
11.80

4 o °

’ o , q . N

11701 B

T o ' Y
11.60

1 Qo
11.50 '
11.40 -

[Northing, Easting, elevation, elevation above lake level]

Matrix supported, very poorly sorted podsol

Very poorly sorted, matrix supported, contains sub-
angular to sub-rounded pumiceContains some larger
white pumice clasts - ‘drop pumice’

Sub-angular to sub-rounded pumiceous clasts, matrix
poor, well sorted, normally graded

Very poorly sorted, matrix supported, contains sub-
angular to sub-rounded pumice, mostly sub-angular

Sub-angular to sub-rounded pumiceous clasts, well
sorted, normally graded
Contains matrix

Very poorly sorted, matrix supported, contains sub-
angular to sub-rounded pumice, mostly sub-angular

Sandy layer

Sub-angular to sub-rounded pumiceous clasts, matrix
poor, well sorted, normally graded

et s e ~ Sandy layer
o:° . .
10.80 D ° .O o~ 2 ¢ Iy O Very poorly sorted, matrix supported, contains sub-
- . 0 o, s A0, angular to sub-rounded pumice, mostly sub-angular
N =T = ‘9 O oo
e 3 | ~ Sandy layer
e.0 0. o ‘o ‘0 nl — - -
- 25 2.0 0 Very poorly sorted, matrix supported, contains sub-
10.70°," . angular to sub-rounded pumice

10.50

Very poorly sorted, matrix supported, contains sub-
_ angular to sub-rounded pumice

) B Sandy layer

Very poorly sorted, matrix supported, contains sub-
angular to sub-rounded pumice

Poorly sorted, clasts supported, contains a fine matrix
Clasts are large and small grey pumice clasts
surrounded by white pumice clasts

Graded to being well sorted above the grey pumice
blocks




Appendix I - Graphic Logs

Isabella J. von Lichtan

Height Section: 152 Logged by: Isabella J. von Lichtan
above Log — —
all. Grainsize Descriptions and comments
] 6268290.51, 2777281.26, 365.01 m, 9.58 m
12.00 [Northing, Easting, elevation, elevation above lake level]
11.90
11.80

Q

Poorly sorted, matrix supported podsol

Matrix to clast supported, medium sorted, angular to
sub-angular vesicular pumice; contains about 2%
pumice clasts

Sandy, well sorted with planar bedding

Matrix to clast supported, medium sorted, angular to

sub-angular vesicular pumice; contains about 2%
pumice clasts

11300 o- : -
& 5> iR SR

Sandy, well sorted with planar bedding

Matrix to clast supported, medium sorted, angular to
sub-angular vesicular pumice; contains about 2%
pumice clasts

Sandy, well sorted with planar bedding

Clast supported, well sorted, matrix poor, vesicular

___white pumice; clasts are sub-angular

Draping contact
Sandy, well sorted

R bo? S p "o, > |
g L% © %5 9 o .
& o 9 % Very poorly sorted, matrix supported, sub-rounded to
lo - TS 6 rounded pumice clasts
11.00 o - S .9,
0 P :0 0 B O 0 o0
4 /4 Sandy, well sorted with dune bedding
10,90 T—5— ?
o . ° O o] Poorly sorted, matrix supported, sub-angular to sub-
i °.°° ; '@ s .0, O, rounded clasts; contains ‘drop pumice’
- l Sandy, well sorted with dune bedding
1080 — .
P " Poorly sorted, matrix supported, sub-angular to sub-
S B |
.o 09 - O T o - rounded clasts
@l Sandy, well sorted with dune bedding
10.70 - i ST 7 Poorly sorted, matrix supported, sub-angular to sub-
e S eo. o ) ~ rounded clasts
L ¢ o Sandy, well sorted
Y well sorted a q ) )
ffffffff ast supported, contains matrix
10.60 poorly sorted PP
i Clast supported, well sorted, matrix poor, vesicular
white pumice
base not exposed
10.50 T T T T LT
m aaa"YYIEs
S mm %




Appendix I - Graphic Logs Isabella J. von Lichtan
Hgight Log Section: 169 Pt 1 Logged by: Isabella J. von Lichtan
above T -
all. Grainsize Descriptions and comments
1 6268094.93, 2777374.36, 366.49 m, 10.64 m
10.50 [Northing, Easting, elevation, elevation above lake level]
10.40
10.30
10.20 .
10.10 —ed
Medium sorted, dominantly clast supported, contains
1 8 matrix, sub-angular to sub-rounded pumice clasts
10.00 ¢ >
9.90
9.80 — . Pumice clasts, sub-rounded to sub-angular, well sorted,
' contains matrix
NS _ : .
A ’ Medium sorted, dominantly clast supported, contains
9.70 ; matrix, sub-angular to sub-rounded pumice clasts
’ 5 = * - Pumice clasts, sub-rounded to sub-angular, well sorted,
] o) feY e, ~contains matrix
- 7 Medium sorted, dominantly clast supported, contains
9.60— C matrix, sub-angular to sub-rounded pumice clasts
’ Pumice clasts, sub-rounded to sub-angular, well sorted,
wrmatrix free
- Pumice rich sand
9.50 > ~ Pumice clasts with a pumiceous sand matrix
Lithic rich sand containing ‘drop pumice’
1 o _ Lithic rich sand with pumice clasts
o Lithic rich sand containing ‘drop pumice’
9.40 Medium sorted, pumice clasts and few samller lithic
FIIIIIIII S clasts, matrix poor
ey Q o —
T‘ 2
9.30 <3 Medium sorted, dominantly clast supported, contains
: X 2 matrix, sub-angular to sub-rounded pumice clasts
i K )
AT Medium sorted, pumice clasts and few samller lithic
9.20 X clasts, matrix poor
S > Well sorted, clast supported, contains matrix of
R 3 pumiceous and lithic rich sand
910 Medium sorted, clast
’ 2 35 8 supported Vesicular pumice with a matrix
% 0°0 . 900 902.0,60 Poorly sorted, matrix
1695"- e'oo't,ooooé.oo &° supported
base not exposed
9.00 T T T T LT
m REE- TR
S mm %




Appendix I - Graphic Logs

Isabella J. von Lichtan

Height Section: 169 Pt 2 Logged by: Isabella J. von Lichtan
above Log — —
all. Grainsize Descriptions and comments
1 6268094.93, 2777374.36, 366.49 m, 10.64 m
11.60 - [Northing, Easting, elevation, elevation above lake level]
11.50
11.40
11.30
11.20
i GRP46
Large grey rafted pumice block
11.10 Has radial cooling joints, these joints being smaller
toward the outside of the clast
11.00
10.90 — i L)
.~ °,'s :.Lo' o : Very poorly sorted with lithic and pumicous sand
) . __ Contains both grey and white pumice clasts
10.80
Medium sorted, dominantly clast supported, contains
] matrix, sub-angular to sub-rounded pumice clasts
10.70 . =
Medium sorted, dominantly clast supported, contains
i matrix, sub-angular to sub-rounded pumice clasts
10.60 — : Medium sorted, dominantly clast supported, contains

matrix, sub-angular to sub-rounded pumice clasts

Very poorly sorted, elongate pumice clasts in a lithic
sand matrix

previous section

Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts

Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts

Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts

0.125




Appendix I - Graphic Logs

Isabella J. von Lichtan

Height

Section: 171 Pt 1

Logged by: Isabella J. von Lichtan

above Log
a.l.l.

Grainsize

Descriptions and comments

12.10 7

12.00

11.90

6268062.14, 2777389.03, 367.86 m, 12.01 m
[Northing, Easting, elevation, elevation above lake level]

Alternating layer of lithic rich and lithic poor sand.
Mostly laminated, but also dune bedded in places.
Very well sorted. Contains a large lithic of bandded
rhyolite

Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts

~ Alternating layer of lithic rich and lithic poor sand.
Mostly laminated, but also dune bedded in places.
Very well sorted.
Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts
Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts

" Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts

~ Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts
Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts
Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts

NWell sorted, clast supported, pumacious clasts, matrix
free.

~ Alternating layer of lithic rich and lithic poor sand.
Mostly laminated, but also dune bedded in places.
Very well sorted.
Well sorted, clast supported, pumacious clasts, matrix

_ free.

Medium sorted, dominantly clast supported, contains
matrix, sub-angular to sub-rounded pumice clasts

Alternating layer of lithic rich and lithic poor sand.
Mostly laminated, but also dune bedded in places.
Very well sorted.

11.10 M—_ Alternating layer of lithic poor andvery lithic rich
Je ‘e, s .ol sand. Mostly laminated, but also dune bedded in
1. « 7 places. Has a wavy upper contact.
—_——0  °.°' 7 - Medium sorted.
¢ o 9 g + ®*a "
11.00 1= - . Alternating layer of lithic rich and lithic poor sand.
e ———— Mostly laminated, but also dune bedded in places.
1 Very well sorted.
8. .O: Q‘; (,O.O b .'.0_?,.'”, Q Poorly sorted, matrix supported, contains sub-angular
: _pumice and lithic clasts

10.90

10.80

10.70 1S AN~

| base not exposed

Alternating layer of lithic rich and lithic poor sand.
Mostly laminated, but also dune bedded in places.
Very well sorted.

Medium sorted, pumice clasts and few samller lithic
_clasts, matrix poor

Alternating layer of lithic rich and lithic poor sand.
Mostly laminated, but also dune bedded.
Very well sorted.

10.60 T T T 1L T 11
A2~ VYIRS
m O-O Ng

0.125




Appendix I - Graphic Logs Isabella J. von Lichtan

Height Section: 171 Pt 2 Logged by: Isabella J. von Lichtan
above Log — —
a.l.l. Grainsize Descriptions and comments

6268062.14, 2777389.03, 367.86 m, 12.01 m
13.207 [Northing, Easting, elevation, elevation above lake level]

13.00

12.90

12.80

12.70 GRP47

Large grey rafted pumice block
Has radial cooling joints, these joints being smaller
toward the outside of the clast

12.60

12.50

12.40

12.30

Well sorted near the bottom and poorly sorted towards
the top; clast supported, contains matrix; has both
grey a nd white pumice clasts; reverse graded.
Lense of lithic rich clasts, clasts supported, matrix
free

Well sorted, clast supported, contains matrix. has
both grey and white pumice clasts.

Alternating layer of lithic rich and lithic poor sand.
Mostly laminated, but also dune bedded.

Very well sorted.

Medium sorted, matrix supported, sub-angular to
sub-rounded pumice clasts

Alternating layer of lithic rich and lithic poor sand.
Mostly laminated, but also dune bedded.
Very well sorted.

Alternating layer of lithic rich and lithic poor sand.
Mostly laminated, but also dune bedded.

RS R Very well sorted.
continued from Alternating layer of lithic rich and lithic poor sand.
11.80— previous section Mostly laminated, but also dune bedded.
Very well sorted.

3
0.125
0.25—
4095




Appendix 11

A2.1 DATA FROM DRAUGHT LINE ESTIMATE

Isabella J. von Lichtan

APPENDIX [1

DGPSDATA

23 10.0 1.8 11.8 19 1.7 13.5 7.1
24 14.46 -5.30 9.16 0.95 0.9 10.0 1.1
104 0.00 0.00 1.5 1.4 1.4 5.1
107 0.00 0.00 1.7 1.5 1.5 42
108 0.00 0.00 0.9 0.8 0.8 3.7
01 300.2 11.6 0.08 11.68 0.5 0.5 12.1 0.74
03 351.9 9.54 0.09 9.63 2.8 2.5 12.1 14
04 307.9 9.89 0.08 9.97 0.95 0.9 10.8 1.15
05 290.4 9.67 0.07 9.74 1.06 1.0 10.7 1.12
06 288.6 11.2 0.07 11.30 0.09 0.1 11.4 0.13
07 2674 10.26 0.07 10.32 0.86 0.8 11.1 1.06
08 243.7 11.0 0.06 11.02 0.05 0.0 11.1 0.1
09 250.3 11.3 0.06 11.33 2.8 2.5 13.8 8|
10 2479 11.39 0.06 11.45 1.1 1.0 12.4 1.3
11 191.3 10.0 0.05 10.02 0.1 0.1 10.1 0.2
112 9.2 2.8 12.0 4.2 3.8 15.7 20|
12 194.5 10.3 0.05 10.35 0.32 0.3 10.6 0.35
14 189.7 10.2 0.05 10.25 0.32 0.3 10.5 0.4
15 151.0 11.3 0.04 11.36 0.3 0.3 11.6 0.4
16 161.5 10.12 0.04 10.16 1.7 1.5 11.7 2.5
17 1253 10.43 0.03 10.47 0.2 0.2 10.6 0.3
18 144.0 10.38 0.04 10.41 0.2 0.2 10.6 0.3
19 130.0 10.6 0.03 10.60 0.4 0.4 11.0 0.6
20 117.7 11.1 0.03 11.14 0.25 0.2 11.4 0.4
21 100.0 10.98 0.02 11.01 1.6 1.4 12.4 0.74
22 81.8 11.2 0.02 11.24 0.6 0.5 11.8 0.5
25 597.7 11.25 0.15 11.40 0.8 0.7 12.1 0.94
26 600.5 10.96 0.15 11.11 1.27 1.1 12.3 1.7
27 607.3 9.89 0.15 10.04 0.0 10.0

28 629.9 10.19 0.16 10.35 0.8 0.7 11.1 0.75
29 666.4 8.82 0.17 8.98 4.5 4.1 13.0 16
30 649.7 10.3 0.16 10.46 0.15 0.1 10.6 0.25
31 660.7 10.64 0.17 10.81 0.6 0.5 11.3 0.6
32 660.9 10.68 0.17 10.84 0.15 0.1 11.0 0.55
35 693.4 10.3 0.17 10.44 0.1 0.1 10.5 0.25
36 709.2 10.3 0.18 10.45 0.13 0.1 10.6 0.4
37 718.6 10.3 0.18 10.45 0.4 0.4 10.8 0.63
38 782.7 9.16 0.20 9.36 4.3 3.9 13.2 16|
39 946.2 8.71 0.24 8.95 2.8 2.5 11.5 9.5
40 1037.0 10.24 0.26 10.50 3 2.7 13.2 4.85
46 999.3 10.64 0.25 10.89 0.48 0.4 113 1.9
47 1035.2 12.01 0.26 12.26 1.24 1.1 13.4 2|
53 588.5 9.66 0.15 9.81 1 0.9 10.7

Draught = the depth of water in which an object, like a ship, will float

1.1



Appendix 11

A2.2 RELATIVE DISTANCE ESTIMATESAT FIVE MILE BAY

Isabella J. von Lichtan

22 11.22 367.07 2776973.06 6268920.02 6268953.882 46 34 52 30.2870468 82 6269000 0.463647589
21 10.98 366.83 2776982.31 6268904.36 6268935.387 65 31 72 27.74990351 100
20 11.11 366.96 2776991.03 6268888.97 6268917.949 82 29 92 25.91793616 118
19 10.56 366.41 2776995.25 6268877.25 6268909.5 90 32 101 28.84165554 130
17 10.43 366.28 2776992.08 6268880.91 6268915.83 84 35 94 31.23061698 125
18 10.38 366.23 2777001.50 6268864.78 6268896.996 103 32 115 28.81666702 144
16 10.12 365.97 2777009.23 6268849.06 6268881.547 118 32 132 29.05650798 161
15 11.32 367.17 2777009.93 6268861.18 6268880.138 120 19 134 16.95533852 151
14 10.20 366.05 2777025.28 6268825.52 6268849.444 151 24 168 21.39620414 190
12 10.30 366.15 2777028.29 6268821.64 6268843.411 157 22 175 19.47736765 195
11 9.98 365.83 2777024.87 6268823.57 6268850.258 150 27 167 23.87139881 191
09 11.27 367.12 2777061.21 6268775.76 6268777.572 222 2 249 1.616420186 250
08 10.96 366.81 2777056.90 6268781.03 6268786.203 214 5 239 4.62793648 244
10 11.39 367.24 2777060.74 6268778.25 6268778.52 221 0 248 0.238562741 248
07 10.26 366.11 2777065.80 6268758.93 6268768.405 232 9 259 8.472659197 267
06 11.23 367.08 2777077.46 6268741.02 6268745.074 255 4 285 3.626162919 289
05 9.67 365.52 2777076.13 6268738.42 6268747.748 252 9 282 8.342939195 290
04 9.89 365.74 2777086.62 6268724.11 6268726.765 273 3 305 2.379305141 308
01 11.60 367.45 2777095.25 6268736.95 6268709.497 291 -27 325 -24.55313971 300
03 9.54 365.39 2777108.89 6268685.96 6268682.221 318 -4 355 -3.347778213 352
53 9.66 365.51 2777231.17 6268482.61 6268437.668 562 -45 629 -40.20101814 589
25 11.25 367.10 2777241.74 6268477.67 6268416.52 583 -61 652 -54.69359742 598
26 10.96 366.81 2777242.23 6268474.79 6268415.543 584 -59 653 -52.99143905 600
27 9.89 365.74 2777237.18 6268464.63 6268425.641 574 -39 642 -34.8700304 607
28 10.19 366.04 2777248.22 626844491 6268403.563 596 -41 667 -36.98327901 630
29 8.82 364.67 2777253.57 6268406.70 6268392.863 607 -14 679 -12.37731137 666
30 10.30 366.15 2777254.96 6268426.09 6268390.089 610 -36 682 -32.20062242 650
31 10.64 366.49 2777260.69 6268416.69 6268378.628 621 -38 695 -34.04646555 661
32 10.68 366.53 2777260.82 6268416.52 6268378.363 622 -38 695 -34.1297203 661
35 10.27 366.12 2777267.20 6268383.40 6268365.61 634 -18 709 -15.91152545 693
36 10.27 366.12 2777275.42 6268369.80 6268349.158 651 -21 728 -18.46168531 709
37 10.27 366.12 2777275.72 6268359.44 6268348.562 651 -11 728 -9.734181949 719
38 9.16 365.01 2777281.26 6268290.51 6268337.487 663 47 741  42.01579425 783
39 8.71 364.56 2777331.75 6268133.02 6268236.494 764 103 854 92.54793972 946
46 10.64 366.49 2777374.36 6268094.93 6268151.273 849 56 949 50.39736922 999
40 10.24 366.09 2777371.10 6268051.14 6268157.795 842 107 942 95.39234933 1037
47 12.01 367.86 2777389.03 6268062.14 6268121.932 878 60 982 53.47679907 1035

1.2



Appendix 11

Isabella J. von Lichtan

A2.3 ORIGINAL RAW DGPSDATA WITH ACTUAL LAKE LEVEL (A.L.L.) LISTED

T

1 6268736.95 2777095.25 367.45 11.60 Five Mile Bay Reserve 01
2 6268737.13 2777095.46 367.34 11.49 Five Mile Bay Reserve
3 6268737.76 2777095.66 367.39 11.54 Five Mile Bay Reserve
4 6268738.03 2777095.59 367.47 11.62 Five Mile Bay Reserve
S 6268738.21 2777095.55 367.44 11.59 Five Mile Bay Reserve
6 6268738.61 2777095.68 367.42 11.57 Five Mile Bay Reserve
7 6268738.97 2777095.63 367.44 11.59 Five Mile Bay Reserve
8 6268739.20 2777095.66 367.41 11.56 Five Mile Bay Reserve
9 6268739.39 2777095.73 367.46 11.61 Five Mile Bay Reserve
10 6268739.68 2777095.81 367.45 11.60 Five Mile Bay Reserve
11 6268739.87 2777095.98 367.46 11.61 Five Mile Bay Reserve
12 6268740.21 2777096.05 367.49 11.64 Five Mile Bay Reserve
13 6268740.77 2777096.02 367.57 11.72 Five Mile Bay Reserve
14 6268740.89 2777096.22 367.56 11.71 Five Mile Bay Reserve
15 6268741.19 2777096.18 367.67 11.82 Five Mile Bay Reserve
16 6268742.26 2777096.58 367.85 12.00 Five Mile Bay Reserve
17 6268742.87 2777096.95 367.88 12.03 Five Mile Bay Reserve
18 6268744.34 2777097.10 368.04 12.19 Five Mile Bay Reserve
19 6268735.75 2777094.83 367.25 11.40 Five Mile Bay Reserve
20 6268735.46 2777094.84 367.19 11.34 Five Mile Bay Reserve
21 6268735.29 2777094.77 367.19 11.34 Five Mile Bay Reserve
22 6268735.02 2777094.77 367.16 11.31 Five Mile Bay Reserve
23 6268734.85 2777094.64 367.13 11.28 Five Mile Bay Reserve
24 6268734.44 2777094.55 367.07 11.22 Five Mile Bay Reserve
25 6268734.27 2777094.54 367.03 11.18 Five Mile Bay Reserve
26 6268733.95 2777094.44 366.94 11.09 Five Mile Bay Reserve
27 6268733.65 2777094.27 366.91 11.06 Five Mile Bay Reserve
28 6268733.54 2777094.29 366.94 11.09 Five Mile Bay Reserve
29 6268733.27 2777094.11 366.90 11.05 Five Mile Bay Reserve
30 6268733.02 2777094.11 366.89 11.04 Five Mile Bay Reserve
31 6268732.95 2777094.07 366.93 11.08 Five Mile Bay Reserve
32 6268732.51 2777093.99 366.89 11.04 Five Mile Bay Reserve
33 6268732.24 2777093.96 366.86 11.01 Five Mile Bay Reserve
34 6268732.04 2777093.87 366.86 11.01 Five Mile Bay Reserve
35 6268731.85 2777093.80 366.87 11.02 Five Mile Bay Reserve
36 6268731.51 2777093.57 366.82 10.97 Five Mile Bay Reserve
37 6268730.92 2777093.65 366.68 10.83 Five Mile Bay Reserve
38 6268730.93 2777093.68 366.76 10.91 Five Mile Bay Reserve
39 6268730.41 2777093.63 366.63 10.78 Five Mile Bay Reserve
40 6268730.42 2777093.69 366.69 10.84 Five Mile Bay Reserve
41 6268730.00 2777093.31 366.66 10.81 Five Mile Bay Reserve
42 6268730.03 2777093.47 366.72 10.87 Five Mile Bay Reserve
43 6268728.32 2777092.65 366.63 10.78 Five Mile Bay Reserve
44 6268728.37 2777092.63 366.45 10.60 Five Mile Bay Reserve
45 6268727.94 2777092.64 366.48 10.63 Five Mile Bay Reserve
46 6268727.83 2777092.67 366.40 10.55 Five Mile Bay Reserve
47 6268727.35 2777092.51 366.34 10.49 Five Mile Bay Reserve
48 6268726.92 2777092.33 366.38 10.53 Five Mile Bay Reserve
49 6268726.70 2777092.09 366.28 10.43 Five Mile Bay Reserve
50 6268726.22 2777091.86 366.34 10.49 Five Mile Bay Reserve
51 6268726.15 2777091.80 366.41 10.56 Five Mile Bay Reserve
52 6268725.90 2777091.79 366.48 10.63 Five Mile Bay Reserve
53 6268725.76 2777091.57 366.28 10.43 Five Mile Bay Reserve
54 6268725.52 2777091.48 366.35 10.50 Five Mile Bay Reserve
55 6268724.99 2777091.19 366.26 10.41 Five Mile Bay Reserve
56 6268724.88 2777091.17 366.25 10.40 Five Mile Bay Reserve
57 6268724.42 2777090.87 366.27 10.42 Five Mile Bay Reserve
58 6268723.93 2777090.38 366.30 10.45 Five Mile Bay Reserve
59 6268723.88 2777089.58 366.32 10.47 Five Mile Bay Reserve
60 6268682.31 2777112.04 365.76 9.91 Five Mile Bay Reserve
61 6268681.76 2777111.69 36531 9.46 Five Mile Bay Reserve
62 6268684.15 2777110.36 365.29 9.44 Five Mile Bay Reserve
63 6268683.61 2777110.58 365.71 9.86 Five Mile Bay Reserve
64 6268684.19 2777109.90 366.17 10.32 Five Mile Bay Reserve
65 6268684.17 2777110.07 365.88 10.03 Five Mile Bay Reserve
66 6268685.96 2777108.89 365.39 9.54 Five Mile Bay Reserve 03
67 6268687.44 2777108.05 365.54 9.69 Five Mile Bay Reserve
68 6268687.80 2777107.76 365.71 9.86 Five Mile Bay Reserve
69 6268689.73 2777105.69 365.12 9.27 Five Mile Bay Reserve
70 6268690.06 2777106.19 365.33 9.48 Five Mile Bay Reserve
71 6268689.98 2777106.46 365.51 9.66 Five Mile Bay Reserve
72 6268690.64 2777106.37 365.37 9.52 Five Mile Bay Reserve
73 6268692.58 2777106.41 365.95 10.10 Five Mile Bay Reserve
74 6268693.27 2777106.27 365.81 9.96 Five Mile Bay Reserve
75 6268693.87 2777106.42 365.75 9.90 Five Mile Bay Reserve
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76 6268694.24 2777105.43 365.67 9.82 ve Mile Bay Reserve
77 6268724.11 2777086.62 365.74 9.89 Five Mile Bay Reserve 04
78 6268724.81 2777086.17 366.04 10.19 Five Mile Bay Reserve
79 6268725.61 2777086.43 366.65 10.80 Five Mile Bay Reserve
80 6268725.74 2777085.74 366.37 10.52 Five Mile Bay Reserve
81 6268725.63 2777085.36 365.79 9.94 Five Mile Bay Reserve
82 6268726.17 2777085.07 366.05 10.20 Five Mile Bay Reserve
83 6268726.15 2777084.76 365.72 9.87 Five Mile Bay Reserve
84 6268738.42 2777076.13 365.52 9.67 Five Mile Bay Reserve 05
85 6268738.52 2777078.32 366.98 11.13 Five Mile Bay Reserve
86 6268741.02 2777077.46 367.08 11.23 Five Mile Bay Reserve 06
87 6268745.50 2777074.12 366.17 10.32 Five Mile Bay Reserve
88 6268758.93 2777065.80 366.11 10.26 Five Mile Bay Reserve 07
89 6268771.67 2777059.93 366.46 10.61 Five Mile Bay Reserve
90 6268775.76 2777061.21 367.12 11.27 Five Mile Bay Reserve 09
91 6268777.97 2777060.54 366.82 10.97 Five Mile Bay Reserve
92 6268777.94 2777060.62 367.02 11.17 Five Mile Bay Reserve
93 6268777.85 2777060.84 367.11 11.26 Five Mile Bay Reserve
94 6268778.25 2777060.74 367.24 11.39 Five Mile Bay Reserve 10
95 6268781.03 2777056.90 366.81 10.96 Five Mile Bay Reserve 08
96 6268780.27 2777060.05 367.29 11.44 Five Mile Bay Reserve
97 6268781.03 2777059.49 367.79 11.94 Five Mile Bay Reserve
98 6268779.54 2777053.76 366.38 10.53 Five Mile Bay Reserve
99 6268780.03 2777053.08 366.71 10.86 Five Mile Bay Reserve
100 6268779.73 2777052.38 366.65 10.80 Five Mile Bay Reserve
101 6268779.91 2777052.13 366.94 11.09 Five Mile Bay Reserve
102 6268780.30 2777051.70 367.42 11.57 Five Mile Bay Reserve
103 6268779.10 2777051.51 366.44 10.59 Five Mile Bay Reserve
104 6268778.87 2777051.06 365.98 10.13 Five Mile Bay Reserve
105 6268784.08 2777048.01 366.38 10.53 Five Mile Bay Reserve
106 6268814.93 2777030.85 366.13 10.28 Five Mile Bay Reserve
107 6268821.64 2777028.29 366.15 10.30 Five Mile Bay Reserve
108 6268823.49 2777024.85 365.75 9.90 Five Mile Bay Reserve
109 6268823.57 2777024.87 365.83 9.98 Five Mile Bay Reserve 12
110 6268823.81 2777024.83 365.82 9.97 Five Mile Bay Reserve
111 6268823.82 2777024.84 365.85 10.00 Five Mile Bay Reserve
112 6268824.38 2777025.05 365.84 9.99 Five Mile Bay Reserve
113 6268824.58 2777025.15 365.86 10.01 Five Mile Bay Reserve
114 6268824.77 2777025.22 365.84 9.99 Five Mile Bay Reserve
115 6268824.84 2777025.22 365.88 10.03 Five Mile Bay Reserve
116 6268825.07 2777025.31 366.05 10.20 Five Mile Bay Reserve
117 6268825.17 2777025.29 366.02 10.17 Five Mile Bay Reserve
118 6268825.25 2777025.33 365.89 10.04 Five Mile Bay Reserve
119 6268825.49 2777025.29 366.05 10.20 Five Mile Bay Reserve
120 6268825.52 2777025.28 366.05 10.20 Five Mile Bay Reserve 14
121 6268849.15 2777009.17 365.91 10.06 Five Mile Bay Reserve
122 6268849.06 2777009.23 365.97 10.12 Five Mile Bay Reserve 16
123 6268849.12 2777008.96 365.98 10.13 Five Mile Bay Reserve
124 6268849.19 2777008.88 365.86 10.01 Five Mile Bay Reserve
125 6268849.26 2777008.82 365.96 10.11 Five Mile Bay Reserve
126 6268849.25 2777008.74 365.89 10.04 Five Mile Bay Reserve
127 6268849.29 2777008.76 365.85 10.00 Five Mile Bay Reserve
128 6268852.61 2777007.43 365.73 9.88 Five Mile Bay Reserve
129 6268853.43 2777009.25 366.20 10.35 Five Mile Bay Reserve
130 6268853.47 2777009.24 366.19 10.34 Five Mile Bay Reserve
131 6268853.52 2777009.25 366.25 10.40 Five Mile Bay Reserve
132 6268853.53 2777009.36 366.39 10.54 Five Mile Bay Reserve
133 6268853.62 2777009.37 366.53 10.68 Five Mile Bay Reserve
134 6268853.68 2777009.45 366.66 10.81 Five Mile Bay Reserve
135 6268853.78 2777009.50 366.66 10.81 Five Mile Bay Reserve
136 6268853.83 2777009.48 366.45 10.60 Five Mile Bay Reserve
137 6268853.93 2777009.50 366.57 10.72 Five Mile Bay Reserve
138 6268853.91 2777009.63 366.48 10.63 Five Mile Bay Reserve
139 6268854.01 2777009.84 366.40 10.55 Five Mile Bay Reserve
140 6268854.11 2777009.76 366.36 10.51 Five Mile Bay Reserve
141 6268854.13 2777009.83 366.59 10.74 Five Mile Bay Reserve
142 6268854.17 2777010.10 366.56 10.71 Five Mile Bay Reserve
143 6268854.23 2777010.14 366.70 10.85 Five Mile Bay Reserve
144 6268854.28 2777010.10 366.69 10.84 Five Mile Bay Reserve
145 6268854.60 2777010.37 366.79 10.94 Five Mile Bay Reserve
146 6268856.82 2777011.53 366.73 10.88 Five Mile Bay Reserve
147 6268856.35 2777011.38 366.74 10.89 Five Mile Bay Reserve
148 6268856.18 2777011.25 366.75 10.90 Five Mile Bay Reserve
149 6268856.18 2777011.15 367.01 11.16 Five Mile Bay Reserve
150 6268856.18 2777011.16 367.14 11.29 Five Mile Bay Reserve
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151 6268856.39 2777011.14 367.14 11.29 ve Mile Bay Reserve
152 6268856.45 2777011.23 367.10 11.25 Five Mile Bay Reserve
153 6268856.51 2777011.30 366.91 11.06 Five Mile Bay Reserve
154 6268856.58 2777011.36 366.75 10.90 Five Mile Bay Reserve
155 6268858.08 2777011.19 366.54 10.69 Five Mile Bay Reserve
156 6268858.91 2777010.81 366.54 10.69 Five Mile Bay Reserve
157 6268859.62 2777010.75 366.91 11.06 Five Mile Bay Reserve
158 6268859.97 2777010.54 367.30 11.45 Five Mile Bay Reserve
159 6268861.18 2777009.93 367.17 11.32 Five Mile Bay Reserve 15
160 6268861.39 2777009.56 366.89 11.04 Five Mile Bay Reserve
161 6268860.72 2777004.72 366.04 10.19 Five Mile Bay Reserve
162 6268860.62 2777004.53 366.31 10.46 Five Mile Bay Reserve
163 6268860.72 2777004.53 366.00 10.15 Five Mile Bay Reserve
164 6268860.67 2777003.82 365.73 9.88 Five Mile Bay Reserve
165 6268860.75 2777003.84 366.02 10.17 Five Mile Bay Reserve
166 6268860.68 2777003.41 365.84 9.99 Five Mile Bay Reserve
167 6268860.85 2777003.01 366.12 10.27 Five Mile Bay Reserve
168 6268861.11 2777002.23 365.93 10.08 Five Mile Bay Reserve
169 6268862.91 2777000.94 365.32 9.47 Five Mile Bay Reserve
170 6268863.16 2777001.76 366.10 10.25 Five Mile Bay Reserve
171 6268863.14 2777001.74 366.00 10.15 Five Mile Bay Reserve
172 6268863.36 2777001.66 366.02 10.17 Five Mile Bay Reserve
173 6268863.86 2777001.48 366.09 10.24 Five Mile Bay Reserve
174 6268864.78 2777001.50 366.23 10.38 Five Mile Bay Reserve 18
175 6268877.10 2776996.41 366.59 10.74 Five Mile Bay Reserve
176 6268877.09 2776996.34 366.52 10.67 Five Mile Bay Reserve
177 6268877.25 2776995.25 366.41 10.56 Five Mile Bay Reserve
178 6268877.54 2776995.55 366.61 10.76 Five Mile Bay Reserve
179 6268877.78 2776995.55 366.69 10.84 Five Mile Bay Reserve
180 6268880.91 2776992.08 366.28 10.43 Five Mile Bay Reserve 17
181 6268879.68 2776993.11 366.49 10.64 Five Mile Bay Reserve
182 6268882.57 2776991.40 366.32 10.47 Five Mile Bay Reserve
183 6268886.42 2776990.01 366.13 10.28 Five Mile Bay Reserve
184 6268886.98 2776990.10 366.18 10.33 Five Mile Bay Reserve
185 6268885.72 2776989.77 365.63 9.78 Five Mile Bay Reserve
186 6268885.97 2776989.74 365.67 9.82 Five Mile Bay Reserve
187 6268886.12 2776990.78 366.13 10.28 Five Mile Bay Reserve
188 6268887.21 2776991.15 366.40 10.55 Five Mile Bay Reserve
189 6268887.58 2776991.26 366.56 10.71 Five Mile Bay Reserve
190 6268887.74 2776991.51 366.76 10.91 Five Mile Bay Reserve
191 6268887.84 2776991.37 366.86 11.01 Five Mile Bay Reserve
192 6268887.81 2776991.22 366.95 11.10 Five Mile Bay Reserve
193 6268887.93 2776991.15 367.20 11.35 Five Mile Bay Reserve
194 6268887.84 2776991.00 367.12 11.27 Five Mile Bay Reserve
195 6268887.96 2776991.37 366.83 10.98 Five Mile Bay Reserve
196 6268888.23 2776991.35 366.89 11.04 Five Mile Bay Reserve
197 6268888.36 2776991.26 367.00 11.15 Five Mile Bay Reserve
198 6268888.36 2776991.34 366.95 11.10 Five Mile Bay Reserve
199 6268888.38 2776991.31 366.92 11.07 Five Mile Bay Reserve
200 6268888.70 2776991.17 366.91 11.06 Five Mile Bay Reserve
201 6268888.82 2776990.92 366.99 11.14 Five Mile Bay Reserve
202 6268888.86 2776990.89 366.97 11.12 Five Mile Bay Reserve
203 6268888.97 2776991.03 366.96 11.11 Five Mile Bay Reserve 20
204 6268904.81 2776984.02 367.07 11.22 Five Mile Bay Reserve
205 6268904.84 2776984.03 367.20 11.35 Five Mile Bay Reserve
206 6268904.87 2776984.10 367.29 11.44 Five Mile Bay Reserve
207 6268904.88 2776984.12 367.33 11.48 Five Mile Bay Reserve
208 6268904.69 2776984.12 367.04 11.19 Five Mile Bay Reserve
209 6268904.72 2776984.08 367.00 11.15 Five Mile Bay Reserve
210 6268904.73 2776984.04 367.03 11.18 Five Mile Bay Reserve
211 6268904.48 2776983.66 367.10 11.25 Five Mile Bay Reserve
212 6268904.46 2776983.56 36731 11.46 Five Mile Bay Reserve
213 6268904.42 2776983.62 367.30 11.45 Five Mile Bay Reserve
214 6268904.15 2776983.55 367.19 11.34 Five Mile Bay Reserve
215 6268904.16 2776983.55 367.02 11.17 Five Mile Bay Reserve
216 6268904.17 2776983.79 367.01 11.16 Five Mile Bay Reserve
217 6268904.09 2776983.74 366.95 11.10 Five Mile Bay Reserve
218 6268904.20 2776983.76 366.94 11.09 Five Mile Bay Reserve
219 6268904.15 2776983.62 366.91 11.06 Five Mile Bay Reserve
220 6268904.28 2776983.75 366.93 11.08 Five Mile Bay Reserve
221 6268903.80 2776982.95 367.09 11.24 Five Mile Bay Reserve
222 6268903.65 2776982.86 367.01 11.16 Five Mile Bay Reserve
223 6268903.51 2776982.93 366.78 10.93 Five Mile Bay Reserve
224 6268903.45 2776982.24 366.71 10.86 Five Mile Bay Reserve
225 6268903.49 2776982.22 366.75 10.90 Five Mile Bay Reserve
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226 6268903.54 2776982.28 366.92 11.07 ve Mile Bay Reserve
227 6268903.56 2776982.11 366.74 10.89 Five Mile Bay Reserve
228 6268903.62 2776982.32 367.01 11.16 Five Mile Bay Reserve
229 6268904.19 2776982.55 367.12 11.27 Five Mile Bay Reserve
230 6268904.27 2776982.54 366.96 11.11 Five Mile Bay Reserve
231 6268904.30 2776982.41 367.04 11.19 Five Mile Bay Reserve
232 6268904.35 2776982.37 366.94 11.09 Five Mile Bay Reserve
233 6268904.34 2776982.30 366.83 10.98 Five Mile Bay Reserve
234 6268904.36 2776982.31 366.83 10.98 Five Mile Bay Reserve 21
235 6268904.33 2776982.34 367.15 11.30 Five Mile Bay Reserve
236 6268904.33 2776982.40 367.11 11.26 Five Mile Bay Reserve
237 6268917.86 2776973.82 367.06 11.21 Five Mile Bay Reserve
238 6268917.99 2776973.79 366.92 11.07 Five Mile Bay Reserve
239 6268917.99 2776973.81 366.90 11.05 Five Mile Bay Reserve
240 6268917.90 2776973.85 367.01 11.16 Five Mile Bay Reserve
241 6268917.81 2776973.97 366.92 11.07 Five Mile Bay Reserve
242 6268917.74 2776973.88 367.07 11.22 Five Mile Bay Reserve
243 6268917.63 2776973.95 366.91 11.06 Five Mile Bay Reserve
244 6268918.92 2776973.42 367.01 11.16 Five Mile Bay Reserve
245 6268918.82 2776973.34 367.06 11.21 Five Mile Bay Reserve
246 6268919.47 2776973.32 366.96 11.11 Five Mile Bay Reserve
247 6268919.65 2776973.23 366.93 11.08 Five Mile Bay Reserve
248 6268919.58 2776973.12 367.11 11.26 Five Mile Bay Reserve
249 6268919.44 2776973.10 367.10 11.25 Five Mile Bay Reserve
250 6268919.56 2776973.14 367.07 11.22 Five Mile Bay Reserve
251 6268919.66 2776973.11 366.96 11.11 Five Mile Bay Reserve
252 6268919.71 2776973.07 366.91 11.06 Five Mile Bay Reserve
253 6268919.84 2776973.06 367.08 11.23 Five Mile Bay Reserve
254 6268920.02 2776973.06 367.07 11.22 Five Mile Bay Reserve 22
255 6268920.08 2776973.05 367.00 11.15 Five Mile Bay Reserve
256 6268920.39 2776972.75 366.90 11.05 Five Mile Bay Reserve
257 6268920.33 2776972.69 366.86 11.01 Five Mile Bay Reserve
258 6268920.50 2776972.74 367.00 11.15 Five Mile Bay Reserve
259 6268920.76 2776972.76 366.97 11.12 Five Mile Bay Reserve
260 6268920.76 2776972.79 366.95 11.10 Five Mile Bay Reserve
261 6268920.81 2776972.83 366.94 11.09 Five Mile Bay Reserve
262 6268920.73 2776972.69 367.02 11.17 Five Mile Bay Reserve
263 6268920.88 2776972.62 366.90 11.05 Five Mile Bay Reserve
264 6268920.99 2776972.31 366.93 11.08 Five Mile Bay Reserve
265 6268921.05 2776972.29 367.06 11.21 Five Mile Bay Reserve
266 6268922.13 2776971.79 366.96 11.11 Five Mile Bay Reserve
267 6268922.61 2776971.61 366.95 11.10 Five Mile Bay Reserve
268 6268922.48 2776971.61 367.13 11.28 Five Mile Bay Reserve
269 6268927.24 2776970.41 366.96 11.11 Five Mile Bay Reserve
270 6268927.10 2776970.38 367.00 11.15 Five Mile Bay Reserve
271 6268927.29 2776970.25 367.01 11.16 Five Mile Bay Reserve
272 6268927.28 2776970.24 367.04 11.19 Five Mile Bay Reserve
273 6268927.38 2776970.19 367.21 11.36 Five Mile Bay Reserve
274 6268927.42 2776970.20 367.17 11.32 Five Mile Bay Reserve
275 6268927.48 2776970.19 367.15 11.30 Five Mile Bay Reserve
276 6268927.49 2776970.09 367.07 11.22 Five Mile Bay Reserve
271 6268927.54 2776970.12 366.97 11.12 Five Mile Bay Reserve
278 6268927.62 2776970.08 366.99 11.14 Five Mile Bay Reserve
279 6268927.71 2776970.04 366.98 11.13 Five Mile Bay Reserve
280 6268927.65 2776969.87 367.12 11.27 Five Mile Bay Reserve
281 6268927.76 2776969.84 367.00 11.15 Five Mile Bay Reserve
282 6268928.22 2776969.49 366.96 11.11 Five Mile Bay Reserve
283 6268928.25 2776969.48 366.95 11.10 Five Mile Bay Reserve
284 6268928.27 2776969.59 367.01 11.16 Five Mile Bay Reserve
285 6268928.24 2776969.59 367.07 11.22 Five Mile Bay Reserve
286 6268928.14 2776969.58 367.12 11.27 Five Mile Bay Reserve
287 6268939.91 2776964.81 367.39 11.54 Five Mile Bay Reserve
288 6268940.71 2776964.95 367.51 11.66 Five Mile Bay Reserve
289 6268940.79 2776964.90 367.61 11.76 Five Mile Bay Reserve
290 6268940.90 2776964.99 367.52 11.67 Five Mile Bay Reserve
291 6268941.04 2776965.05 367.55 11.70 Five Mile Bay Reserve
292 6268941.37 2776965.06 367.54 11.69 Five Mile Bay Reserve
293 6268941.46 2776965.08 367.58 11.73 Five Mile Bay Reserve
294 6268935.81 2776965.86 367.14 11.29 Five Mile Bay Reserve
295 6268935.77 2776965.72 367.14 11.29 Five Mile Bay Reserve
296 6268483.10 2777231.62 365.69 9.84  South of Airport (Landcorp property)
297 6268483.12 2777231.27 365.70 9.85  South of Airport (Landcorp property)
298 6268482.75 2777231.35 365.69 9.84  South of Airport (Landcorp property)
299 6268482.61 2777231.17 365.51 9.66  South of Airport (Landcorp property) 23
300 6268482.55 2777231.19 365.64 9.79  South of Airport (Landcorp property)
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301 6268482.14 2777231.47 365.68 9.83  South of Airport (Landcorp property)
302 6268479.41 2777234.97 365.83 9.98  South of Airport (Landcorp property)
303 6268478.56 2777240.59 366.86 11.01_ South of Airport (Landcorp property)
304 6268478.34 2777240.89 367.35 11.50  South of Airport (Landcorp property)
305 6268478.01 2777241.07 367.29 11.44  South of Airport (Landcorp property)
306 6268477.68 2777241.69 367.19 11.34  South of Airport (Landcorp property)
307 6268477.67 2777241.74 367.10 11.25  South of Airport (Landcorp property) 25
308 6268475.13 2777242.42 366.87 11.02  South of Airport (Landcorp property)
309 6268475.11 277724237 367.00 11.15  South of Airport (Landcorp property)
310 6268474.79 2777242.23 366.81 10.96  South of Airport (Landcorp property) 26
311 6268474.91 2777242.24 366.88 11.03  South of Airport (Landcorp property)
312 6268470.71 2777234.72 365.06 9.21  South of Airport (Landcorp property)
313 6268470.71 2777234.72 365.07 9.22  South of Airport (Landcorp property)
314 6268464.63 2777237.18 365.74 9.89  South of Airport (Landcorp property) 27
315 6268464.39 2777237.82 366.14 1029 South of Airport (Landcorp property)
316 6268465.42 2777238.35 366.69 10.84  South of Airport (Landcorp property)
317 6268465.53 2777238.48 366.86 11.01  South of Airport (Landcorp property)
318 626846547 2777238.88 366.92 11.07 _ South of Airport (Landcorp property)
319 6268465.37 2777238.97 366.84 10.99  South of Airport (Landcorp property)
320 6268466.03 2777239.05 367.00 11.15  South of Airport (Landcorp property)
321 6268466.05 2777238.96 366.99 11.14 South of Airport (Landcorp property)
322 6268454.40 2777238.50 364.56 8.71  South of Airport (Landcorp property)
323 6268454.41 2777239.24 364.55 8.70  South of Airport (Landcorp property)
324 6268453.82 2777241.23 365.25 9.40  South of Airport (Landcorp property)
325 6268453.53 2777241.22 365.01 9.16  South of Airport (Landcorp property)
326 6268452.36 2777246.22 365.38 9.53  South of Airport (Landcorp property)
327 6268444.65 2777248 32 365.92 10.07  South of Airport (Landcorp property)
328 6268444.88 2777248.16 365.99 10.14  South of Airport (Landcorp property)
329 6268444.91 2777248.13 366.04 10.19  South of Airport (Landcorp property)
330 6268444.91 277724822 366.04 10.19 South of Airport (Landcorp property) 28
331 6268444.98 2777248.23 366.12 10.27  South of Airport (Landcorp property)
332 6268444.96 2777248.21 366.17 10.32  South of Airport (Landcorp property)
333 6268445.08 2777248.09 366.24 10.39  South of Airport (Landcorp property)
334 6268445.00 2777248.01 366.23 10.38  South of Airport (Landcorp property)
335 6268444.70 2777248.30 366.40 10.55  South of Airport (Landcorp property)
336 6268445.02 2777248 24 366.38 10.53 South of Airport (Landcorp property)
337 6268445.06 2777248.40 366.36 10.51  South of Airport (Landcorp property)
338 6268445.00 2777248.25 366.37 10.52  South of Airport (Landcorp property)
339 6268445.10 2777248.36 366.29 10.44  South of Airport (Landcorp property)
340 6268445.21 2777248.39 366.12 10.27  South of Airport (Landcorp property)
341 6268444.23 2777246.80 365.61 9.76  South of Airport (Landcorp property)
342 6268444.37 2777246.44 365.72 9.87  South of Airport (Landcorp property)
343 6268426.12 2777255.55 366.03 10.18  South of Airport (Landcorp property)
344 6268426.28 2777255.33 366.26 10.41  South of Airport (Landcorp property)
345 6268426.43 277725513 366.37 10.52 South of Airport (Landcorp property)
346 6268426.52 2777255.26 366.19 10.34  South of Airport (Landcorp property)
347 6268426.42 2777255.23 366.20 10.35  South of Airport (Landcorp property)
348 6268426.09 2777254.96 366.15 10.30  South of Airport (Landcorp property) 30
349 6268424.96 2777254.07 365.93 10.08  South of Airport (Landcorp property)
350 6268425.26 2777254.03 365.89 10.04  South of Airport (Landcorp property)
351 6268425.37 2777253.97 365.77 9.92  South of Airport (Landcorp property)
352 6268424.09 2777253.43 365.90 10.05  South of Airport (Landcorp property)
353 6268424.07 2777253.37 365.98 10.13  South of Airport (Landcorp property)
354 6268424.11 277725344 366.00 10.15 South of Airport (Landcorp property)
355 6268423.64 2777255.74 366.73 10.88  South of Airport (Landcorp property)
356 6268420.22 2777257.32 366.36 10.51  South of Airport (Landcorp property)
357 6268420.53 2777257.00 366.54 10.69 South of Airport (Landcorp property)
358 6268417.72 2777260.69 366.44 10.59  South of Airport (Landcorp property)
359 6268417.24 2777260.46 366.49 10.64  South of Airport (Landcorp property)
360 6268417.75 2777261.35 366.96 11.11_ South of Airport (Landcorp property)
361 6268417.19 2777261.12 366.89 11.04  South of Airport (Landcorp property)
362 6268416.69 2777260.69 366.49 10.64  South of Airport (Landcorp property) 31
363 6268416.60 277726071 366.61 10.76. South of Airport (Landcorp property)
364 6268416.56 2777260.78 366.71 10.86  South of Airport (Landcorp property)
365 6268416.52 2777260.82 366.53 10.68  South of Airport (Landcorp property) 32
366 6268403.28 2777256.52 365.83 9.98  South of Airport (Landcorp property)
367 6268402.28 2777255.86 365.88 10.03  South of Airport (Landcorp property)
368 6268400.92 2777254.07 364.49 8.64  South of Airport (Landcorp property)
369 6268401.58 2777253.72 364.53 8.68  South of Airport (Landcorp property)
370 6268403.51 2777253.90 364.72 8.87  South of Airport (Landcorp property)
371 6268405.94 2777254.22 365.14 9.29  South of Airport (Landcorp property)
372 6268407.30 2777254.51 365.28 9.43  South of Airport (Landcorp property)
373 6268406.70 2777253.57 364.67 8.82  South of Airport (Landcorp property) 29
374 6268395.38 2777250.54 363.73 7.88  South of Airport (Landcorp property)
375 6268392.50 2777243.78 362.72 6.87  South of Airport (Landcorp property)
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376 6268394.09 2777244.53 363.24 7.39  South of Airport (Landcorp property)
377 6268394.33 2777244.85 363.21 7.36  South of Airport (Landcorp property) 34
378 6268399.63 2777256.03 364.97 9.12  South of Airport (Landcorp property)
379 6268399.72 2777256.00 365.02 9.17 _ South of Airport (Landcorp property)
380 6268399.81 2777256.15 365.11 9.26  South of Airport (Landcorp property)
381 6268398.74 2777256.29 365.08 9.23  South of Airport (Landcorp property)
382 6268397.39 2777257.73 365.55 9.70  South of Airport (Landcorp property)
383 6268396.69 2777257.79 365.41 9.56  South of Airport (Landcorp property)
384 6268396.56 2777257.71 365.39 9.54  South of Airport (Landcorp property)
385 6268395.84 2777259.53 365.69 9.84  South of Airport (Landcorp property)
386 6268394.61 2777260.40 365.57 9.72  South of Airport (Landcorp property)
387 6268394.40 2777260.94 365.65 9.80  South of Airport (Landcorp property)
388 6268393.36 2777261.23 365.61 9.76  South of Airport (Landcorp property)
389 6268393.05 2777261.50 365.68 9.83  South of Airport (Landcorp property)
390 6268393.39 2777262.00 366.01 10.16 South of Airport (Landcorp property)
391 6268391.47 2777264.31 366.18 10.33  South of Airport (Landcorp property)
392 6268391.50 2777264.42 366.22 10.37  South of Airport (Landcorp property)
393 6268391.85 2777264.10 366.40 10.55  South of Airport (Landcorp property)
394 6268391.74 2777264.37 366.40 10.55  South of Airport (Landcorp property)
395 6268391.93 2777264.97 366.61 10.76  South of Airport (Landcorp property)
396 6268383.40 2777267.20 366.12 1027 South of Airport (Landcorp property) 35
397 6268383.38 2777266.30 365.70 9.85  South of Airport (Landcorp property)
398 6268383.44 2777266.93 366.32 10.47  South of Airport (Landcorp property)
399 6268383.40 2777266.92 366.36 10.51  South of Airport (Landcorp property)
400 6268369.80 2777275.42 366.12 10.27  South of Airport (Landcorp property) 36
401 6268369.50 2777274.63 366.25 10.40  South of Airport (Landcorp property)
402 6268360.64 2777278.12 366.06 1021 South of Airport (Landcorp property)
403 6268360.70 2777277.93 366.26 10.41  South of Airport (Landcorp property)
404 6268360.59 2777278.15 366.30 10.45  South of Airport (Landcorp property)
405 6268360.70 2777278.05 366.31 1046 South of Airport (Landcorp property)
406 6268360.66 277727197 366.36 10.51  South of Airport (Landcorp property)
407 6268360.59 2777277.94 366.35 10.50  South of Airport (Landcorp property)
408 6268360.54 2777277.86 366.33 10.48 South of Airport (Landcorp property)
409 6268360.66 2777277.96 366.23 10.38  South of Airport (Landcorp property)
410 6268360.54 2777277.95 366.18 10.33  South of Airport (Landcorp property)
411 6268360.64 2777277.85 366.15 10.30  South of Airport (Landcorp property)
412 6268360.61 2777271.70 366.12 10.27  South of Airport (Landcorp property)
413 6268360.57 2777277.66 366.18 10.33  South of Airport (Landcorp property)
414 6268360.64 2777277.62 366.17 10.32 South of Airport (Landcorp property)
415 6268360.49 2777271.55 366.12 10.27  South of Airport (Landcorp property)
416 6268360.45 2777277.43 366.12 10.27  South of Airport (Landcorp property)
417 6268360.71 2777276.85 365.92 10.07  South of Airport (Landcorp property)
418 6268360.56 2777276.65 365.89 10.04  South of Airport (Landcorp property)
419 6268360.36 2777276.20 365.92 10.07  South of Airport (Landcorp property)
420 6268360.23 2777276.03 365.92 10.07 _ South of Airport (Landcorp property)
421 6268359.98 2777276.22 365.89 10.04  South of Airport (Landcorp property)
422 6268359.44 2777275.72 366.12 10.27  South of Airport (Landcorp property) 37
423 6268358.65 2777274.65 365.92 10.07 _ South of Airport (Landcorp property)
424 6268357.33 2777274.23 366.20 10.35  South of Airport (Landcorp property)
425 6268356.96 2777273.04 365.61 9.76  South of Airport (Landcorp property)
426 6268357.41 2777273.23 365.81 9.96  South of Airport (Landcorp property)
427 6268335.99 2777280.67 366.03 10.18  South of Airport (Landcorp property)
428 6268334.21 2777283.48 366.68 10.83  South of Airport (Landcorp property)
429 6268328.20 277728538 366.12 1027 South of Airport (Landcorp property)
430 6268328.46 2777287.43 366.89 11.04  South of Airport (Landcorp property)
431 6268314.63 2777300.35 366.20 10.35  South of Airport (Landcorp property)
432 6268314.78 2777299.52 365.90 10.05  South of Airport (Landcorp property)
433 6268311.95 2777296.58 365.88 10.03  South of Airport (Landcorp property)
434 6268312.23 2777296.74 366.13 10.28  South of Airport (Landcorp property)
435 6268311.59 2777296.98 366.31 10.46  South of Airport (Landcorp property)
436 6268311.31 2777296.95 366.16 1031 South of Airport (Landcorp property)
437 6268310.62 2777297.74 366.64 10.79  South of Airport (Landcorp property)
438 6268308.02 2777299.78 365.93 10.08_ South of Airport (Landcorp property)
439 6268308.01 2777299.82 366.08 10.23  South of Airport (Landcorp property)
440 6268299.60 2777297.23 366.55 10.70  South of Airport (Landcorp property)
441 6268301.96 2777295.12 365.96 10.11 South of Airport (Landcorp property)
442 6268299.20 2777282.76 365.24 9.39  South of Airport (Landcorp property)
443 6268297.79 2777282.65 365.61 9.76  South of Airport (Landcorp property)
444 6268297.55 2777281.66 364.89 9.04  South of Airport (Landcorp property)
445 6268290.57 2777274.65 363.08 7.23  South of Airport (Landcorp property)
446 6268289.88 2777278.30 363.75 7.90  South of Airport (Landcorp property)
447 6268289.57 2777280.56 364.51 8.66  South of Airport (Landcorp property)
448 6268290.51 2777281.26 365.01 9.16  South of Airport (Landcorp property) 38
449 6268291.95 2777282.10 365.43 9.58  South of Airport (Landcorp property)
450 6268291.15 2777282.68 365.68 9.83  South of Airport (Landcorp property)
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451 6268285.72 2777282.66 364.49 8.64  South of Airport (Landcorp property)
452 6268287.15 2777283.15 365.16 9.31  South of Airport (Landcorp property)
453 6268284.58 2777284.26 364.25 8.40  South of Airport (Landcorp property)
454 6268283.57 2777284.73 364.29 8.44  South of Airport (Landcorp property)
455 6268282.82 2777285.06 364.28 8.43  South of Airport (Landcorp property)
456 6268283.25 2777287.64 365.09 9.24  South of Airport (Landcorp property)
457 6268287.54 2777285.18 366.39 10.54  South of Airport (Landcorp property)
458 6268140.20 2777330.67 363.84 7.99  South of Airport (Landcorp property)
459 6268140.64 2777331.12 363.60 7.75  South of Airport (Landcorp property)
460 6268139.97 2777331.34 364.22 8.37 _ South of Airport (Landcorp property)
461 6268139.55 2777332.34 364.50 8.65  South of Airport (Landcorp property)
462 6268139.94 2777332.12 364.65 8.80  South of Airport (Landcorp property)
463 6268139.77 2777332.44 364.76 8.91  South of Airport (Landcorp property)
464 6268138.92 2777332.58 365.20 9.35  South of Airport (Landcorp property)
465 6268138.11 2777333.12 365.58 9.73  South of Airport (Landcorp property)
466 6268137.98 2777333.41 366.50 10.65  South of Airport (Landcorp property)
467 6268139.51 2777334.46 365.38 9.53  South of Airport (Landcorp property)
468 6268139.79 2777334.31 365.16 9.31  South of Airport (Landcorp property)
469 6268138.39 2777332.77 365.36 9.51  South of Airport (Landcorp property)
470 6268137.59 2777330.93 364.75 8.90  South of Airport (Landcorp property)
471 6268137.62 2777330.60 364.66 8.81  South of Airport (Landcorp property)
472 6268137.51 2777329.82 364.28 8.43  South of Airport (Landcorp property)
473 6268136.51 2777329.98 364.50 8.65  South of Airport (Landcorp property)
474 6268133.75 2777331.28 364.59 8.74  South of Airport (Landcorp property)
475 6268133.84 2777331.26 364.79 8.94  South of Airport (Landcorp property)
476 6268133.02 2777331.75 364.56 8.71  South of Airport (Landcorp property)
477 6268134.57 2777334.43 365.62 9.77  South of Airport (Landcorp property)
478 6268134.38 2777334.16 365.46 9.61  South of Airport (Landcorp property)
479 6268131.31 2777338.58 365.38 9.53  South of Airport (Landcorp property)
480 6268070.27 2777337.49 362.96 7.11  South of Airport (Landcorp property)
481 6268069.80 2777336.62 362.99 7.14  South of Airport (Landcorp property)
482 6268052.76 2777348.15 364.31 8.46  South of Airport (Landcorp property)
483 6268061.10 2777342.57 364.19 8.34  South of Airport (Landcorp property)
484 6268067.16 2777340.52 364.16 8.31  South of Airport (Landcorp property)
485 6268064.54 2777337.03 364.42 8.57  South of Airport (Landcorp property)
486 6268063.68 2777338.31 364.58 8.73  South of Airport (Landcorp property)
487 6268063.22 2777334.73 363.68 7.83  South of Airport (Landcorp property) 41
488 6268067.85 2777330.93 362.87 7.02  South of Airport (Landcorp property)
489 6268065.22 2777331.09 363.09 7.24  South of Airport (Landcorp property)
490 6268039.91 2777332.75 362.56 6.71  South of Airport (Landcorp property)
491 6268038.67 2777332.97 362.60 6.75  South of Airport (Landcorp property)
492 6268035.19 2777334.37 362.67 6.82  South of Airport (Landcorp property) 42
493 6268051.14 2777371.10 366.09 10.24  South of Airport (Landcorp property) 40
494 6268052.62 2777374.03 365.82 9.97  South of Airport (Landcorp property)
495 6268054.20 2777379.60 366.68 10.83  South of Airport (Landcorp property)
496 6268059.73 2777387.11 367.80 11.95  South of Airport (Landcorp property)
497 6268059.90 2777387.27 368.00 12.15  South of Airport (Landcorp property)
498 6268060.02 2777387.33 368.18 12.33  South of Airport (Landcorp property)
499 6268057.87 2777385.96 368.01 12.16  South of Airport (Landcorp property)
500 6268057.73 2777385.87 368.01 12.16  South of Airport (Landcorp property)
501 6268057.75 2777385.83 368.04 12.19  South of Airport (Landcorp property)
502 6268058.43 2777386.29 367.96 12.11  South of Airport (Landcorp property)
503 6268058.43 2777386.31 368.01 12.16  South of Airport (Landcorp property)
504 6268058.51 2777386.26 368.06 12.21  South of Airport (Landcorp property)
505 6268058.49 2777386.16 368.08 1223 South of Airport (Landcorp property)
506 6268058.86 2777386.44 367.90 12.05  South of Airport (Landcorp property)
507 6268060.29 2777388.28 367.90 12.05  South of Airport (Landcorp property)
508 6268060.58 2777388.16 367.91 12.06  South of Airport (Landcorp property)
509 6268060.51 2777388.12 367.98 12.13  South of Airport (Landcorp property)
510 6268060.76 2777388.27 368.08 12.23  South of Airport (Landcorp property)
511 6268062.05 2777389.14 368.14 12.29  South of Airport (Landcorp property)
512 6268062.14 2777389.03 367.86 12.01  South of Airport (Landcorp property) 47
513 6268063.53 2777390.12 368.24 12.39  South of Airport (Landcorp property)
514 6268063.55 2777390.24 368.14 1229 South of Airport (Landcorp property)
515 6268063.51 2777390.29 368.06 12.21  South of Airport (Landcorp property)
516 6268068.05 2777391.59 368.08 12.23  South of Airport (Landcorp property)
517 6268067.93 2777391.54 36831 12.46  South of Airport (Landcorp property)
518 6268068.24 2777391.58 368.14 12.29  South of Airport (Landcorp property)
519 6268072.16 2777391.91 368.12 12.27  South of Airport (Landcorp property)
520 6268071.66 2777392.01 368.17 1232 South of Airport (Landcorp property)
521 6268071.66 2777391.93 368.14 12.29  South of Airport (Landcorp property)
522 6268071.45 2777392.03 368.10 12.25  South of Airport (Landcorp property)
523 6268071.40 2777391.83 368.21 1236 South of Airport (Landcorp property)
524 6268071.33 2777391.87 368.11 12.26  South of Airport (Landcorp property)
525 6268071.27 2777391.90 368.13 12.28  South of Airport (Landcorp property)
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526 6268071.07 2777391.80 368.20 12.35  South of Airport (Landcorp property)
527 6268070.95 2777391.89 368.15 12.30  South of Airport (Landcorp property)
528 6268075.95 2777386.77 367.83 11.98  South of Airport (Landcorp property)
529 6268076.00 2777386.76 367.71 11.86  South of Airport (Landcorp property)
530 6268075.65 2777387.22 367.52 11.67  South of Airport (Landcorp property)
531 6268075.62 277738731 367.47 1162 South of Airport (Landcorp property)
532 6268075.47 2777387.14 367.62 11.77  South of Airport (Landcorp property)
533 6268075.12 2777385.34 367.42 11.57  South of Airport (Landcorp property)
534 6268075.01 2777385.43 367.28 1143 South of Airport (Landcorp property)
535 6268074.93 2777385.05 367.18 11.33  South of Airport (Landcorp property)
536 6268075.02 2777384.99 367.20 11.35  South of Airport (Landcorp property)
537 6268074.71 2777384.23 367.11 1126 South of Airport (Landcorp property)
538 6268074.76 2777384.29 366.95 11.10  South of Airport (Landcorp property)
539 6268074.75 2777383.73 366.72 10.87  South of Airport (Landcorp property)
540 6268075.31 2777383.73 366.96 11.11  South of Airport (Landcorp property)
541 6268075.36 2777383.02 366.77 10.92  South of Airport (Landcorp property)
542 6268075.50 2777382.86 366.85 11.00  South of Airport (Landcorp property)
543 6268075.28 2777382.80 366.64 10.79  South of Airport (Landcorp property)
544 6268075.32 2777381.75 366.66 10.81  South of Airport (Landcorp property)
545 6268075.28 2777381.36 366.45 10.60  South of Airport (Landcorp property)
546 6268075.35 2777381.37 366.26 10.41  South of Airport (Landcorp property)
547 6268079.29 2777383.60 367.63 11.78  South of Airport (Landcorp property)
548 6268080.39 2777383.49 366.93 11.08  South of Airport (Landcorp property)
549 6268083.66 2777383.90 367.49 11.64  South of Airport (Landcorp property)
550 6268083.20 2777382.99 366.86 11.01  South of Airport (Landcorp property)
551 6268083.22 2777383.09 366.91 11.06  South of Airport (Landcorp property)
552 6268082.90 2777383.21 366.84 10.99  South of Airport (Landcorp property)
553 6268082.88 2777383.22 366.54 10.69  South of Airport (Landcorp property)
554 6268093.78 2777375.82 366.42 10.57  South of Airport (Landcorp property)
555 6268093.74 2777375.87 366.65 10.80  South of Airport (Landcorp property)
556 6268094.93 2777374.36 366.49 10.64  South of Airport (Landcorp property) 46
557 6268078.71 2777395.75 369.58 13.73  South of Airport (Landcorp property)
558 6268078.82 2777395.63 369.62 13.77  South of Airport (Landcorp property)
559 6268079.14 2777395.85 369.55 13.70  South of Airport (Landcorp property)
560 6268078.81 2777395.51 369.57 13.72  South of Airport (Landcorp property)
561 6268043.85 2777398.05 370.86 15.01  South of Airport (Landcorp property)
562 6268043.20 2777398.56 370.96 15.11  South of Airport (Landcorp property)
563 6268043.20 2777399.28 371.00 15.15  South of Airport (Landcorp property)
564 6268043.58 2777399.35 371.00 15.15  South of Airport (Landcorp property)
565 6268043.67 2777399.28 370.95 15.10  South of Airport (Landcorp property)
566 6268043.03 2777397.33 370.71 14.86  South of Airport (Landcorp property)
567 6268039.58 2777395.53 370.67 14.82  South of Airport (Landcorp property)
568 6268039.33 2777394.60 370.60 14.75  South of Airport (Landcorp property)
569 6268038.91 2777394.69 370.63 14.78  South of Airport (Landcorp property)
570 6268039.14 2777393.98 370.44 14.59  South of Airport (Landcorp property)
571 6268030.95 2777394.71 370.44 14.59  South of Airport (Landcorp property)
572 6268029.31 2777394.81 370.23 14.38  South of Airport (Landcorp property)
573 6268026.36 2777393.22 370.34 14.49  South of Airport (Landcorp property)
574 6268026.67 2777393.25 37031 14.46  South of Airport (Landcorp property)
575 6268026.61 2777393.58 370.33 14.48  South of Airport (Landcorp property)
576 6267990.91 2777340.14 362.97 7.12  South of Airport (Landcorp property)
577 6267887.22 2777349.23 365.48 9.63  South of Airport (Landcorp property)
578 6267872.96 2777334.66 361.16 5.31 Fletcher Challenge Road

579 6267865.32 2777356.50 365.00 9.15 Fletcher Challenge Road

580 6267865.57 2777356.42 365.21 9.36 Fletcher Challenge Road

581 6267865.44 2777356.60 365.28 9.43 Fletcher Challenge Road

582 6267865.39 2777356.73 365.31 9.46 Fletcher Challenge Road

583 6267865.37 2777356.73 365.08 9.23 Fletcher Challenge Road

584 6267865.30 2777357.27 365.72 9.87 Fletcher Challenge Road

585 6267865.28 2777357.14 365.69 9.84 Fletcher Challenge Road

586 6267864.65 2777357.22 365.11 9.26 Fletcher Challenge Road

587 6267864.70 2777357.19 365.11 9.26 Fletcher Challenge Road

588 6267864.46 2777357.61 365.03 9.18 Fletcher Challenge Road

589 6267864.56 2777357.54 364.95 9.10 Fletcher Challenge Road

590 6267864.62 2777357.69 364.92 9.07 Fletcher Challenge Road

591 6267864.52 2777357.59 364.87 9.02 Fletcher Challenge Road

592 6267864.37 2777357.64 364.95 9.10 Fletcher Challenge Road

593 6267864.07 2777358.13 365.03 9.18 Fletcher Challenge Road

594 6267864.57 2777358.98 365.13 9.28 Fletcher Challenge Road

595 6267864.59 2777358.69 365.01 9.16 Fletcher Challenge Road

596 6267864.63 2777358.70 365.17 9.32 Fletcher Challenge Road

597 6267864.67 2777358.60 365.27 9.42 Fletcher Challenge Road

600 6270592.00 2772900.14 370.31 14.46 Te Kumi Bay 24
601 6270591.99 2772900.16 370.30 14.45 Te Kumi Bay
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Appendix 11

Isabella J. von Lichtan

602 6270591.99 2772900.17 370.30 14.45 Te Kumi Bay
603 6270592.02 2772900.28 370.20 14.35 Te Kumi Bay
604 6270091.14 2776169.78 363.87 8.02 ‘Wharewaka Point Base station
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