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( Receit'ed lrtr prublicdtiott, 5 Noi euber Ic)(ti )

Ansrnrcl

An interestrng rh1'thmic sequence ctlnsisting of mas-sive murlstone and grtrr.rps rtf
graded beds elch about l0 ft thick is exposed near Altredton, in the southern part
of the North Island. During Opoitian time, rotrrtion along rr north-eirst-trending hinge
Iine west of Alfredton ceused one side of a fault blrrck to be relatively uplifted and
the other clepressed, at intervirls clf ser,eral tens of thotrsands of yea rs. rvhi le sedi-
mentirtion from suuth-west-llo*'ing turbidity currents u';rs in pr()gress. The sandy fr:rc-
tions of post-faulting turbiditl,currents rvere chirnnellccl irlong thc depressed side iust
trr the eilst of the submrrrine f:rult scrrrp, while on the nritldle and uppcr slctpes of the
tilt€d block mud was rleposited from the turbiclitl'-current clouds. As sedimetrtrttion
proceeded, gra.led beds rrn-lappecl elstrr.:rrr{s r.rp the slope rrf the tilted block and lctt'ss
the ilrea where mucls had been dcp,,-sited. I;rter tilting,rf the block initiated a neu,
rhvthnr.

IrutRouuctroN AND TucroNrc SrirrlNG

Alfredton is a small settlement I I miles east of the larger township of
Eketahuna and about 70 miles north-east of Wellington (Fig. t). 'fhe
structure of the llketahuna and Alfredton disricts is dominated by a series
of north-east-trending dextral transcurrent faults, rnost of which downthrow
to the east (Fig. 2). tslocks of Tertiary strata between the faults are tilted
up to 2)o to the north-west.

Elsewhere in the Eketahuna district paleogeographic evidence (as yet
unpublished) suggests that sorne of the north-east-trending faults were
active during Kapitean, Opoitian, \Waitotaran. and Nukumaruan times.

Kingma (1958) introduced a basin and bar theory to explain the origin
of alternating sandstones and siltstones in Centra! Hawke's Bry, near
Napier (Fig. 1) : his theory reguires shallou,-sea conditions, which were
absent during the deposition of [he Opoitian turbidites at Eketahuna, The
writer adopts as a working hypothesis the Kuenen-Migiliorini ( I 950 )
turbidity current theory, which has gained world-rvide acceptance from
sedimentologists.

4 regional survey of the Eketahuna district by the writer shows that
Alfredton lay on the eastern margin of a sedimentary trough (Fig. 3) whose
axis moved progressively westwards during the Opoitian. The axis of the
trough trended east of north, and at the centre it is considered to have been
4,000-t,000 ft deep. Flute casts show that it was filled with sediment trans-

Ported by turbidity currents that originated at the north-east end and travelled

N.Z, I.Geol. Geol'hys.7 : 877-86
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Ftc. 2-Map showing ma.ior faults in the Alfredton area and the krcation of sections
containing rhythmic sequences.



19641 Nt,rr - Srulltt NTARY Rtn'rstts .l'r ALrnlDToN 879

rfi;*:-
(*o$- /

'7r'.,;

rxrs / or

K^PrrrAN / rnoucx

B
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Optritian time. Faults .tre nr.rt sltolvn'

mainly south-south-west, roughly parallel to the axis. Th-ese turibidity cur-

rents lrad tlowed several tens -of irrites along the trough before they deposited
material in the Alfredton area. Muddy iiltstones were laid down on the
flanks of the trough, and their progressive accumulation caused an inward
migration of the literal slopes. Rire turbidity currents llowed down the sides

as -well as along the axis oi the trough. During Late Opoitian time a. south.
ward-extending"deep-sea deposit fill;d the troirgh with sandstone (bedded
and massive)

DrisctuprtoN 0t' Stic-ttori.s

Recent road-cuts along the Alfredton-Eketalruna tnain highway reveal
Opoitian stra.ta. One of these at grid- referelc5 {\lt-1./il1956 (Fig. 2)
exposes a series of alternating groups of graded beds and massive mudstone
units 1Fig.4a), which are light blue-grey and only slightly indurated. The
groups of graded beds range from 5 to tJ ft thick. and each contains 6 to 9
-grad-ed beds. The mudstone units range from 5 to 12 ft thick, and there
Ipp.^rs to be a direct relation between their thickness and that of the over-

Insct
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lying graded-bedded units. Individual graded beds average l0'8 in. in
thickness and each is fairly sharply divided into a lower part consisting of
sandstone and an upper part grading frorn siltstone at the base to mudstone
at the top. Most of the sandstones are about i in. thick. They are typically
made up of quartz grains in the ,l,r--| mm range (very fine-grained sand-
stone;, 

-altht-rugh in one bcd the grain size is -$-4Lnrm range (fine sand-
stone). Worrn borings extend through the mudstone and siltstone to the
underlying sandstone. Flute casts at the sandstone-mudstone interfaces
demonstrate that the turbidity currents flowed south-south-westwards.

In the Alfredton area, tlre large exposures needed for the correlation of
sections such as the rhythmic sequence exposed at lll9Jb are found only
along incised rivers and road-cuts. There is, however, an apparent continuity
of the rhythmic sequence for I nrile to the north-east, where it crops out
along a branch of the Te Hoe stream at 728967.

A section at a road-cut at l0f9t5 (Fig.4ti) contains four rhythmic units
of siltstone and siltstone-sandstone. The rhythmic sequence occurs near the
base of the bedded sandstone (Fig. l) that overlies the graded-bedded strata
at Alfredton and Eketahuna. The rhythms show the same direct relarion
betrveen the thicknesses of the siltstone and siltstone-sandstone units as was
noted between mudstone and groups of graded beds at the road-cut at
113956.

From the coarseness of the sediment and the lack of grading it seems
probable that this depositional area was closer to the source of the turbidity
clouds and that the mud fraction was swept further south-westwards along
the trough.

I)rscrisstott

Two types of sedirnentary rhythm occur in the road section at 31395(t
(Fig. aa). Vithin the groups of graded beds the rhythm of beds is almost
certainly due to deposition by successive turbidity curents. The beds are
similar to graded beds in other parts of New Zealand. as described by
Webby (1959) and Glennie (19)9), and abroad. though the rnudstone part
of the rhythm appears to be in a greater proportion than usual. The sand-
stone/mudstone ratio is similar io that of the Silurian Aberystwyth Grits
at Harp Rock. rVallog, and Clarach of \Wales, which \7ood and Smith
(1919)- considered to have been deposited as a result of turbidity currents
that had travelled a considerable distance north-eastwards along the upper
Llandoverian Cardigan t rough.

The sparse continental-slope molluscan fauna found in the massive silt-
stone on tlre lianks of the frough (see Fig. 3) includes Comita,s anokea,na
King, and Zepltot onokearta King. The fauna is similar to the modern
archibenthal fauna of New Zealand described by Dell (tl:(r). Basinwards,
where the siltstone grades to nrudstone, no such moiluscs are found. Echin-
oid fragments-_ a.re contmonly present in the rnassive siltstone; one large
specimen of . Brittoprlr sp. .is considere.d by 

. 
Professor H. B. Fell (pei=s.

c-omnr.; to indicate a depth of deposition between t,tOo and .3,30bft.
Dunbar and Rodgers (1957, p.. ))) estirnated that the gradient of the
present (ontinental slopes varies between t in l0 and I in21. The locality
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where the specinren of Brissop-sis was found is about '1 miles from the area

where the giraded beds were dePosited. The depth o.f depo.sitron .was 
there-

fore probaE'ly between 2,t00 a;d 5,t00 ft. An analysis of Opoitian.Fora'
minit'era coliected from Eketahuna leads to a similar conclusion (Dt P.

Vella. pers. comm.).
T[L'*rjor rhyt]imic units, consisting of alternations o[ grouPs of graded

beds and mudstone units, rnust be duJto some rhythmic Procsls-.other than

deposition from simple turbidity currents. The fornration of turbidity currents
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could possibly be controlled by changes in climate and consequent changes
in sea level, as was suggested by Daly (rgi6). Daly wrote: 

- "During lhe
glacial stages of the Pleistocene Period the sea level-was lowered all-over
the wotld, in maxirnum from 200 to 300 ft. Then wind waves and tidal
waves were everywhere breaking on the loose muds and sands of the
continental shelves, and for long intervals of time not far from the upper
limits of the continental slopes, -fhe water so agitated was specially loided
wjth. suspended sediment and therefore had effective density exceeding that
of cleaner sea water elsewhere. The loaded water tended to slide ?own
ihe continental slopes, along the bottom." Such a process could be expected
to introduce irregularities into the turbidite rhytlim at the beginning and
end.of each groufi of graded beds. The abrupt appearance and dTsappearance
of the graded beds in the sequence at 3 I39t6 is, 

-however, 
inconsistent with

such climatic control
It seems more likely .that the alternations of rnudstone and groups of

graded beds were tect6nically controlled. It is considered that suc-h teitonic
control could be provided by a series of regular fault movements that
rotated a fault block west of Alfredton, while Jedimentation from turbidity
currents was in progress. It is assumed that each of these rotational move-
ments produced a vertical displacement of the order of 5-tO ft on the south-
east side of either the Alfredton Fault or one of the faults to the north-
west of Alf redton; displacements of this order are known at some of the
dominantly transcurrenl faults of the South Island, such as the Wairau
Fault described by \flellman (1955). The interval between fault movements
was probably of the order of 20,000 to i0,000 years (see p. gg5).

There is some evidence that a turbidity current cloud does not extend
far above the sea bottom. Gould (rq:f f trm shown that in Lake Mead
(a man-made lake formed by the drowning of the Colorado River Valley
uP stream from the Hoover Dam) periodical slow-moving turbidity currents
(under-flows) car:y fine-grained material. For the greater pait of the
100 miles that these turbidity currents travel they are restricted to thc
lowest 3! ft of water. North-west of Alfredton the lower parts of the
post-faulting turbidity currents transporting the sandy fractions would be
channelled east of the submarine fault scarp (F'ig.5a). The middle and,
UPP:r parts of the turbidity current cloud would deposit sorne silty mudstone
on the .slope of .the tilted block. The actual thickhess deposited would be
proportional to the height of the turbidity current cloud above the point of
deposition. An area f.ar frorn the active fault would at first receive littte
mud from turbidity current clouds. but, as deposition of graded beds pro-
ceeded, successive flows _would deposit materiai further ealtward (Fig. tn)
and the total thickness of mud would increase with each succeeding tu;bidity
current. Finally, after the fault-angle depression had been filledJ the sand
fractions of the twbidity currents would be deposited as increasingly wide
east-west sheets. These sandstones would extend proportionately Gis in a
southward direction than when the early turbidity curients were'channelled
in the fault-angle depression. The net result ol deposition from different
parts -of a_turbidity current would be to produce a wedge-shaped mudstone
unit (ree Fig. 5n).

_. Thg graded beds 
- 
appear to. be thinner at )L3g56 than they are at

Eketahuna-lo'8 inches as against 2 ft I in. It may be that mote active
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subsidence along the axis of the trough some l0 miles to the west at Eketa-
huna produced thicker graded beds there. Alternatively, the thinner graded
beds in the section at 311956 could be due to uplift of this area by
gradual creep on the Martin Fault during turbidite deposition (:ee Fig. 5s).

f'rltr Ixtrnvnl BETv,rrr.l TrrRnrurry CtrnReuts

Hills and Thomas (1953) calculated the average interval between turbidity
currents to be 40,000 years for the Ordovician of Victoria, Australia. Their
data suggest that locally, as at Ballarat during the Lancefieldian, the interval
between turbidity currents was about 15 tirnes the average for the whole of
the Ordovician. Kuenen (t953) estimated the following intervals between
turbidity currents:

Pliocene of the Ventura Basin, California
Silurian of Aberystwyth, V/ales
Ordovician and Silurian of Southern Upl:rnds, Scotlirncl
Cambrian of Harlech, $(/ales

The interval between turbidity currents at Alfredton during the Opoitian
is difficult to estimate. Only part of Opoitian time is represented by graded-
bedded deposits, and hence an estimate must be made of the time of non-
flysch sediinentation. Thicknesses of the Opoitian strata in the Eketahuna
district (Fig. 3) are:

100 years
I,000 ,,
1.000

100,000 !,

Snndstone (bedcled irnd nrrssive units)

Graded berls
Mudstone

t.205 ft ( non-fly.sch
the base)

( flysch )

neilf

The sandstone was rrrobablv denosited faster than the other sediments.
Deposition of graded b.dr *tnl,J'probably be faster than the deposition

3. The writer suggests that as a rough estimate
and mudstone each accumulated in one-third of

of mud by a factor of say
the graded beds. sandstone,
Opoitian time.

Squires (19{r0) polled the views of five prominent New Zealand.
paleontologists and stratigraphers on the percentage of Tertiary time
occupied by each of the New Zealand Tertiary stages, and derived a figure
of 1% for the Opoitian. Holmes (L919) estimated the length of the
Tertiary period a,s7O million years (plus or minus 2 million years). Opoitian
time is therefore equal to 1!h of 70 million years, or 2,100,000 years. In
the writer's opinion this is a considerable underestimate, but assuming it is
correct it is possible to arrive at some estimate of the timing of events in
the Eketahuna basin.

The number of beds in the Opoitian flysch at Eketahuna is the total
thickness of flysch, 1,8(15 ft, divided by the average thickness, Z.Zt f.t, of
graded beds, or 829. The total time represented by the flysch is one-third
of Opoitian time or 700,000 years. The interval b6tween lurbidite flows is
accordingly about 844 years.

It is next assumed that that timing of turbidite flows is the same for the
sides as for the centre of the basin. The massive mudstone unit accumulated
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as the mud fraction of graded beds on the middle and upper slopes of the
tilted block. and at ab6ut half the rate of the overlying' and inderlying
graded beds. Considering now rhythm 2 of Fig. .4n: I 44 in. of mudstone
is equivalent to (t44 X z)/Io's graded beds or 27 beds and the time of
its accurnulation would be u44 X 27 or about 2i,000 years. The 9 graded
beds were deposited during a period of 9 X tJ.i-i or 7,5g6 years, and the
rhythnr as a whole was therefore laid down over solne 10,000 years. Simi-
larly, the times of accurnulation of rhythnrs I and 4 would be about
24,000 and 2t,000 years respectively, and these periods would therefore
also represent the time between the earth movements or other events causing
the rhythms.

CotgcLtrsroN

The sequence of events at the time of the deposition of the mudstone
and mudslone-sandstone rhythms is deduced to h'ave been as follows:

(1) Deposition of sandstone-mudstone beds across the area of the
fault block.

(2) Fault'blo.li rotation, causing one side of the block to be relatively
uplifted and the other -depressed. The sand fractions of post-
faulting turbidity currents were channelled along the deprissed
side just to the east of the submarine fault r.^rF. while bn the
middle and upper slopes of the tirted brock -,rd.was deposited
from the turbidiry curient cloud. As flysch deposition proieeded,
graded beds.on-lapped eastwards up the slope^of the tilted block
ancl across the arei where muds had been'deposited, until they
were once again deposited as a wide continuous sheet across thb
area of. the sections at ] t1gj6 and iZg967.

(3) Renewed f."yltqg,. .producing a fault-angle depression on the sea
floor, which initilted another rhythm -of sedimentation.
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p3'lofi d' rels tqanturr td nLa. fhc nfro ttlob ofts

filtr lbr a dry or rornlth t lrrdrln of for dryr, 1r toXton0 tg

e pctod of ftDr rrthr fe ecu'el dryr flm to tf. errtEl oI

th! rilt routDmlgr.

tt tlg tmorrflnn thr yrr, ttrory rrfdr fwa|rUlf blfrt*

CFil th rut; g br taasrnt fc tfiGd bnrl.

Ia ;p; t€rrr, dwlng thr nntbs of ,ilerury ud lrtrurryl

drfJy trbud6ndorr ooenE tr tbo btr eftmon wrr r prlot ef

e fu drtt.



,,1
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lI nlds M[ th u|ltc Dnth rl tln af llttb Gd iJ
ofd, ctd rt.r I^r Dildd t! tbc lov 5l# tr t[r rfr of tb
I*rrur nrryrd ntr ftgr offif Il. ll oftr |llr Et b*
t[ruql nS tgt ilttl ltr eftmr brry ftlltr s{r ffi
Arr|{ tDr rdtc rutDrl bt rrdlfir rar rlll erl l*r ltt
thltr

Ihr nfnfiD f tb ffirb rnr lr Afrtfrl$il |tilOilt
ihr yrr rltb +t ffing tb rdntr rd rr|d. Ib rqf
rdn|bl.l rrrgrr frol tO f!6hr r* of hfie b ltO lff
nrr Xf mlf |l tfr trrcne RaDIr to tl. !rt. fod of th.

rnr dchtl p Upprr lctilr*t drrtr rrodur Dfhrn ryfi
Irchn d rl|l prr rrq r*ld lr m FO€O lrdr nrr fbi'
th. Ifir lffi crr. rf @.id loodrtLb to th. FtlS

rlintt@. eroryltr er. trrrr !d tb jjrrrfrd
rnr lr dd nm tr Invrrfabfy a lurl-lrnria sld ffi
to tb Ir- ffi fUrerpr of, nutb*r illffi|r.

E$trUrI 0F SXEnEEE

Hor to tflz, nt of, theupgrd sir tilt of.'lltl$tm f-lild
thr rdb*t Frrt of tb .hudy fE.rrt'd ry HIhH. qfr

nf f,c b*tc cntortfms bdnn tfo rtlutrr qtnrp
urltfnflmr nafnuf rd lrpl*;tm rndrf$ rfferrt' ffi{
tbrfrnf rst To f#wf md.*ttnil tb: fmd ry
ful Ugratr t€r Dclt rrnil esrry te {tril.ro.fi r1la r rrllrry
}lD tbsugb tb. tnrDr rne to rdtlr tbr brl.



J.

tb bdillps iltrd by t,b. rrft rrttlal htbc eraf,rfd

tf Ddcrl, |e tlftorr (196t). Tb hn rlloHr, et r od of,
ooA

8t pc rcrrr'i n11, oqlgr ftryty r.{rd;. Tbc t*tl*r Fl

ntryra o! Fbllr tutr ril elrrsd thr|l tbtr el.g tDdt

fp.fr tlr, fhc nn d to ttrffit tbr dm of, tb tIry ftil E
rrrlCrrntinn lEto firlc d,tf .qn bm otrlfit / bt tu fo/

ro.t ef tb. ! of tb. rdtlrrr rr frfld firar rrgls.lut r

pnbllo nrb.
nF { tf; lts$trrtbr 1[flt of rdHg3ratlil lr 1|&r fd

to r ;qrc Fofftrbf. rfrila fiu lnfnl Ufrendr:f. l$lb
(|gaE) hu lotrf tDat nll ddrf fhstoryln ril'r drN.faH rt

M, Idtffi inil t{l.rrb f! tf,#ea'lol (Uep - lGl'if).

E !!m mly rrl tbr Fortt lttlf M H b.G frlltfir tf.

tatl lll& rrttb hplrf red th. llerash coqrlttdr rd tt 3prrrrlt

f.rdry prttrn ctrhttrbd.
frrnkftra (|!60) h. rhoro thrt *s tr tnnrp*t brm

rufffotutqy 6run abst IW to drcor t[r !.rd fU rrdffi
11glrf r;'rfeald thb brt fd to a oilrtlnlt rtlf @
OthG. faotcn mdaS tb rl4orprlatlon hw bom tfu trlcurlrf

ffi €f thrr nchlnry rd t&. drmaat, nd for Im

hbm, .nd rlr tbr rnllrrtlo of ron of tiba nll* &g17

hatclr,
lblo of trbr 15;16. tru t-D th. dtrtrld, laill rr larp rr

5rffi lcnft, am fffi lr t&G mrtea FErt cf tlr rfinrrD.chfft
!.lr' flt!'rttm. firodly t&ce 1g a t,Gdq to n$OlYldr
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fnto p,ller ferrne of 5OO - 1000 eorcr rirl€b sr[ tbF br flrrcal

ty om ra.

vDffirfr[r0n

fF;4 ftloil t&r forrtgd Tarerut ArDgI plt of tbe rFD|d arrt

lr t! E1,ra||. 8il,L1 st'8Ddf of ntLva huh, ofbo a fr e3fits In

NFr64l hm br11 ptcrfied. F*Lan&:np eoprciallil ln rcfitc rfin|,

orrnpr of crSeSD ttar (IgJ!14ocr) aU trer fcna (rua'ryrtUftfn)

hare not bra f'dhd.

lf th. IrDd 1r not rall fsrrud lt revs{r to Ssrrr ed r's$
gcfub ttr tfr. pctod of, e frr yaam. Tbrtre sppeerr to bo r

sor*rlettoa ln thc loaattoa of nwka tcnrb Yltb rrr|t d|fb|!

by ndrltq11j. fttltduerd trr.f lnetrdr ncnoarFr blu gilr rgl

rrlllonrt. Tbs rroro€srlguor ofto f[lly lrotrairsr asrn n'r

sld frrn hfidfryl arrl arc bafns trrerrslrrgly tst fol: tl$ri

rrlUtowr Erc oouon rloqg souo ater- cDurtQE.

IACFEHCTUEP IL ftr?IfnlcTl. rr r:DIF

FIIE IOUS CmrcCrCAt rcRrns

Rrcvlorrs rcrt le rcfg"rd to Ln tba btrtorloal rrsttor of

tbr tct. fu 1931 - 19% onelry nppd tb 1?O0 *Flat rf,tr

Ehctatnme fuUatvUto, lnrt only a lrnery rcport of thll usrk t'a

rrralLsble (Onefry 1935). ltrnrS ftror tetr rwlr Llttla tplostal

ftrvcrrCfggtrlu hrd born mdo prwlouly'Orbril\ (P62) nppra



?,

nblbes 2 st tb. I.z.lt,8l sh.et f.fdurrtstod, thr Brtbrtr
E;|l of rAtd fbnt tb. eilhrl Frt of tb. putf*a n$l
of thr nppd gf1

trIELD TDB

gs f,etrtrl prths rrr rpcd, !.n t&r nrld rt grrlndr bmm
Jrnr 9n rd lfff 1#9, Curl* r pctod rh tlbr nttc nl l
po*,-gl|ut rtdst rt Tletslr UatvTrltt.

Itr le+fr.lr rtntt brr bril mlad In frrt* ddrtf
t&rn th ttrrorlc lrqrr*r rtcrtr (tanrnr rd 6Jth firnifn).

tt. ll$tJy frsr*O upDG lctfrry Itldr o.f;F tbd ?ry
thl$r of tbr Srlt illdrlGt, h* ro qcnl rlrrt roldy dq
th. hS cf rtnn rd rtvrm. SG f.lnton hrr cpp

d t! thr rtrrpa Dartt of tbr ll,lb. Ib. rlct$ of lrtlrZ
ataqr hvr bn ndfr, et lld obr*rrtlfl, d otrbdln
af rnacrdcrrlb eail ruplo lar rteofsEtl ttflt ttlil d. 0S

thr nm ontlnrr rd|nr. Bdm tt rr trctry D!!
bofrt t *cofr brr forl.*d lilttlil,f mtml tbr tbr lt8l{l.

Hudb of tf,r lortbrm lsw nrugr fr orrd F Drtl*larft
bG"t h$i srly tb btghrr[ prtrrr lgdrtnur rd bFl drl
rbwr th tnfr ltn, tHszloilh nc.h r laryr btil) rd
rryffdent rrcrtJf tTdf FGoGr{. tbatl
tb hd, t,hfb qn tbr r|of" rdalvr Arnrfrptr "f Uft!f,fi.I.

6lrlr|4 rbtbr ny br rlnrt lryoctnrbh.



aolog!€t Edlfitsn ef tD, ryd DGt oc tb trrrn
t;gtrrn *-l bn lrr'srlt mflnd to b rfftst rd lfr IrIr

rtrnrldml #S glot GPilF.r oGEEr

foil to tbo crtarrf-urtm;f pct O h lFn Ir E tL

rcld ttlilhmto sr @adrroatbttraf'folJrt;r.
rltnrtl r rh.t.t dl'frna flIlt of, tb rm.il EIr, -Lr ffi
rd nlryrf m65l1ir cu !r rurtril tgr tti g,&rrf $r* !H tdrt.

rcxryfirmlB[tl
1tr. ftdd1pr.t ne drhlorr plrf of tb @ fU

tb dflr1; of Dodc oc rttforcCVl frllr tbr tft] il r fiHl
of, Ttatclr hivpdtil it ag rqlrtrf |j I9g?.

tu I'ttG fr fratdtl fd. tr{p rd omurrf;S of thr fitlry

prefrlbtD t! th flfin .En |l:irt- rlrt d rllrclrdea d

@
profrg, f,,g. lrr1Sn of Ttetctr Uufurr{3f ftr fsfmr ltl

|t. fihu |ft lrtp !n ancllq a l-tlGl-tn Jt db 4 Dcd.|r
'

C. nd4 ad t. lhil:tGt rd t{*rrr f,. Btr rDC f. UrUnr l[|

hm nearry &r brln r! $*tt{tl{ noltuan r€icfryua E|

p. Trllr, Profcm 8.0,. l;lL, ltr DJ. lfotrilrrrr ltr 8. tlluln st
D! J. trl.drrStr for fl;3ffloatlou cf d,ccclblnlfr ani ffi

rcofcr4lrl =r 
r*.8, llrthl rrid rr !.L. Cest'tryfs- fir hlf lr

cfflag tmror dqj3ttq nrof.ttor R..8. Gla* fgl rnrlr'dlrg

Ffiobdcd rrcttom.
g, B.H. *tl111t ttlrtt r[pnd tf. rrrltc to g|n k t'Q*

qoftryrr tr0rhrr El ld thrtll. lbr Httrh ttt*tm Omry

l|d th. sltte itotopdb8rcl ar of r rcrll of, A0 chalne to I
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tach. [h nr'lpD Hhnf,c of th. OognilV Uqutrt of llottrlr
Edtrrfty hrqeU ruppltcd ptrr m rhlcb F,rt' of tb Htt{r s
r*tfd tr br.d. h' I. Prntll rrlltt t ttlth tb ADDGffr

c Dyr€trlnlng.

ttr ultc tr ld&ted to Vtstorir Ud"?rf$ tb t[. Hr{
cf r Solon ilrsob ilorqh gcholrrlhlp (1960)r rd t f.U.tlr f,rrrrlL
SdofrrrLfp ($62). thr tct nr rdtto dtr .f ur dfDl Etf
DGf!{ (n6t 6) nta tthr vrttc nr rltth th; fGt acf,rj OFfo;tilf.

Shrlnry ri 0Drlgtffi.
ft. rnttc tr cprdrlfy grrrt ftl to t|r lls B.ct d Dr R.D.

srgrtr of, tb qoUffsrf firnq ttr @ rd btfpftl

orltfrqalwfis tbr udtlrg rO{G, rd to Pnofcre n H. Udtrr
tfio rl"F rrd ril omrctci nch of tbo tf,t.

?b uf,tr 1r frrtrftrl to teilc orttlm fi rL errlbbh lF,err

tta$p strrerlng qrrrtc.r ar tilForerT rcttd.aer. tht& rrr h
to tlr gt|ltil of Prhtrtna !n Hlntdlllg th. Eft*r; ifi,4rJ[fqrh

|a *ufn orltr,



lO"

Cf,lttER II - ruglOoilmtrr

REITTBN O' gilTgCIORE TD TEIEIOMTPE

I thr uttc her laosryoratcf, ea tuD$fr.rhod rrPwt tf Dr

lI.H, lhthaur of tbs hlrerlty of H,ttth Coldla trto th|r

tdilt. trp f,tgulrr Fl8rr.f 3r rDd3B, rrr rrtlttrlt tD. tltt
of f HrfiD.tr.

lh fcetd naap rler to ra drntln d ar000 lt
r.rtht! tt -p.a *"fiL tfly ".a-ra of rll-t&rtd
lrnn Fo6rtls. Stnr tt. lbedlo lr rrtb bfafi
lr lir lrlrfc !. Ge.l6rd .r !r.rt sn lhr tc1lrACfOr

qnlr d ldr nttht! ltr lrdtdnl fffir rft r.rdt tfr
ofiloll 1lrt*f. lrtrr.

tcpcangLls S-.ls ol rtlallcr !,r aooa b tb tldffy
ldtlrt t fDnc fdrtZ rdtstr. thr cr ol ry!.ftn

' p.rtldbrft tb Forl d hrtarbr qFoltD-r lrt rrtdd -l|c
b*ta tbl dJrout tlttd qpo tlrt|rlt dcrf.r d ltt drr$d
trartr cl td. IraGfrrnr rttl|r lppc lGttlrt rdSr lsr
fajlp cofroefra I tb beddtgrrillth b d.vlll;d 3f alD rt

# rccp dop, tlirt of th€ dlp ttcF{ rt'. ryra lhrFUdrfff
n r lcb of to_lXtr.tr.f !.._' -.1 r:., tb Job of tb ktll-
Edrcilo Co;r4r, lbr rtmor €tr bddfag frtrr nr r fr

' of th rlc flrltr ry b. rhr to lhborf h(Iry of, totrtlg



It.

ffitmurEg t&r prttclr of !rorl0.
{h.ttr tsturr of tts eillllrtn ts Gr Fr+rt too1irum of ttr

delf'lr8 rrdfsr. tlbtra thc Ui.Iiltrg rtilfrr rm rrt6r
frycrtnrrFt 3r f 4rtona or I rlltetoarltlu tcfuir lr derlntd
tV alm-|DrG.n r*Itr r$ teIL rtrrn. Ihr anrfnfr ter h
ri'arurtor qltry l| rrc urdrry r1rod. stru anrnal ap rml,lrr
d E[f dfirfo?oi oa ltstoar dmt rttbt1 th3 nod trryullnr.
IM of thr CrUrafr Ir uilclfffir rryt ltr tb. eqfttlr Frt of tDr
ryaeftr Dry rl*lotrl rrr pmd 1' rudrtm orc11ltng tho llrtmr

EITB

Hort of tbr ft.d a|rtrtd tr ultEn t&r ntrrsrd of th.
Ihnnnu fttrr eU ftr Lrl"r trfhilerll, th hryrfrar f|lfrtrlfi,
lhlslrhL ttsrruc ed l{aksf Rlrrr rtr€b ttsr lcth rgurr tb
dtrt'r'ld to fol'! rltl tfre tlrHnfin Rtrr e abrt dlrtaacr crt of
tbt thua,tn Gegl. fb Tolconru Fln fron tbrecl tbo wtb.
rrtla Firt cf tibn Trnrr Baego to lcta tla hg;1;fu a;t of t;r
Te$m h,gr. Ttr rtntnrr dtvtdr brtnn ter rythrrt Ilfl1a3
r!'nrr of tf,r tstb*l rulnlrno ard tha rott,hrgd flo5fq rfi-r
of Sctban tHtffier tr guarafl|r uoO far rnutb of tb. lbe"t.
It! tDr strc routbrnd; F.l tbr nunhnCr Rlr1q dsrln ,odhF
trrhrrdro ra thG routb-odrel pct of ttp rFDd rrrret
thrynbc/m ctrsr nq routhnr& ta;3dr tburlcrutlS.

Tcrrrm r|rrl mly d;rton* gJroG to tb. rtffn fartfrff-*o
oslynttr lh}6}rht1 @ ad ft4rho r!"Gr. IL. pofrilrf

.l

I

I

I
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F6oftt11 of tbc drflt tsac. fit{ht at hilrnrnrl. n*r thr tcrrfl

11IfSDp, ad5ecrt, to tbs Hefelcrhf ana @ rlvrrr urr Gaf6ub

etd rrd drnm tE ltoferne U.E. llethcr. (Ss ftgu*€ t f l3D)

EIfi I.STEL SUNF|0E$

Ea13 of thr Tap1u 166tr|a Fo{gr tftr lffbilty l.durrtd ?rtfryf

rdtnctt lrlng. fl"il tOO to eO00 ft fit drnrilo. Elgbt, nrrfhfll

eo,m buxlt T t5r aSgrdtrg rlvrrrbo bco doUnrrbrl rd llrtcf,

b.rff tr',i$kffn "*#tt
t6reg erfi d6fng SglOO1qf ttn (t"t'o*n ,n I),r *rf )

Brfteurt Sr*frm i5".*^ c^ ;* ,n^1,

Irkrht Surfao (Drrtlt lbpnn on tlt fP)
Ehdrfrn gnrthoc (;l^"t"l * lL- r"r'1)

Il-rt top frrdacl [slr",tr o'^ lL ,*uy)

Slm Srtbso (nst thgm on thc ry)
fuhrtol Srntloc (nt rbora ot the np)

Trnnr e'rird S1;.fr,or hot rbou on tbr rP)

thll-n (19Ag) emtoruri tbs trfgmdrfs ftrtlffif of tbc

tsr.r.tE lte*r sd ddlntd a b.oaA rrtfmrttXSrt tr.dfng rfchd

urrfb,cr. frLlnn rtd tbat Upr f.rtlert rulm bdl epHr to

ovrntlr tbe rrff nrftsc et thr l{srarctu Saddbl rDd rfo[g th

Trryo-Heplr nll s16!llry. To tlrlLru t&.D trutnss of tb t+c,tgt

t{rlltr*ton Fatrlt; tt eppcard tbEt tbs uqohorl nrrfror perrd ffitRlil.

hgror urr wrror trrn)dr"i" of tbe xarrrnro ,*[fkl&)thr, *lI]t
(€tra5gd n1on6 tbG Eilt ntlk of tbe Uortbm tarena Rrn3.. lhmcE

of the tru.fflgton teult bg lena (tgtg) bet rhstE Holporrr F1,ud



lt'

fq ltr fEIl Wldrbrum tb|r tr orteU$ onqT fb F[t!I}
rnnt of ti|r rJsr fslt/tt lr n fqr nnratt tr ntdr lh
g.1'lor F;qIa' tb$ tfu ltrn31bo Fomtfrn. tb. cher fr rufdrd
to hul bfo fosild ll trt -UfFc lrtlrT tlD.

I! tb prnfod bfirn tDr tooglpulilm rd Offi th. crddf

ed rstG,D rrt of tte ftJ/f;llifu r d+orttinl srt fr s&i r
t6ct 11166 of rdtdr trd t G d*srttd. gl,Eo. lb Olfrrt

hmmr; tDr l3rrd br b.m @ lrlaral fltb rIDilt te n

l1pil. 1; thr bd E rrid tt nr l.aalrd tf rtlu erd r$rjH

thilir rrrr tfrf tfiG rtrn |nclrlfi orrd d T rt|il rsEt d lr -
lytf, Flrfr Frr fi*rd1 frryily tf ljfrllrtlm of gtl$- i++F 

:

4
hhr rnltr of th*r oil rdrrrrr Dtrtr *de Frtfi ry illt
rru{ of DEt Qffi ffd..

rrurtt tfi'o) *tntd thgt trr F Ur nr * IIDF ft |l th
trrm Frolr Ct!ilaj tDc ald F*'lsdt of ttr UDDa ffi
rrsvlouily r&tl ($rE) t"*a.l Uhr*a rrlrryf rd rfrdrr drrs+
nr lf} Hr rd Hftil!'. DaL, |l tl. T* tsrm nil1tr ffirtel
tbjf udfry jtrclrrl rffii frnt tfil. AilFIlj lrtr*c-flrettomr
tll, h Hcbd Flt rD th| nppd Fr, HDd (4nt fi)rtlfih |bil
tfie Hfdrtronr srflir nr too tat to ryrt nhtrtfrf ilIlf
gtrotcl.

@
f nS ilrgstrrl ilrtfas, hre nrrd th. I*del Slrtrlrr ct rbost

ryOoft drrutta ts lafard thr r rddrprd rpse{rnc lf d3
brf3hts of tlre Mct Rrngr. Tbr mdem tr rfrcilrf$ rnflr* hcl
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tt. rl,,, Tbt Fod tfemlf ts coulded to br r rout'b*l raat ef

tb ft!.l.

@
tb tylo glr of t&r Hlaoe Srrfaoc ts b.trilG trbe llrm

Rllc rnd trhc AlltfStoa Frtrltl Fst of il!'ro*. tlo nrlLcr lr

Sr.Etlt d,tcootrilr rd br| htD r|coftrI.ed oaly tlt tbr prru of

fiattlrg Euilon Ld*t[rver. ?b mrfaor ts ggtly rrdi, dq

a norur.ou{heast rrd.3, parencl to tsn rrftGftm finlt rd rrtfratb

to thr ctt. 
?

lrctd ryot, h.&Ftr on Onglq'e ffrU etltrt ldlcrtr t*t lD

tb tgp ilrr tfir ncfsor 1r gL abo'S tP fU $a;rt&D'

fhr eoeordrneo of amrliB bcrg$l of hl,llr at rbcdb rfm ftt

m,tb of tlhc fautr laulte tnd!.srtc thc rdsc. of e lwflor tf6

n;,l,ch tr tforrytrt to b. thr Ernrnr srrfaq. Ydlsl dttdr€cd cf

saa !s ft 1a thougr to bavo tshra srcr isrofr tlr tclr hrt

rlaor tbo fc'uttm of thn nrfr,so, A rddcrprrd rrorls nr{bn rt

ebout YOO ft rlcYrtto fr-fnrct at Certtrr XfLl'< * ry U' tbr

Blnm gurfeo. DiltilrG tho typc rrn rd tf,. ttallr!|toD Faultr

rmqte of trbr nlrtror tm onatdcra to bt e@ Gdlntd

t6r tbG nd,t: D.C#tt of tlrc f*e!u' hllrr (ror Ftgra:o 2) '

TO1I ISTEL SIFTTCES

gtn* tbi forutlon of ?hr Bllrea $rrfacr tbsro brc brc !6r

prfsdr nh16 ttru tnelrlsn ss 60 oca1grl4' tt tbnr ttp; |lr

rlvsa sggmdod tbcl' bdr utth srmd to forr rrrorpred tfif,nilc

Ag{Dg *Gh Gtu+qg pctod of strptutttoD eart| of, t&p mlfud-

te"l t*:rcrl sri rilmd,.



ll'

fl|$!r f W IH,E.IT-tfsrfril tt v|.afr$y of frlru H,g,
tfms mrthgto fitrnl of catmlt, rfi8lt nllry [lt d ltrtrh,.
!sg|b lh.rfrd, Errfcm nrfur {tlmdri tf drn crdo
M.q Eolocr tlr. Idt o+ttl, Hcrtr Rcd. $a|E Hrh
gdlarr btf.d uLt€U thG IlEt top tutlor ed tsrro df eoGrr

EfiEUL hfrl @tuttt, t'h. hrrl ter ffi &finle tbr
Efnn Srrtlil.
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nt Dtctrh, Euhanrls {rtil }&rfg filghts of fow t'trril rn
rr dft prd, hrt sst of th. tftlrlteht Btrr rfiF. tf. vrf,llryr rm

!il$rrurr tbo old;rt ad Lfghasil poct Htm ffirel th nrt lop

$rfeee, lr ab;Gt,
r\. nor\-

Thc ;"oongret, Eufarnrtl nefaoo, lr t-b Eod pantlat rrd,.earilgr

rooognlad crnrf,noc, fonrtng rbout lO Far of prt ef ttr vullry

bt,tptrs. flra ail,ds ;rrfa,cce en hrarly omr!..etd *:'ir*a rhrt
ttbr huf Swtl€t.

Il*1. tsn Srfror
oa ttr Dft{b 116r of {s daflt nl,ley rut of ectrhnrt nrt

top Eufrar (;rr fl|Err ?)r 1g fd at dlffcut hd|Ftr, dn| to tultp
lag rt tbo &rr, ttqg**rfor ed llcru finltrr (rl IISE-! tl).

tft.t of th noafdo*rne Farlt tbr nrrfrsr l,r rt rfrrrttnu lflo ftt
rbont ftO lt hffbf than th. fbdrbn Srrfro.. ffthlb tfr tgtrn

hr rct tsu nrbtrct'd to nrc,h ffir rtrrr dts!.lil,lm tbs ter ruf
Errtrhr Srrfrsr t'hr t*treor cdp brr bss rcb Et ertudy flrrrtd
(f&wf a) . Tbc tffi rlopr of t&r tsrtcr cL;lsL tu$ Sstrth/ ah to

fy6nspovl-
foilfiucfilffi cs+{cllr} dm tbr torrrcr rlopr.

It tftr wtbrn rlde of thr lhllanrt Et'aflt rrlhy; tf,e lttt$. of

t[ ffat Top $rrf,rcr le 9fO420 fb, ooly rbqrt ll0 ft rboro tbr

Ehrtehu &r-flc.
l6ry rmltr cf tha flrt Top $rfaor ocour urt of, t"b llgghe

Rtrr tr th. $ertr irc. The Swfecn alao o€snrl et Futrra rd

rogthaptlo. In the srmd*.r Rod crr tbr hrghff llorc "Jlfutt 
orffit

rnr 3ntl,r;
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rrhtlc thc lore ;lopo crc md ltrrps. thlt glvr tfir tofogrpDy

e tr6 rtorlod rry.ct (lrr Flguro 1t). It te tbttgbt thrt thc ttppc

tlopr ny hrvc born fomrd tn tbs lnt*rrl bdrm t'ho forretla of

ttre Hlarnr erd fbt fop Surfaol, a^d harr bccn lttth Ddltl.d aept

by t;hc enoothlng cffoat of rollfluctlon.

@
lfiuoh of thc Etctebrnr tonrhtp 1r brdlt oo t&e lftrteh fuitst

Tb. nrrfesr hgr e nch nldu dldrthrtloa tfira tht oldc Etrt frtr Emfeoo.

Ths Skotehna Surfesr la rr11 drelopcd on botb ttdo of tbr rtflt

velLcyr at EkrOthH and Er&rmt. !*rt sf er0dnnr tbr fufrcr lr

ofbs dlarcstcd ar urreh u 1, ft, ht drrlngr lr m t$g.ft rutrurfrol.

Ia tho pmt the nrrfeor nr parttcrlerly atorrlvr !n n trtaDtl$ls

rtrnpd arcerlhlelr tr cpprcrlntcly deilnHtlt Dy tha RonjOholcako,

Xalperoror lnd Ekrtrhn fcttlmrtrr
Etsrrybero ln tht up,pod arce goere"llg mff rnrutr of thr

lrfeor dt;1cctd tgr f,l,etttsb bottad rtrrr cbuolr occur rfory

rgt of tbc ra3or rlvel q*l etrcear. tht tsrlGe rdsr fond ty

dlsa.€tton sf th nrrf,.aor le onalgr unmdlfl,d ty rcllfludloDt

pirtft perhap; bcoauer lE rrt pl"lrcol lt nr cut tn thc fdGIrl'

efbc tbc fo[atlcn of thc Puk6rhrl $urfeor, ht dro brornrr grrrlr

uhtch unnlly nto up tha full hllgbt, of thc t*rnofl feorX rrr mt

pertlailrrlt nrreqtlble to ritl ntntrt.

@
Tho grrrfeor 1r aand afler tbc hrhrtfirf Bod tfitcb 1' rdr thr

typr ara. Tba road tr*dr scllot! thc rmtb-nrrtaa Pcro: o$ tbr
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ilFfrc. rbos 1| nilu rffith rurt of Mangrr,lrc (3ril rcf. n\)32r.
It tho tyae erca tho turfret la ccpcclally prcrillmt brerurc ft lt
tlltd ebont * a il*rcr to tbe northurrt. thc rril'ca prrt of thc

ortcop tr 20 ft abovr thc llukrnt $urf,aocl ftrrtlh* to tbc for{h[t
tt le hrtad bor,tb thc Et*rnr!. surfrar (rrr Ftgun 3D). f! erb

bd pnaermbl; of tlm trm cgc at tbae at Aokerrtce and Brtrni nr
foud by Dr Hetrlcr (pr ed1", ll',. rurlcv hrdr oP ?,^Kewho' S,^t[o.e'

Unnlly the surfaot la only altgilU.hldrer tlrn thr [uhnl Mroe

rnd cnrpt atuayr bc tdattffd rrlth **{tW. At tb. Drtha rldl
of tbc eartcrn rad of thc ltukraul d.rflt ve,tfcylq thr tsnor t! rto$

13 ft rbove ths Et*rnrt Surfact.

At rwtral tocri(&tttcc ctpcolatty at tbr mut[ of hlbbel St*urt

rordlng of the Jractlon bsturcn thrl nrrfaar rd t'be hU I rloprr brhfd

lt rolleetcr ttut-ces roltfluctto @ nt rhorn by

I/olggGr toFog|epry.

Hukanrt .$Irfqm

tbr ttrrtanut Surfror atcndr ocnolt a coactdanbh prt of tb

hr -fyfDg cdntry. OD vratloel atr photogrsPbt t$r nrf aeap, 1l

fatureletr duo to a tbln blrlkr0 of locr. Gouplcuoul rfll rutr

erc f,ad on elt HE, yorrurn (gorooac) tor*J'flSl*Bt" -
Ioler @vGr. ?h. tarror na fond drrrlag tbr cllnr of th. htt

m,Jor Jtdt;l of thc LaEt Otnctrtlon finfng rhloh ag3redat'lon of, thl

rtrcare rgs r dontnat fcaturc. tb tmrcr fac bctm tbr Euhrnt

arrd tftc Ekdebrua Surfaer ls rct ruu|od by roll(luctlon.
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fn tbe nlrcr valleyr the hrhilbd tirrrfaer la aot rcpr$Gt.d, rd tt

probebfy hrfod b5r thf! dopostte of tfukaaul aggradatlon drporitr" ?hc

rtnoaae l*+[f+lra rtr'r too fetbb to adr ttrc sollfluc0lon drFll at

tb6 tuc{ton ulttr tho hllb.
Hlth!,- thr tarrrua Rangc a tarrsr ublcb ts thougbt to b. a rmEt

of tbr Huta,mt Surfeor !.r prcrent locrl\y along thc laft hDk of tbr

l.hng$ao Flvu tn thc ra& dornrtnel frlor tgrpkctome [ltrsu.

Tqqgn Forred hrrlnl, tloloean Trir

8t-not tihe forutton of thr Hulanl $urf,aer nqf rlvcr bvr

ratgnohrd tbtir osumfr to foru rlntntnrr Gburr tfrtoh uo onnly

about 100 ft drcp. At trakeraktl tho l{ugehro Rlvu bar rntrochrd

ttr Gourgc 1l.O ft clncr carly Holocus tbc/ t&rn tt floutd r|tmrdr
elong the ntaftt vallcy at lhkrrul. IWher dwaetreag at lierlrl

f,olosuc rntreue.hnmt 1g ebout 100 ft. ltuct of thc Gorrft of tlbr

tlangpt4froLr Rlvar, horrncr, 1r or\y a llttk bdot tSr hlanrt ffirol.

Afthousb nrt of ths fargw rl,vcl rrd etrcrr hlrr bfc rhh to

do m mrG Ur.{*tt-cb tbctr bcdr vuttoellt fFor tbr ffisll Suc*l'O

oa uhldr thst fiIond ta Ine Holocco tln, 6thar, rctrbly t'bc lha3rhm

ed lfrhrhehf rlvor, bvr becn able, by t&c grrdurl aoryruellg rllt

of lAo ndrre of ttc r{.ver oorsgor to ft'n lor 1y!,5 dTrerloil.

unetcbd trre6 rfm150a rt varyfng rlrvattonr alont tbe Yrtl'ry rldr

drmna,tretr tlhet cntrodrnent nc rubrtentla'lly oontlDu.

CORRN,TTION hJtrE IENilOES TT OTHEit IRBIfI

Flclnrr'g (tg:l) -ff f ffi r
q"J i^ l{cu/urlnul utl
u"tn" ab5 to oorrrlatr tha tcrrae toquenarltlth pcrlodl of dtu
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fontlon" rtd einngcl tn t6 lrvd. Uafortulttdy/ fit to thc lr*
t\n. fv, ^of olltfndty of^tereoGr ec*d ccrt of the teran Xea3r tlrongb

tba l{aalrtu Oorgr ol to the f,e.onhmr Fletnr tt !r mt Fotrlblr to

oorrolrtr dtrre0lv vftb tho l,langrtnll lrt.
LtILlo (tgll) ltd nt ffi tec t*rrcr mgocr et

Drnnrrtrlc, hfit, ln hlr tct toile espretr

arc dorclbrd. Lllltr fod (p.fl) a uldcprrd tsrecr ll0 ft ebovr

thr l{aneratu Rlve brd mr hnncvtr*o rbtch b€ cr"lt.d tbr Dewlrkr

Cyeh. A tllrc. 120 fC rbovr thr*IbnnvlrLr Clefi et

l{ehmbrre, n't Hrcd tbrnHrbarebera Cycfo', ed rn urnrd tmeor

?5o-t0o ft ebovr tbj'Darlr$*c cye1J'*t alp foud.

V.LIa (tg63c) bae glvrn ar rGcorlat of t&e gmrahologr of lb
whcv<

wrfrerepr Yaf1cyl^ h. reognlrd fou gurfeerl (rceTrbfo 1),

tabh 1

Corrrl^atlen of tanroo l^l trhc npprd rrra ntth bc of Sqthct

Urlruapt ad Drmcrtrkr.

DI TETIRf,S

(r.$ Itr tgrtl
hnlrrtrtr GIoh

?

l{rhenbrrr Clcb
Tmacr "t0-30O ft abovo
Ibnnrrtrkr Cycb at
Draarvlskr

E[ETTHUf,A

(Th'c Tlrrrir)

ffiautl Stgfrq
Irrlcrrhrt Sur*bc
Ehdrbrnr Sufror

fbt top Surfeor

Htam Srfeor
Itldol $urfccr

tpunEil iltlnrarPr

(yrr rr fg6lo)
thlohrnr ffiLorl

? Irr.rn.
nraq ffih,s )

lcrry
tiirlpeu srrfirn t
Fus. ftrfrer )nn"e

? )Gro.rp
?

?
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Corrdctlon of thc Eln@r Surfaee ntth tlb Bnrel fufror of

Soililtlm t{alrarapa lr thought to b. Eood, for both nr{eec D86Edr

a lon! pcrlod of rtrcaa ooelon ed ln both fru thc Dmrt drvrlopril

nrfacr ls et a nrclr love rlsvrtlon.

SOLItrI;uCf,ION DURINC I"ATE FLEISfOCENE rIHE

Dtrrtng a lato perlod tn Flrtrtoeor tlmr pcrhape fulng tb.

fsrntlon of tho Ekcilehue Surfaorrnlf smt oD ln r*aofOfy
pn

lrrgt roebp rar dralopad ln rtccp hill-ffidry/ tucb asntbl wtbrca

rnd uutm rlopcr of tfir Porl l.lerrlfp lud^tho sartan filr*r of tb
Tennra Rangc.

It f,rtt'es Crrk +nd Hlrlrnkltu gtrou 20 ft -t&t€L roltfitc0lm

tonguer, coutatnrng blocLr of ltnatone ofta 5 fg fr logtbr fl'ot d
?.s rnuch a-< a++.*kqi;{ai+tnil rlia rrJ I r dor*1, prwlourly-aervrtd rtfrn 3[l45b.

Stnce thr fontl,on of tbo aoll,fluotlon tongulr thc rtr*nt brvr utrneh-

d thtr oourr.r tlrorryh tbr ealifluqe nrtrrhl to tho appnefDt leu.l

eor|*fm of tha orlgtnl rtrcan oourslr.

0n thc rstrn fiIenhl of thc Tarenre fiengrl rol:lflucillon flry nr
rh.€t l!lc, rattrorr then toaguo l-tko, 0ce,attonrffiFfatcnodfrtn ttP.rt
oone-*epcd rollf,Luotlon dqoeltrt urrr dorloped along thc eltr of

w\a< f 91<
forurn ttrun courlGla r++iii:iffir lth" roltftuctdn

*s#:lnh*o. -h

THN }EsFIT VTI,I,ETg

thc rearon fc the dcfat of thr rlvcr fl.oufng ln thc ecrt-urt

rtrftt vrllqr 1g obrree. Prbbh lnblcatloa et thnr locrl'ltbr ln

thr &rtebrrn Oravdr tn tho rctrtbm nlrfit nIIry rt &rtrhe tlrerly
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o \avo1. frocY s .2hce t\o*.rt Hrnkon"i
tlrour tbnt. rartYqd tbonT*rrct rlope rt-{rhrl

lr at e yq lov angh to tlm crtl fsobblt lclr than tbat ol thr
viu pr

orlgl.or.l. d;iis grrdlcrt flot thr mrutalrrr thlr ry b. due to

tfltfry t,o tfu urrtrf,ld of the fault bloc& botndd ty the frlffnelm

rd Hr.rr frultt, Rlvs flon ia oryteil to btr b.G fmr tr$ to

cr.t l^n both rlsf!.t vrllryr.
In tbc .rfr of thr hlrud d.rftt rellcyt Dtt of thl mclt

to-fL.
@rtrrr of &c tdrngfro Btvor l-/,rr.Jt of trho mrtf,-rrtheast trodln3

Uqr Fault (rrr Fljrm tl). Tbr fatr"lt dsn-tlrqr tbr hhml :,urf;ear
wiFt

1j ft to tbo nrst , Tb, pclod of faulttng eould hvt .el.tleldrd atd

erned tsc dlvcrlon of tbo rl"wr t?or lte pmvtour nrtc\y 6ttr|r

tbrougb tbc nlsflt vall,ry lD Errfgr f,olooar ftr, It ry bq bnrtnEt

that ths drfst 1r drc largrly to cltrtologlq,l factonl trurfog

glaetal rpocbr nbcn ell rlvm rSgrd.d th.lr €urt l tbsr E r
terdrncr 3ot $gt 6 ftou Gfturrdt H

rnntrln,
Glil, Drurflg fatcglrdllr palodr r&ffi tbfi nr dljrr&tloq fltr
tsdd to 6. prtftrcdl'fV, brfq lnfiluncd to r grrtc stlt $r

tbegndn of tfrr outrlr.
lhr drfrt of tbr po@ Rlrr tD tb. ertrbr rt f,lt

nllcy ts not ar nrlt established er tlht, of tlb nryrfo ta tb. ffirnt

nl;ftt lellcy. Orfgf-Edly th pra@ ny bvr D.$ dlvstrt
tril e re'tbortulry corrrco tf rllurhl conat hrtlt rrtrudr bt tbc

t{eageror Stroeo. I nrbmqumt elrangr of ellneta llr brrr crund e

rapld roval of thlr dr0ritus tgr tlil t{an;atrfn}a RlYc.
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Atr ad trcrdl.g u{.rfit vallry, ntdLar to tir ffint ril
Iedlbe nleflt vrl.lryr, ltoe atbnrt t&. Ohrt Cclffdi Ir 8o[tLF

t,rad. LlILis (Ul0) fotnd thrt tbr lrrm frc ter drfrt of t$r

eaeltt nrtlndng h:f:frsr Blrul rfrfcb flad t'bcfh thr

rullsy lr obclrc. fu daflt vrllcy rt Otul, lr rldlrr to tb
ntrftt vallcyt of appd errn trr tbst hfgb mlfielrc of the rll rte-
phcd lle uot far to tbe mst. .It llegrboucrcr !D r n& bil
tcstontcsUy scttrc Frt cf lJar faU*f rfrtGh lrttcrtr lht tb.

laf^sftt rnllqr ffi,& et 0hat, end [*rmt anl Eldrb rrr E{r U}flt
to br du. to eng.r of Gllct"r thJ:fbl{fig c f,nltt{.

TI,rF. lttr![A'JAl[ COFGE

fbr orlgln of tbo l,lnnrntu Oorgp hlo brg dtrf,rtd Qr cry
astho'rl largrly bcf,ora tbe rcclkatfc tbBt rsttre Ilnlto/ n6 rr
tbo Uelltngton tbt fg sc i v€tr1tr cormn hder ln tDe pDllr brlt of

tr zra,lad. A t-rd of pcvtous dlratdoa of th; aIStD of tb
gcsG har bccn glvu by trlllr (Dlf), the gory lr rdrorlut;
tn m fe,r {bt thc lrnl bar boa pomfrtctlV Wtmm to tb rrt
of, th. lJcUf4tor F!r"lt, uhlch forr the orctcD bndery ef thr

trrenn lbrutalar. A gccm+fU*c firrfaeo ant ebce thc goryl tlt

rbort 900 ft uap nctod by tttll,c (19531 , rt Ji# omrrlrtrd rrfll

ffi tbcllln@r$trfaer, b,
avlduoa of ryctryoaltlor of tbe grresot dra|arp fltc lt .lro

frfit. Hsmr, foru"r oD a crtls rcb erc dr crt tbotfl
r\

frnr*j'hld DV th tlrnertrt.mh and thc l{afe}all riwl.r Etr
flen and lrar f,rtlrrun. fa t^bor. F"- fanl?tng |r aot t.nulvd/
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patrloue rlreLaegc ryltcn.

Lg the naJor fador l.a tfre

It lrntlnugtr

forratlan of th

the Borgca rt*cb *diln"rr orlglr to th
Srr*. $q s

rryertryorltlon ctr a

thet arycfryoaltlon

l{urratu Gorgo.
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CNTPTER III . STRf,TrcMTE

OFITITB OF SIRTTICNTTffT

UoLL- Lniuratd GfqrraacLf rnd rrytllltt roe&t of Ions to Hld -
ltsonlc egr (Irlr$torlur.rrlo), fom thr Trrenla Rufc end ef|

tbr oldlrt ro.h fould lD thc appcd lrel. Fclattvc\y lrU e,|nt.-

Gropf of grryrr6kr, fouql orrt sf thc Trrerua Rr!3tr erc frrilU
ou the rrptborn (urtca) sldr of the nJor aortbrertfiut tffifrg

frulte. tt Gartlr HlLl., ln thc atrru rotfih-crtca pcrt of tlbl

raappd lrr5,l grryrrrcLoe 
,ad 

argllllt,er of uFp€tsat Junralo to

Cretaocout rgtr crop out wcr err arcl of rrrual aqu$a dlcs.

t5; ynlrgcgt grryrruckcr of thc np@ arta uc rqeratd tg rn

rncdornlty, rrpro6otrng r pcrlod of abart 100 ntllloa yrarre fror

thrmt-dcporlted rtntr of Uppcr t{loorm to FlrlftoeH c8r. ttlr

tsungGr Srorrp of rrdtmntrr ltghtl.y tlilrartd, tr abord tOrOOO ft

thtc&. ft r*rr drporttrd alqrlt oonttnpwfy ftr,f4 r pcrlod of

eborG l! rtlllm y;n. Thc ynrogrr roekr hrvr beG tttdlcd lr

grcetrr dctrf,l, thl;tte. grrlrurdr.

Tbr yuunpr rdlnnt,r arc t,rryarhblt ll{mfy faAmtdr rd Erplr

I.ft to to.I !n uetor ovcrnlgbt lorl th.lr obrrlon Gntttrtrt.

Comn\y grnlnt of tplcente glar oa.d dcn flakcr rDr 1n'.tGt.

Hort of thc nnd Srainr uc Slrtrlo erd

,)



*.

@ul'l ql3llrrr or mUaeufgl thr Falr. rre rpe|.d 51rf
ertd lhltt (EIt ed prppc), rbo grrl^u err mtdsd to h;rt bn
ftmrff drrlrd fto'r Trlrugt glrfrso&r. 0rbGU. (tg6tl

f@ tbt th. brry-dtrr,l odcnt ,t$fu" t[. tlptrc Trrttrry rtrrtr
et tbr nrly rdths of lbtslcrvrlh ldtcrtrd rn otgtn fl,u r
frqn*a Drrut recL.

SnLf rg3rrgrtr of, finu;-gfirtDrd bao oelpurlrs rldftb, arrl

suo+ rd r fr pyrttr crts of, rtcnofprrllr &E r rfrrrc tb" ItlL
nfc|rt h# b.o rsmr+jf yrtbrhf. o"l'

ID thr rpp.d rrrn ndemur b.fi rrc ranr in d,-f@
to bhlptplrtl to.LF? rnd arc srcr ln Olrbrn soctl, Srrrlrrf OL

bdr err llrtd f! q€ofngtcal S.r0lolll of ?mgafcutuen to Opoltlrr

rg: rt llntorvllh (rlr onbctl IgGt). fficLI (fg6t) fhd thtr tlr
f*ft en to tlrltotrma rrd! oodrln thr clty dreaf ffi

,ff
ln thld *th*truadrnor aflG lJ.lltr aa! atrlorttc. Ortrll curttrtl
thr errst af ndrrtlloalts nryrtrfq3ry nrgtl nll **fiG.i tld',+

nr peb$ly fo'rril bt tbo dfrttriflertlil of r
gfrrty bulo efb. Bmtlag of th. rrh W ra rctlvr t.athnn |ail\-
porrtd lt trto t'hr rdtrr*. In tbc upel uel agh beds lcr tf,rs

2l fncbca thf* hevr nct basn rocogntsdl

. Tbo rrtter comld$g tt porrlhk

tbat ilh frltr d rbsut ?} ..tntr &lck ktltcd flm lnf,atoa fflr flfb
of lot t!.D 2t fldff dtd rct. ff mntrcrttbafts t"o rumOff
rMrlt lD tb. [tdrhrne !tra elao, tbo ft prmnbLl rcru.ltt ftor

I



--l

agr.

0
of

uh frtrr^ldr tbn f| Udll,thl*r f,cs (lgff) callaldcrrt t$r

tource of TararnLfr! FnnlGFtB aah to be flrcu the rsut,ll.esl ,*dt{t"'
of Opoltf"+ llatptplen, arn{ hraltotarar: age to be t\"ot Gapo Colvllll.

HEruBT OT $NAfI(FrrHIS UI"rSSITISATION

Frlc to ffdd rG* tf th. EftG tbrc bid bd * plolr
of rrrllr 3rologlc $rstI.gntlonl ffr*ry bf crrrfoili ($m) rt
Hdry (raf an 189a); td srma[ty bt 0!glg (r93), n* r|;tl d
Feldnryr (t%3). fh. @hrrlr is rtL prvtmr rfr* bf brn G
the t$pcr ?Gtfary rtartr.

Grrttrmd ard il€fry (ISf) snt.d tDr rppd rrr rt r ttr
rfre tt nr rotlt orcril b thle 

"fr_1l.a 
ffi. Crnfrud otrrrd

tc+larf Hndotm, tfxtcar, blur d^ry rnt lrarrl rf trtrlrb.
Hofiry (fgn) poilucd r lplofl.c rtstd np il tb. ra.h rf rlg*
ct3bt l|"len -Lo-fiiro -lno\

dctril A#rC f|r rlclrr n-c nm!r. [oS lL nr rr+rdy
lldt.d W lot bfffng u rdrquto t€Do6sapilo rpr hfi tr ;tru6
@ th. rtrr+ of e strd,iFrDhla qutbrtr"

tld[ry (*m] t.b3ryrt thrt tif hlt of thr tr[+frr'|r rtcltr rt
Ehdetm rd A$rrfiton nr IlrE Eoear Ll rtft afth$ r cttrl



tl.

mrilton tf ffic1 tmraonrtod fn Hcfirfrr rqclp tdlctd tS
Erstc t&q!O tbet tbo ltrrtt FrG f^cryIft of l{tomo tgor nrfiry

@ drl|lrtcd tbo T@. oodrcltr rnd th.

brftr ef thttotmn llrtoor.
Hucb o,f, th. d$rffrC rtcrtfgrrfH,c rrFril tD tf. ldll

Itrryrrtnl rld fdd r$E ra rlroldrtrd tg Hcrry (f8nlr thrtlf
er llrrtlgrttn of tb. tbf! llgnttr bdf ef tbr l|ef$ro tlatrllcr

hrllg t&r pcrlorl gn - 193{n olgl^q (ml) rpd th ffilO rq.

d,lr Etrtrbr abdlrtrto rd pbflrH I gofotlc rp n tb nf.
of tr?fi4o. oEfrq muaricd tp{Wof tlr gffi;tartr of

ttr nfryd enn to bc firtm (Xfom) ln rgpr d *tll"d tD.

rnptdrtl df#tnrtfc of tbe eo;tptryottts (1nm;cr fffcm)
rtaltr. O{lqftt rrp lr partlGuIrEIV rctrt0. rfr.rr b M nlf
drfihri ltthlogfcf cbcngcr nc! u that brtm th fZ l|rilon
d th. rhkrrr eus rld tbid*l'|"*o'D"ttlra trn slffn tr
thr tanfidter trcErr Oaglrf,t rp F tfsbrU ffi tb
fruft:e -n*SLt -* sf the grryrr&tJfrtlrry adtrct . rutD

rd rrfdrrfrn (t*F) rrlqtFed tbr mrtbsr Fqrt of tf,. rD?d a3er,

dlthtb thry rrotc r rqort, tlq/ dld DoO pofrcr r lrlo1lc !p.
thry h$t urcd Oqlgfr rtntd mbdtvlrloar W th.y rudfvld
tba thtbkt rd Tr rutc rctcr lnto Pqt$,tillrr.'2rn9 rd,'Srbrd
ffi. lbqr mrrldcd _ :-th. tm fffi nnrlttt rd

Tw4r to b OpoltfrD rd tbc tro uppc mr,Tut .d'Prk b Dort-

Opotttan. tb{r rtrtr tbat the hrl tr lrrte tlntm lhr trhm
th tm Eppc mt ro tbet ilft t$r Wcmst Dot |r actually

prt'ofltlrl.

_ -__)
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29.

Frrrorrs rprksrr lR ne,artrv. arqtp

fllonlng ( tqlf) mbd,lvldd th€ thtck port'Opottt"oD mdlnentr at

tlanganut, to tba mr{fr**, tnto formtionr rhfch rE slrlgncd to thr
n

urngaml. scrlcr (Hgtptprru to Gagtlecllfflan st fn). A {$t#*t
rtretal nbdlvls!.on, aLso bes.d on fongtlonr, sa rnri t[ r'ttttc

(fgfl) to np rookt of ths tanp rPan i#*Ifi et Dunrlrtrr to tb

nmt&.

Admneu ln the flald of ntcropal^lantoloryr X^erSdt tb mk

of fln\y, eaahlrd L{lrlc (l}if) to regtgD^t+o.Trrthrt fo*rttoar
oP +i"r.]- l,^".

of ths Danrntrtt rra to t"he etendard lta,ps^ tliitr (tgSt, p"alt)

prcdtc0rd tbat tb rtrata nmsd rs l\rtnror (I.flfhrEtr! to qpc
t"lo^t, )'o +k

Tongrpordrran) Lf gagfq roul"d 
-dr+Anec, lieptrl (to@

a4
f,ap.ttmn orr.con young.r f,orrat!.ona). Suob hae boo fd to bf tb.

Glllt.

Orbrll (19621, nppcd eubrbrt, 2 of tbc X.[.H,$. rbrt ]7r],

tb. Doil.trh66n nrgla sf nblsb fsn tbe sstrrl prrt of thr routfca
*lrerl r .

rergta of tbo [fcr0ahm rhret eovacd by thl.r bulldln. OibolUr

ndr of fi,rrtrl nrbdlvlrlon rrrr bf rtrpnp ldutttteettm of uhfch

grr tf fo'utnlfsr mnlncd t5r Dr I'. Yclll.

TrLLr (196Ib) hm rttqtrd to mH.tvtdr thr lorc ndJtotrg.

rtretr blr lnarra of cyelatboe. Hl oonrtdard tbt thr qalothn

rrGG due to ae:r-kvd olotllatlonp sf lt0-tm ft la r mdm tit&

rf,r rtaktng at a dcoelcatlng retc. Yel.lr $ill$c* ur erGloth:

unttr tbg LtrDgenutrD rtagwt ar ndi'fl'd tg

frtmtns ( t96a) .
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ETSIS OT STRATIORTPEIC I{$'TDN

thr Probh \ I

uttJd! trtrs nppcd Bcrutoecre'Plctrtoooo ;J4if:lst ur ebout

t0r000 ft thtel,, ffi bctng typfol npapro{ bf,ur grq drtsnr,

rlltJ0onc, udrtonc end tlrrbldi$ ltntoaer ln tfG uFFr Pct
of ttre cqtrram and mgluratre !,n tbe lqm ed rrype partsenr

wurl{y leod nppable bonllour, h*ThG nrbtfvfdm rd npptng of

thG thlek rrqucos of artrtmrr ttltrtorr, rlrdJton rd tilabtdttr

nr mt rtrafgbtnmrd.
tlttb tbc relcrytloa of tba C4 ttdrtsao of tbc Ugratr loruttsa

dllob ry bc a ltttlc derksr blu-grry thrn ydngtr rdl.ntrr tl;r
olour *rryr cDEt br

utd at I b,r!s of nbdlvleLon.

It nr onrldcd that, tt l:lgtrt br p;lthlc to rp Utblofl3
rllltt rlthln tho 'Fprt tfqutncr. I rald-gaugr-foldc o*eUtf
rqfrr of vartour grata tlrm of, nd end rllt nrufesttrd tt th.

Oeologtcf Spdrilty Couprry of Ohlrht Clttr Up9.A.1 ru otnrlJd

rt lrrqtrut trrtwllr Curlng en lntrarlve ftdd Jtdy of, tbr 1Frlr

rln of tlrc rrdtrrntr. Th!"1 orblcd tb rdrtonrr rlltJtorrf uElr

frro nndetur ud flDe randrtono u+tf to b.t*i*i*i ti#:: rn$f
{oa.}Lv r,ri(
d#iilro'ttrastano end oo,rglmtG rn ts fsrn thc tarll of t'bc ttrrhf
nftdtvtrlfl. In goral the M t{etptplrn, tfattatua ald

Hnrtaru foruttoar arc lrr nuLL ddlr.A tbrn thac of leanllrap

Itrplt rn rrnil Opoltlrn.Cem3lenr erd tha ecrttfi rttllr forr-tlorr tr

Mr

I

,)



?1,

In rtrrr, r!-vcl, a,r$ r-'md cnrte thc donlarnt 3rala rlsr of u

onil,cnop cen eomrrly br podlctcd ttoa about tmty Frdt tldr.
l,ffidom gwcnally hnr a cncholdrl fracttne pattorn, t*lrnr rdionrs

erc ugualfy podmrked rrltb lnr*t h'rolr. Stltgto!. tbon nttbf
fntur.ot EJt of thr daapff gorgnr an la trrlrr rlltdonr tdilar'rt \ax

rtooth proctpltmr ddc!. Calcsffirur mnedlou are frtrtry clun

t! tbs atltgtom and arndrtonc, but ram ln th drtm,
Cocal$ the gralfi tlre sf a nppod turlt frU $fthtr r rtdl'r

prla rlrr ortrgoay, tilrt at FhJi;rafn rlrce of trp Ettt outd br

rmgntrdr 1" d# qunl qrnutit!.s. ID lud pfacr tir dodn$
graln tln ns preftxrd rlth tbc aubordtrntl gfef! llrq ru€b rt I
rtlty rrqf ftn ord d€, m f!.ald tbcobl.

gllruU)$fnmIm,ffitr

trt!.crofoullr (Forantntfrra) ena rcLlurc, ffir Errd for rtqr
ddlnlttoa.

@
Fonnlnlfcr rtdtrd bf Dr Parrl Y;l.la barr provtd.C EprpFodrtr

rpr rftfd Fo urrfill durlng rtntcl ryuthulr. Thrt s3! rrl|rbb
f! ddiltrg thr rrpltcl0poltten Urmrry. fm.tt (t96ft) drd
tbrr rrctlou ln thc npprd rln tr ddrffr k? tr thr ltrnfrte|rb i

5. l':-,s e?uent 1y
YaItry ner Mrrnd om et Ua4rorurga S\trn / he rrvild tbr

Toufrpmfirnrf,apttsn f@ ffi prrrtmdy ctrhf|rH F
Yrrrr (fg6ft). tb rrrlrtm pbora trbr !@ttna togry
at r htgha rtrrtl8Frphfcd poalttm thrn tbat oonrldc.d bt Vcllr.
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tt.

Eadtrr rrvlord f,rpltou $trgr (Uppc R, tH;til. rFr Sl S[trtar]

fr fify absrrt 3m f3. thlck rt HelgrorieagB 8tra1 ild hr courldcd

tlnt thr f,rplteaa lr ebrd rt futrrr, ffi.ruft lIrtb rd fdfuryr
(t94!, p,14) fod tbrt ;fh oDft d.flntt{y lhufrnr rilcotmr vlilec

'" tltr^tirc nrplr t*rll nEil th. routh Git of, thc Drnnr Rli3r.

Tb. il{tDdr ut all .ttha. t@ or @lc tr,rtnlftn.i
fcadnlfca aro nt u urcftrl er toltttcr ln drtdtdg tb

rgr of port'Opottfia rtrrtl. Yrlla (96+) fd tht M

frrnr boc,n DroErrerfvdy d4h0rd duritg Pl:tocnc tlrr fr nr

d*rtf bl4 lstltdrod.

@
lllecrof,srnllr fn fs4l robt.r erc rcttrt€t { to tb Cl

SardJtour (ISBrrta Forutlon), n, sadrtmr (xrngroranga

Porutlm) r ttn l0r, Seafutonrr th. l.{rr!s Eudrtonr; rd rar

fo*uttalrr of tnr unfrntre end xrlul, Orottrr.

Tb Ct Sad;tonr $ gtrdsts., tDd At r ftdrter td

her ltr onn dfr0Dcttvr rcuuhm. Tho lbtn of th. Cl Satrtrn

oontrttr mlt of thr rtmtr of ths dtsthst$r blryf frrur (g*f,

r9t2). tbc rerofrm sil lilliE sodrtorr dlfrw !':Fer th. hil
b,rF ll'tf;em, lih iuL€pd,to lrpltcaa fontlr nr|a; Eg|ff1trfl

dlldellt, rd gr rlrrLut. lbr ftr
gadstor ontrlar rpralr that eja redrac0d to tb ODcltlD.

Irtc Frtlt nryrrfrf sr te. Irpttcn 9tr3r.



*.

tt tD.olr of fillEl|l d-ortbd tt Tdlf. (|953) lbo rutbll

/ hfnrren at llertL&ourgb ur pt prcrot vlth$ th. rpld emr,

b rahuvr --.ni'H:ii'#l'&'bil. HiL coo ryeoilr rrror thr
/\

lbrln |ra r*** pur ibouttb ddlar Focrcrlrr lc$obarar' -llc|lo ll'olr r\ {L [4al'vayTpa
(7mer"" ovolltto). fd|gdl oteredrrrtrc cf iLr ||rtr .!r
arc rlao oocarlorallt tlold b tb lteagtmf lrr, firfr rllonr n
orrrlrtto ulth th. typr ur of the rhltot ru rd lnrtu st {r/
It ldenganu!. 

,.,
2oh'r ol"

lDc t. n.rp. dr. reElnlf ild th. Ir tt. r!. df'SlE|fb
d(<s ci5 o1V afp'or:trtcfy corcletd vttb th. thttouu rd

Errrtam rtrerl *" ry,t"t of tb t. o. tD. di&l3lnh
lc!. 1r elrlicd to tf&"uaftotann rgr: ffr t. .cnllf{lflf
ur Lr of u.f$pt!! |8..

forrcbilon of thr toillrant Llntm t ftb tn f*rnt
ttrrtor lt tlaarmf ,r ' -.d m frul .rrdro€ lrEtdt tb rddn

ryp-n& of }fllgflf-&g ad &l|aflf-etq at loth " .8'rp'

!d l{Elr.
I arr.ly of ttrc rn frpctalt rom.l lorrllr ;Fl"t'r. t!

eldrtf4 ft. Lclr.c tongrfutrrftelrlul ttrrtr vttt tDa

rtrdrr{ lrn zdad rtagc k glro lrr T$fa t.

SMTF& SUBDIIISIOT

lba ultdhr-c$o1*+dr*rf atlrlrte of tb ltn6'
(Table 4\ l

ftct||rEr.rfdrtooor *rrir.r**ce"fs dtffrra! lbil tbt d orglqrt\
(Att), partly Uecun rqt nr. lorsatlou hr. b.a rtrtillrlrl1
ard p4vll"l
bfLeiir b.corr. rct of Olglryrr fdiltls bd F..dou.ft b.o



9r.

fryFfr.Iy ddir.d Fm trp trnferd rllu or reo to tb ry*t
ct (Bttemr. hlrtbl altboug! ln rm rnrr thr altrrr np,plng

lr eftn lE hord e8forct rttb Oa3l4rf r, drrtfur tt ilffcr
gltlflcurtlgr.

tenttms $trbrkhod at, rnngrn$f(rfdnS ) firl, uffna,mlrtrul
h

(Hlffc, Igtr) trilot h traeal rdth Grt.n$ to thr f,hrtshn Er'
rd GrnFfr thcelbnt br urrd.

fpert f,F6 t&e Etr|.Lry[1 Eur of tbo lhstr Srdrtone tbr rpd
GtrotlDilr forutloro and mbsr rrr f.srgfly brrd rd onrrlrtd rsntlt
fatilt bloob S fftrrfqg',ffi. (s5 typo locrlltt trHl l).
Brild trutatln afla of ttn fsurtloer, & fomdd,S;r'
ttrdt.{ sr Ur F, Ydlr, rrrr fold umftl tn m:rrf"atloa.

Trtlr (tg6tu)'S#9g rlcr 14* Dhrrrr rw**m trrn*
tb-uttlar tFr mrtdad to b Dnr rrltablr tht fosttr for m:rrf.rtlmit
tb rrttc qli*.r Td:ftr thcrtr of crtatt ,*f-16f daner

Art
rffro0I{ tbe rlatrnr of i,hr pod-l{rlpfpbn rraldrSfn (rfdotht}+ b&-

tgodlt ur1ldl H dillmr |.f tbtr lr t&r b.rt tlf to mrlrfir rtrdr
rt ;nrat, Yil.hrt ndr of rtcrte.l nbdfvlrlq l,r hrrl an thlnlFplrl

of dilttgFrphtrl brlr. ArS brtr iiil tr
M rt m focffClil, bil ny d d.d drlfirr.

nr$ +ttd
ttntbri^(rrf Drtf z5o r, th6 relts brn rulds"G thqrhrf f!
Cqorltfm bnnth th Elutrnn llngton rt l{elcrflfu tr fm
(Connparc fhe lowcr Nd(urnrlrutn b,roaK in dcfodtion ofTaKarout a.udTe Aetc i^{qd 5.f Oorfian fieB)J@E-EG- E].--rtr
@ tucb rr t&mr (r"c rlro prsr zzzl_ tbrt crrG m!.dr'

"'Llilt-trbb tf Yrlllrre rods ef esrlat^lln md rn ultahtrr qton
er trb urfrareUl fa fcartbhl, untlt tbs rtratlgrrq{y of tb Uppc
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F
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Pllom - LarG Phlstoge. rtrate k brtt'c ttrolao

It lr conrtdcd tbat 3orrillr vilf alrnyr b. rd.d to Cratl
tfrfch partlcuLir bede ovclh rry bortmo tdatlrd; lilrdtfhn u
rqccl0iry a low tes-Levol phat?.ril tbat orrrlat ou'rnrctaffy a}

Ioelltlu torG dtrtrner rprrt, le ultlntdy S forr:[h, Tt

nrttr osnsldrrl thrt a ftrrt rt.ffr" npftnc ef Trtlst rtcrtr-A-

efrrld b€ h thc rstrbfttb.st of locr,l tbmtlmr. (fa nppfil3

ilqr fron thc typ€ looelltll, @cl Gttclr oftn laloillf.
urofu.l checks). It, tr ltkc\y, houwr, tbrt qlrefothfo nltr, fid
u thorr ddbratod tr vcfb, utll rrdtu.rfv br mbrtestbfui |l
lfl,trare;r,

Lrttt nprptng ef rtrata tq nerae of ;trgrr ntbrr tfua^forrtfru
lr ukary b read to ooofurlon at r latc ttn, rs end $.a tf,r
GrCr bruderls rrc r.dcftn d by latc rprlorr. frch rsd.fhltfflr
ril rlDtt ot{rta to ocqr ln rcgloae mob u }htnrrrpr rfitd tsl
lnlrrnfi of r1.lo fr'orr*hgf. erarr -dt ruof, ;trsc rr tt rltlenr
rDd fryltru.ffi. For pr|rh, f,mtt (flprm)
her rrdrflncd tb [rDltra stctr to cotletdr nltb trr @
Iedf,|l rene, ID tbr lrtcr TrlIry thc bam ef, thll nr obntd.r
trlth tbo brc of tfo6 sf arnlranrtl rcrcqru rohor h0 tr tb rrnprd

lrtr th barr ef tb. 0. tlgltll ton ocslmr t! thr rt{dh ft
of fu B' .uEII rria.f p;rran$ Vrffr
(tg62b) hid d.frld thr Eepttnn to olnetdr rts trr &r-ttru,
loDir Clarly oar of, tbc roncs lo dtasbronmr tn thr ar.q bdrn
&etehne ard Arntcr Yallry. lWhrr poblan of rdefllltlm aro

r&a$ to art"sr et rueccrtrr rntcrrrb |l thc t\rtun.



!Fo
H

Ztr-n
>.
a--

iq

tI I t I FFHF tEEfiE3 FtrFIi} '. g: TT?I ?Ets[Eg EEITrr t
aE- a F F ill I EIE;i3 3i7 !r}.tr'It I i s llii llf i I f llEH II I I TT P5I !r r ! rI
a?I

f g-F-F"lt ftP"Pvft'f Htl!Bn
E ilggE ETTETE HggH
B lBBi [ts8:$i EiilFr f,!! I !ritEr EEEEFsg H EB3 *g

6'ilrd
n
F
rQ
Ir"o
E

frrCt Cl)r .r

H[ [53 IIl E
FI

n

rs

.'H H E F N F E g tsFtlFgE EgE;
IFEEFF Ff;ilEtsssse EHHE
gg!'gH HEH"

vf
TICI!

-o f * il \f-rJe
E il E F IgE
I I E g tli

H l.f a'}|}|a
EI EI

a\r
r
tr,e
*
T

oItf
ra

THDE:EFE[E[HF::uFEHFEiHE
I

o

* B p EdSe $rrru$ $fi$$
\r +'

$U

I I

i

I

-{

R

+
-r
i
dt

\/

H HE B

E EE 5I EE H

E Hg H

H $'E'| g

rl
D
Hg
E
B

E

E

E

tf\t
@

E,
I
G}

$
r}j
?
a

-o rt oo f .rt -F #-rf .p vls -o r$.rt f

i$ F T ' $[E F FFEFTti s s i I ts s$slB
llr
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losnttoar rlrrus ronqr fon lalrl .UonF trr{terr -

V3lh (196t) b; r,.,,t-,'.,, 'Oslogtttl loqg ego rtd thrrlrrrr of

the H,ivr bcltcf thit dl atretlgregtrle badsrLr rr. rnoDroDou

Ibotr plaec to place. llnrry hvr yd to rtd tbcrlrr| of tb $rlly
dfbr blld that a|t rtrrrtterephfc boudrrht tF dtr&rooor frol

plroa to plaar..."

Ihry of tho 0pper Tattery to FhlrtoclBl fbruttonr rhm r
ll. r"rr\r*LprnffrUar . Olhmt, rrprolrl$ an f,cnt-

lcar of thc thrtrhrae Crilry ru& er tbt grdcl gX[tGo!. rd Etctrb

Hrdrtoar; blvr rrdg.-I:llc dtrtrltrutlw rd arr dtrobmrr rt lrft

Irr Dirt, btvtrg bcc dmoglt.d at dtffard tlrrr ln dtf;fcst G-rlr

trer loccl oornalattoa tba brudffle; of t&c forntloil that

tbnr eerrffc.ql of ortorop dtdrttrrttoa cre talcn to @
,lpPvojtrlw(f (

dalt-B.sgortbr plrnn.
' rf\

Tha cvergo nrto of d*oettlpn of thr t0r000 fU cf 0plr fc+IsF

Pletrtoous rrdLuubB ufl,, on the avurg.rabwt 660 fb pe dAlim

ylcrr. ailurc (1946, p.y92) bar orrtdcfal tbt t'hc ndn rrtr

of aprotm crolnttm t! tho anlnL tlrBdon to b. rbant t00r000 yrFr

p1r apclm rt41 h. rlm foud (p.389) th{tt thr rate tn rrlnr

l{ollurc rrr rreb rlotw tbn t}u,t !n torrtrlr"l anl.rra}s.

?hc rdr of !d|gf|g ovpltrtlon et ltrrln rar Frobehlt uxe f,rda

tt1gn for rcrt urollurorl thc ttro d!.rttnct rprclc l. Dr'lpp cff,.

1gnlnga rd I. Dr fpr a,ff . trfonglriq UEG colrrd ln tbo patod

alncr letr I.. @ (Uefpfplen) tbcil. lFlttrrtlon of tbc



)?.

f.1|.&jgle- llnorgc nar not fegt prlor to ldrrlplplnq ttr artonett]s drrrou+1

(f$eal d[ $g. @ !D brsal opottlan rdtmbr ln
0

tbt lnatcne Yallcy.har slror^r', .

fuutrcr (tg60) po1ld flvr pronlramt falsaoutologlutl sad
Gf,S Hc {P**t l-L'at

rtrattgrapb on the l'eqgth of thc ta+trqf St{€rlt I t&c rlrlshtd nB
of !,lattotoran tt-D sr 4 psr oart of totrl lrtlrry tlrc. Sgrdlr

dld ffibdlffcrntlat ltalpl,ptan flon l{attotaral, nor t! lt ortrf! lf
hlr rr*umrn stagr tu tn thn rcrre of Flcmbg (f+6alnc tf lt

t - Sq"ttlf^ 6a.;'lh/n€'6
rnooaa{r thc [mtarren Bta6c ar ncl.l' ilcvutbclab S ellsr r
yry epproxlnatc ratLratl.on of thc ttn pctod trrolvrdj fro pe

eut of ?st!ar1r tlr La aW 2r80Or00O lnnre. Tb hp rpral'r

rtcpa fn !{;lgf|3 cwh*loa oestrrrod ct tritrmrb of aborrt lramr@O

y3r8.

Ultb rqard to thc a?erg. rate of dqosltlos tht dlff;dlrtla
of mdt^msta ty Dr?hloglcal e.luneaf of, tha ld,t3mu fbl.lurcq l|

unltlely to ellorr mbdlvlslon of gtretr, 1eu tbrn 1r0m ft tLtd rfru
rdtrutettoa rrtcr ur! rlouc tban tho avca3f . i" $. w,aTgeA arca .

ll
f,cnnctt (196?) rtrdiad the aolutlorgry lcrlo lll3ultefl

Enl|f - f,. Iltl$E hn$l - X. Irnl&ll lllt|Ib l+-+&f,'r nt 0apr

fodrrltil. Be fotud t'hrt th. f. Ig!$11 bn&l GSrBmfGt nt

rctrtetad to lcgt tbrn tbroc hrf,trd tr,rDDerurtly r+mrrtlaf tl|
oPrUfcnpe Kel it.aen $tegr. 8qu!,rc (1960) conrldcrd tb frpltra to

b. 3 pc ost of totrl ldtIery tlnt rG 2r1@rm0 nrrr. Flt f

of rcdlrrtatton at Grpt foultrtd dutng thr trrpttflD Ft tb f3h

slorr tbf,a the avaap ffi rrtr rt Etftrhrnr"r;ttt rbod



F.

1t0 f0 pc d,tllon ycan. UtLEg fGnEdtf g ratr of re1holo$orf frnSa

vltD r.np*O to ttra rYrrlgc ratr of g.dlrcsta,tlm rt lkrtrh, tf,tr
abuft Vfr ft twfd bTr boan dgoaltrd et E*rtahuna drlr; th. ttD
of tbe at Capr Foufr|d. ?hf rrtr

the l\" or.
of rrplrrtlon tnforrrlntfce u*f lot fcrtc thil't$ |l tht

3crtrtPod XILISEI1,

th. ldro&mOtoa ffir ffi tb. rrttnGt!.a of e tb
cn bc guttc n#G. Brutr of thta utrrt err v*V cetll t! bal
Itratd orrdatfq. hr$rnfU*utrfy, thry arrr nat, sur 8ni
rvsttr ocqmod aly attrut firr ttsr fror lrnnLtea to itturu

t"a
tl,tncr o7.trc to tbrr rlrttes lrca"o (cqers e rtlttn 5rrlr syofr of

van dr ri $qsth "*'1H'"L thr roqnlrusaa,fo4 t
of iz.om ft of drltc.t-

Apart ttoa t&c lhrtn gardrtonrnon'dL&rorur forntlmr of
tbs nppcd Grca rro ualtke$ to bG l\rrtDcn nrbdtvldfd tD'' rsprciebsfa@.

*Sil tn foorllls, rnleca the ra!.tl are rcFl thrn a thourd
fcat thlaL. lpart frer thr dlrctrromr Sardrr Elltdon frr tnf,tr

ct rreh Eru thCIu r ttrotrarrd fret tbl.ah (ru lablc 4).

In Soutbm Uelrerapr l$c ?rranalrtfir, XrFlt€rD, rnd Opottr;n
{f.. fa*..!,.^, at< }\..r flr,.hy Ar+rt Srrilr

ctc€ct brc rldlar Xltrhologtcr^ffi uilt pttrr to b. Hr
lrygrtaut, tltr l.ocat nrbdtvtrlon thD tht lH arx

b.c rt Ekrtelnrar.

Pr tomq r-Flrtrtoam bourdrEr

Iltlt (t965) (urlatrd b9 Bcrrhr) mggcdr tbat tbm lr nldr

e3rrd rmnsrt nr*cr In Dll Z+rlrd, (rlr norrUeq tg63t
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tldag, 19621 rd TrilIr, 196ft) tbrt t'bc Plloonr.Philrtoeor

tsdrry oecuil et, el+*ren lrhr thltotaren rd brltna

$tetr.* vclla (1963r, p.2) *liib. prrc.d trbr Hllo-.Plrtrtooc

borda1y at r lotrer rtr$fgephto poc!.tf6; brt'rro thr $rfflpilrb
*\r -r[ -

Urltctera1 rtrg;. tbr sltc arefer I UUplplrnt{rttotrna 40 -tn<

Plloo6-f1 .ltom boudr,ry ar nry ntfruor ffi
Pol in tCG

l"ocltdlrg thr nntrtrta.-Jdlortl[ grrtnopoa f3u glffl rm

fd t! tb. !ou. of tDr fhrln Erdrtu

(UrfpfpUr) Un ero atlct ln tDo ovclpfi t. l. 3P. rt3. IE;|a]1
$m (Ueftcelra), ttnrthc tb. t. !r lpr rtr,t, l|tlllf E cilrll

trhc ol.d nt6r ![lgn fl[g$ff. Alro el tberlr lr r rrldajr of

r prat{atptp!,ra ooolbg tn the gililh ltl.cdr th. sllntto dctclctrt-

loa at tbr HrfpgbHUaltotoren brodarlr lr thmSlt to brr bG

eEnrpt.

* H rs to bla t, I*r.l"r', is i ncon sislenh with h,: lext



l&.

HE$O4IC ln

tmlRur milrrlo[

p4F

tha for:ratlo tr nnd efGr tbc farenn lloutrln rfrtc[ fon
thc erlal rcgton of the eouthma part of tbr fortb frlad. tb.

forretlon lr Isr6p{y rylorytoul tilth th larerrn 9rr1r of, O$l,g

( rgSt) .

Qrcynectrr ta tbr vtclntty of lft Bnrcr nlryrd Iry OryI'ry o
ldacmcipa am tnctdcd t! thG tcrmr torrtlolL Frtly brsemr

7 t ahal parll?
Upryc Jurarrle forallr rrc rcrtrlctod to onr loedlty h*aro bru|r
thr rookr a.moeietod ulth thr Jrrrurta fortb gc mt dldl{rlrhbh
frsu thoro rlth thr Trlerrle fortlb.

@
l,part ttor en bvctlgntlon of thr lmtogf of ttn a.fft. *

:\
thr llengrbro Rtvrr by fdkfl ( 19Zf )rtAo rclt'r ca tld n nfcaor
to p,cviour grloglel rrplonrtlon of tbst pert of t&a trnru nr!|I

nhleh ller ln th. npped od,Uofry (ISSS) ndo a ilctet.Ird Edntlil
of tbc llnratono ad bareft lnr Ht Hruor rntt ffi rt tfr

nddlc norr l{t Eruor. ,h allo sd,nrd rlvrr bnrl!*r et thr

rttrrn nrgtn of thr Xo*bml ?rarnn R"l3o4but dld Et flv.ttt|ltf

tbr gmfogr of t&r rn&tc.



tg,

Ougfr;r Fqrrl nppcd tha Tr,rern Fortttm''Uye* t*tfr7
, rD

@1ttcta lgt dld o,6l. -ppf4 1d*b|1 the grryradairfsetr'

@-- r

In the non;for;rtcd giert of the fe:uu lftwtal,nl tbr fortotlil

ewrfty forr aa lrrqnler bbbty topogrrply (am Ft{1rs l[bdil[
plrnar;;ncb ac cn m*nlfy bc drl.lereird oa lftLr.1 ct! fffiognDhr,/ 

,F
of tctlsrt stri^',s.rarf,, ercd-tnr Carth Forutlqorr ooft l*? rrrdt

i

h fblut. thfu tr Isrupfy dn te tht ttrr{rllfpJry rtg'r of tbl

brd;, trh run0 qf drf,*utton tbt thc ro*r blr ruffrd f|!or
*o

drpotltton, tndntnrU rrlettvcly unlforl *rn3tb. tb roff F;
c ror-r€ot- t ^q- or-^Fut"

be onrldcrd to bc ra dmct tmilroplc rdlu
- lhc irrr'lr o^d {qull'ploncr -ftdi;ifiiid friri b.to rufrqrrtfy urrrn0d E rtrurr m-Irt*

@.

EFl&tnr
fb. futatled rtuusture of tD6 ltttrlrrJurauto grrytr*r cC*r

Zerlrd bs 6lt Cpmaff;r bom clucldatrd ln rclt rrar4l of Br lcLd.

Trn; 16gts6r of tba sra;nracJ<a l.r4&t**6o0"*rt of tbr rr* of

rrllr, bontrona .na 
t#f,5iilur* 

tectonle olplleritlorr, r'ffi

t& ug,rr of-tr+crf " !b

g'ql1;6ru of tbe nppril rroa aro nac dtfflqilt to np lD dctrll tln

thorr tn thc llrlflnSfulr goa tleodrlcrtfmq$,ot4"ald 
ototton( na ofln

'h 
r* twl t^itV* LlGLrtugto"pt &":- :.o: :;snss,ttybc d*ll{h*+€dto *ortI"ur"rH.to,.o, :;snqs,tty be #[?#htrt

tbs lbrthqn trrrrrur. f,l4gn (19g?t) ll a dlsauest.n of fti htl
gl.oucl . rr .

Idrd CnEtfeU5; gj;& tbit thr rcglou,l otrth tl m!''tb is b

nuahlrr Ben31 Ed rlrdn6r northo-r.st tD th'€ nl[ilaba esl tarenn tUtffr

.lrr* t"qqirl.cr{
be eei'i*ibe+ed



lA.

Fl6nr 4. A!.r vley nor{tnrardr fron lareart nod. f4nln'Tal}o

frtg. Xg11GelEl l{angrroa $trara flttttkGd bU thc tlraeo of thr

Huka1nl Fomt,lon. $f$ggfgl tanm t{oustatnr rloplng Sstlt mrth-

nrrtr to thr t{enrrntu Oap (upper rlgbt) .



alt.

ffjlough thro lr a rcttcc of brddlng tnoltHtlo l*+ry

Afr^rC,Iou, mre *"Ql( pgr ecat)are tnellnad t,o tbr routh-sgt

rt about rcnnty d;rocr thro tn aay "tU**tcl'";l;d*unrat 
thr

,/
mrthrcgtcra Fert of the npBuA ttrte lhrlrc ton rtrrtlg'rpry brlr

d.l.tt \n"'l q
bcra illirisia rlon/rrgbt brench trth*arT of thr totorrnr

Rlve the nfprd unltr trqd noffi rnd rae lnollDd

to tbo eoutb-cagt. Thc pnarcltoa of Uppc lrturlc tbrll,h rt
Ot*!,r rd Jrmrato Egg[flj rp. rad lng3[llg rp? rt Etdrhan

lcn;cr frUfoatef, tbrt t'hc grryrc*rr It lt tr mt Srnmffy
t ,, .,-

wer{rrrad, nalr grcclaffy lmg ln r rctrttr-rrrrturrd ilrrcttoa.

Ifngn (tplZa) rrportrd tlut the srryrn*r of ttbr [etrmlr nrn3r

Blttfid-*lrG*loBo

It Euru Trlg. ad 10OO ttrdt to thc rlrct flttrll tbuflt
to bG bcdiltne ldlort/*** tbc grryraolro la vdted ad rtrllr

rtaffi
s.Qe\

Aftboltsh au,lFseah folder;uelr u 'an bc Cd r'rcrt.f l"n aa

, qYe-
outcroFr$ib. quttc conrnonr 14.13. ro*1r foldr

betuot' bcen fouui. Thc phngc of tbs lnall-roalc foldl ,t
fwrrlrhfy to tbo srtbpnortlrrcart, EfS ng foldrr rlth llSf
rbnrt 2 tt,lon3 *"#a la I rl8ht bamh trtbntary of trbr toffit
Rlva rt grld rcf,048l/*13 thc fold rfilr atrtkel '!,t flf. B.Gm

a lark oD
of Q Lack of mrkc btdr ud vrl*+*f fUfng la tho rltcrattl|
ndrtonr rnd rqtltlte bcda lt bag rct bco portlblc to rtr,bflG
thc rtneturl s,ud rtratlgrephf.

F,rst of th Tarante Rangc thc Upgc Tctler" rt.nata filvrrhHt



16.

Flgur 5r Vsil{torl elr photoeraFb of th vrtan nrgl-a of thr

Teprrr Rangc Dctr Tokoreru. Notc llacnrntr at tihc ur3tr"',
and

rfrloh trcrrlf duc u*.ttr d mrt$artr^vhlah erG tbou8ht to

bo fiultr.



gl .

dlp to thr matb-urst rfrilr vut yotug ;trata ilt of tte hryr
dtp rt Lou +n?grs to tbo re|t,. It !c tthougb[ tbt, ltho FErrr]r
of ?he 'farann ffaago ngr brw alro bcn fogtsrtvrly tllt al to

t&r rnt durfng UpDc tG{Iary ttr.

f,rultf rr ttul Sfrrrlrr
tts Ucfilrgton r'nf num frults daltnntc thc trtaa nrgfn

sf th farcte lbudat-ulr f -.r{'-ffilI -Inrrn (tgtS) rrpped thc i{clltngtotsnd an ao0tvr nrtb-rft
tradlng h'lnch fault tn t'hc lrtnor iotthrrnsta.n 1rr{ of tbc

i
nppd grrnllr

Ihotrgb nrctr of tthc Glld rurfaoo of, th Tararner ll n*al
bt thfck buth, ilnrennttr tbought to bc fenltrl brr. b€.tr sppd
y$,b th. eld of arlel fhafiogrephr. Tbr pattrra of th llaru*t i

lc not afertlflilr*fy dtffcGt flon thr prttm ef !.clt frnltfrl
rf,ildn tho uppr fc+fasy rtrat*. to thc aort.

4-
Ia tba ro*'frrtrtcn fart of thc uypd er{ii onc nfls erd of

ths Urlltrgtoa Shult et gr{d rcf. OAfilrbonr lortb-mrt}rd tEdl$
ltumt b tnm8bt, to hrvc boca ectlvo dstrd]'y ffilg [etr-
Atnt'*ary tlnr.

trp llnmdr ftfcb trcnd mrffia oil rilh routh.\
of ftepldmnr o.n bc treGcdt rou3frstmmr bryod tbr nppcit

L
6Frt frto estlvr fault trrocs (onc ulh cert of ltt Drradee at erfi
t,tf, 9ft91D, anaf 9m-9@ oa HEts rhd XlrZ Lcvtn).

Ia th. mt&]s;tern part of t'bc npprd rroa Drlr tolcu;m, th
!

ftnntfo of, tb tr}pc flrtrtscs ttrttr lo*ntlon rnd thr tarttr

,)
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Fcrttm tr tloruht to bo fenfHoer*roHcd (er fl|um 5).

9,trb4$r:lllgr, qf tbr &ru,tton
thr ?ontlon l.t corpoacd fargelt of rnforslttfrnourerell-

tdum,tcd. altmttag rrndrtom cnd srgltUtc ball uhld rr. r,ry
I

tffirrlr of frtt tht*l llialrran (19la) her omrtdrrd tb ro*r
#to bt/!b. llptat feclcr of thr Xlr Srlrd 0o;yrncltlo. It bt
14\

rct bm poutbh to nnbdtvldr ths rtretr vlth rqerrd t" "Sit$t
Iltbolotlort uDltt bavr bca npprd ulthtn tbr fo*rttml Frt!fifrrft

frofod.c ryutherlr rdII br mro rcdtly utrbl!,rf,cd Ln th. mr{bp

rr;tcn Drrt of thr Trrcnnr, tn i],tU ndcn pcrt, rfit€b ortelnr
falr nrku brlmnr.

@
thr Tareru forrtloa Gsopr out ovr 100 rqrnr dlrr of

{Sc vltca pert of, tbr nppcd rrrl tbc feutlon ls lrrpft borndri

LD th ord, bt tb UefltuStor Fault. ID thc routhna matm of lrb

rrrf, rst of thr Hrll.tngtm fau$ tha fonatloa cropr out ln r
trfenguler 3rr, baldd tr th. nrt W tb. @ Rlvc ed

ln thc .art b tb &tru nrrtlt. tbr spelr of thlr trfrqpfer rr: lr
cnrt tf Frirdf Rord mr [rrrfdrlc Flrr,

lbc forutto caopr or$ brtura tb Eilt rd tJot Trtlo Frrltt
.€nEsA#^!*=

at tw lmrffi**ra lerp om at Talko frfs (mr r&urr fil+ard r
rrob rnllc onc W fa lien8uror $tnu.4 Wld rlfr
0s3d.
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U63t of thc Sdtf,r tlm - Roq36,t faults tho Taruu Fontlo
q.oDr or$ et Ht h'uocr and narr ltt Hruuc. FthG lorth tm nll

ostc.opr arlc lcrnt * at grld rlf ,2129f.9 .d et Srtd rcf. ffiVT8, r!!
ct Sa\eoLzfl lqtttu on. oV
r*i+itq Catnl tlentm Roed et grld rcf, ?/jlffl4.

rbr fcrtton tr ?iiliSa to Udall'f^thr tdlrrt

et*rtr lrt of tb no4oilrf Feult. It! rdrtlorhtp to tbr

ut rrlc Orrtlc Fotntlm lr tbt GIE of tta

nppcil ern 1r obleuc.

@n
Thr bull of thr tarrrur Forctla tl nprd rr \

at rpprhb
+l',c

vrrlFr rro dtrtf.ugufrh.d rlnl,, Atr A4, 
^5, for h rli 1 n$cr.

-/
Hmt of t&o fq.aatlon, rfpocfdly l.B tbc crft" !r oryorrd of

gr(f, ycll-lrduratdr *ltaru3fng b.dr of nndrtom rd ergflllt

cch of rfrtch rre frou e fa tnchil to rry frt thl*. Bd of

#Efiif*o* otr@-'le arr$ijftrr dortop.a rl
ay. Jon| inol ti erl-r<,..l1 vatiq,Lle. y,fl't v'n'qt,, jar',,[-1\ ;r D;.,.(- plaect

lry 693 outwlr. 'I Fsc*t Grt |lthil' rcrt'=f?ar?-r-tofrtdr c '

a*,r w;l-\ {t'o ,^ ov\rs.&r.#
u+rl fnihcrtcd blgslr ru€h u thrt ffsrd (n fUIEt 6) 8.

prstrpr E3r onn rlong tbc rutcD nr3tr of t'hr rrryp tb8 rb}

nbr, R.d (9t?) ooarldcd t'bt eutoGhrtto brootrr cr &. to

cbelvc ahHr|rrj et toD ttnr pfc to fl'rl mqoottm rd

tndcrtlon of thr grqrr&r. sug6ltc (1963) brt sotl€trd thd

nr& of tbc 300 nffr tranraurst rvcsi on t&r A1Pfll farllt

ocg1rrcd drrtag tbr nrngltatr Orogg (rrtt Junrfo-Errly Crrtrm).

It ny b. tbrt t&r rutosls,gtto bceel-ag rmr fa"rrd tf rbpt!f, et

thlr t,tnr ria t'he rrdilot rnr rttrt usm'ry lndtretrd'



n.

flggrl 6r Agooolnrtlo beosla qord at Otrngur S'trrl rt grti td.
151t81. rtfotc rrdgc rheprd tlrgrutr of gryn*r rrrer3rd

Ee c lor fnrrltcl to tf,c rrglltrortre lrycr tfrfGb ry dn
fff,lou!' er.'ound thr lbagmtrrr

Doerlgttm tlkra fron Rcd ($lZ) F.31.
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fhc b€611 frrqr€ntty oriatn quartr vdna. (brytn*l; perbpc of I'o{lC

mnk tben uauall €o6rfnflg abundrnt tn$ rtd$tlftrbh Crd' frrgrtr

rry to t of en llob toqg o""d cot$frsil otr [ifPF6o et 6rtd tdt
f^

lOAgOS.-Ihfktt flr5rrots ner mt tglnd ffi alrrfirr'

Cogfq16etc ag rcrtrtc0rd @ to boofdcrtt
a.a [<

@ rlong e rorcb of trbr t{atr}ehf ntv*t bmld.Gf-rutdD-

fng srglors.etrHlFt fotrnd rrprtrcr of grld rcf 06t!t1t.

fb. ongforu'rte bar bila GrhtLr.d by Frof. B.f,' Clertr fr
f/\

1r;portj 'tbl'r 1; r fiac-gld.Ed ongtotmrt o*rfdag rdrf
ftrgil!,; q to 10 n, fD 16gth of ldnrgtd rrgtflltrr 1qd tirt tf

lrobbft daltrttl.l tuif ln a Cfcyner ntrlx. ttr ru& couXd br

€onrtdcd ar en L&afentfrol ooa3Lorrretc rri+n prtdn ';d ld,r
il,

of $lertr ud oeloltr.

Rc.d (pfl) omrldccn tnat thrx typor of ooael"mrtr o€sur

ntthln tbr grq1;13f,r rt l{rL!1rytoa, of uhtch trp a$; arfUftOy

fr$nrf*utlsnl td onc oC poreiE! !.utre3oruttoil"l-G*ffl. Conffc-

rrtc outrlnfif cttc rilbelel eril yG? Fl$lr Ictills (D6a)t

bffirr, ht dcecrlbrd aS e ood.scrt'r cdrllll3 prtihlrr of rrtp

mjh!,o, lgDrur, end mdlretrry rc.rhr Onol &.rto Fglllr hrr byt

Holll^agtm,

l?c-lr'nror$qqro{ g}ll$r4g \t po,rtr of, t&n mllrn0erT rrqtm of

tht tlmnr l-'omt!.sn hrvr b.or dtrturbrd rt ron tlr ffor to thotl'

orcltd4ttoa. #ffi tr prrtfnil€rlt $rtl dcrlepd f!
\wv. (\ r,, i\<

ar60Ofrrt*aYr fn tb Tolnnrtr Rlve audn?ro0O fE of ttrrrta at f,grnle

Strar- Elaorficr elqsd bcdr er. FDn caprolrlJt |.n tbe ur$*a

fst of thr rpprd trllr
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Flguro % tiutoo'p of 0rcym*", uhtch bag bc& dtcturbcd by

Frtpo"tolldatloo-el"unpt-nir crel:oeoa tn the bed of tbo

Tokonnn^r f{lvs at grld ref 053153.

Uotc tballs il of Ught aolorred gpepalcke tn darkcr colgntr-td

argllltta uatrtx.

'ysl

.,!

. r.rJP. '
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Ih. af,ryd netrrc of thc b;rle tr ddusrd farfeff b1r tD. prrar1 of

rsdgton hr[; up to ewrel frrt rong la a arg!'llil"tr rttrlx' rtr

bdlr cro oDtfds.al to bo r1ury ballt.
-\'

rR_*I"+**1!.drttoa'ltrete en rrd trhtdtc rd thr sE#nf

- 

trr lL, <

b.dillug ilcb lear tr Gytd& ttdir,ritryrC Jtretr f,d E 6ltil

lbdda ed Iprry (|964) ll ;Gfrn Stmilr et Rlrltrbr rdtilb til

firo*f.eul. ?hll lr ondderil to bG &. to tb ttDrt hrln3 flL

ngl{hr On-A'op t'brn t&otc lt f,trttdm tnlat.

xrryryr rn.c Sadlt$qt t- lhtct nrrlrrr reDnJton brrfip rmr et

Irrt ?rO ft thlck erc Drlr sDE ln trhr glttcr Frt of tbt rFD.l

rrrl fr thr thlct mndrtonc btrlg am Erc rclrtlil to eoltn
thg,

lha/lhfE dtguatflg ;endrtonr'ndrtoar brdrr to85r td to br 6r'

tO; 1a thc nndrton. Tb rigbt rmro0 of thr ruanno Hr tt

rltrntcd orr r nsslyc rrndstoDo bld.
Rroat (19f7) fould rer|ctonr brndr (grqrcoer) lF to Im ft thl*

tn tei UetltnSto! Dfstrtc,tt rl| &tnt T|flor rd Urtchmrc (f6I)

forrd e 4S fl-tht* rld;t@ bd rt Otdti..

A rralrrr blur-grq +r]8$llt tS E rp) rfoout lrm ft &l'rtt

eontefnfng I far t&t! 6ndrtma bodt .ol orlorrcdur oncrttg copf
&'*'

otrt rJ.aq tlbs ttrngglm Rlver a rbort dl,rtanor upltrrr'.f' ftr *dfuc

utth Ugnpntrtglur Strcn. ildlra (lWZ p.29) Gutdrril thf* frffi

of ndrtom to bo ruq mcotly C*'eril{ryIm rd thtcbnr (196I)

bnr formd a 11000 f,t-thfok ar;ttlfto t nr ltr t,he ft.Ll lrf. V
&syl;[+rccn rd rd rf,gfll"ftor rm yG? *.;tW rF{r fold -j

rr 0tansuo gt"rear abovs trc uetr fatb { rrld tif'rtn6t) rd rrr

r56t 20O fb tblcL, ?hr eoloud rrglltltc r,r. rttocilrtd dtil
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oUseclu.Ltort rd Jerptr b.dr.

Ir t'!s IJdlf4bD uc rod end grrc rryIllltrr ootnn rt Fd noGtt

^l-UiIrfrU Bry, urood.rtrd ultl tpllites, ( n frrrrr (I%9) rd
Brodtr (fl3D. grllnn ford #*. everrl. drrtel ro*crft$a
of tbr grGG enil rS rrdltltrrr rt Rrd noot ta h fdcrr|lltr brftrc
?llfou hn rd typfcd erdlllto. sl llf,crd fln thlt Gbd.rf

I
+

coryetfttil rd f,lcfd rrlrtlonr thrt, tlhr rc& urr tnfifaccorrc.

nnU6rpe* rrAdurr tracd f,or rn t@ of r dfu

ry fror ;rtd rrf. 16r9n)hr11r[t E r lfdnafag of, tibr

roII. Cood Gporcr of l,hc bnlt ttr rrlrrr frgufrr f,lrl;ldr
o+Slt that at hrm Erc fril thc Trrrru Fosiltls n*r fbd
Drrr f,rtproro at grld rd. 167rU- vltbb th EhdrE Orrtrlr.

h,rer ahmdng plltou rt,nrstrr aro oDD ln th llpflr f,rcfr
ef t&r ltconto patod t! t&r HdUngton Dtrtrltt. Thry belr nt
h€ fod fdcffid |n tbr trrrrm Fcutlsu.

I

),

A folrlllfcqr +ltgl't#!(nrp.d "r 4?)lr Inetaara urth tb
banlt. It nr fqd at oafy ore loctlty (tt grld t!'d. 1?I9t6)

trm r nctlon colrtdneal tn dotmrd trgEs€qr( (Srr tlro !{cf,rt fg};-'

tf|l rulqler bet&ft

GrW, knt loutar rrnl fi nauratcd reryp@

'|d
1

Untoa Gmtafnfrg a poftrloa of Imil[fgl;hdfr 1-IO

Votanlg banlt IO-IO

fh€ ftnfenlr.d crca{-e1otrri, T*lf Frr llrtou tr orortd
N s'\t'

ntth qd unfdctlfld lbclls of SSll rp. s fneilrlln fp.l rn
I

v_

Itn tdlr0lflcd tlrb tootb rrlr alao fed. Ioccllv tlhc llrutoe ourl|lE
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e Dmpltrh grl rrlf-|ndrmtcd btd contrtrdng IilIf -rdd nl;rrtr
of rytllttc lmrl e6 n fn fogtb end *a1raf rry b fi t.lt lq

of a tuln-orerc InmE ry. (nrlm rarlt ft rndt h).
uolrlr (tCA) foud that a brestrtdf nlrpl!,A:ffn hIShlF

N

odurur tnff oegur.d bdw rnd grd.d up ltrto tf peUr\pV

C6mlc bd. tb. FrF11r6[grrn brl urr rt fd Ml3 th. fcd
tillF r3r.

tltbutb a tbnmab rcrrch for forrilff otbr thn.fm
qr. rld $1flf rp c efflUf tP nt rdrr mm 6ryt tb ttA
t otb Fr fd'

fnfplr of, thr LlnrtoH trm Fld rrf,. 1T1F!6.

I.b Io. 0ffi.

Grrbontr of lln
tryDrIr
AIdT
Iron Oxldr

8lllor
lfetc

Pc Gd

90.E6

2.T'

2.60

trrrrl
9.41

.t4

lm.m

It lr oortdcd tbt ttr llnto nr drrrrlml lD nlt
drprrnlou prst ln tbr upprr ncf,ror sf tDc thl*a ttltlSr
If t'hlr lr Fp tbo beraX3 tr not s;6ft1aid . f brnlt

et l16st tO ft tlrtol 1ftfoh csnF orrt, eloug tbr rtdr of tfibff brA
no.l"(grU rrf 168l3ar) b thnflt, to bevt brra a tffdrl ry&d. h
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rvliacr of rn uoonfornlty rudclfrlry tJnc bcrelt nr fmfi orc${ry

bdt uro trybldttcr ln aiPcarrnor.

f grytr of tb p1lllrh--alq-urLLAtnfuitri f,ffi
2

grrm.lc b.d bil b.m r',etrtnd t5r PFofclc R.B. Clrplr tlo rqctn-

thlr lr e rcrtahb rc€* oonrlrtlng of nfi*otdd frafgtr of

flHrfralnrd rytttt rnd ft1gl6tl ef tlrtonr +rl rrt la r orlarm

rtr1-p vrlud ed drd tg sfcfto. tb. rptllt 1l rcrlrhfy

Fod.d erd frlrlt urLI rcEfd:

Lon of Jalpc rpprd er !, oe@ tn nry lporllthr t! tb

lhu{haa Tarennr, It 1r thoqht, tht t&r laro en mt Fr tbr!

100 ft tble ud that thr mrltle'l lrtcll Gtct of thr 1e4r lorl

ln ery one dlrcotlon nr no,t prc tbrn i dll.
Str ffi yarda routh .rd of tbe basalt end foslljlfcoul

ltrtoae bedr, ard acror! tlre t{t Borru Parrlt, a nl..l-fdrrrled;tbrrr-
qurrlefd.fr--longr mrtnlout, trdrag larpc b.d rpprl er $ frrre,
tr ggrdfy $out tO ft thfck.ft Lt cpcclall.y ptud.llt bronruc tt
ber rctrt d melgn bettc tbar thc ovclffl8jld tdefyllg grqtr&r

+tJ6
and ardlllt bdr. trlthoEb abod r11 

%rods 
lr frrpc a fs tfry

prtchrr of rnrltcrd Srq e&ruS obrr{ en prcst.
At thr rorrt&ra r'nd of tbe utcrop * trfd r8 lTTF2Q t&e r'rtvr

rril elprcl 60 nprrf* Jarpr brd la replrod ty eborrt D f3 of

irrpa, a ft of ltnrtonr gd 20 ft of brelt. ?ho irryc t& *
tb. rrt .'rd thr llnoston to tbc rcft. It 1r thoudt thrt, tbr brmft

fil,ou rdvanoed we thr }tn*og bcatfng lt,,.nd oUAjlrg lt to lrbh.
tbr farpr bd rcr tUc$ryodt.d. It ls lnferd thaf tbr rcqumcr

youtt to thr crt rrd that lt !r ovrturard.

/t.\l!'

'n\I r" .'
''r I t' '

1, ,,
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f rrrylo of thr ooamely orytt Llftrr llrttom lFor fin?3 ll| lil

EdDd tEr prof;;ror R.B. Clrrl rfio rsportn- ^ 1 @
€erbontc ro* u'tth lerjr ucll tntnrd caleltr Gtalt uP to 0.5 c

f
long.

A tblc& Iarpc 1o b! bro rppd ryth of t&. ttrnplrc

Corgf alon6 r astn--erst f.sdfrrs rldgl to Ist3 (fIU) ' trarpc

hare ar. ffin i., tb. b.alc of tb rrafrbo Rlrrr la I rffr

dotrtrcrr of [g$nrkst rnl gtnaom lar rt ffd trf U7f9m ft ?9

ft thlrt. Etlt of trtto Trtg at rrad rd' 1Wn, tb frryr rd
erro€i.td rpllttc locruv outalan crilqFhr( (ngs) ' (8|r B.d, |9ft). >/'

Errt of thr ltrnSrtdffi Vallry at Erld rrf 06?9?8 I U ft-ttle bd.f

r.d r5a rfiitc @4 Jrrpcp ntmqrrertfy lrrSr.ly @ to

qurrtrrrfolul a fednffit b.fffDg-pLenr fctnor ncb ft tm lrrifi loj.

X!&Er
thr u.ltc hrt b.GB ruebh to rlut'hrtm tb rt*uotnlr ol'

rtratlsppry of th la*rru Forntlo. BlE lf nch of tb gVrr*r

11 Tfr rrprtrd bt f.nftug ed foldtnj {rbc thltrn of tb! rrdtdr
mrrt bt of tb oadg. of rry toe sf tbogndr of f..t,.

lfAfd cqnldror
--=--;+tt' +\^+\"t' 'l IL As Li*'crLo-n'

roai11iiffi'li[';-; fd rlthu tho rtrri lrrt Uod cf tb
fis6tg of Trlgrlo-fururlc r3l brr bfG fud tl tb gsE|b lrffii;

thcr hn bes udd E crnbrlt rd hrro (196t) ' roil'|l r'crttlr
lu t'hr uglth Ialad rrr nch rar'EJ &rnt'faylm rnd ldrtctoum (196t)

bvr rcpffted @}!@ et Otrkl r&tcb ldl'oatr e f,orl'u

(ntr Trfilrrfo) 8i!r Hrrrby (n!9) fild h$.! of XlffDrllln



#.

(Ulsssld rdqfl (natrc) au l&nblr Emrsf;l (otw) rrr
port*tr lndloattng r Trtrrelhlurarrlc ago fe thr rndtr tb.m.

In th. rppit alrrl fouilr rff3 rcpstcd by e t11rpa. flor

!o',th of tlhr rrrgrre oorge DGr trlt {rnr}. rbry ffild nd bf

fod tt tb 5lltc. Ouefq ($35) rmod tb lnihcrtd frqn*r

+*t er.glr llte cert of tbc HEu Frtl.lt rr tbo Urn|Pe Sd'Cp rd

tht rrcd of tbr thru tault ra Tnrenr Sclrl. El! ntHfvfdon

1r brgrft dtrl to trhr EneUrrtp.or AlnaUfn 2rrp.at grld td. f?f936.

Th. gltttr brr not folloud 0n6lryf r mdr of dlvfufoD hrsdy brcur

tdur egr of tr51 grqlnctr f\frbc urrt b rct bornl rd sn of thl'r

ffiild b. qtrfyr,fGt ln ag; to th. rnmrpr gslrr" It t' tb[fs

b.rt to !-ucludo all the grGytrrtr rtretr t ttbt! t$c larerul

Fcutlon.

Gpditlqnq sf Dmor{ttm

I! tb. bJcllt4tm rrc rftee gradd brdl ttr @lE Ro.d

(tgt?) rrd ticbfrg (tgt9) bsve oonrldcrd that' tbr grq'tr&l nr

dcporltrd rr tbr rcnrft of trnbldlty currdr fr dttP ntc.

ettdrd bdr b;r; rct bre ford ultbt! thr nppd crcl Snthf -

bddfn3f,f frcrmt'rt clt.t,alaly mt ar rnll-drrrlopld er |l ttl

tl.tltrytoD !F3. lCtth reggrd to gadtf sonrl.dcltlonl mA 6

thr gnm! uat-fon rttsuttotr of grqtr*r ed rrgll'iflt bdrt
{ [<.

tbc 5pgr thleLarrrr dqocttfd, ard crproilrlly ttc e[oolettqn

vttb 
'rrpcr, 

lt Ir tbonflt thst tfrr eltmtlry erdffftr'grytr&
bcdr rffir dryorltod tn dtq natc, porhcpr tf tEbfAfW qulrmtt.

&rto M*--g.A.a rs{trty turttdlt(E cn br.a |Il tbs ryPd rtrrt

\*',

tu



fr).

(fc noo nrbfdltd ms'th of bppy CI'e*) rad tn taranl!. (lr

al.mtr fi)jg). In both crr #:HJ o. lco rnll--rrrdd f! tb.
+Liv tt A

dlFctton of^ loEcf ' Tbt La&' of gredle8 tn thr ertrtrtrr;

efryrrdr rd r4lllttr bcdt of tbr Trrrrru fdntta mfd b. dil. to
l,,f,arpn Fov*.Vr;I. h:,_:r, r,":l_-l!. 1el,;n.rL - o.ilc<.,

l{rbqi ($lq), bctu fd tDrt at Fclnr rerut
dtrreiltffi tdtctrd * rorrtf-.otrtilnt lourGrr

,f\
rtrttr@

etlon drryd bdr err qrdtc eomnrlndLotto tbd d ntbrln rf|illlf

oomrd rflc th! rtrrtt ffir drperltd ert bdort thry utr
enoltdatrd ail l,twrfrrd.

Tbo thl* rrrlvr rrdttoa- of tbr rmtol Drrt of ihr rPDd

rrr, etir slrtdcd to baw brrr alrpodtd ln rcmfut rheD.out

ntrr tbflt tfrc thln alt*'aetfns grqnldrlr rd argttlttr bfdf .

Smublt dtf,fcrt Fdltlmr of rdlmtrtloa prret.lri frlrln3

tbr d4ofltloa of t&r hrr,lt' rnd ltruton ner f,dprco._ It I'r
{

tnl|"kGft thrt tb. rr11 lmdd gnmfc ue rdrpertkd, tb fr1urnof
+'o

beralt-eFuufrpr*mc 1r ot thet rmld br sprst l tnfc dftbH
of a rref m thr rr, lloor subjGstd to toD trvr rctlo. fng*r
of InmtrL rp. are rrlt.rlotd to tbo {}" *. ? 

rf+lt+n (f9tt)

fdd thit Crrtrculr.[4gnl rffG frolmr-tokmd rDd t'hat tUry

oeqmsd botb rrlth fogrltf rcrtrietrd to tb. rhr&f lut lD dce ttre
Hrlrnn (19t?) alpo fotnil tbrt InWn rd lngillln tp. raf thr

oafy rhcLh rfrt€b rrc @monly fomd ln radrpodtd adlnutr. |r
forrllr eharestclrtlc of ;ball,ov ntr rrr rbmd ft ti tfougt0 tht
d,qorttlsn toot Flacr at a daptb rfilch nr artttm croqtfmef$

n)
shel-lm'ffi dorp.

|.-
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ffi
rftb tDr

,l\\r . .., i,r ,J

(

ITTnUSIVES ImO TTRAnUA mfiil.crlof,

SnIt l.utrtralom of r trn!.fsl g'16lth nrtollttc-

dolctto 6e rclattrr{y @m utt&tn th Terunr Fomttcl Ofto

th dolrrltr oo@l rl nrrrsu !ffcggfrr rtrrDgrrr 1 - 2 lldl tblclr

fh. thtctilt fr*rtrrf,ojt0 ft tblctrlr rt ngryn dour gtrrr (Ftnr

rrf.O2ffi?), ra6 i11pr '|t}o rt ,3Oo. tb. adlaoct grrVtrrtr uDttrn

of t&p t"ufrrurton rppril to bc lrtarontltdl'
A ;1Fh of dolcttr slf55fud tbga tb ilr,ryrbro Rlvc (grU

rrf. &nfnl ht b.o uufud Qr Frofrrrm R.H. Clrrt nb rrpetn-
thtr @ tgpur rock mrlrtr nfnft of d,dy plrglool!|rr

pfisfpd$ olfgocfr$, pcrbepr the p6oduob sf atblttrat!'m.

Arrett 1r peen3rt, nO-oeUftlGaDt mclottn3 rnII Flryloalr.r *I|trfr

Falrfy etudad trrtcdlttrl iohlorltcn fr pncrot ad thn.r arl

prtdr of crrtmte ed r fLtrflr rolttr. fh. rrolltr tr hdlbr-

fart utth l.ucJ.tarat Gttnstt-on rnll 1r pobab$ roohotrtc. Ihnfte

rilr lrrco*o. arr ebo prclot. Tb. ro* rr tt tr et pnuaf, ffifd

bf celtd en oltgOclrc dolcltr ad lt pobebly rrprratt Jl

rltcrd tc6ot|g/:
[cfa.y (18ag) ford tbt ohctom qurtrttrl; Irsstla .!i

dirbgto rorftr rppGr ou bsth fifanhr sf thr tannl rufrrlr ryrtL
ft, 13 tbmgbt tbrt Hof,rytr dlaban rorft nq b. ffi t&.

dol3{tt of t}; nppd lfeco n6d (|t5?) rahrr p rotto of dolerite



61.

lD t'b HGLI$ryton uc rd prcmblY Gftbc rrra w

ebrat thcr. I{dry (IS8I} alao !st*t tbst e 6rrtc dc tbea

1116l af lgjffi rcshr 16o fod tD th. brd of tbr nurr[rnf ilvc'

fcl ttf lDo fdnqrtTllr ,

+1""
tb. thf! rilrfngcr of dolcltc_, rcn, ilDrrtrtlng^or{;lnl

+1.41-t,aeal$iordy follorr ttrc bddlng vtthto t(rr of thr fn|ltrcn||

url'r drrly tntruat d bdorr tfir rdlrt sr l"ual|trtrtrd ld oqfftDaL

Tbr !,r**trtoa of, ta61111ft. Gy hre bra rya&urorrr t ttb tb. dryots

ttlo! of trlrntofturmto rrdlnntr or rlt*tstlnqy thr lstanrlm

crs, Udrnr/br orrrlatil rdth thr ttrsrnftr llfirulolr at I3rbpq

Srtt lLlrarepe. tcatrmltr rotftr et [tnbpo hsvr bm rmd tt Brota

(fg{g) ad dtetbd bg ffitoa (1943). }|rl.tna (gtt) rerltlls

tbotr rprt omst"de at tb. trrcba!,tc to b. Hnmrlrn lr rfp. If

153 tr,raru Funtta nr mt copt0d rd ledd tdon tDr

Brrdmrtg th.p rmld br a eemtdtrblc pclod d ttr tlo6 th.

rlrtocfrriltc bcoirr to fqr" If mc[ r letr Ppl.cl cf f$rrttc

ra6 so+rr6lrl of tb fqrrr*r 1r G?cd, lt |r }lt lf ttrt r tlld

..$n113p of ffieomat lctr hA bG d.Fodtd rbsvr tlr trlrnrr

Itolu,tlol dmrfs tha Crdrscur ed @ rord. A

nrfrngqp1fhfo np of tbr ctrtrw Prtod tr tlrl'trr (I9t9) SuaflotH

la|tt{b btrvtr; tht, ter nrrt*a tldt of tb Qt*mur

Anryaoffnr nr etsnt fefffr1y brhme tf.url rd tLrtrbr l$rllrn

p*r-., eolldcl, tth. g6lgtr,l llrtfu of ffilomur dlntrfl*

arc mt ac rnll kmrln lr thc Hstb lrlandi. It, lr not trFm t'f tbr

,1"r, l-.

lntrulro aro trfirsrlorluraltlcr r Srtascotl frNft *^ 
1*
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crstla rcm{aTlou

Irpq cn4 Suhdrvrrln

tbc ferutlon Lr rred eftcr Csrth Trig oooortrlor.l Strtlen

(rrfro), !"D thc srtrm ,outlililt'ln prrt of tbc nDpdl lr,rr fb
A

forntlon @nrtotr -lnlJl of rcvrrl tburedr ef frtt of rlrll
ln&ratril pcyrnchcr rd rrgLllltr. fo anbilrlrlen ef t$r

fonttoa tr rgtrbltlb.d. lhc Cadlc Ftll terrlte heurvar rFEFllr
liu"-lrtaly rrprrrt"t tt*i^iiiefcr; l'Snrtl of, tdr trtilt/tht€* rrlvt rrd-

ttouof lro Frc o'ma thra altcnrttng rrdttol.t r'rd dJtmtj
vh!.lc fdrth of tha frult tho rnttf |r trto.

Prrtrthttpa tpd tt.tr.rttc*Frehrc BrlrSlme
I

I Thr fsrretlon cwcr only ebod flvc tqu$c rllrr fn tbf atrn
I

lFt
irowdliifEa Frrt of tbc nppcd rrrr It tr reronbly rlrll

-** 
tv -l

cxpond alon6 Tc lbr strcrn re;&* qf tte trlbutrr;erdsr*
thc rclatlorablp of the fornatlon to tho lrrrenr Fcntton €f

Jururlo.Trlrrrle agc 1r rct komm. It tdrrltcr tbr l3rritr
foru,tlon,

&dr&
t{oat of thc eltcrnattng arglllltr rd rrodrtonc brdq rd bdAd

randrtonct rro lnclLn d to thc *"tqr"t at anglcr of l0o to ?Oo.

Ia rcst loealtttcr lt tr uruall;r not porlble to ddcnLnr t&cthc

ths bodf rre ovrrturard or Et. Apart f,ror ptllm lrrrr r nrLc
horfionr bavc be.n found. gm-lI rorlg foldlq obestrblc ln a single

cponrrG lr ua€ourcDr Thc bcdr rrg hrl l-duntd rrl larr rhttad
thra thooc of the Trrenn Forutlou.
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t?.

q.dd bdnlnl rd roh rrtr |n th. atro ldilfc" Dcrt cf

thr rpprd uG ef, gtd r!E, 4ffi tdlntr tbt thr bdr tbcr rrr
rt ovrtrnmd. ID trhta ur fce0rro mrtdccd to br bdnfns Dlrnr
rrr lnclh'dt tD t'b rrrr dlroctloa rg trb' E tddl bd at gttd r'f' l'&6t
tbry byc . f.{t}t rddo iltrtrfWtoa ubtch tdilceter thrt f! thlt uu

lJa)->
tlrr rrquac. gucdft yoEG! nc-tfil,rttnrdr. Or.-rd- e-hlf dlrr to

t&r rrtdrt ilr e rtfLt bansb of Tr hc Stner (pfa td.4ilFft) t
A

rrrU drrdopril Fadfnf ln r rf,1urnc. of th|l grrfud b.ab rrtebfffrr

tbat tb. b.iliilic qvrtumrd. ID r loft brDab trihrtory of tbr tr

Hor Sbcu (ffil rcf.41d96) r tO ft rqucsr of tbblt:6.id.d frg-
15*. { erdllltr bda rrr frtly ?ol.;tdrrlhtlf ovrlytrg rd dat

lilng tdr rro rt,, f,be feldtng tr conrl.dtri to br ffir
r! ttt. rr'n, rtt of thr rnocrcctlo of tbc rlrntr tblr s{ certl'r

EtLb ltcdr tH &#.fr fdl of tl **t? ua $JrnI,
ocgur rtthln th. Clrf*lr forntto. tt r atfi rlq tbe Cr*b f,tll

IEan (gtd rrt 4S.?9O4) rd tn th. acrrtg !r f,or Strrr ttr EaJlllA

Ilf (rptllt -r) tr rbrrt 1, ft thtc& rrd eoutrlr pfUou rboril 2 fg

loag rct tn r grqr r;tlttc ntftl. I [.li--"^dle to tbr rrt trhr

EW oropr ofi ln a rco trrd res of r rtrbt Eud t8|.-

trgttor'Jr of Tr tbr Strqn (Erfr! rGf. A.6t908). Bctlre tf,. ts E
Elllgf.Jen q$6opiut rpr*rodntdy thr ram d.rrtlgrrfhlo bf'm rs

e 600 trlard lul clongetr pod of nrttvr ohoolste t;ros oofoln'd !2
t[-

EilnF^*t *n tO trrdr rcrtb of fc Hoe Strra' Otb podr of !a

lnlg vltb Obrmr nlatlonr to tbc eAlacrnt grlrttl*. oGGE rfq
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I3rratr nod rt grld ttt 4TlO19t rbrrc lt brr bo.n qurrtri fsr rold

rd rt tlbr S3utbrrl rrda of trhc rppd lrll rt 3rld rtf

t-fffll. tbrr wrl rlapd pode of msbrfmoe)eni frqlr[ pratrh

cDtrt rcb 1OO.1gg yrsdt long wcrllr tfr W rt irll t f

449910. the lerpcr oostab rbdarB redlolslt,ffir
forr(lO-too yrdr ln dfrldd 1* Srdrtp- bfi.r oGaE lr tb.

rrtbGt Frrt of tbr outcop rt grtd rrfr. lnfn, llFfiTt, 4399f6 .d
tA&*. Thr rtnrcilun nf,tlbls tbr rudrtoDr bl.l,r ldlct.l tf
brdefag lr neb EC oorylc thrn thrt !n tD. nrty rrdfrtr, It
ir tbmfbt tht noh of, thtu oryltoetloa 1r dnr to duryf$ ublb

B+

tht rrdtrotr uE! rtrll roft. Sctthpfft of trlrtr ttf^Ul!.

{qry lr trrffaorolrlo

tt lttntloa of trbo ry3 of unfolrlltfmm grqrrrhr, rut rr
plroril titrth. c.'cle Fornlttoa, rr ff5sggw4. orylq (193t)

ro&r af tluie fcuttsa ln hrr ltrcnrpr srfcQrr.ilf) Dctryr

brorurt on3lry rnd Dr llrrirlG& hrd fouad trhr foiltl ESlf' ei tlbr

loGrlttlr art of t&e farenry&lhtnc nurytr. Eltllrr .mf rqctr

tgr gggloy rbw tbrt .&q[|1 rp. ulr fd l.n thr lfirtnqe nen3f d |t
and

Etdrhllr (t93t-3e) |n lrrLtrlrtri strrJT rrrt' of l{enu lrlg (r*a-

gt). tho .DlfrL" lp. floa l4.tlrl Stran bf b..o tdgUtfld 13

,t I 
-.al---. --

ES11 {hggqt$tcr- yhtd ld!.cetor 8 Puroen tlttuntel rtf r

"5
I Folrll tdottfloatlor rd rtrettgrephtc aotr ktr*lf arypllcd

F Dr Cbrr1e FlnlnS.
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{anbft"&411j r?. nFor thc lhsropr lrar t"r,t *-.-F. rr.,u'*.l'
tec p.* "J

Fl+fmrrcer lrr$+! tb rn er Cbrytot gtllt lErdmr eld

cn dcclbd frGE ttor thc rurmn of f,rrftrl (tttfrsalu)*'

tdrrt
frr0-of Id*
fr|C-rlre thr rottr eg thr-Cr*A

1r pobrbfy of Tettrl (rcrnpn) r3r.

Thr Grrth Fonttn lr oonrlic.al to tlrrl brr! dqctltad fril

tcHdlty oryrtr f! drrp rrtc. Hlutc ertt fod rt tFl0 lrf,

ffi,lrltoet. " 6g'rctloo of dulretl.m of ffi) rfilh . gfu111t

fonud tt 6r{d rrf.413919 nr irrfnd fbon rtthr # Do

dcgncr or ild *r',acf=srr

tfull.nn (gf) hr rugg1gtd rn tnts16tflg ndr of g:ldn ff:

th lattrt Eand;tor (tdFcil) ta the ?epnoor lellttr lr orfdtrd

tb. ;l1drtouc to bc r rrdrpoaltrd utt uhtd H ltd ttrto thrS

rnooryr*A l|ohottrtrn XhdJtoDo to eecnml.ett ar dtrmtnffifrf lGtI.

Aft3. cryrc0loa erd fffiuratlor dtffoerttel eerloqa hi,r 4omC th

mldrtffi. funrr ar tsolrtd prerd nrtt. ttrttlrtftrlt th.

rrdrtonr trlaltr auld br fin to prcdrFffrrou rfqlrr3 dnriil '

rdlnrrDatlm. If th. dr6nr of dftbb$cr fu t*8 to ilrrrltt

durr! brdr ttr @ f,lprrr tffild br olndftrt rbmt d-

sry }atilm thr Lusfptgt rlnry rhrcrtr nprprd fi Sotlt,$rt ln*lrEi
t\

at ftrttNbcf Folnt W 0trrt l,lecttr alts t^fi*T (f964)r sd tb. fil - 'i'

eeplldrtfea tlnry sr of tltr terrur P*uttg6. /-
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ml4 th tfr tht thr pflfsr lrr Ef r*trudid n to tD.

rc flsq tb utvr &mlrtr-olourf podr of bnlt urlr foD&ft
I,il,nfit lrto yuag rrt tdtrct rt r rbrfbr drptLr It errdrtln
of lrrpls&nt b.d. lsrr lr r tilEl lrtm .f
tt Haromtr 0nrgnrtrr. hl4 thr wLleln hr1r quryt$fr d

bi*l'qn'tut'
rillcr rilla br r.trfd tdo tLr rq rfrrd rnlt ttffi Uilff*
tt|rr of nflo

:l
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UTPIR TBTITRI $ID QUANTERHTR! $TN.lfIffi,,IIET

xu&rlr lt}nmrDx

h+ -trl! rilfirm.rd alHiv$l!|t

?hr forrtlm tr urd rftc ll|rrrtr Fr*r rt ltad td U&94

(mc Fllco 8). tbr mstlm Aoma +lq3 ?o Eor Strg nlt of

Crdh H{rl b rdr tbc tyDo rrcOtm. fhc .rnrync. ogtrr rlrtvt
nnr mndrtonr, ovclrln by rlttrtoar rad follorlrd tf drtor. I
tbtn banl orytonmtc and a tbta pn!,or rrh, tt!,cb locrfry drltr.
atr tbr bnliril thr top of thr fsntloa rrr nt trrd |a tb tfer

rrstto. A locd oonglomtr ultb|l t[o upc pelt't of {[r Iuffor
!.l nppd nlot of thr AUr.dton Farrlt if r rqarrtr dc. 0D tb

np thr follovl"ng rrDcn erc dlrttagu!.rbri.

'i),

cJ Arh

,l lMrtmr
C, slltrtn
Ct grndrtm. <C.CoryLmrtr (Bottil)

nt *rrtqtfn rd SilErtrsrrnhtq 4fr+tlanr

Thr Ug$rtr Forntloq oropr out lD tb ecutbtttot frt of tb
npprd o-)totb mrtb rnd rrrt of C.rth UlLl, rDd rlrc bdrrl th.

llfidtoa ead lhr{l.n f aultr Dfrr llfHton.
Xru Cutlo Hrrl tbr fcntlo rortr uoafcnbly or rrll

lstwatrd ad #terrd crrttc fonetlo, rtllr* tbr out
belncl 

-crlop tbor e hnlf to tbrr-T.tt-. of r rffa uL..

(top)

lb brtrl emtr€t 1r prrtfculclt rrLL qord |a a rlj$ tnn&



6t.

nss. t crrth ?odlc @lr [jrntr r*r8
ffi, Elrl Cffits.t ooryora of Ufbtl1l ldur,trat

tppc l*+lrr nddor, pohbty ugrntr C1 Erdp

rtd;@,



sr.

trlHrry ef fo Eor Strra.

Soutb:-uilt of Alll.'rdton t'bG bte of thr fqntt!tr It rt upord
A

hfi tr tbeugbt to br mt frr bdou th. grud.safPaee.

Thr lprrtt loru,tloa lr ovddl bf tbr ?r Hm Trrbldltrr.

9oltat ud thfdorl

At Crdh Hlll tbr follor|'ry rtqurncl tr qaril'.e ttln brrrl
mDry oougforrrt , Ti ft tht* o*,.f#nry hofo femllrr rd
rt rry plrco * cmtrd t& c.loltrioi[ tfiU--rodrl to ffiriufr
!*hfo of grcyrr*. lrl! guceffV 1-2 lnfu lmg & rn thoqlt to
hrvr bo.n loeelly delvrd llon trhe 6rrth Forrtlon. Iacafl;r tbr

batr,l oagln*rtc 1r rbrcnt, Th. syrrfylry blur4rqr rsrlvr
rrdttoa.i fooaf$ ottrln soneril,los rbout, e foot tn dtrrtc.
Thc $rdrrtoe, ftrd;aatrrrd at tbc brt, grrdu uprildr firto vcitr

flnc rendrtonT at ebord 100 frt fbor tbc tap of thr ldc. ID

th. thln rcgrr.Dc. rt fc Hoc Streen rd lt grld rot,151912 (n ffgg
9) l-foot-tHne orlotbleontd fidf brdr rre pnect. lf o.

t..
loorltty, La r l.ft trradr trfh$rry of Tc Hor Stru ri 7til mf

-/
Wnll)th. nd*on 1r rrr{rrtrd. gorttccl fbrcrlr sr oo-oo |l
tbe uppc p.r,t of ttr rrrrdrtom. lt oor locrllty lrrr thr top of thr

c.; $ed$ooe(rt grtd lrf. t8t21),rdf-"ordd grqrlr*r prtrbl,.f tnr
F

frrst, Shrllg oollrc&rd flor forrll focilltf 549 ur dlrtortd,
rloagrtloa brtag ta r ono&, lndlcetlqg rocrr oryrlrlon
rt r{6!t englil. .

ft Atfr.dto! tbr C, Sandrtonr 1l ooupor* of nmtrr buo
srrthallg ffi. $rdJtonc vltft r fu thtn prl$lc borlmEr cntefat4



?o.

tlgrrrr 9r naryonm of chd.l bodr ad tadttoor of tgaretr Ct
f

ftardrtme tn largc trlbutary of llraurnaa Rlva at grld
I'tof 45g52 - tlotc beds dtp 8o to routb- r.rst - EEI ferrlt ,

at Lefb by hrwr@4 rncbw to left (fatrtt

plrn dlpa et roe b *bl"lne+f o52o) - At rtglt a fault

ttlth " 1"ry.{,t"t*t throu dtpr at ?0o at t 6"61'rqg of

2100.
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- 

F
-The 

sanolslront<

vrLl rmid oDritrcbnbns pcbbfc, r\At thr hclloa of thf Ca

Conglffieta ffi le 6ctc grrtl.i tbr tfir nrt of

tbr rdc. lbc bem tt Dot cporad.

lh. CA Cog!ffrtr llm Dmr th. tdp of lltc I, grddoE, at

tro loorlltlc, (gtd td, Ja1p1I, ed {grld nf, r1W#), m tbc

atrc routbnrrt* ;d;ili.tacrou"n lrrtc, of u antlcl|rf

ll$, rfulch It qil nar t'h ar!.r by tb. Att}dtm fcilt. In .th.

rortfirutm outcrop tbo mglilca3. 1r up to tudy frt thtoLt
A\

an6 omrlrtr of urll-tldcd obble and pcbbl'cr ed roettsri

USftG ftrgutc' ft bl b.a nckcd fc rued ntr,l tn ttru

tn11 qrre3rt33 (16 Plgurc 1O). Ia tho Gttsrtmet qprrrT a

hmlm vlthla tbc onglolratr orfialnr gftrllg;lf Gf. trESX&1.

tb. cA mgl.onmtr at Alfrodtoa oecurr at rbout tibr ran rtretlFrpbto

porltton tt e prbblc hn!.ron t! tbc Ct Srdttolr et tr bo Strnr.

CA S{lt+o!.

Tb. Ca Etltrtonc tr bluc- gel rpamrly forrlllfcourr rrld rnd{r.

04. rtudrt#r

tb. C, 1xrdrtom 1; gorrally a llttlc dlrtc blur thra yoilry[
+

udrtmr f*rtlort thle ny bo drra to a lonc arb ooutat of t[.

rod3. bcellt thr nilrtoac 1r dsrk boua la ooloc. A fw rrr+'

folrtlr em fbrd D.ir tb. bur of t[c ndrtonr, At foilll loaellty

i?,Idfg111 11nf_ fu, yat found. crX.Garouf outorrtto0p rr3 nrllr

cgryt, a3r tihc brrc rfirrc ryhclall coacrctloar about g irlebrt tD

dtanta ocot.rr loGelIY.
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r18cr 10r Fqprarnr:ttfHtoa pnrlt Boerap rpthror m
*"tfr;t rldo. S3ftr1: eurr:rlr tn r{gsreto C,

couglonmete - it eouthm rcetor of enttsllm,l

}|'Eb. hft, tqF\E.loqql:Htrl alopc of l{gantc GO

lntudrtonr.

c Ap" n.a

Onr h&d J'.anilc mrth of rrtg 10?l a rtght 6rry pnnloour ilb
brd 6l ft tbre, cortr,lna rilll mrtcd vely fll. grifd tf|trh -
1/*th qrnrtr partlelor act ln a Tcry 3h3:grot^ced orrlraltc e6d
rilrtr. Furthar routb (gld r6f. rug0rl tho arb bd 1r I ft tht*



75.

\

rnd $ fl!.ly !rr$atd. Th! arh bcd fqr r dtr:tllct br] of

alo! o6 tihr hlllrldcp end cen br ccrtly & s rlr
1+

pbtogilpb. FfidLm rnr traord ebout r rlle tonilh of tbr

rppa aru to anr rrutt tr{.g (x.zJ|,g. 1 lf15s gtd rrf, ?6FfTr, bu|

Bho+rr!-!rd dor mt ooour Eth of Tr tbc Strrr e rt Alfdt'8.

rtldFrrr Terfrtlonr of-the lFbcr
Er* of thc lllldtoa Fenlt th. Gl Sldttoo. 1r thl4eat rt tb

tyao rcctloni lt lfil*ot ffi.

tr Eor Etrn grctlo at grf.d fctb of f,Crntr
rd.4l9gp lrar

o$lf.rt o@ftt o410ftd

ruthr' thtoh.nllg of ttrr C., Ssndttmc la e ffi
dtnot!,oa bryotd thc nppcd ana la pbablq fibr uppc lc:tfrry

Send;rtoure pcmbfy f@ u. tclf cturlrr t&F{t,(l||

r!,guer 8. )

r*.!t of thr Alfrcffton Fault thc C.t gandrtooe lr et fr.t, ?9O

f.tt thld.
fbo Ca Slltrtone tr unrally $out 120 ft th16l. ID thc Gtt@

eartrrn pirt, of tthc nppd arcrrt trld r.f. 1A7962/tt tbt€tan rbrytlf
to abant 4SO f! aerom s wth-prtblcrtclt trdltr3 fElt.

Errt of tbr tlft.dtoa Furlt tb. C4 tiudttou lr frttly utfm tr

thi&5e, Ia oory.rlroa*t.th. c2 sardrtona tbco lr otl.I r lltgs

lnorrem ln thtobrrr la a wt'b-rart dlrcctton.
S€5jb HapW Crd lttrrr |r€ttn ff
lc Sor Strcr thr ltnn Blrr.
trrr Trlg ldtl
o ?10 fod c 86O fort a ?6O frt
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H.ft of tbc Alfrrritol lauLt thr C4 lsrlrton tr rbsut 1rt00 ft tLlcL.

- }{acrpr.lmutolocr|-lry$ Gorrdrtto

DrU (t9le) doorlbrd e Isgr lbllnrcu fru fr6 llryf hc*t

rftt3[ br oonrtdurd to bt apprortntdV I@ ln r3r. tr

ao0rds tht r"ftbtfb rrt ef thl rcLluroa $E oD! to EmryI

rd tbr tylc arc at toryrp*utu tn Tannallr tH tbrc uE r fr

rPrrlrr enclenie tc rttlrc fuTf s tarurll. llollurc fior thr
vtg,l lutr

ci saad;ilon. rbf r dore rfffiftf to tD.ffi*fo- hTpf 6ffi
' +"4H1- gD/ c f,tbra-Us. fril frre&$ eput frrn EUr /I fft6}ll folrtb

vrth "o*.t- S'"#rrlriirr- irt ffi -f'rd. t'kr1''' 
-"; 

--'
\ - _..4 -'

I rtnstr t;i;of oo.*qr.p..- @ Crtrilrrlr
Dctf ll hp ed r hlf ttrf grrtc tl rlrr ffi crttrrtls ldetfcr.l

to thn rta3te rycclm fnld rad dsortb.d tf DeU ( I9t2) . Ddlltl

drocrtbrd ;pcclnn ll pobrbff a Jnrualh'

Ttn grcru fftf lt mt corenfy fouad fortl. fb rprllru
fler fomll l"serlltirr 1105 rd ltft hrn rplro on thdr pcfDhct

rl.dlrr to A. ihfl3f (ma Iln 19tA) hrt sr rrltr. l*dror tb.
rptm m 3br pcrfnbry rrc dlffcrd thea tibrr of |1Et !,fp tIil

alrt},t.l-
?c llrcnr Bry (mr Hlalag 1rrrl. Tb. rprctrmr aro @

gi,J{:^b',Ca
fion L.frmEEa dccribd F ftrtc (191?).

A ff,,Uj1 tryr

b.frbt

6?n

I I. nr fft rolnil lbil tho C1 sandrtmr

h.r.&t
(t) 3o n
(u) t&s

uidth

75n

vldtb
92ri
38n

BdSEt of tglrc

Tl-

h.C.dht of rptrc
18r
7.t:
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tbr rS bd rt!.oil o4tcy ($fl) rrn.d rt thr brrc of tb
lbplrl Fcutloo, but ffild aot flld lD tb d.rt itrtEfG}' |r
1ajotrtilf thr 0, etb b€C. OaSlry ffid tbt t&. rrb |r tFf,D ft
thtol lD the tlrngrnrfegn"etolrrd Aobr4e gurrrg S0rtil'irtr,

rbgut I rllrr rrt.tr rq$brrt, ef t&r ffi mrr of

tb. fr..t dlttrlst. Ilfly rtlrl wthrrril sf thr ryd uq
rt ?r lhmirl nr.+Id,llh firrl, p"[9) rm.d r teil of $ttr
pd,crrr rrb rt tb. berr of, trbr lhptta Fonrtlon. [cr n9ff,
lnf*rrri e ffitbr{rtra n.lqnlc lorEorrti t* Ibfi Sndco rrL

ttd hr oufd*.ll lo b. udrltle lntthlly.

QFfl&rtru o? Ibnor{trF

f thln rqpmff of C., srdste mutrttry tbd.f brlr n; dqnr
t'td nrf tc h Sfrlr at e tlra rfrffi t&to&c nnlvr bd wr. b"'Y

Cryotft d ftfilrcr E rtborstg tblr rr;Qlctrr tnrt th tr llor

St*nn cr{E ulr r loil.l hfgb tdtfcb nl Fcr grrfinlly Idetd !r
Taranrktsn trt t&Gn tbat to tb nr.tbpmd. Horth-nS of Tt

Aor Strrl tho bosd Frrt of ttr; forutloa eutc,t-nr rg;trr ftDf

rda'bono ultb $Efrrhfrdcd thln rheil brdr, rfilch erc thqbt to

lrur b€o dqodtd ls shrllou mtrg rqutrr"bat ll 4rpttb to ttr
gdbllls Blofrclra of TrLLe.

At tbc tounCrry bdm flucleadrtoao ad rurlYl rly-fiD-
tadttffi.,lorttcd rcLLqte! of adrrlt eg,pennor, ilrcb er W./

srrffil& .Sallrnrls gUsfl, ard llglil$m Enulg;lr oogrr

F'hilfeg (tg6tb) h+r eonrl.dsgd y"1 trbo pmmor of sttnsl rptful
gttFthlelF{,rr ln Upper soutLland roolc et 'riatndm, to lnd,tcetr c



?$,

dete af d*oalttm of, about, E fetbsl. grrrlnr drytfl of

dqorltln erf lttrly fc trbe uPPf FrrI of tb. Ct Srdrtor.

Th thr&-&dtd l[rCrclr ct,rrrfl1$ lt tbr c2

Conffnca,tr sgutr tht tbr ooaClmrte nr dryf d tr
ru.T ornsr rnta, prrhryo rt rbout hf-tlfLf*ntstthll. U;rrt

*rgrtl ln t&" Ch Cagfomrtr eO tl;llrCto tdioef,e t&at r
lrd rtr ntth r FrG of tmr nr r*{5r.

$orttcrd rs.otbrrfb tn thr CA gilbtonr ldlrtrr tDrt tb.

rlttrtom ns drporlt.al ta rhrtlouc r.tr thD ailiffio *a

Stltrtom, ffi n*accrr*fr ecr r&ld-
!{aerofosllr rrl rt oorn fr th. Ca ltrdJtcr G..Pt !G tb;h

trlrr lhry of ttr rllurer en ldro|1 |1nf $rl"ol t+rlr (tl6f,

p.36) matdccd to tdlcrtr drcpc stc thrD tht tm'ffy frd*rd
b3r rcLlurae. Ia thc uppor Fart of thr udatom UC-ttptpc btryrf

dqtha of dqodtlm rrr tdloatd t5r fonnlnLfm. lbr rolhl

P..dr.&lru-llfr rpfnra rt foeett loc,lltlc 966 aU Yn, !.ailld.

fu b,ttf, ffi'?rutt FCct' ceprblr of trrrywtln l*f

mr,lt pcrttolc. Tbc rbrm of rllt ry br dn to E lb|Gcr of

l![t end rillal jlrt!^abil,o for trcmportetlmt foaeffy vfdrrfill

drcp frr goutltlon rnr p.obhL. SnU local htght rry hrl

rrpprttd a hnrd btt6 frm lncftdIrlg frludcrchtn| (a|r eprilr

xl .

th. a1h brd Ir tbuf[t to luvs hd drporttd fFil r erb fdl .

&td.d b.df, bourrrl wcll,c tbr b.d eDd tbr foufhilItt tDrt tb.

bri 1r rrdqorttd cnot br uelldd.
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TB EOE GAOUF

tbr tr Eor croup corgrtto thr Tr h Hfdfh rd thr

tlrauur, lluilrtolro

TT ME TUEIDISB

lhm rd,,Tr?r tilattm

Thr fr [oe tnrbldtto] 1r rrr.d of3.r tr f,oc Strilr ta vhloh

thr typr rcctloa lt qomd. brtbcrt cf tr f,or 9trur Prr-t ot

th; for.rratloa Fff.r lrtcd,ly lnto drton (fUrH ltnttil.)t

Drts.rrbqtfoq fnd Siretrcr+br1c.,,Eplltlo{ \

H,ort of ttro orrtorop of thc tc lfor lbrbtdtt ll .rtt of tbr

Alfrdtcs hult, !^n n arsuetr belt whtcL tlu Erttr atrl r.tt of

th outcop of ths lg*nta Forntlou.rfilob lt wcll.c. t|rt of

tlr f,Urrdton Fau$ t! tbc Hrnptrtoto Rotd urrtbr Iore pst of

trbr forntto" poorly aporclt, rtropr sut il rnmrrtr brlt t It of

lrht DFrrtr Fo'rrttm. tht tDDc Frtr d th. tr Hol lb'D|iltf

11rt pmrly Eeord rcrth of tbe Fart$rllr Feult rrt dsl tito clt

of tt Ar'rlor t$lGlLlr. thr foq..alloa lr svclrll !r tbf

&ctrrm lfrS.tor.
' 

.t.lrrfli
It tr Bof gtrn th burl ?O fb of tb. lr Hrr t|lrbndltr ||

o+ord of eltmatlas randttoar rd nfitonr bedrr Tie rrrdttm
o*rdrtch rrc affi mr foot thtc* eld tho drtanl uc up to d#t
fd thlct. tb wclylng ffty fet of bdt uo obrord. o'Iru'F

lrrry tre obrrwd bcdr trhcr ar| 1!o ft of il*tffiI'$t"Hgh



ill.

to t ft thtcLl |ltrHd rtth drtoarr uhlch sr tbln tbr

thc gd;tol.r. Ib. ndrtonrr blrr tbrrP codrrtr both rt tHr br|rr

rad top, rrd Gorrtrla frrqufar t-fn$-loaS drton tnolnrlor.

?b. rlddlo rd tryprr frtf of thr fr br turblittr nntr! of

twblitto chrec,trrlrrd by grrdd eldrtonrr rlhdy Drt tb!
2 lneb thl*/rfillc tba nilrtom ftrotlor lr c tir rrrr{r 1 ft
thtcL. frlut outr and rlcro ccsrbrddl.rg ftdloetr t[ot th.

tmbtdtt t frrornal routhlr{r. thdrtsnr bdr ro'20 ft tll* G
hfDIrS cnoretlonr, rr. ooilrr! Dcrr t'hc dddl9 eld Drrr lthc brrr of

tho forntton.

Tb loyu Frt, of t&c forutlon lr Womd hd!\ray brtrra tr

&r gtf.ur rd tht Ttrrur Rlvu rt Eeppy ctt* (fftd r.f, 12tft 2r. '

F* of thc ernfitor. bdr an 6rrdd, end rrl brr firr,e outr3lr

utth tio ud{!y!!t drtoarl 0nr fiut errt ldlcrtrr trbt tD.

turbfdltfl f,lsrrd louthrnndr. hrtb Dos{b rtilr tuft rfrtf of

tsr tfnnn R1v* rt ftd r.f. lrlrlFnfhc hrrl tr Hoc Ib'blttt
rrnrcnor lr ebort 40 ft thteL. the rrndrtoDtrl ofbo caLsrrrurr 8e

mt rrll-grd.n enil rrr flcqtrot\y uctbmd. thrt ottt uce d
obrcrrdrhil tbr or#lct brtrrn tlhc rrndrtoar rld tbr drr${4
ldrtonr 1r rlrayr rhrrp rld fnrfuls. Os tro-flcb-tht* rhl'l
bd oostrb$g Ery ubrotrn rbrlb nr fermdr Irthprtt of Tr

Eor gtr.rnr tbr tmc f!,t of thr Tr Eoc nabldltr rrljr ilt fse t'br

Ttrrrm t{rdatoor rfrfch docr btavc €DCdn rrrlr t lnd thllt nadrto
brdr. Ia tb uppc psrt of thr tr tbr hrrbldtttr tn mdrt,m bdr,

rch rbort I ft thl*, f,on dlrtlncttvt bortronr fror Erat tb. 96 hilt



?t.

ta nr fl;ga (e) t1rll. Erhrn tb rrtc rdrtmr ril

fAO ft of Slrdd bcdt rrf fnst.
bedl

tl.rt of tbr fll}dtfi frnlt tho barclnof thc 8r Eor Fbtdtt'r r''r

Grul rt gplld rrf. 791grfr. Tbr tu'bfdttc rrc oonord of fdF

6ffi 11ril 4 to ? ta&r thtcft rd drtanrslbel e6 to tA t!:b-

thtcil. Tb. g,drtf3a lril r;drtoD ta drGone trhr pl^rof dthfl

c tmh. tfrry of thc ndrtoml mtrtn rmrurf$ brgr XropctfO

cf Amrriaffcr re rh.Ll f}eprtr, d onnlf r'| sorDfmrfy

dgo-err1jr-ladgtd. Abqft fw lndil rbwr tbr hm thlc d.cro-

clilf lrduotlmr u'r.r rrrurcd tn onr ben lDmfry trrmllfur of seJ'*"I-

drturttn fiil ffi'F (e) rnt 9f . 0tbn" *"tir* bdr rbtd

thrt ttrq ut'l Octrd ttor ?tOo rrd 32!o. fhr tnra of trb flf

rlgtg:nfntlonr flfg.rtr tbet thr redlrut! urrr datvrt ftror e

trrlq of AgOo. Io ftutc crrtr Fo fogd.

Xoltb of tbr !{.ngrrboc loail, thr Wp* 300 ft of t&r forrrtto

|r spof.d rt tha omft e! tibe llrkoe latfcttn.. t\p ff5lt-Fry

pno;ou brdr; t f,t rd t fD& thlc*, ur lrtrrbddeil ttftt tDr t*tildlttr.

ILfSoer
fbe tr &r lurbtdttr 1r ftm ft thtct Is tbc tnt retla

Fqr dle mrtqod_rLa I rrotten nrot of tLrrlnr (a) trttbth

rut+G-the tlr'rrrnr l,rdrtoar end lr noG ncbldlt fotntioE |,|+"lt\

1P0O ft, tm rill6 rfith-+ost of tho -ttp. rreiltm a rQlGr d

turtildttr, prohb{y of tftq rrlr rtrl or tblr d tf,r tfpl mrftltrlt,'

rqr/ €mrtd|!'d t'Z ottru (1969) to br 3rm ft thlt.

rrs 
d

Prlor to XFrfrr (196$|) rrrlrloa of tbr !@ttil
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,$
bamsy lE lralrerrpl (re,r abo lpfioa* a) tbo tc Hoe ?wi:ldltr bd

oolbfc olttldcd to b€ of F.aplt*"i a F,.opltrnn age hdt bem CdEd

by Yella (1963d) for tho tlrbtdttea at CteladQ.e*. Tbt loru rnl

dddto Frtr of tlre to lbc Twbtdtte aro Du odu*-*i^Tt toujlp
+o bc

porutnn etEr r'td only thf ufP€r fal't rts hPlt€cn'

cqtvtt$lalt of @tl.tton
?br fgurtr C, lt h tr reltrlstrt to an srn lortt cf tr for

8trnl, It, 1o conrtdrd tht, tbo Tr lbr gtrt! qpd,rtely

nr*r ftc bonndary bdueo ts fr's"lamr one to th. ffitb of tr
Foc Strrn lhrrt innbtdtty orrrrtr drprftd rtdrlrril nr to

th. Etb rfr.'. filrhfdltlr srratr F. cerlrr Ff*Il3 p rt*{rl1
tnelrdlq thG Ct rrb &or ttr rr f:lffir.

fbr rattr.d lllnft-ldur$d rdrtanr fil|rrtr lr n of, tlr
thtokc rlndrton brdr nrr tbr bem ef tbr fonttm trl{'rtr
tbrt Dot rlr of, tt' nt*trl of trbr b'd r#T* tb'su3llt dY'

prtor to ftf dQofltloo" f.b" b.dr rrc tDryFt to hm$f b"
JcTociVt

@ trnrbtdtty cEmsriil rai'hff t'h! tlwrtnrbldltt (rUf

havr boco outdrci bf Dmlfradrl d. al. (t9tt) to btr b.Gr l+ilttd

hr rrbufrr tnrttloml bctma rorp.ortu and rlwPlre) Ut ttt
rr'o nralr olorcar to fiwa."tcbtdltcr " thc th. ilG of & tl
ttoo lbstilih. ft fs tbugffi thgt tsr mdttom onmrfrfrC tf
rrdrrtolr ffrgnnrtr r5to rrdepolft'cal thr rrnr Gl€rn !r.

Ths tmbtdttrr Hbtch arcllo t'hr ftm'bbldft- rrc obslatclrd
tythtnrrrrdrtourr.rtit'btgkd'tomt'tl.orrrrthqBtoblrbn
d;pde.d rt thc frednf frrt of tbo !+nn@ltil!
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trrGh rt r tts ntan ttc terd flactton of thc turbillty fcld;

rnr rt,tll brt4 trenrportrd t\uthcr ffiIth bgl th. rrpft{rarll3

twbtdtty ourrltl. thc thlak rldaton Frt, of tb fri.I bdt

lr ona!.dccd to b. tb nddt trll of trh turbfdtty rclqdr'rfrlci

rg d;porftd tn frtrly rlou\y rcYtng uetlr, pchrpr blrl s |taF

qn cftc thc prorfnl prrt of tbc trnbildtty cumut brd cc!||d

thr drporltlmrl l'rolo

tbc grrdp1l sheagr flror rrll-grrffi to fry3'o.ftfUly-frrdri

rtdrtor. ln e d|r.ctlo tonardr thr rorusr of t&. turlldtty olrnutr

!.r t&qg$ to br duc to dcpoaltlon flu rlsrr DYtn3 rad bil turbld

6rrrotl. A ;!,rflrr drangr fl"or trrtLgrrdd to lcernrlX-iFdaf

trrtcbedird drnartpner ad rdatonct Dar{ly ln tbo dtrrcttou

torru{r tho rourcc hr a,bo bec rctcd td nppd ln tbr l{r[oof
For-utlon flng Cqnt.ry arr tarurenr!. hg Gloh Fgm p.614).

Ycrlr (D634 fstd thEt tbc turbtdlter rt Gld,rnd CF.t rcl

dryoaltrd at deUbr {ectelafy grat6 tbra 21000 ftr rnd probbft

brtrra 4rooo - 6roo0 fti. t#iffffilif.tdttr u!.,r drrorttd rt
h obot^F-

tbc ran. ttr ar tbon of CloLend Crok, and rtn.thr ren tr{lr+f
C."thffS.ar"otr oh tbc rtpnl f,Ioor * ffi b tn ycT ln.
Vrlle (1963d) forud thot trbe trrbl.dltc rt Chrrld CU ffi. roDF 7

,rr.o., lr.rl *o (
rbrt, thtoLa thBD tbon of rt ?c Eor Strl-: I r i
l*.'tho. thr nndrtone Gfo*-rfifr ,r*.tt.r tJrrcLca,'6 t*h..m

-\-

2 Lacbar.
'L-

th. 6rrd.d brdr rhloh sop otrt rnrt of tlbr tlfrctton hult rt

fld rd, n49[8 em rhller to tb. frdnetdl b.d. dretbri lry rfngn
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(1g60 ffirrrr 9 p.208]. rt ra thotubt t'hBt n*oti-*i-J* t'
lrnlruttoa ln trhc gpo Frt, of the randstoni part of tbr fr,dll bd

5 dnr to dqorltloa ft6 tbr tall of e hrbldtty Gfddt ril6f rould
t-,

br travslltag et r dwu rata.

IIn$ilET HTTDSTOTE

Xerf pfl tpa mefitnn

?bc Tlrrtra lffidom 1r neocd rftc t'bc Ttrml Rlva ltr rfiId

tt tr upocril l.n trr benit rrprratill F e rrrdgr ef Ir llor ttrbldltr.

@
ltort of trhc forrtlm la dfraloped bclou tbr lnrrr od nlddh

nedgr of Tc Hoo ?urbldttr laar tbo rlrrurl Rttc. Abod a rllr

rcr-th crrt of Tr ED. Strrl lt rrdlrr out l.trto thr tr Ho. $atldlt '

lodd
tbc forutlm ls r bluc-grry rdrtonoi tocrUy hhfrr sociltlor

sp Dot unooE3qj gdrtoac bcdr ebout 2 lne$n th&t irl v3? rtEfr

Rrl$ronr to flf&ar F,onFtfatr

tbr Ttratnc, ltrnatrtorn l"d.nfff,ltrtil Yttb tb Tr Em fEb|il$r rI

1r mnbmr tl ontrct nlth otbcr forrtlor.

It lr rt hsnn tf thr drte 1l terfrl.y Prlrglo c tf lt nr
drpod,trit froil tbG tdb of twbtdtty srrrotr. fbc rrr. nnifto
brdr, rnd elro ttr rtrattsnphfc rc!"atlon ultlb t"br Tr Ho. I\abfd$.

lrdleetr that trp of tha forntlon l.ar rcdryorltai.
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SONET ONOUP

I

thc groq tr nrd efrbc Soro ,*W"cerporrd of tn
fcnttonr, rni Dta; nlbcr. tX. rdo-r tnrldri llre ntr

ld1rt6ne, rhr'l1ou-rtc-rrbr-songlomrtrr lodrtou rd

lln3rtog, rd 6t---nrtar @.
N

tlr fontlou rr4 rrlbcr ef th gorca CrotD rrr lbtri

bdsu.

Fon{rlIOr

f,IIPARONO

ilrroronrru

(
(
(
(

t
(

(
(

t
(
(
(

HHM

34 tlrtt€n
t, Coaglorrtr

Se Sadrtono

St Sl.ltrtoao

t ltdrts.
f4 glltttoa.

b Srdttear

\ Gor.Srol6tr <qilrrl

tho gono Arcrp lr aotfise lu 3Eut1ct $fth tbr cstr*onry
qfotaA btF- +L.3

tr Eor boq rt til nrrtro;
riltfry at thc pl.*ttlh Fanlt rttcb nr rtth i*t". llllr of wcnc\

pvrut rt tb ttr of dqorttrn clrtn3 npld frdt fiqr, t
Al\ arl-tJ .lr;:4,'n- bm rnlj"t& ta I.-pM nrrnt rbt$ilt tc tbr

d4o.ttfs of tbr pilrPf r
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l{rfforonrffiA rcmffiIox

&prl n4 I\rTr SrF}roa

tbr forntlon lr Drd aftc tlanerprancl $ttrrarrrffub{r a rlg[t

tren& tr!.htar" of tbr Uelrlehl Rtvcr. Thc tocOl.ffi cporrd dq

Itel3ilrrraSr strcu tr ndr tbr tylr erctlon.

Sfrlr&n
ft tb. tnr t"otf*lt6nogfo-olt", Endtto!., rlltrtmr rld

ndrtonr rsenr ocGtur fr:&*"., at tp locall,tlea lcrold bdtc

of rrrlolsurcd nrl u. Frcrrnt vltl'btn thr oongfonrt'r rdc. ID

tbr Hrngrtrlaska Tallry thc F* Slltltom rnd RO lldrtoae t{da r|

rbrat.

Dr rtrttrrtt$a

fbr UenCwegr Forutlon ber tm rJor rrr! of dlrilrltrlt|il!

lr r blod mr*,f-nor"gf,-east tredfnf brlt fnm lrlprroro, tborS! tb
A

rra of tho typc r*tlon to thc r{oossnr Ya[ry] |Id ! th. Itaarrtrldr

YaXIq upr;rren of, flrrb. Srnl.Ir or*cofi q#aoGrr rr|t ef

l*orgur rybrtttra tbr falknr Road end flrru frrrltlr ed tl1fi of

Xe,lprrorro,

lsEld

tbr Bl Cmf,acate osdclnr nll-rod.d
l+ l's paf l'lf vna/th{ awrl 1ovlll r^'}r-Yhafi\e' L

grryrr&r mbbbr ."d p"t*h-.' rt tbs tltn irstfru (t*rn3eonnfe

Strrr) tb nl Coagl.onrtr fu corpolcd of tlhr follou$gt-



@ lad $Ddrtonr brdt

Conglmrtr

nZ lbrl (Ora rm rr{ rttld nrlr)
coufLmr,tr

Brtal ksctf,

lclr-ftn redrtoar

I.mrntrd lrcy cfry rrd el"lt

Orry clrt
crrbomrw brtnn
e'W cfrt ;ldlry dsra lnto

CrrrtrU-trrG rllty-elat vttb til palr
rttlr

tt..

td
u0

m
1A0

n
120

lbr brtrl Erroelr lr cnpord of 5LL 16't,.1 t |r*-tlrl

rnguhr jrryurtr ttrgntrl rdrt& rpDG to hmr bfo lGtld

fo€rllt frron th rulcly{.q grqrnrtr, tbr brccilr F tI uF

atrrptly ft$o tbr ovr\ytne onglom'trr.
Tb. B? thrl lr taredt e Srstb.m E{r Ght ufth nrffitntr

n.
qudftf6 of bmleb rrd chy. Ocerrfulft ttr grcSr-grr- 3bt

A
lr Ftilra UeraItb:td.

.\
l typlorl restlon vltJdn thc RA I'Iarl rt ;r{d ld. ?I_ffil Giltdil-

l..O
1

I

t.?t

.2

,

fprrt flor thr typc mcttoa, thr allrtrthilla of tb R? llrst

1r rrtrlGtd to r nll afiorop rloa3 t-hr fa|lrry llsr rt ;rti tr|E

1949t1.

Xoatbmrt of tlhc ltal8ronner st'ru rt 3rtd rtf. 20n69 tb.

oogfmreto ormlyt4 tAG R2 l|erl bvr fttld rd rllpprf Si
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th. t€p of Ure raFlr lrar trbcrrtraertlbr @ rrr dl rf,al
d codrfn boldrr q to 18 lnhn log, lilgDr up ll tb rGluglrt

tbr balder glsftr.loh1 '

Itr mglnctc rrr nrrfly rdl tolfrrd, 
""a @

. $et of tbr nmgori

T+llW r fr rr*t of lgnttr hrvr b.r teLG tlu Drr th. Ur|r of

tbe Gouglomit ,

llqr lelprroro b Bnot $trorn r lmld otftcop of brcclr !@
yar{r fnn3 ht bra rpp.d u \. It lnr e ndru thfdrlrr d tn
ft d tt ooryocrd of an6uler flagrtr qf tb rdctfrlaf |rqtttl
(Tr,nru fs*utta), trUc frrrgrdtr am lwrllt about e hlf, u |lS
lq ulth e !f,rl,iru feagl,h of elr !EGM. Ider of, frf dtt ed

€Iry up to a foort thfce oG'cur nnr tlrc oster# vlth ter enrlldg n,

fafltr1 tba forttoa entrlnc nry hqr lpulder up to for8 ft lo{.
olot.n! aL PlactrTb \ Coaglou.et; lriliitr=tf@ bctffi tf. huu ad

Rongohohrho feultr.

A tfrrf cuteop of Frtly ladtrratrd *t.frrtfid.tr
amt6d to tba Al Cqlolcratr, orolr out la thr lnkrbahf &lvr

rrJt of tbt liunr Fault at grld rsf,' c/9191?' It oatalnl bottldcr rp

to thrcc fet leng tntcboddcd rdth oobbh bdf ooutebfns abbl'r

9 fnM l"oog Ed thf! coaroe senortouc bd6.

Saldttone. IacaL$ croaeftCains ldleto tiat tbf b'rcGla g
/\

dctvd ttor tnr csilpdn&rt.
-F\$uth-rmt of Xelparoro, bctnrren t&t Fallnrr t'ord enn nqplo*rb
^

)



lbr n, gcdrton tD th,r llanfrtefner Yatlq,|r youryp t'hl tb

n, au*oD rt, thnlsregr str.qf B 1r d|rcrbd rQrGrtelt.

ft t{r4rffrrgr $t$il thr routest bdnm tbr n3 Srrlftil

tfit,

I! tr1o uergf,trllebr Vrltq t&c nl Snffmrtr lr trtsf'ctd tr

rn r1nrl brtru fjrnfr $tgn rd tD. ydfildm lrult' fu Gb

,13ry'rt,l, Drrttr ffitd, tr r'rFlt oeryord of rrltr rtdd
sef-a.

bmldqr b3 ft t fm6"tn r Errlc trurcl rt'rtr'

end Rl ccdo-etc ir Sftc rbrtpt, tt rm loorllttr Hnl

fajtdl[ ?tratrht gtrru, rd r.foaf trhr BrtrM nffi$lm rlr

hlgllry, tD. eGt,rct lt s gr|drtlfll. $rilJtff bdtrlo.s fl

thtctnr-a tntrDdd rdt[ omglemrtr bdf abelt I ft tfl*r T "i
r nntvr rrdrtm stUdf tp 

Y^J

prbblc brl,roEr.

A Ell arattcu Drn' thc bfr of th. n, Eaddnr rt Ffd !d

ffi1 ofrdrfi-

flno rsdston rith trrt Pct$lu

Prbhb b.i, pobblr I f"DS 1olg

fln nrdrtonr

Frbblc b.d, prbhlr 1 llch lors

StD. nndrtoar

CoaeletrGr3. bo0r otrbtcr I l-Echil 1oq5

PtEo nndrtonr

LG
t.t
0.t

3.2

1.0

3.!

4.2

ft
BISB Ff ffi
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f,on"th-ut of ttoqrcranga stman tlrr ttB Eanrn tho Wpr S
ft of tbr R., oaglourrato, udgef atrt rprthsartur{.; trfio b
$artdstorri.

At Hangaorengr Btrcarn the lons 300 ft of tb* b Sadst€n

l-s ooqpomd of nrrtrs ftnc-tatrdrtoncr aDd tb ttppc 2{n fb ef UCP

ffirs-narrdrtom, Tbc lotm 1n^rb of tha flae gindltfie tr Ef,bilfltF

frnsur. Tbo upps Frt, of thr fln. tryrdrt'mc aont'dlr rilry Eolf
nnd rnbola mlluronr'rhalle. Forsllr tn thc 

"ary 
flnc rad*ta rrr

aorttersd ard rrnlrokn. gplretcrl oncgtlms 3-1, ln&ee Ing rrl
com nGr ttre top of tbr b $a.dstffro' Sar tba top of tb ftui.
rtfior at ttr bcrc of a cltff m thc rl*ht sldr ef ths lthrLrbf ntvr
(gfA r€ 1ft9/r7l nrty lnll. rc.lccrcd hrt E dtttf4l Flan0 6I
ed havco oodur.

tJ.cG af, }brgenr noed 6rd tee RogpLo&ab nqnlt th. b $ailrtonr

ls vrry flm^ga-ftrGdr rrcivq ail acnofcnllt m ebtlt'

ra t&e ltrryntcfnofa Ueilrf

tU nanofaun ls donlntrd tf th*T

largr pclreyaodrl OlrcrrpE fb|;nr fblorltr sf, ttg!f,1;[t rn|
nuGltrsrtrlll sf. tnlt sf . .[rghilll. Tho tqrcr FrrtFf tDr fmr
attou ls partlsufsrb' $ulJ. eaqpo.od ta a ;cctlou aloag tbc Ldt l l-G'

of tbo lfctmtrhl Flve ms the lrrtare sehool d tgr|d rcf,. ffit)';



Sprllfy fodltfsw v*7{1nc ndrtmr
ffi ft.nrullrtoor
grrf frrll brdr spe..i dfn$ of
Im. Gf. rl|hiBl.
l*t-oenrrddm grrtllg dora to r tfln
bd qfo*rtr

G).

l.d
ctS
a lll

cn

,

?ba ufprn DIrt of thr n, grdetlnr lr cporrd |l bucncltr

6-r* (ffd rof.dllgG6) rfrrrr tt tr trf,orlltfrprr' XctLr*
of tf,. Prt Fr Schoof $rcifc, tb. b grillJtom rt FLl qord, &'nd

fu f,rillrr to tht lrer m6rl 8&ol. At IilrIr $tft|r tlr

b su|rtoqr tr srDlc thu Dru tb Prtrr g&o1' 'tt gdrlu

rorl tb|! gunrrc rd ceagtsDrqro b'dt rd roorrry tc $ttt,ed
prbbil,g ed oot*lrr"Eg*rrd. $dhrrt of fCp|r Stltr b
f tbc lt lltlrrbddd Yltb tht'| ooaefiltrSt ad 3i.a, |rrtonrlo(E

r1;gn (p*Br m rrrnr), Bldrtoil cstrl'rffi llilfn ri lrrrp
brrrc, b.ca rryor{lta (prr or lb 0. I,ln).

R{r6ntFt+
Iho Ba Slltrtor tr abrrat La tfrc lbnfrtrtreh Trllryr

tbr 84 gllirtfi. doer not ouGrln nerofocrtb. S'tratfgtrphfefft

1t oGtrs b*rrc tb H, sadlt,mr est thr Rt t{drtonr. Tb oodroG

ttrrn tbc b gedsto!. d B4 stltrtm tr $$t $sEt. Locllgr

d f,rlprrero, 6rtd td. Wl97g, tlhr R1 glltttool sUf!|al rcrttrrf

fodlr wc'll,rr thr tanr.na Forntttn rt the lltr d e bu:ld

tcnoerubfa bftlr



90.

fht R5 ltrlrtonr tr rbrmt ln th. tlrnsrtrlrtr Vellr7.

tb n, t,foirtru olrllle thG n4 SilItrtonr ed ddtr tDr

gt Slltrtmt. l'lacnotbrrtlt am atlat t! thl RO ldrtor. tt th

typc 6crtlo rc1 rtlty brlmur rrc filrrt. Crlsrrrur oonsrdlc

uG rarq # rn ofla r,lonPtr' |n*n'
frller rtetrd blrct ol*ra aft brdr coh ebout 2l lldil tDl*t

rrrnc foruil ebo,st 3IO ft ua 1e0 f| brfor tb tQ of, th. *l T"fu, 
of

ltefrhhl Ftvr krfC rd. 1t49611 tf,L"n*.m

Strrr (grld raf, 201982).

Tt Sgpil Cr1nrp 1r ffic e! ttc talrnn tcltlc'

Esft of tbr lhngrtrLmhr Ye.llrf r lratlorp. cf, ndcrt rulfd bi

b.o lut lr*o tbr TErrrn FotrrtloD ftc to th. d+olttto of tbr

\ Cm3filfrtr rnl b Srddmi prrhepr |l lerpl'rfA t@

tl|.. tb. f,l Cm$cgatt nt Oqorttd l|0 tf,t

ler I\$;1.r oa thr rfsht bfiN( of th. l|nptrfH Blts (gU
oI qrrlt

t.aa 094996) r t0 ft ht$ prprcld^#cd, dfu 16"'g*b of th'

@. ft |' orldrd to b"o bIft lmlpfu)j r' r rn

ftrt (1g1g3 th Uppc Tmfffontnrr rrlr brnrffcfllolo

ILTIUT
D.," to ter 1;'r1jUlrr Htup of t[r @ turilL tL lct

Aro4 rtt of tlbr Hm3rtrt6}r taltrryrr tbc t'hf*rlrrrd of tbr f,t

t5" hdrcrpr iiL tbr wclylnr Rq nddour nr rrrEv il+erltd
f:tt]: or 11,.. ^..'"t)..?jl.l:.?:4_g-I{I t *ig*ff*'^;



tl .

eogtarltl ifu 
"uV 

rerhhb. .lterlnlr tbtoham rrr llrtrrl bd.lp-

HEgf, nffil

ft Nen Sarthr;1t of ftFr stlm rt
brhrn f,rlprrorol brtrn ttrfffsary
npdl Rongs[okr]o ed gtlln
Strln rd frilm Fd feultr
Hfntlc3ou Frult

400 ft 330 ft ?w fi

Bert of irhc Eum trutt tbo A3 Sedrtorr ll rrrtrbb ll tblcbg*

13 il t&lctrrt ln ercl r*rlob rrf tryegrpUfc lcrl7 lr tb IctF-

Hfd t@ lrr"ilailc. Iacally rt frfpreut (1F|t rd

ilgqtO) lt !r rb*t.

smu !{Ett nmE B|sr

Brlol Stmr f,er tmgrmlfr lrr. fct Catrrl
8ea Stril htlf Frn ttrl;rm nod
Trfg &lt tlrf,

g-'ff/'

90 ft flo ft 4lo ft too ft tzo ft
Ia trbr llrngetrldr taltw tl. b Srdrtonr lr tS Err uilU.r

tn thictnr. lb forutlea tr tbl*.tt rythrr0 of ffirra Setodaand

$thtsfur.
fl

sutE rfEFf lomf, E|88

nlrrtr gtrrr frilare S&ool gr4[ td 091f,tt

400 fb t10 fB t€ f3

tbr n, gfltstoil rd tba R. I.tdrtanr uc tcy rntfqr ln ttt*-I t 
+\;'k

arr, th. Br Stltltmo br{ag aboril 100 ft^rd tA. E, thddu ltnrt
tt

Cno rtlL"k.



1}2.

@r
tec*rofogttr rrr rrtrtcH to thJ n3 gcdJtill thr feu

tln t&r lhrfrmalgr tr.r dtffrr rocrfu3 lf,r#fd fts€r thf lro^

Hu,at ffirn. Tbf frnar sr ltrtrd Irperlrt [t) (SrflUr

*sL rd rfth {?}}

Ib" b 8ilf,iltorr fr W dfrdtwrrr b.|l6 ofdc

at lhagrarugr Strcn rfiG. thr wa$rlg f,O Btltrtu rlt nt

tUrtour uc drrdopcd, then st Futrn rftsr tfre B* Stttttfr rd
rS

RU l@mr trr err ebrGt. tbtr oaf,fnl
tt rudt (1966d) rtu fod tbrt tsr ferddfua

ry Merr S. rtpLftcrtrtlt tdeEc thr thil. Sil
ItrnSp6n3a Sttran, lha ncofnna of tfu $ S$rt51 (r* of

th. Ftlnr fbunt) cdtrls. Fr ;pd.r rfi!.G[ dfi eccr lr thr Wl
funglrlot u fiil&ga]r Gdrqryhil nry clh thrt rrr effi
Sou thr tt$ql fcuaa.

a
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,n 894 8n 9I1 elo 9?1 rs6t r|tt
ErffiIr

E. EEI (nan*c*)

ffirlp.
@GrUurrd

SffS Xirnrt*
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lbclegnfirr rpo

Autlochrrs 33fff IIIlry
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&Urdtsr rpr
b1ap;lgr rpr
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YG+lfiFr. lff,. ff,tfi
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;'srrfr t$E'c.rilfntl
i.0rdrl lrffit ur$t
Bhrt*tmrr rr*Tr* I
Eulrtllrrglr} rf?.

IEJ lrnd*
IEtIdlb tG

ffitfii"
ffirflil[r. ftre]
fntnSrr (qr$
Il|flhF'
Htrt|rllttfltr nrdrl
T:t*rr lf r hlr

t
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I
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C
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Sf.

SiIlrJ-

r!3 GA $I rt fst

Ws.
$rDndrM (ffitoa)

Idssrrfidf (mtta)
Inlc rD.

fn$&r$ldr (ctryl

I
I

I
I

I
I

II
I
II

II
I

I
IXI

I
I

Srdrelr (nb) -rrfru hsrd*
.$ldnllrblg tlu'tt$L

6lthd.lrffil l..ltilct
Etrggib rP.
sstrsiqEn Enf[ Bon*rr
grmdlHblr
Elllrf$ (cstrd)

IE cfr tfllll Drryt*
@ of-.sll--(a*trr)
@ (Furd,l)

llLnr lPr
b$lqrl. rpr

rt ffi*rmgfon. rp,df.!118dp naldElf #
&r tbrt 61b sr*tn rr @ rd f+bbff rtr
I@lnrj;. I

tb. ?O rt-sht13 lta;ltou rt tl. fl ff't&rrf |l{ttV +tl!
ftd rrr ttr Diltn cf tlr IrD br (r* cru. I*til HI &

ga'f.,P--\
pcbrDily tLibif3f-to tho tbfrmr lmt{mr

fiD mrp (ffAal ffiDg r t@ mordn H
of 1qg.13rllfq *t6 tr ddlb |l rrdd rd fir'rtlFDlf,i

prltln tD tttt ffi at flralnnfr 8lr ll.



Hdwc:lft $tnr
8|rtr'|l (ortorr{$62})

Aref*tfnp;rq
drton

Crdd ftnllt
tfutut n$dln
0rryrrtr
mftmtr

G

ffi
truhrtr drtm
0rrDnnur ftlr
jreifry ta lfr
!ilf

Gcnlctt@
mdlry@
c grnr'Cr

tHrgprrP 8bn

7rtt-

,n n, Ilsdc
Pa Sfltrrc
n- S.drtm

tot
i{@j r$t -dry
n, I||rl

ill
sr@

Burf trralr

GO

to

{n

IM
flo

trt

1lo

2

Ep ttoP nf, lorl$roP 
W -_

f r.rlt f af rtout f raOOinr prorcnt l8 tbt *t-T*t*n prr?

of tb rpprd lri bctm @ EFran ad [rtn*uo r|s

ts thc aaarulrttoa of tlr lst-tsrgrrldat|tmr Srbrrtr' lil f!ilt

ilrporttlo ef rdlmt; i.lnot twt Pls rfth &f-:e*f*
ED.nrlnrl rnd thJl |}hlllrv-rntr nrllr rdlrGtr rrr dlr;ttd)

./
lL-trtj. do*6-lrau nr Er repld tbar thr ecourrtctlaa of rdr#

ead pclrgfc rndr rmfatd fn dorp'ntc'



9f.

tb bnf lrocetr d rhryrngr Stso ldlr'tr tbt I dtrile

lrril'lX pffrtrle trilc thr dal ltfbf!';:da|Itrl'

lb. l? llrtlt lrr pobrb$ deo'lt'l l'l tlr rluAd ndlr rf

r ta3rporrvtru rt- Elr,.. lldrtf' tr o*t'U (tt5t) ftd

lbt r orrtonou .bf.r $t'L co6utrr nF t[' blr rf tb tlttry

dretr nrr l|e{ottlf. rt ltc6orer Elln rnd *lA tt tbfll tc

b. qufrrf.d t tb rt lrrlr ctrl'o I 
'tlrcrtflrl 

llc' til * 
o^- --

.d sr -rtffib. lr..trc.rrt.r rLrl rr ur.ry t \iif;ill#Xl''
I - ddltd lril rrr lo tb sris--flt'
l$- |\
\ r-".tt (tt66a) ttdld tb rrbr rtctfint 'f 

tL

na:rrufr rrc0loor d rr ebb to lwnlt' t'b' tl.dlr rt

lldd btlua -

[ns,

erGrb ltdltgo.
gt Sl,ltrtmr

R, liHrtor

f,a Slltrtoar

n, $rnartorr

(uprr)
Rl @(rn*)

Ifetrlfr

IscIiUr
@
enHfn

Irrrrldlr
@
INLldln
Irffs|ln
rcil14- t

f\

gI0
I, too

a$m
r18
rt@
gra
gD

lm
(ffi

40s
TM,

GM

eoo

o

tqvleel

ndrtsr q1ryr oE to tbr rrqrrsl d*trlr th 'ISfiJ eGS

@ lr dod.nt.d b*; pilsrtn rfi-* ,*ffirJ*
,\-

crodfi,cctnrt fror tbo ttpG rrr rt lhn|raufr sq- tl| b
A



96.

ta. t;ll_r1or,

tt uld A60 ft bctolr tfre top of thr E, sadgtoo.l tffiHfr;#ifit
r . rl I ilfl'#1iltd t" tb" .G".sl.-l

h
arfecs@.

fbc cougLoreetr..broeta rt f,rlprmo, fertral @ tbc rDlrtl-

rrrtg'u elope of ur Upc I@ topogrrpble UilA; ts ont{ed
to bft becn drp'orltcl rr nrbmrlm telrr ntclrl et e tfr rtn tb

n3 Sadttilo ne deortt A m[.
It tr tbmglt tiat tb. R4 Slltrtonr nr Crportbaf at Frrtr

icpttr; tbaD tb. tgnreta G, $fltrtonr brrnr4t+l4$ @
h.rF /

arc p6.rat foa.ffy ia tbo Ca Stltrtonrrtbrt hctr DS beG ltd lr

tf,; n& Slttrtoile. A rrptd |ltllarl tn ll4th of eqilf$m |r ldter
oluti"oldS iillate Rg tlD. lt a pclod Au.fng btr f,4 o Grlt nt t|rr

th. cffat Xfrlbllf flffjg lrd oD top d tb mpf ttr* rt IrrD

ttF4ro.

. fa the HanSa€rangs Streru rrotlour fedt (196fi) bar frrr tffi
mrt of tb B, lffi1Gm. g Crpoelt d dtf|a t.L nohf$ Elnilldt.

tar rBrd;1 of fe.rdalfrr hr. bE frcftd F f.Xh (t96lr) O||
f.odt toctttirl 9t0 8tD6 tn tb. n, rdrtomr (rr rfto fiilnf frdnf

fOO6). fLi aela319 p{3l of thr H ryr|lr il.ffr t! drtr$ ffi
rrlr of tlbr nn ocdr. ef alrpt.b ar {tbolr |rcrlbrl $ fartt (I96adt

flor tbc lhncrcancl stirrs mdrm. Tb n, !Edo. ibil rt f*

rtsrt tbc ab1orl4 ln t&r ffi dfrr|rtln rhan F t tttrFp

I{'|aI 3, Srndrtmr

Ia mtrart ta tb. n, SUrtnr ut of th hql ft$3 tt 
:

n, S1adstotr 15 tb ltragtrfshr VrlIry ovrllr GIV *rd.l



Tl'

tr^lo - .--
th15 ;#i;g phG.t nsfafr. Prrbryl iho-neplrj ru l*. t|Plf

h
ID rldilrtr{mgrye.r*uu tin th$ Ir r|d-f@ tlnl
Iou,l}y rar rtr*r brd 11;tjbd nrlar $lrrD*t!4.

Ito lsercgr af pttl ril16 of tirr nflrtour ffir d

thr lsoetlon of orytoum,tre ed m*lln irrtonsrrur dry' bdl

rtrt of f,$rtr gtr.rt {ryllrrtn thrt tb Wfc I@ rb||' '

llnN rnr 3rc'arJy Ettr rd Pqrru'r tg Hsrn'rr FtfEr'

fbr dbrr d fontlr ffi tD ttr lrdrtmr lr Is;1 f! dr :

"r rpromrz H rnll tl ndrr of rprd,c. IL tnrr ef tll lfn
!r e4orrd of rErCs.rf,$fd3|f fll1ar c"-"# of'!f|.
341Wd. lfbl Gf.ryIfUf. Otlrfulb lfr!*t
rlrr.'r. fhr mrll n*|[n of rfrclr F.rrt l| fthut llD to fc
rprcfax. oodltfo nr& o rrduo*l arltnlty' Dqlth rnfyrlr of

fcerlntfrr til br D. Trllr ed t, fcuttt tliltcto *affruatr
A

lrpotlt!.on. [andt (1966d) mrtdrril t'bt nD of th| B! Sr!d-

ftonl et f\rtarr nr dqorttrit nnr t'hr orufrP otr tb ElDBffir d
IlrsulrrrXft Hofeclm (about m ft).

KrlrAmno tuls{Aflon

iE s. =-==--r-=:
fb. felattoa tl nrd rf,tc tb. nl.l rd$.gt {d? trtfrrutr

rt tbr EtL d of t{out, BtrGr.

tb fmtfo b coryorrd of fm arfimr uiil* ut a+orftd

rt rbout trbr rrn ttrr ln rrprratr lparltttr ofi tbc |orltfrilt
pgrt of tbc rm.d lFEo At nelp|$ct ttn dcrl th. ge grn'tEa



th"

I

Ftgwc ftr a{rrlcrr Frtb-eantrrudr to x"rpartii@rttn
nldr tr,hc Saddt c oa tbr llesterton-hoodvllIs Strt HlAbnV.

rrefla 4rrtrno., lqf?r fcatrrrc sdr tU Sl [!-ucrtm $al lLr

hr of tb Eg Srdltorr. hb-clrf

rlcF sf Targ:rn Forntlm eplrtdt ddllmic ttr pf|tr

of tf,. unconltorutty bocrth the F, hntroor '



rd tbf Sr Lfrrtonr olac b rnoarlioD. tb ge fufrlrtnr ddf
a

ao*f--r*nner ltil fefprrore f,or rrved rllr rd Etr ttufr.'rle
A.

gtrcn ft'nillt oril llto thr 9t S0trtanr. Ita St Con3lmdr fr
rrtrtctr.l to tbW lrllq rt l3rrtr stnrr d--O'O
tOrpnr fiold.

tt lnblrr btf darllr ad crulh f*rtlonr tfrlch urr

drpotttri la dmc ntrf a* of tbr drf 1r lur tto m

Hnt frrt tbl,d, Tb. follorl* rsaf rrr dlrtln;drDril'

ErgE

gffiil qp* [rr&MoIT ErEl
ar 

sO I'tntmr
S, Gongtffiat 92 tlrdltenr Et Stlt$onr

El4br{W,tqr e4 SlrrttF-rnhfc Rrlltls
frr 8, gadltonr d ttr lrtcrl Sflrlot th. St Stltrtur

mllo tlr E, ltdft6. rtong I Drtt f,t'on fllprco to tfir ffiurf

lkrym Bord" lb. St Sedrtaar sd3rr rdrttrrly rbnytly flto

tb Sl Slltrtor ln l,bc rtcilntty of lteaeulrlp Stnn. tf. hnf

Iutut of tbr S= Srdrtcrr f*rr r n&ilnd brailfry Crar frrtnrr

brfor tlhatof tho Sl ttrrtoar rlonf tLr rrt filr* ef tbr fefeeryrg '

ggrmlfmr (6 IIIFr 11r), th 8A sadrtmr Ir b.tt Wred . doal 
,

tb ilrfehhl fttvc, tt tr alm qorrd along tlb irllny ltr. rt t|l
rra: 'p?g?I (fUuff boellty l.B9l. Beturilr trtd rrf lF}Zcff, rd tbr

Gotnrl Uranssr Rord thr forndlcn opr orfi tD hlll €tlt[f cf lar
oLt*tilr +trrttrf. thr [rdrh [tdrtod;J#Jc11cr tL. s4 ttntenrttt 6dt]cr,



Tl.

$'..

-irlt., gtltrtoD.,rhrfiolt, Th. s3 cmglor.rrt. It rrtrtcful 16 4r.'"

rm,ll outororpt asrt: cf [ffnlr Strsst ald rrtt of lhr'Fn Ro'd'

It wq]lrr thr r, eaxrtm rt botib locrutltl. lt rjanrs

gtnn tb. El Conglolresr tt trc,Irln tf tb. ftt 8.dil*,

rp5et lon3rar nod tt 1r ovclaln W tbr Srdar Stltilono

Ib; gZ B.ndrtom rd Sl Stltrtom, lrc ra€b rtout 60 ft tbfti
*hr

th. 11ndrtom rdg3l sut etruBtly tuto^itltJtollr !re ttleFltrnF

Ettclu.

Tbr 92 Bedrtonr tr vcy ffnrlfrefn dr i[ omnfy ortetr rry
n

lggr, alpst rpbfler,l* aoncrctionr abocrt I ft ln dl|rr0e. IB tb

ftdrlnu tru thr dlrtrfhillon of thr 52 Silddon rd to r lmc
g$'r,..,l

Grt,ct th. s1 stttrtonr te indleatcd E tbr t?fr,;t[borrttffi tylrg
qlowul dvt qe'fr< -

ou tnlijnbfacr @r sP.clallyr.dlp rlopc.

gorthpurrt of Xelprrsroret ertd rcf. ,1$9f} JrffiIfi of trbr ftilllr

$rg&tlrcr rpr .lbllEb rpe &l$nsrlb rn' ad lglernrhlr rn" oG@i

rcrthrrrtrlrrdr thc only FmD noroforrll. 1r tb becrblopd

tloltc.r't; cf gg$r ffiton. Ile&M!E, cf,gfllf tr fably soma

rt for;il loaallt!.o 4l! t 9121 lOCf7 ind 1009. 0!' r'prctna of

Lldn. rpo y4il fould tUy OryfAft at fo6l b€Ll1ty {I3. lt

Hgejgrangs Btrccn (grfe rcf,201989) rfitcb tr dtntd nr tDr

fes!"6 cbango f,ror $, Saadrtonc b 9f glltltonr onlV oe rprcln

I SA3MLI ct gg1}& o'rr I{1a? Dr fpr uEr ktrdly ldottff.a tf

ItF f ,A. ldarudl .



fSr

tlfrr tz: '-i. S;, Llrtoar rt 3rld t'rE. 1tffi)brd|ll3 fac[

' rt frlontrst ultl 9, srdrrla tottil rltF. I*r frffr
rlryr brill1r



tol.

of Inl$lf of Ellf nr fod. Altbmry! tb frcl'6 chrngr 1r

fabff rtmet2lof, rlr frct of fl.ne rrdtteil lr futrrbrli'd rilif

thr sr, gllt]ts+ ir tbr t:lstdfiv of tlout tturr. tbr t'
giltrtmr tbt!| to thl E'th llt rd dou nt cop mt sth ef lhr

CGtnX, tlryrgr nord.

Ih oqplstd 94 tlrrtto4 lr oryorri rfn$ 'rtltdt rf l:ldlL Et1
w"l( - - - r^ r ------^-rrlt-rort.i,*fl;'ilUrr ftrptr of lllrtnr. # i,,

f[g f;rri] frrfr:tr ur
eu, hleln

coort G.r ro'#^J;r. ur f$lulrlflfllg s ttd rt rtl
r.f (11996S). ttl rt33 of trhc f1.n;tr rd tbr thf6b6 of 16;

':
Lrntoar rrl dtrdbrr rrhtd to tbr |lrtraer lror tAr lulEr Pd
t6lt (1r Ir5Fr 1t). rt Cryrlrdr la'. (frtd rt' l#9il) I t |'t

fhuh rh.I1 Urd os*l'r rt tfi. trr. of thr llnrtm. Iaa,llgr tlr

barl of tbr tlrrtorr le eerdy cd 3!'eumilllc' rcthnrt of ctrr>

l.nrlr Frr{Drl. 11{d nf u$tl{ tbr llrrt,u nnfl ct rtrqtry

ffto tbr up,pr D.tt of tbr 83 grutltfirJt tr rbrlt rt gry nlll'

nrorrg, R.E. clr* ilport tbr g+ tffiq nril FId td l:C014 *"

!r alff.o-f.fr* rhrlly ltffi vttl ahdrdb rrl.I feerllr. GrI,Gilt'
I 

,)o^r*o^V ^ - - -.^ ^..--r^ -t ^ *-r13 riiHiii* rnn, rtnralr trolir gfrdfez{Etr, 
...

prrr&rup, rgil g.r B.or ooorrlonrr *q f}rrstr. rDrtti $dl+St',!

tb sn t"tr*tar lr 14 ft trt* u'thr ut tI.* of .ltr FnFrqir. '-':, 
,

snorrm urr ih. rerlrac' Btd Frrf,tp flJ. il5, ll ft tlfi il thr 
' 
'/',,. .

r* fiLd rl.rr Ctvrfgb Flr1.



f02.

I.ocaflt, D.lr Cavdarda Farn, rt* hotrr rn dcrfopd rhci

t[r Eletrh ttudrtonr wcrlytag th S4 ttntor lr I fr ts

of frct ttlcft, llort of thc rlnh bler D* trb porttta of {rlrC
whieh

bol.ou, rooffr to or crrr ls by a rtrnr/ctf ffir
alar Carel+Pilr lutr

6lorr to tbr Drulba B€Gd frnft o tbr rt tb* rf tl*

rymllm rt 3rt{ llt 1tn13 tbr lfDttn 1l orrtcrrd' Itr
orstmtne *+fr-f** fi due to grrvts-ooDr,jrl Ia rdf
crt P.mtr lulb n4crltelrl rtrrrutnrcr nqbn drctlrt d
rhr;urd tg nrrrbon rad Frlom (1tl34] rr. rbo [Ulr (il6IrnJ{S.

Ibry drortbel r rrtpru'r of ollagrc rtnrctror ol lthr l$f lf

foldr uhlcb tbrt clrrs$fd vltb rr3rr{ to th1 6rCfr rf ofhnfq ac<ortn'\} }l.""

il- n
i&r orrrtutd lbb at grtd trff, fin1, is r llrPr

rt f,grrtr sts.xr tflrl rlf.0/ff,l6rl ttr @ b S f,t
tbt6L, It l| oryorg of rr&1" rdd trwrr*r tdicr fbtt rr.l

mfy A-, ft ln dlrrtc. ?b cotlct nttb tbe dr$a n'
grrfrtor rr ehrpt' 

, 7 conql6ac rub1 re

tlrt of thr lhrjrn Aocd rt Srt! t.f.11493t tbc^2t ft t&l*,
ufomlllfa.ourr@ corpolrd of, ntt rdrl oeblr
ud prtfilo d to 4 tl$n lory rrt la r rtrlr of fln tncr 

.

rltdrtfi., XofS ol tb!,! loqllty ttr omtlcmrtr'lt Htt'#Ial

td t'uudd, ttr toUblr rtlcL fc-r tO Pl' cGt of tb. rl* rrf
or.l rrt scl- r\ 6 

-oL

bftffi r t rd l il'cf ba3 teqntrfx b-r vft oacte lridltot.
[octhrurb rt frtd rd. lltBtl t&e ongto*ilbr lr 12 fxt tblclr rS

!'

:,f ''



{ !0tr

fr oamtrt yltb r b.om-Jtrtld Gdottf . llr6ntr sf forltlr

tlnrcilrflgr Lg[3. fpo rd Sg|ln" lpr rr'rr €n! rff;rtrlJf a'rr

tb hro.

fq tA ,0*rrtrttpa
r ttbc;rr pclod cf dqoe!,tlsn of ttr fu Erdrt'6r lr ftr4lctrl

a
Dr S$nphf rpr rfrt$ bnn Gtrrnil tr IGr s|rfrd ll lrtf f,tctn|

ttrr.
fonrrtd,frr crfnril hr YrUr t$fidr tht tb tt Elfrfnr

rrt 0t gttrtrtor. eor lapttcrn ln qrl tblt rr*rrlln hil bm

6fir'16 tt [Gdt (Fe[tr). f,rortt ds wllml,.tf,rt tD| 
\

$vo... A^# i

r.Fftg stlgr tr rbrd-ftu xanrrtrr& Vdlryfl"F sldcrl 
I
t-/

{flr% W br of ofolttrD{l tr bdr horfft -\
I

rvtfusr to rnmat th|l otatloa, tb EttG oudlrr t$'b '

ParV 'l l\..1 ^1 ---r-*-b o"odanrte tr te $r"a#ortrr rc,tt tH o+r+ rrscr of-lLr
perl- "8 +\.

lrtpenno lon,t,loal nrthrr t,b"h tlttDr'th trftrtrh Oiloqlt

brcrur tbr Gsogl3acrto Yrd of tr{c1.frn noff il ffi lr

fipst5l brtm tb. g, conglorrretr ct rFrh Stnr rDl tf,| tl

Llftmpal \(qtrrc'toto'

f0s.rdnl,fcr fFof tbr thnfrsrrncf Strs t|ct'f'o rfdtd tsr

l6a3tt (866d) rherr tbat r tqoruT orllordar nf rtcut {m ft

dEll{ th| at Do$ttm of tb. $2 srdfton. rD tL| rtr{B Frt d

tbr 1pp.d glt tb. I1pftr3 tfulrt 111r! a+olftrf b ntrr |rru*rl

t&m||dr of ?||t deq rd frLudrtl'O ef a f.u Hilir of Irrt rr'r
sl"ol/o*'i,o 'l' l\i orJ'v

nrfirrr to hrvr rfiI1rted tb.tsnl of td|rilo fiPotrt it rd^lhll

rt b+*tlrrt. oPl*l' sel'^'^1" dl e 7'f'lel'



loi.

rhr rberroulnr ltr th6 urtfi'r Frt, of tfir rFF.d rl|1 r could be d|r

to:e ol|Grtle droP of, |r-lad ilnd tf u

lor rpj r tnpa14f q;trqolo rldnl of r nilc ef frrlt hlrfft
frrtrn th$ dmrrr9ill3. of tb* l\*"

porrlbflltlcr thr lr fevornrd.

hrud. rytdco sf molt4 rt |DoEt' thn ttn of sr IrPltIr It

qprttr rtnoasf
b

tbr tan-rntc-tultoltfnS ls! SIEf|I1 brcn

stlajt la f,rr; zrrranal rt thtr tln, rd ir rur rrtg}rct.i to t[-rr

..tc. la Aurtl.slta. fendt ($66b) hr qfrrfd tht thr Ht

fDortrnt chengr l^B tfir @@Horrtc lr thl

lo' of r pcrfphgral kcol. thlr t; IrPffitrtrt' ar lortt quotr
4t Yt porf i"g

hriy iigdlt"dt kodd @'r *rtrld.n to nil*f ErrG

tb6 tfC rfrflc mn*reld @ lr. r{tafd''l to rtcr

r.'tr tbrn gog, ermrft' o f,egttan p€rld of oo1fry .ntilt

br'| trillwd k.Gld W to bcor mn-hldfd'

Ircvtolrly nn dg. f,rnm (tg1t, p.?4) ;5oncd thrt tio lt6ncr rl
,h

nrn rprdrr aul th ctlnotton of old rprofo of frrtr{frtu to

stooto l:ld'ar brd a pcrlodtctty of 2 rld rlr rllltn trr'lr h

b1' dfisrer (fg1g.f !r p.?4), br FE dfog16 r tqcrtg1 dr6n

et tbr l{looo-Slloes burderT. thgr lr gsod rffrrst bdilI

rrn dcl Etmrl ltr y.rr qlglrrrq, nltlplrl ef thard tb tgdr

rrto of tbr tctlrry l'dlfl'd'irisrons'

Outrldr thr rmrd rr.rnrtqorrrT rnffon*ry du'fry ttr tg'ltm

hr bGdr ns&d tr,4xonofi, 0966d 
rn t-H.;*loar t! th' lccta'r

vel1ql wE Dt et t&c trpr nctrnn # rt rryttr s'r*



fot.

(r* Im*c 1966s). (brbr Jotfi. (!96t)r hnlllrl lmd tbt

tn rry loor.lltt f tD Itrlt an.@ rtantr bdt qultralr0 to

tur rrpttilD of il;l s:l1d$*t qu!ilffillt to t&r Wtfra of lit

Zdld.
It t1 pomfbfr tbu,rfcr tht trbr tqsra*f ILffllI of frr -.

lrrrl ffig t,b Iepttrrn rg Ditr bcra tor to tb ;rilth ef m

ttautrt tcr eryr utth *:dlliili rhtft of tqrnrtnr bltr |l
tb oil,il.

tf ro tb. [Ettcr! rt|tr u ddlni t' frndi (1966{} ry br

F t\t ttrr tr.rnrgl.Elrrp b.lry lon3c tl Urtled rnil ttrrl'huu&

rfi.. old rntca rn tbuCEt to hrt pm*ef ftr a teSs DG|lf

of tlr, ad rhor{e ln tur mrAbern thlrarrp 1frr,. tH #ffi'
cf otd trtc *{r ffrdt to brvr bcn Hrl Hrf' tb' rrtcartrm

rriGb brr bfG *ffiIS* try rrurm (t966b) rr tbt rdldrttr rutr
urn. rlsru tl'rc n& of tbr rc$thc'a Frt' of th [orlh lilrdp tbru

ffi tn lrd of thr Sorrth ld.enil.
7

,-
pevbpr 

- 
c

tbr3T,h. xqlltcen stcp lrr,udrattefaatory tt r tfn^hdtcrtt$ talt

frs th. rfieb of fcr trtrd. It, 1r retihc r bilonur aqndrrt on

feotr, Etrhl.y ntrr tcryaaturr, unfrl loclf$ ln e rtratffrrflfc

rGrc 63 probrbly ldtortfE a dilfsct tlr lrtcrrrl fn dlffu.30

lfitle

Ercrnn of tbl rslf*a thlffir of tbc g? Sadrtone a-d It
ggtrtil. rrril branrr tbo rtrlls of thr [efpuoro lotrtla lr



t06.

perrfhf to thc wdrrlytry ttrngaoran3t Fornttorlt l, mrldcd

tbt tbur nr only r FnLt 3radfoil a thr rr bfrtsl .hlrl[ th

Cryotltfoa af th SA Eadrtao. f,curfrt (tt66!) fild tbt tbr

St Stttrtffi rt ltrngrorraqp Stmr nr dqoltt d r$bl! tbr Srildc.rffr

Hofas!,o 6o0 f,t g 300 fb. $trldr (196r) !p rhora thlt n6 r

dryth tr eborfi th. f"oril' Ibilt tirt bsttn **t5;lrtry reln

d61g th. ra bottn of thr Engltrb Chnnrl et prrut' It tt

thrust tht tb s? srdlton end 8.' ElltdoH rrf bc tG d|Filltd

lltr rard nv.f rttob srd alo{ thr ru bsttor tf tldrf rt*ugm
g(vfky

lt, qts*;gt thrt u& of fhtFtpffi rtrrtr h tDr;ppri

t;,11 nr fu dqorltdl lr thlr tfi/r rwbrrr Dr P. Icllr lrsrrnr
fotld ra il.oclrttu of f,slndgtfm luflftfrf d$il drytb| r.110 -
l€ trlililr, rl:.l mlttc f,oradatfo ln thr n+lc. D||PIS lttr

ttrutn:l.fce rmfd bvr ltvrl ou ttu rr flns rftb|l tU. d+lrttlnl

trrn rfrfb nritlo foruilnlfsr ur tm$t to hil bm tarrfrt*

frto tho arrr flor nrrs atGrt of ahslLsv liltcr
r ffi rlrffnmg of thr S, $ardrtonr tr trltltatd E

thr prd of lbltrecn ronelomtlr rt [rlprrom Srfd mf, 11fifrr)

rul tbclr ebrcc turthc DdtDertl rd W tb drcrlHtsn cf fhr

t4 l"d-r ,.

Th. ftryrth prf,*:rcil tr th. UecAfirlof lfd@tf .f'ggl| It
t1,or l6qre l;rttlc, to r loyu lldt rrtthtn th. ErrfrrlGrll3 Hrfldflr

lu'nFt thlnfrg anl a desrcm lS tho rl|r of el|rl frapct| d

th. Il4 l,lrrrrtollr ln r dtsrrillon Hrrl to tb Fsth ns.i fr8lt, 
:

t16f oeto thrt aa elfal rrcf rar lodei e rhor{ dlrtrm. ;tt cf fb

drporltlgael rroor at tbl ttn r6oa trhr l,.frtoar nr drpoftd (n



fO.

f1gpr 13). Th. flil gtrfDci rrdlrlrt! fornil rtsy. Ed bdon tt

Bn tlrtonr l,ldtort tbt tbr rhlLor-ntc afFl *b;t.rl Ir

nrhilt t51o rrbtfvrly dc6-urt*. fGttInS r1ilS tbr hlH Id

frrlt 1a thfiflt ta brilr frqiumd u rtroryt ldtrbfr fu b

6rrrlopilct of thr frd oo th. dfttril rldrr Sllr s tb dsrffttt

6drp ddrtttrr tllor tb. f,ccf etcnnbtrdr to fb'r b ti llstflr

Ib. @grcnr of thr t cmefmrmr d ttr ftoor llrrfft

of nry tro1n norofoufh hdtcrtcr d;portttcn . glenrri t|r v*t rtrtlr

ntc. tsotb rt, Itrtrg eg| Hsfpr no.d th6r fi g 1pprt3t fat}

rrbar{ rbalLwlry.
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rfErgxr Gnog?

t6a g1tnD fr arn d r.ftlr t&r Ekctrh,n Scttteld. At th

qfpr laorllty at Erdatrtraey !,he aequftsc erytfs t fii@,64
)x'^t\ I - /

otctaln W trtlltl?r bedf,follord tf I bcddgd Ea.lrtmr ril :

a E tl"E ;lltstun. ID tbr uaqgdrfloh Tatlry rt frrtenl
fomlllf;qr rrnirtonr focr tb hrrl p.+ of thc rnllru| *ta

s,ll'rlo'.r
t! fiur1i1g ty maltw rlltrtoor; tb. frrttf 'tr ralt drrofoprl

tn ttr6 nrttnra and rart*l psrtc of tihr appcd rff,r ltr tb

nerthcu, a;tcen ud rotrral 1nrtr ef tb. ilIEd uHB rarflvr fffit*
tbil! tfir rrypc Frt of tb r*tucf. S! trhe ry thr fbUctf

tbsrttss rrl dlttllAUOrat
TrlE SIXDSIOE

nnilall ffila$0ls

tffltu srmsToffi

ENE$fT'nA TUNUIDITI

Ef,gtrnnr lffiloffi
sltilm,s guf,$ilom

rar sr[FltE
tx3 g.16p ffit be nrbdlv!tud by rir"ofurrilr c @

nl}1na rrc r11.$ cGa,t b thr ltr grg|fiffi. rb. ilplaftr

of Opottlro crrllrsitatloD tD th nppril e1lc nlr it elU}lEl

lftctbr, ffihrr ftdy of ntcrsf,orsiltr ttrtt oahlc tb 3nory



110,

to bo rub{fvldrd ln grntc dctall thrn hr bra porll}ilr F
Lltblo6r. ($rr Chrptc lllr$eutton Tinru Dnl for lscd,

Uppc trrtfrry - I.ouc Htdstow €errfrtloa).

Tb jrury hr e 
"GT 

utorlvc dtrtrltutlm ulthItr th. rb.d
dlttrl€Oi atout htf of trhc lre rrt of tbo ilrlffngto hult bri"t

dcle!-n by fmtlou of tha gpry. Ir ttr mtDru prrt of Sr
rfprA tnnr t&r 3roq !r gpcrlfy thr yottngrrt hpcr ?g{Irl.lr

Sltratr Frrst'' rDd gncdly tlre grnup coDr dt ctt of tL nfc
mrtl-norttXrrt, trdfns frrrltr1[on thr dotnthror ddt. Ia t'hr

mrtem prt of tfrr Dp'p.d lnrlt
grurpt 8rc lrsrot'r thr grc'up tr

$Gr tbr llrkurl m"l lh4rnln
tlrarrrbry thrl oldrt EEgtl

ffi.
tle lFtkil. rldr ef-_th - Jsr rgqttF tB ry3+c*rry 'tstr.
It tr rrJcrve)r lIuU

f,h. ELrtelrn Gnoqr ur drporltod et tho rdl rnd rldc of r
20-riilr-*ldrp utn-nc'rttfrrut,-trdtng Etrtlb llougb, rfttdt bodft
nr ry to 5r00O f! ilcq.

fbc f*rrtls of tbc grouF havo br.c ddfnltd d rmrd ty
canldrratlonr of guta rtrr, rd tb. fil+Gfrttm&{p of tb
fcntlsar hvr bcea sunqplaed pevlorrly W H.d (tl6d, (gc

Flgrrrr 14).

Tbr drpolltlonl htrtory of thr grdrp eaa br dillvtdcf trlto
+'(

bro pclodrl rn srly pclod, dErlnS -Al.hl$qorltta of mdfrdf,
rrr Lrrltror F mc rrpid tbal dorurarptrg of tbr thrtcMr ?rildbl

ed r laic pclod rfim dqoattlm of rdhd nr lrgrly m! nPfa

thr! aorlunrplrgr ani thG trougb Et lnfllhd.

I

I

l
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. SrV'AA\ -
Sli?Sl3t3.
Sl.JROfilS
srij!'sl3nl
a?3l
SrtrSlSq:f ,

I

lB

FI6,l4 t-oe[ Drrgtx6s, gF Tt E EK'Ef\uJNt rQou'g]r t{ (Ar} ft\tDDtE

, aNo :B) r.AiE. e??rrr:fl _lJlr;r'j.rl* A.3 No-r show\.



lll,

fwuffimr dqorttd durlDg t'ha ftrt Drrfod' rrl tb ft-
Smdttonrp Sedsr Slltotoo& EkstaM lMrtilD/ aill Etrtrb
IurHdltf. tb.m faruttcru Isvnrfuhff brt! a uritgr trlllr dle-

trlhrtto both trt,rneffy rffi vftlcelly, .

Fa-ttmr drporfit.il tuing tb. mood Fatd rm thr ?ur3!r

Sedetone, Ftrrel stltctonarart ?am $rndrtonr rtld uG{t &polltd
I^irsrry !.u nroemtoa. tb nnra Eiltlto*; htrrrs tlr $lfJ*.f
dnrtng a fbtt pclod r&o dormrnnlrg grfnld e trryctrT raonthrry

ovr tbc satc of dcporltlfi.

tb Ekctahm ldrtom 1r uar*llv th bilrl fo+r0lc of tb
Ekdahnr Grorry. ft ovdtcc tbr ?lrarm l{utstmr ed thr tr lcr
nrhtdttr rmr AlfHtonl and tlbc 9, Slltrtoorr $, Srdrtom rd
nU !ffirtma ncr Eheftdua. ID Ech of tb outrall oertG? 4
ldth.ru rrfir thr bnl€ of the Ektfiahtu !ffistm tr not cpoadr

ldo* of ELrtahn rtbt Esdalnuns ltdttcr tt rbrst ind tl. Sudcr
Slltrtoar rrd Atea $enilotoneo orirltr tb. ng ENdJtffi of tb gffra

Oranp.

Tb. ErfrD tr weonftrnbly evrtrll tf tb leM. CDoryr rut
hl

of tbr thlalebf Rlvl.o.odltb" l&.rtr srodtton et tlrrtl"

ATEit SAmSrOm

nr+. .Ftmt lpdlpn, mf QbdtvlrSon

?ho fontim lr ilrd af,Ud" trbe rr,ll rttJ,cret of ltrn' fb
typr rrdtsn ocurG elog e satl lefb h.rr$ of tbr lh4rtrfurlr Btuct

hc. ild nryofrsrrta 0rc*1 (* mrfiftrc of Drqrtr Cr.r* rd
rmgrtdrohe Elrc lr oppottc ttr mhn tt*+

X



tl?.

rod of thr fonttoo 1r e ?Gy rtrlfir ' rrs' fls tldjbfit'
B.dad nnlrtons mnteidns ror prbblt H,nnr oGcrr loorlly et

tbc ba4 of tbr fentloq/rld tnroughos t'hr fmtlnE rt llrntr
$tg'1r. 0D tho up tbc fkletlon ir rct nrbdbtfud'

@
fb Ate Srdrton ryr out ln a mtb ilrt trodfqg trltr fror

i" ll* Strrth b 1', ill3a6${r,
l3rn|r Stsu ii"ltiii , tr'*r*ff rcr'{eh nan[ilrm fd lt
- otp l^

r.iir tb. g11111 Frult, l'b f,ornttos alm cuepr qt nar ltr ca batD

llde of thr tlrrlarca $trrn'

ft lnnlr Stffir tb Atn SendrtsEr ovcXl|' b St @
of tb frfnrrcro Pory.rtton rrttb apfrrot E!f,ordt'y. 'North

th. I, Caf.oultr lr rb.Gg/rll tbr ftcr hdJton olrt'lf,o tl. h
griltrtonr of t&r l*urpcrnp Fcrtlcl" 8b rflfferarHd,in ilf th.

4ro- 
-t 

'{

nu sn{rt@'ili tb. r,t- senilrtom lt rt prmln at loodltto Ftb

IJtof[rr|agtrrlTbff|ths,coql.nrrdr|.orbld.?tl
p, n'noputr -*{&rsru.b

'tbrrl3i ffi bos"c, ruroforrtb rrrl frrrrlr rnd iho ryDd

catrot b*rrm Ar g Sriltfmo rd ltil sedrbon !r tr6rtln.

Ia€rlry at rtreJntd rrf, togm3t) tnr forrtto wcllrl tDr lslru

F*-ttm. tto upp6r Frt of tbr forrttse rt f,pnlr $tmfi rrdfr

out ffi tilio ttltrton31 (Seudcr Stltrtonl). lhr tbrD'

rtloa 1r ovsrhrD tr tb. $aunial stltrton .

$e&rlf
lloro of, tbc Atrr grndatom ooarlrfu of nrrtvr blrr-ffq resd,t

forrlttftourrcrtmrtffllrr poorly Wsrdt r6'if fir redrtou' L
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l{olLuc ed fnfptr 6f rrgn:ltr oc6!r @ tUneeut

ntt of thr frtr,ttsn,iloryt at {Sa hlre rrrd rt Xlrntr tilsrr.
Ebrt b;lr qd"oelornour onorrtloar rrr rrrt'i lt t' nt

porrlbl.r to del|nttf brffilag at ovGs? outlrq' ft hlrr;prtr

(

Cr.* tbr farutto cod^gt oft -
Errdcr 8lltrtom

Uanlvr, vq ffigUfm- gEay rrilrton,
reattd lru1|g lp. tm

Feet

1m

0.tt

{

fto

30

t
tp

ff,t

Elf,rtrr

/*

l{rrrlvrrftlr to rrry ffnlrblm -grq7 *rt
orxtelbfry rsattccd nllu;er and fre;rgte
of llgnltr

gurrflUoe (fomttr locallty 903)
f.

futbra ""G*rfi 
tb ferntlsr la *, rd oatrds fr

t\

nlroforrllrl. IG itr tbe'forbdfm la rlrrllrr to th, ttPr

rretlm. fbl t"brru part of t&r fosnttm tr rrII GDflan $

&rnlr strcra r hrc a secfilon osdrfn- 
'.rt@Iae. flnfirfrd rm+rtol*rA7

nlt& fsrr ttrfu pctbh bnlaonr

0boqrrd

croliltOAd ftrtlllferu lrldtt€Dor -A
cf,otqlctr truugb tye.. ($ro Fottc

i
ed rctt.tlob (u0lrP.m)

3, coqtonetr ([dp!Fro rorttton)

. Eatls t"+r-iint€ ovolytag thr hora tnthcfry rdrtooc rtth
bd-

thll pdtibh tortmnr rrr ret qordf (nnr tbr top of tbr fcrtlo
folrlllfcour ff!. rudrtonil ocour (fogtl loclftt rc!t?).

./
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ITTIE
fh. ltfi Srndrtoar 1r 1lm ft th!,GL et l3rnla Stms; tt

thlr mrtbnrtuer{rr F, lr 8Oo ft tbtdc at DrYqortr Crlrr*t
$.,ik

rll onlt 40o ft/rt grtd lnf 0880m '
ecr|' i;s far.lltr "* L,I e x

l-es,rtn @ cE-chr fGrD?l(F,Hdl;r a

rtnln tblctarr at 1fi fG le .Jtshl|rb.d ct grtd rd 083Oe3'

lhcq|rleeoq,tolorr. lrr nrrr CofmlatilFn

liecroforetlr flut thr Atn $andrtoH rr.c ltrt i ll Tetb I'

fimctt (tg66a) fouad that the Ata sadrtoH ootdad $'
r @ atd |[1ftar Opolttrn ln egr. fb 8. oQiltr rhrllr *

jnrot tD tf,; lt6 8aliftoD. do aort hf?r 6a ararst ef rp|1rf.

Itgrf 6. be of ne.h ea ornamt bu bru mrtiard te

fidlcte ra Ofottlra a8r by Dr Elcllg (pcr' mr). Ioldt (19t6r)

fod tht tn th. artfi Tal,lcy geillsr r"-"'t"{[r. n]tl rtil flrft

,.aFp.|ltDor |! th. tlrrl ogottturQrrenr -4 grGSCUr rr||o *

. oolurr tn tha atfr Sendrtonc. $f,Illgdu, t. rD. aff. Ensfllflff
thnrt* rnr oolloetd fl6 f,omtl localtty fif7t tt ry ldtatr

an opottrn egr r!.aec l,tan tck (195trV. 4r) fod tbrt S,. redlgl
lr rrdilttctoil to tbc O,poltlal.

ilrgatlvo svl.d66ee tlret thc Ator Srndr[onr le @ tr
{LJa[sorc J

agt |r tiid, typteef illoccnr glncra nroh aa $gg$lpg!3 ed

, $U$I||lt+r fut.
gsqtltlpn o rPilrurrtPlop

fsa1rtt (19eCa) exrnlncd trhs foranlnlfare'l ooatent of 3P

rcrote11rr at [grria, strcel ad f/g dlc to tlhc estbrrt rt

Dlv4ortl Grr*.
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13 h;r.T6g'tr Fr*; [oadfi f€E.lrr*r I Fdtrf |!rnr lr

C#tb of d+ortttil lIil ibod i00 ft rt tbr brrr of nb #

|FDrl g|rfitoil (rtr nu*m) to ldllt fm ft.t tb t€ tf tb

$!Jtcr'. (Eilttrr lfrr{l fotlfq ltttr Luflr; || uftl|r

tb *t33en cf tb Sd3 stttdil.l
1\",a1-

;3 ;frnlr Etrnrfni,t IEit igbilfi dqttl d d|Dillttt

tEilfio* fi |hUro ty'c*rccl1 ron t|rq-tdrrl GrlD 
:

nfrrrcq rd qr r @ tril rlr#! -q"ry rd.rn oE

rbdrrt lrflrsllf 11rd" Dcl|a l||trrl rd ga @
rg.e*,r!6 tbr grfrrfrnr Bt.r(bslrr. Ddtb d i.redttil 't lt'

lbl,. of tb rdrtonr d llrrtr Strg cr pufFLf lff th|l

lo.l flo' 
th. t}toLo of t ^ -^a ^f*lrn|ng t.bqrddd8 fo*rrl..lggrrfiV 1tG9 {H'lr,nctl oI{*) x.

t)*.ui*orrr.i @ @ultLtDrr9Erfrld Y

; Atr s.rlrton nt fn.lr 9t".rl It F, cXcdrtd tEb ttr dfi

n tb rc moon *;**":i#,3. stili.el*qpgst* .nlrd
.l|bt arfr (f ,;

Ihd of tb. rcofor.ll rtirn' rd tht nttr" Gf tb rritlntr

lltdld !y tDr s-{t3, cGftrrl ltstotr @ o*cllur

Yc7 idlcr rt r .oFdfttot-lt IaEb stLl F flucrld || b

n ,.;>;*- S{t;lP" *#.. tt. rb..urrrir d**r **
\-*l- o.G tbj.. tr ruoortc. th brf eff fd S hillDdtt *'

awl
ffi It qelra of rmr'rcrtal drlb sf d'ltse tlpot; $ E dto

poltrhltaceorrtl|!frltft&llovlrt'rrBrtrrofDtU"tr*Arf
li&o t$lt rt E !i rf.09$3! trottTtddd rtdrlil' lrrttodll'



118.

"cy 
rhrllounlilt/E odtttanr oocrtr) ln th| brill Frt of tb

fosttl"@.

boryt rt fosl! focallt$o 909 ad 1O5?t tb ft1 Fcntlm tr

sFr1ufl,, f,o'tllfcrsrr. ?bo Drt rbrdert rmfcortl onlic.f to

bc r btoomom 1r tb. Gtl*@gnrfrts rrr3 (934)

h* ,hfi,, 1" argo tbr n't 6r'r fo',ll of t&r bou' n"dr cf tb Hil

sctra tn t"bt Ant'ac Tallry' IlltrlniL rdUtlr q rd ot ocer ri

th.r. le€dttl!|r ffi brt r rrrll dofLnd n4th trpr

DrIl(t9'6)rrynrh.ltbftth.^gmctldtoftbrr{tltdhl
fru of far aclrsl oG@r rt rbout tm frtboil. fb arrrm d

tbe g,ltls fau of nreh of tbc fitea Sadrtonmr rd tb| rDrrFt| d

rrmta of trtr &,&rbaftrr fm, ln$crtr tht tfu rrrrrp ffi

of dryocltlon of trtr tdtstr ebvr tb! ba|rl brdr nr eD*t' to-lm

frtber. Tb. rnlilGo. of Hilll or. @ rt tbrll fc||ilt

tlt! tr arcnlonrr t €rtcr lt m'r.f$ ldtrrtcr Trt rhrffnr trfiil

onAltloa, b.|lG uJEruy ar|{Debtd Yltb ldrgurt srllnrrd

Dffifnt1a' ForNIl loallty 111! 1; odt 1tO0 yrr{r rft af tt'

tfelltqlon Fanlt. I3 ry b. tbrt tD. fr|flt nr rcb*r.ff tlr

cayofrttn of th. At|r sedrton rd fs"d trr udrr {*?-fiunt
d ndertr5-dcqftrrtc-oTrrnrpstrtrm tft* dntf, ef n ffll| *-i

frto rfr+3r Rtcr*rg} e4qumttffi oogili'

sruxDlns sILfsToE

Frr.,ft'Er lr,+- eni SrHrllli.or €-
tb. Ibruilm It urrdl ef3rr Sadrr Forir r Eo;dt rd $tfr

ltr

ffi &or tbr ffi Roril rt slt ts. fril#fi '
+- , ' 'j'.li

qti-Ti.1i'1 : 
r'r 1

\ v --* 'i i *: r \-'t - .''''i'[t'

tdr
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Io tvtlc rcstlou It nrroEd, lg'gfly brcctrgc tro oI. mgtlil
rltte|n e fmlt hloek rrvrlr a rufftcloatly t'bi.ck Eftdtd ttlwo
of rtllta. tbr .rr bdrru Satrdce Itod end lhfDgt Strru lr
drttntrd tb. ty?e rrr (ro ttgrr 1J).

AFst {lor tb Ef Erd+m. Ipntue drvrlogcat matb af, tb
UaLFt, Oc.gr nr lhhlrt (p) frfst tbo fqntto tr rt trbtlvldd'

Dl$;lHtrrn

In tb. rrten Frt of tfir Sbet Dttbr"l.d, {ftr Sauds Slltrtan
lr wll drvclopd ln tbsc Llrgo rrriltrp rt Saudcr Fsedr Hlnms rd

crt of tbr l{ehtrl Rlvs. Thrc ucr rrG rrprrrt'd ft tb. |lfi{itou'
$rudcr F€d hutt mslar and thr Teirnte tault, fu

'1.

flcn th.s brt-d.vrlop.d rrGs, tb fsntto udfn ot$ l.!to tle
E&rtahnr ltdrt€Dr urd tbc Fjketrhna Twbld,ttc. Itt t&r rrrtan

ecrt of th. Sh.rt, DtrtrtcG trhr Seudcr gt"ltrtotro ooGul nS of r
ffEr babxa Kelpeco to fabrrlktr, hil tr brrt-dcrloprd la r h[t
olocr to th. it'alllngts hultir

Sqnqlcrt4lq nqlrtran

h tbr tlpr rrol, th. Srdct 0tltrtom dcllr Sr trn
.erndrtoar rnd fobbl,y waltcr tbr ttrem l,hdrten (rrr Cr6r
grstts Df) It ycdgrc orrt @ trfio tLr Ebrtrh lffi-
rtoo. rd ELrGrh $rbliltc forrtlon. Il tho fi;p lrrr nF
Blmpr, a^ad rd of th. llrln*{, R!tF, trhc uppe wl errt of th.

farntl.ol stdr ftrtbr @ tonr{r trhr lrtr d tbr

Etrtrhr rbor5l ah.{[t fffi Frrt, [er t[r rrtGt rr;t! of tlr
&drhrur Trlqf, tbr glmisl Stltrtil wctfr teo SftSrfrn ndrtclf



lE0,

++1,

aod lELrte}u. $o.bldtt fo*ttoruand lr ryalrtn F tr. tanttr g|!dF
'h

ftoua '
thr forutloa !'r lerGcfy ebrd lr,r rfrc arlr of tht ELetrE

rrou& tot lt b3 b..8 nmcd en thr rrG u$ of thr naqert teiil'cllrr

tt thtg looaltty ft yqa[;;; flI Eoa.tbilil{1 trto thr Sktrbu l|ulrtcr

enal tdrnllu thr tamth $rndrtmo'

Uct of, llmgrnr nordr tb. Scrdjrr gtltdonr svalllrr th' E3

Cqfmratc rd tb. nt Sadrtom a'd |' wcldl by thr ftdlhr

try1'for. It rrdpr ffir firto thr Bkctahu ltuilttmt'

ft hltcle irb fot-tloo wullr tD. Ata Sr'drtom rli fr

wcLrla to, tbr Etrtrb l{dttffif' It ldpr st fu
A

Isto tbr ftebhu ldrton. Botuts th IrO fatb rd grll!iltfr

frultlte.sc[dcrEllt,rtmovrrllcsth.rt|rsgdJbd'rttht|
locdtty Xt 1' t51 turng.f,t f*nttcn of tbr Ehrtehr ffilP deld'e1d'

gontGt,

lbc bul} of thr fornrttm oqrrlrtl of nmtvc rdff rllt'tm;
A

Ioorlly tlrr rlltrtmm are ;endy enf oocrt-p thry 1p{d' llt'

rdf,tonoo ,5r 61p;lg1.q, nrrlvr rlltrtonr oan br nfidtvlirit(UtUe
h

aot nppcit eqrretdt) rrto rlrtrto"- 'frld oodrrn Fror rce{ttnlbr

rd rtltetoam t! r.htcb ncrofomlla cc rrdrrelll abrGL Ilrcofo|r0;

e* prt cqnp6 tn thr uppcr'mrt Frt of tbc fotulrqr rt h$rl t$n

ird rro of tbr lhM. nrvJ$croforetlr rfr rl,F rorttrrar €ur

nntr. tb. b8tr of tbc fwrtloa rt rusrl ed nilt of tDr lhrFrilln

Rood.



1gl.

Ftgrr l;r f,tr ytC of scudrrn Fordrt'h. wpc af(n of, tbe

ssdr| etltrtolrl nrtr (u) IrrS @.
rgtr|Elnldsh{uffts"c+cerof,urrlrr
rtltgilflx. Fotc t'hr dcrply fmlrd ntrno of thc

nS ldb trond of, $r$nrl Etmrt urd m ot
\---/

ttr trttdtdtl.



lfrr,

Hlt.fllr trhr grntc Dert sf tbc fotuttoa lt 1l dlftlcult to

iltdfafsrb bddfl3. I.cellf, rrr tbc ban of tta fstrtloa rfir. tt

ov6:ltu tfir Errtrh !ffiftoro or tho Etctab, t\rbldit , tbt iift-

rton 1r J.erlnetrd.
t/'

fbo'ut, trn t&frilSrrd.d-mndrton bcdr brc b.ao fild ttlt'b|l tb.
D= anA

fq.rrtl,c ln th rrtGrr frt of thr rfpd rrtef n d, hp locrlltlr ,'*

tb.gFrdrdbtirh,?tbrosHtdtndctrtl'ltjrtr-rd'4rflIotbl
ten of tDr vclr^f!.n Edltorc Crrde ryrrr{r ldo clltrton ril

dx tndm ftrs tht bur. Our ccevuted filutr nrt rt tb r.d-
faA"*i*kF'W

rtsor.clltrtur !"atrrfaer lndtctr tbst thtAcdJtom bd nr drrlrrf

fFil a Dcr&g of ff)o. Ir Hgrhrrt Cr.* rt grld rtf' 4n1n W

gpdd mddom b.fi erb $ost thmc lrctt th!* 11'r r*rrrtd tf

aboqfi tro f|rt, of rttlvr bitur grcv ttttrtoor. l{o faut sr;tl o.lur

et thr radrtmxlltrgono tutsthsa/ htt rfori:-coct+raCq frd r

es+ {ldrear ibor tb. brrr lnf,tortes tbat both b.fi rryr drrtvrdl

fler e bcrtng of 14O dtrs.
eelem16r 6n6r1ftloru il!|t lr drPr

fFsr r/p561611 to dl"rel^Ula, s err cf,mcptd rfory onr dr to br
1

o.rngi-rU.pra. ftry sr mnUv frol a fcr lnobil to rt ft lrr"

Itr 1erpt oqrertlon fd Fr ta thr bd of thr tlrrrm ntls d

o'4A !rf.I69ffi5; tfir rryfc ngfem sf tbr ooD$|tt'o !'anard 20 fg

q, to crl ltr tbt&rlr !.r rffiun. Tb rmfasr of thr oooe*lsl

Le tnl.botrrl ad tt lr oocldrrd to brr b.o ftafrd ti th urpt-

toa ol rry mtrcr of oonargilLon grortb.

rt rlrt arnd tbrt phu tdloatd Dy n'rf,tetd-ug sf cno*tor

trdtorted thr b.adtq, N 3nrUly thtrf nr D rry to tilt tb||
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1n,

stflrrytlm. Iloraru the bddrng dat,arLnod t! tbtl rcy lr lr
sEFGtrrt utth the beddtne offor*t!.ors-fod atrorye ard belan.

Ft*thcr E"eatne appad photogcofoglca}ly tV U.l{, Johnaon of Erltlft
FcQrolaa Corupary ftrvarfrbry agrc€d rlth tb. b.aldln6 Ilifntrt sr
tbr lottg axls of thr eoaeratlom

At localtttr uhrre arvcrl oonerr'ttono rra Frct lt trr
fcd tht, tbr ansrntlonr rrcs of th filn rlar d 8{fo tffirs
|rrbly br aff3nd ln e pLeu tfrl€h 1; lD agrranm, rfth tte brflf4
ldtcrtld bV tbr reag .dr$tb f,Iettcad omcrcttou. lpr*-hl

. Ctltd*r
elporod of rtctrl tdott€el to tDrt fsrdtt tD. a.lorrru G!-

crdlu ere rnoon!.Tnst ultlafft tFrd rcru.l to t'h ud bdlu3t

md tbry offclr brvr crt^rcr rh.prit ll|nffi (rrr ff|trr l'il.)

thr eryftdcr mr tlor fou to l|n fdr ln dlartr r+| brr I
cutraf uttty mr t$ctr tn dttnrOc clong tb.Ir elrlrt tfiry rrr
oflm flvr fcGO long.

@fttnr fetld tbrt tbr gsrnirr Slltrton bi b-
af plo-s' ' -dtearfTrqr b*dli tt onl locallt'y ta llrtpct gtmllQt fff rd.

4I?D2t) tbn borlgt!, absnr ttr rflrFt chrngr of ffaln rtre hhm tfr
bcrd GrrE ard t$o non W rt'rlx ruo i - t cf ar llnb dttdc'

Tb E- $er4Ftcrlt tmr-ua, corycrcd of rglvr ntlorrtllfrc rrstr.

ftlo raadrtm ocGurr ln tlhr lonc part of th Saoader Stltrton lr
tb Gtsrr rrtcrn prt of thr npp;d ur Lrr lhlsf D trlf.



t2l.

l$p.G fh UcroE of uettrr iarim Slltrtrn E r ilaE H
of $rtrl S.* (lrfi r.E.1t?f?6). I|lil,.||fil Iril
ajl;oldrl dftc $rnild mcrdlo. E4fnry[ Rrr

. mp-Sryd a!6rttm t5 ft Xeus. Sotf rnctf m-dtr "
of *BilrEttr
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ffgp1 fll gg36rop of nrrtvr Saunder $lltrtnm at 6rld r.d,' 1261t1.

Irft ol$f trCCfaS la lndtoatd by rnall dlrc lrlr onc$lnn

(betor fl.fd mtr boo&) U*'* ot.tr't esntri! t"d} qf ,Fm
Cyllndc of oonorotlorurT ntcrlal about four fnoho t[

dlaj;tg.. Gyltadr tradr e@ rerrl to b.aldtlta

otblr mglata of thc cyllndr oosur et st'rn top of

photosraph abwo tbs lraro ed @.
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-a

li,.t*. rF-t'., -'t

fliffiffi
s ---.+ I
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.,1l'



- 
-l

le6.

7
It lr mt frda tf th. Sarrlrtoac gg* b tb qpc-1nrt ef u
drtylng lto*lttoa c tf, lt lr e r.ntutfrc rildgr drvd,opod

Yfthla tb rmlvr rlltttar.

Elr@r
rhc sad*., sutsto* [:':Y{'#J,:; l;l*. .,-lL,

tbf*ru crlmt br rccurately cettntrlbecum tt tr qt F
Ery frultr *fGh br. &n t&ffii.
tb+Scrfitca-r*gr@

Sg*rt

a

fbout AmO ft of rrrlvc etltrtm fg thm*t to b. frrrt
bdm tDo urUfiglm -4fto talto farrltf .

llecofoad,lr fbor th sadcr $lltrtoar gs ltr[d o trDb

9. l{rcrofonllr t!! rrrft; uruefff d nrc thD tlp c tb.f
fbmtle **#iiol:Utfarur fo€lfty, Uaull;r tbr forrtlr
M rcpruut rn rmhlbdftc b|lucm s*llrlr.
Tbr rcmfomtl fft frrquot* fFrn tr Wfcrll.' ftr
ffi rrttcd, At foerll locellty ?6 I,t dr rerdrftf
smbr tt or locrllty et 8ild lrf' 4J6,|,4f- lt nr ahoCgtb tdthtr

a tHl bd. &rrt tla@thr nlt rffialt forr{l rlir.
lrrfr grrtrQod rtod trc trdc fng $htcf lo€trd llb r giltrn

rp.l tt rlWr dfrtnt{Ft .l rfrG en rttrryt ur rdr ta rse lt
f!.oil thr rtr|r.
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t 28.

tb h,oemro enrbl^aga Gontarnllrg tSr ler3rt' nlbc of

rprctc ft *r$"q""tr Crcrh(toarf bcdlty f034, arr thr

odec0 rtth tb dslf.lng fta Sedrtor.

thr cytl"udcr of oonarctlmrry rtrnlal errc crutdrrd to

br &r to tb cslcftstlm of ecdld turt bqood t&. Etctc
of r bolc bsrd though th rrdfrd bf r rrlm enlnll Pcb$r
e polycbctr tfftr Folyelt. urru ert rbat 1 |lrf, thfcL rd
ly br rrveal frr0 loog, tf[prc hra tn trhb0t Crf rtc rt
tbr prrmt tt.I. (pc;. oo[.i,!r E. hm).

C4trr !p[1a fFil llgatul Cr* lr conrtderd to l*ltntr qthr
of *3o*tt6 of tb &'of m - ,30 ntbil (tFO - ttm n),
#, tSe rrr rr tlrt ldlcrted tf tbc rsilt f4rqtil gfn/
glilg firs tltil& lt cen mercrfy br dtrllnguhhril. ID tlr tnr

tt forrll bGrltty 981,Eltg|g Tr. br hil crld;ri !l fdl
(rn rfpd|r 3) to tdlcetc drFbr of drporttls ef ?t0 - lfr
fethm (POO - }pU ft). 61orc btr et foeell focrf$f ffirtdb
hd tbt fcutntfcr ldteetcd a eftlbtily rbrlletrs drytb of

dAofftlo, of, l,w*urt nnrttfo.ryprmrt betryil (c20 - drO0O$})

- (trm - tr0oo ft) (ru rppdtr z).

Bilfqpr.rdr rfrsc rcrofocalls an etrGtr drptfir of drporttlq;
rr.dtcrt d bt fselff,ee, rr rt drrpr thD lr tb typr rarl o
acqnf.m qcort et fomtil ro€,lltl fOf (rfcfrtfyaf,]. Ib lrot of

ncrrficmllr tr tbr rrc rta'. tb feutts uralSc od fi ctdnf
to b. tood ctdnor for d4ctttoo |l drqc ntc. tt rf br tbt

)



129,

n M $F.a,ry't !ilo dsspr t;tc tr te 3dlr
|;qplt g1utl 1[tcb doportt€d tho rtltrtoj;l,t'ml |5nf31f1

rltfu erfhr dq{tr.
0D tbr rirt ftrlt of th Ehrtr,h ?roqb Ht An AAtf

olrfillr of ferrnlntfcr tdlcrtc tbt nnb of ttl fo*rttou nr
d1porltd ln mtrr-acttlo Sh* to unpcr-bthyrf dftb (AOO -

Fm ft). l{ost of th neofomltr flor thr trtca rtdr of,

thr $}*rtm T1.aflg! gr of rrchtbsthlc $lpr, rfilsh tg|tortr
tbft drpthr of dqorltlon $f. s.t laet 600 ft W
(rr hLl 19t6). Tbc dqtb-rungr of lUre llll$lf
il 960 - ?4m fr belql mi.."*r et t&r rrct tln rd d?thl

A

of tbfu mdrr am tadtctd t5r th. OPoft|rD fortl fnort rt
fb'ntl locllty ttl, (mc rppouiltr I for tbr stltrtom tll16u.

at four locelttlc| etnmdrat urorlrd ErtafngPld rylnr oBre

yltb fomdntfea tldtcrttng up* brt$af dqltb of dryoCittfr. ' 
r'ii

th. ttrrat thl,6m of mtf*l rdfmtr tdtctr tbt

rnltlon odltbor of drpolltlon pcnrtrtcrt fc r fl1t p:lni rf

ttn. ru;|[ ftuctutlonr of trbr drporlttgnt T"ftflt sf

tndlottrd bf tbr mcrrtlouuY

borboarl &Gr ru ril oortrolr (D$rlalr chrdcrfp G rrtr

of dqorltbd rAle ilrtrrntnrd t,flif{ifib ooncrdlsr.

foutto rafilcctter ;noflh ef rcod centleotrl rfcprl rtrblt
tf llodr rd Cmry (I96t)/ rbor tbrt, rry of thr thrrltllrf
ontryrttoBr ndr reng r8o tr cotta ($r8)1 tht routrnctrl rl4t
11:r the rmlt of $gpatrtlon doug fdt t rfopr l33 ootrtdl'

Cottm ($fa, ffg51 t) wlmgrd thst :taetel rnti bf dnFillt i



lto.

frgm
rlttrc |l toprrt, fqa.orrtr Qf / a pcfrSfo mvtronutrr r;tal thit
jost of tbr toFet, b.fu Frld bo Ehcqtrutly r1er,S tf eail'on.

Gotton (t|6Al 3onrldcal tbrt D1fi of tbr aniltlatr,l el4cr rn
\\ 'l r - a.^.- - --a- -.-of t&i'up..Dd-guf EuffdIDS tr?o C1; to r FLdfru ilryPft of

erffrlb ad c{tbc a sodrntse rtrs * rfadr or |ltcnttnfyA/
Drogfglrc dsrnilrpllg o! thc rrdtmtcry lstcrfccr. Elrto-

nrka .d dcrJro--metng of thc arrdd bidr Dlar t.br lbkurl G*q

rnd rt lftrtrrt Crrk t-diqtc tbet loaaUy thc frl??fer eld lh'

dfrrc0tm flqr rstcb tbe dlt nr drtrt"d nr pill t tbr rtrllr

of trhe 5trrte1gj Irougb, e; y:rleall.y tftf fsrDttoo ta oao cf
\__/

farclt drpoattlon rr dr;€rfbd bgr Cottm.

ltoat of tbc Crctaooeru ed lpr3' Taglbrt rodt1, tlhlcb qrop

s,ut r11 of tbc nppd trer, caprelally of tha DcwYtrtr ad Dar*'e

3rrl1;l (rr rtrgn 1960) arr f,lroErlrud. rhclr dotfil rourd

prwl6t rn rryfu tsqrs of ffnllgrf.nra rtrl{'

AmrfXy thc cout,lanaftal tloDt ug'c rfg,alra dfif,Qul|;lt tbt
+

arpplV of rflt rrr grrtc thrn dnln*afi3 cnd thr fdfd, t'fitftf

bo'tt'm fgU) rdrraerat bulmrdr. Dmr f1tldtoor both rrt ene

crt ef trbn llfrcfit@ lbrnlt, th. errtcrp dlltrrhilo of, ter sd*r

gtltrtoar tdtartc thet tE orrltlrntrl rrcDr edvrnd, mc*crlu

tbr a*tvrDori r3r!4.

follg1 fitt for;1l locallty 949 lr dcbcr ln aasiorPc't r{

cogtrrtlr a frr mlrt *rabltrt-rporfer, Errt tb"tlbst othil 0polttol

f,cpltcanr.nd Tcrerhlnn ranpl.er (pcrr Gg6o orae "Ju$D) ' rf tb

Folldr l; rrlnrl rnd bl mt bem dstvgd froa r touc or Hlddb

fG['t'rary fmtlon fiirtlp to the olt,, (nrch ar har bee proni rt
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frao loerlltrr 942 rd g4t) rt ry br thft ren tr$r trtr
rafrtlvdy aloil b:rr pcbapr oa nll tclr$r dfiS rbt lr aor

tho Errt Cilr0 Raj3rr

Crrdbmrcout ntetel and pebblr err abrct tn tbr glrdd
brdfr lqdrcatlng re lartr ar6sr of clarat d bDd rcft of tb
rppd rrto

Th. lltblosf of th. Saundar $tltrtos lr rld.lar to rrclt
dQorltr on t&r cortlacutal dopo bstrca thr serr P.dro - sertrtl

l{ml,or Daftro *ffit".rt of $qtbra cllrf,mla (mr Gonrlllr
enf &cprr199,p.a$6). Gonclt!. ald Sry found omtctd
rtruenilrr b erdln0 at t&c toe of thr cmU,mtrl al4r rifGb

tbry onlldrd to b. dur to clqlqgr ttru rbrstmcs Erl rbrlt
|[ t'b sandrrr slltstonc. Thrrr rboct |r Dt du. to u lrnl:?-
lcttt$ tt q gredr.il ar tbr enula8; naocrt gradlct of tb
$rn lodro - satrtc lbntq Barln ts ler atrcp (t r 13) th tDr

clcl^itrd DrrrrgrldrGt of tfrc opoltlNry lrdlrffitl bfrro rrl|r
stran ed bvnprta crr* (t r 9) (rec fgp lfl).

EErl}I0xr' D0DsroHB

frpr Src0tan qPt SqFitvtrrgn

ltrngrcanfr strnar e rtgbt hrnsh trlhrtart of tb !hb&l}t
Rivc le rdr tbe ttp. rrttlm of tbr Ehgtab ltdatc. !t
fb+uilfo le mt rubitvldrd.

W
Ib. f,mut!,m crope out !n ftrr rtu rethmrt trnfla; ldtr,

*rlch rm I - lO etla l.cgr ad * nllc rt&. lhrar sBEr ft[

-l
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rrlt to €agt rGf l..rlt of th fart fsdho taultl{-rrt of tbr fur
F6lt rrmr noeg*olnho;3. tbr htpcraoro Mangrorangr, Etnr -

ff'r-
Boqoaf balt;4. e brlt bdrmlnrtfn ead 5. - farrtr fultrl

,.-$
cnf'a rnllc btftd bdt mu Te tbr tirn.

gtretffnrgFrc tlf}ltlffir

I'Irrt of tbo nry* hult tfrr fentln udsr oG t! r mtL
twtrnrrilc trto 8ruilcr gtltstngubth €.rt of thr Horf IUt
the ltomatlotr nrdgr! d mtbrrrt*l€r tilo tlr Srdcr Slltltm,

beeffT ln the Alfr.nton B.l thc fbrttn dcllrr d
w*.ltr tb. Ef,datm t\lrbtdlt .

Bthm tt [sd Trth id Htrtr tmltf, ltbr frfirhnr ffifld$t
ls rbrat andt tho Ehrtshlr lmtu dfngtft drrllc tb
tantla Sedrtmo.

SndG
th Etrtrh Htton lr bluc -glqn frcroforrllr cr vl*nfff

rbrdrrq Gelormr cucrtlm trG rorc. Tbm la th. bd cf tb
lbhlrhl Rlvr Narth of Etctrhua cc rphrf€d od rbct fbr flfrt

ta dfrrtc, ad thocs ef"ory ou tb ftfU trriilr of tb W
Rlvc (gfa rcf 146062) ere tehlar ed ebat 9 |lldr tbl€L.

r 3 lnch thte& ylUou Etatncd, qrnrtr-r"tcb pruril.ccoue Id mfr
orft rbout /rOO ft sbfrc tb. bero of th fc'ruatton at frpfy Cfi*
(gfd rof 412965) . tt bd ovcllre e rlppb -rrhcd nrfior ln

rfttcb tho ststb of tlbe crstg tFrnd et 3tf. I tH! rrb bd lr
tbouebt te oceur Hr ths tdp of s tr-teh cllff on {rhc Lf} DrDb d
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tur nrtreelrt Rtrrl:' (3rfd rcf.f8B69)l llr rtrrttfrr$lc porltfi fr
eDst 240 ft $sro tb ht of tb forutl.u.

I.Gnfft l1rr Poajglellto (grld taE. 1f9962) tf,r f*rrtln
p\e'Llrfirtn *f$iL||n ftrjrdr'

frfr
thr Ekrtrh ltrlrtlar nr dqorttd ffi dilf

ttr Srgrnrr $fltrtmr rad tb. ELctrEe fuhtiltt tdttlr tl.
ltrtrlrlr, Trrrj!. ltr thL&rr rt rqt o. bclltt fr pofrt-

rnr b tbr tbtc[rr| rf trbl oth tt forrtlfl. tl tbniltr

fr tilncrl'b rt thr ti1ga Flrr rql t! tb tE1p ltrillrr

tlrr !,trg,rttr tr pobrbly tbtctrt trI o'f tfn ffir hltr tA;r

th. strtrffi tbbtdltr rrr rbrrtf lt tr rlre t'til* rE tr f,or

Fltl'

rnrhr lr &r frrr tt*n
rrttoll"er lffi g!?G Rlrr
.r-. UrUlfl Hrfln --
tm ft tp ft ?00 ft 2I0 n

rurtr!,nolrr
RIru rtt
@

F00 * ft

f;hdab

6ff ft

rirufnrf,filltl|| -tf,.CaFdltlg+pf DpoFftm

?ro rcrrfmrtlr ba bm fd, $dllc e. tlnrnrrurqre
strnl ru lLstillll aff. rs$l tnd(tb''u ro€dftt 4sr $c
rd d tl-brCtm).

gflt of 1h fcrnll|,fmal nrylrr tlm t$r fc'rtln lllltr

rld-Datryrf dqthr of dqorttlo (trm - 4rO0O ft). Icclltr

cnorr to th. mstrst 6f tD. orrty|ng Ekdrln tbtildtt rt lisrll

b€rff1;r gi6 Iffi bstbpf d+thr af d.Fo.ttls rec rrdl+rtri.

I

-l
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thr fcrtlon tr oultdcd to bn b.a dqorttd tt roc
ulrtlm of prlngtc nd, lrr1rry hrtmrd of tb OodfntrX 3lqrl
rt locllttm *ce boiltotr c*Trtr cpblc ef, trearprttaS ellt ur'l
rblot.
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S[ETfiIUilA TTIRDIDITE

Trqo err* agl FF\Srvirr{tn

No oorylcte ;sstlon bal bscn dudlrd ln groat detrflr hlt th.
olo""

rtrata upo;cd routh of Ekctahuna, rJ,ong t}rr t{rh}thl Rlva adntbr

1{oodrlltcrf{6tr*4oo gtato ttlghtcy/ aro ndr thc ttrryo rrct. l}elt

fron tnc @ b.d, ubfeh ocsur! et tht top of tb Uubldttr

t.quarrcc at Alllcdton, thc fomtl.on le mt nbdlvldld.

Bstuccn the Hurtr and Phokrlllc fatfltr, ln tho routbr'ontnr.l

purt, of thr nppad af,€a, tho Elca'tahune Turbtdttc oroPs out es tbor

orle-Blllc-wldc, nor{h.mrtfract trcnd!.ng baltr. Eart of tbr FhC-

vlIlc Fault ths fornatlonaL outorop'rrldth of ;rvcal Ddb.northrart

trcndln6 baltt ls sbout balf a allc. In t'ho ercr ur4,h of thc

ccrtral laangrcn Road the foruatton la fourd at tbo otrte urgl'n of,

thc Arakoa Anttcllnc. The twbldltor erc cspoelally yrl.t aporrd

along ttrs lfukahhl ard l,langonc rlverc, and ilgataheka 6?eds.

Sl,rgtttt:lrohlg Bchtr glr n

At l{angnsranga Stroan, 6 -tnch-tbtck rlltgtonr bedr reltcrratr

rlt& 30 ft-thlck rrn:dstom bedat fnrnedlatdy bencath thr

nappcd Eketahmi Turbldttos. Th. turbldltes erc orcrldrr by tb.

Tamtl,a 9andatonc.

Suah a atrat!,graphlc relatlonehlp le preed ucet of thr tyar

arGa botwcan thc Ronguko&alco ard liurtr fanltl, and la mrenly devrlop

ed bctyrm thc Rongonai rnd ALfredton ftrrlta. In the mrth-artc-t
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Frt of tHr Grrl hrrup Sgrr of fird*r Slltclm olour trtm
t|r ffirb l\rllilte d ttr Trrtlr guadrtsr h H nr*r
of tb. Prry-uhg staclf.nr th strfirhn TEHdttr lr crlatr ly
t*r ftrtrh ffirtttt. fS ol tb rfl}dtn ltnlt" tlr {t*rt|n
fi aurfond E tbr Etetrh tmrtcl tl r Etf dnsi dlsltr
fn lDr fo-rtlo rild$r ct, qult rfrftfyr ldo t*r Srdtr
Slltrtm.

gnft
fb$ of tftr frd.d bdr d EHrb rnr rt.17 wllUtr IF=

frblt tbl;r rrr onpord sf rnglfr qtrrliom f|r rfrtnr ; triFtr

fIr 2 - ! frltf, tHct rt ib hm of th. t+Fdtr;
rprrFdr ldo r ffieot Ilil1l tb bdf rn 6{drecr It
nfft r frlrly frrp cortrct brtlro tbr lrd$o Frt c#+ld
tc tt ddon Frt of a bd, ttr ontret bdrn tf. brr31 Frt

als od e bd Nd tb top cf tbr dslfdrg bd b SIt rDrytp' Hb
tlrrr trolt nrhroru *rrrr(n*lrntrrtr ffi fliln)
nr lIqfratU tH t tth|r tb h.rf IrGf er tp of tDr Fful Hr
rcrr flfFritc d crri rd ,rt9t6 ellg Snfb lrfdlr
f,fiUe r .d Ilrdfh rt tU rt tb hrr d r
jlrtd bfi. frrqruut felrilltfrr rlrpoctaUV Fohlu-tt"r tdr
rn pdmt rt tbr brr of lFrdd bdr (ln fffst fi).

h fg$rl*r etuf fuf|d r.f 14?96t tbf. e.dm ol I. ln
df.&q5llf err tfl t! alolr rmc|ltln t! th l3F Drt
Frt d r Brlrdd td1 ttr fortlr rn tbts to br tm r
hcrcm crdlrgr. Ic dhc m.,rrlryrorttd ftrffr hm fn (
fd.
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ffi ltile tbf bdt rrtr s o trGrSr rbaG 2.8 fl tDl*t

rfttlt nr fffi:dtoo (lrtr{ rrf 31nr6', tfry ur rbl,|t ll f6-
tH*. lltckr rardrtor b.dt, rnrr cr rGb ar ftva ffrt thtt/
occrr Hr Sqnlohb.

{h tb rlgn h* of tbr }brrbrhf Fdrr ltr ndrh(rt
F{i rrf 2O!Ott} tll tt ddrffr 3urt of tbr fe.rtlnr r *FGI
cf f,r.dLd b.dr tbmt tO ft t'htck ll ftmailrtld tf thlr TrGt-

-f!rl gafnrd nnrtrtmrl d frttculrrly tht* Stff. It

1r Eo0 bon lf tb rlpme brs f oofrIuf$ d.'af tbc ;Hlr.
f$f (196d drelbd a r$hotc rtqunGr of ;roryr of

j1lrdd bilb rd nffim Ettr roh ebotrt 10 fg tblclr rt r tEd

qt nt of rlllrfia (rrfd Ei 31r*16l . tb. bd+filtlrd
tfoq hvr n Gdtnttf frttrrf.fi ttry csq oot lD r hft
hu& trth3rrf af tr Eoo Strs ri sld ld

1

(

RHYTHM

9+ Graded Beds

RHYTHM 4 
I

i

7 Graded Beds I

i

RHYTHM ]
:

6 Graded Beds

9 Graded Beds

Lrntlcul:r Conrretionrry Brnd

RHYTHM I

7 Graded Beds

nHvrxm zl

Figure 19, Rhr,Ythrnic
mags ]-ve

se quence of groups of
mud.st one unlt s exposed.

-t
?/v'i
edb
'o ad

^nd

i ion

1 e54)

ecls

sec

(After Neef

31 3956 .
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fgUrt 18r Clocr W photpgrrphr of a grsdd bod fton rert of AAfffitoa

at Effd rrf 3?f 9Tt t ecctl"on epprro:dntoly rcrnl to dlngttoa

of tramport. Eott abrupt, trrrgulrr ontect brttm rrdp

Jto6c trtil l11$clylng ndrtonr. E3!ill;11 typr forentnlftrl eru

fo.'y "t. eoaoetrrtrd Drrr tb. bclr of llr

tn thc bcd lrlalla ftrntnlfrna rrl ebo lrcrd.

tfitte efourcCS

brd; hlebcr up

I Eolufur lr ebout the tlrr of c yln bcd.



739,

Ibr gmdrd brdr of, th Ekcts,huna turbldltrr as. dlrtfrrfiflf
lre atl< b,

arngb b,Stp tna'll eerlo Eorc.f and rcvcle frrrltt titr t'b th'il

1r lrrt EC tbetr ebout 5 ft. It ts dsubtftrl. !.f r Fr{lcBfs'td
oan bo traed bryerNA rD uFo.uro tdcga tnc rcbtfonrhtp of tb

bd to roos dlgtfnc0tn rnr*er H ts lltfia. I! tbr ertrb

sroa tbam arc ebout f,qr dfttbc0$e grrdod bcdc.

lh0 EOO Jue rro of thc Hrb*aht Rlvrr at grld ilf. fi&nt
e grrdril bcl odttrlr-

srlty .t,
Srdfrg &n to

I&
6 + oDtcrl

e0vclr fI16-gsafad tdiJtffi2 )
gmdl!6 en to

Rmdcd gryrr*r fnnfr
en0r.talns EIErour! lbfiIl mrfmtr t

IIo ftSo nr*l rrr Ftct et tD. balo.

tbr hd lr uarl brcurc tt bf e tLlcl rrilrts Do'tr dbe"autL

Silnl,rr rt llr trntfeil grd,ol of Crry,gto oes at ltr baaGl

of r bal bf,f rot bem fod clgctficc.

In leftrhhe cFr*/bt gri.d rd. 1ffi 7 )c ? ft ttrt* Fd.I bd X

auhls ureut scrttacd fraWts of, rlgrlto. flnt n*r S
tbe lrlr af th bd tdtoatar thet, titc boil rne d*lvdl fr'r r
b3f4l €f ql0o. I

rt th. trrr of cftf? Gil br th l{at*rtl Fl"r{rt gfi rd. ffiI}, X

r errdd mnfitonr rppdrtcly I fi tbl*r mutaln rqf DGr fhlli
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tbrn BfnI, pertlcrflrrfy tpstffirr of WgfffrlDnr
.dfrcfd rplnr, rud tnll P.hsyFoCt. tcr tbt t P of th tFrftl
BDdrtooo thm It r l tnd-thtok calnbanolou brlrsa.

our yrlle rtelnrrl t4 t!&-thl* fight-gtrt conpfos6l.l trr

bord arb-brd q.orpr dfi ct r rogAt ro'ufrb of Ekrtrh ei ftd rd
t1)198t.

hly oar eoryorltr gradrd brd Ir brm.It c'DPf out |n th. rl'St

!6rae of ftrhh}a Grr* rt grld t.6' 1$0|69. A ;;rll E1l,
ldrdtftd !r Dr D.l. Squtrs er @jgfnf$Uf nr frd
lB t[. lffi Frrt of tir bd.

tl$fit ururlgwrf lltY nditcar

Ll6lt=bfurlggrftnr rrytilrd

to rlltrtmr
f,fg$:bltll Fg+Lra:lntrt lldlrt*rl2;freatnf

ulnnlld to rtltrtone mrrtrtqtDg @
ss$r (fudioe' lott)

Irch.r

,

LocXJ.y nrt of Alltriltaa a dlrttncrt$a fauldouo b{ l| oftn

ae n& ar It f,3 tbtilrocorr et tbr top ef ttr ftrtrb trbildftf;

tt hrr bc.D npprd ar tba 4g F"na"p*.-. It Gropt mt on tl. cd

end rostha.n nr&r of th Prep-o.f,ey gtlct|atr ffith of trbr llrlF

t hto nmd Fault, +'rd b1rtu6 tbr Hnttilnrllt Fd ?ery+hy f,nrltr.

%Turbt{ttr tr t** er Ehcrebel ffi

9

,

tru"tu* brtrn ttr ffi fmltfr ed ttrg fsobrbtV
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non3l*rff#.llr ftultr. tbr forrrtln tbln urorr tb
noryuf |ltl!trllo, .-d urdCr onrt rotrtlnrrdr etoag ltr rrtm
fir* |lto thr sfidcr 9lltrtonr.

Ekrtlh
l{t BrLc

hrt fh* of ttr nougu.l rftteJlr.
t|rJt of, ttfrallsg bitntra t$r lfrhrryr

rld lhrtln feultl

lr tbr Frn

f.rt
GlW
o 1300

c6fi

ol?0.
G ?UO

tto &rtrh ffidltr brdr erlr snly u&ry ler'trtt rd

|E oout6$ to Ero tadrurtd tr$&ftr rtretr drrArrl tfc tdF

ffi lntrrfetr rr vtrturlty n'tr @rI. e*f&K
@dIC tert*r.^n"dcl

th..rdrtoD..drtor lrfiafrorf ffi trb relsrtlrl b|at+
*lretrV"dtlau.Y*&,o,;#s*,;ti+. lrort of thr redrtoor .or acrvrt.i ultb b

eld of r grologlcar pldrr hrt afir th b|'r of s rrrilrll bd amt-

rtlon nur I p.fuilfr gd I l|tbt ubttl, hrr!ry H |nrry d{l|t

red grrtnr could br fftFtlv uhttkd arry ar thy drqhl. Ol;rrllf

ehotfi a rrlurro foot of tbr radrtoar-nalrlonr lltcfasr rr Qnff e+I
{E(iltrt..oh r 

b{-cl qccdlJt
sor of tbc frDs e*,att[mnUr tr-#rilbr hrr of ffiiftr

bdr, rut ar bunor-orrtf, le drrtroyrd dwttfccerr0:e1"htt tf,r

rJor fatu.cp filsr rl*r, ed poo"nl rwld;ffits#lf4lEaar

Htrq!,Fly f*hrrrf drrloq$ at tbtlptarfoq tl$qtr

pcd (6 f|3lro eO).
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tIFr a4 ffr Un f r spdd bdr srntn F milr,r'a*
AL-O n!-44 AA .
/\tb rftrfi."r of tb Bryr r$tl&hr d rrtr 3..f 8,!n $.

lb Fdthl Fl||rrfg' Lf,t,rd f8'tl,llt,rnr rrh 0 |lfr-
. rar.-r

fq rn *url t|nr irt t rlt fi$. Ifry dftbfil- '
-€f.
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t'b bcil of tb. trrbtilttc bci lc aorttnar lrrtmatd uftt
cefgftq !.f tHr elr't of the brd ss carefiilty rrmvcd ad efnf$
ft6r Cttt ,,AFo oflA rtvtnle,li. *h'. ,-llrercblon of flcru of the (

tu:"L,!.dlty gtu'yent vhdeh rqr..rreed thc flrrtc erets '.4g.e '1, t*rr"tnt mO A

tha ttroher h€d rnt ttrrtrubld.
&a4',

nlrttG*; tfit ooma in ri'f .rni;qluna &i.,;i{r Exemrtfq
*Lcrt Mt. .-.4 r\ ' 'i -'1t'"* t-t'"];'-..;'s' -';--ri*' "#

t!"srthilv rcry^alcd f,I*t+*g, -ifr€t att lnroh,bly ra*i:c:' ,.--*r-i-. 'rf i,h

norgonf iarrlt ubarr uhrtrftlra mrvatloa rt ti*ro+: loef,,tlu.frfld
+l.e rn - t

to trrcl lEhEr-rek*,

thr ccilnril d tbr plroa d r,cnicr.oiuaara; @
loral rftf,|t tbr rd frt of, * EFdd brd nr fod to br d ftr

q,o6ravrrtlmr of crolErtu ed rlrficdlatla d fi.tfn;gnand
rttnctlm of filerr rFG rdrlt-cJtr,cFeorfiddrn3 rr Et .d.

Iltqti HtFFr

tha rna dc4ly tnc!,rd part, of tihr f,trilt rllr hr bia ltlddt

hfd t,6 br ter porlnl Frit of t$s rodfUtery fmturlr lrllcettn
thr dlnattm fron rfrteh tlrr ccrd fldid. Ofto fi[t. *ib gr

le - t f$b nldr rd rbnt rn ld lory. IrrIF f,tntr rrtl f,r

? tnotr utdr rd tro fnch.t dccp rrr aot ffilsffiDo

Ibggr (tg6t) fer rbonn t-bct ttr dlrtD of r HfiS FIE
6 '6--- Wq *o

llarrtton, .uoa|." nute mrt ls altild lur thil tbrc d*rn tf *b*nrhF
;T.fu-#" 

rD -*ru! 
lu;qr;" flNsLc*d.i*rict' h I -t

lb beib ffi ?5 drrr*r.''leoi;ril{Cii or tart ti^'*
Brrqag|rqlr)ar brdr ylth a tllt of mc thD a! rryro rGf not dfl t

+rrd thre doGrlel t! th cdrr of aeeuraq sf t&r r|dnf

obecnvations.



w.

Ilutc nr*. ald nlcrocroorbcdetlag lndloetr tbrt nst of tllr

Itrrtelm fE'btdltf n,r dclvd flor a @r!ag of, 0o - 0300

(rcc Flgurc ?f ). A srelt€r *ryof, bcdr tr:. dclvd &sn

tbc ffirt. A {3 snssailodftut'o mrkl t! t$o tostb- Y ?
octral pnlt of, tbr EeFGd area lnillcttl drpodtfoa ttor nilf,F 

I

fiodry hrtildtty cnmruts. lhcorrn local rarru,.lr of rfdnnf

fafr#cad.lndtmtrd; bf ftutc+$trrbrrr rlro bF ffilvhl
bt ofih;. rpl}cr tu ffildttc butm aboad (rer fm anryUl$o.fitrtil6).

Etuto rrhr Ero mntlod ln ropcr rt tbr loodlStfrt

ll;fid bdaq at om loee-ltty UcroEroefrAatag sr fd ril
afliliail.

fFoa llrLrbrhf Rlvc; Ertb of Ef,rtrb (gtd t'rf,. 2090ft).
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rDer llrhbrbr cIr* tt 3r{d rri l4ltfi)

Solqae rnfrfoutr{ bv flu}t n-ta
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w
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tnds.lamcty 5rt

ttslone (*), bnd

/cPol?n currart lr.ortd fron Z ftuta rnarks showtng dircclion of flor.

4'$w cuttsnl trend fren flulc cast rhowing dirgction d flow.

4 Dde.o currcnl tp4d fror'.Z,flufc na.ks, 0,6/0? g(tr,vcs
b.rf dircCtion ot llow UncG',loitt.

/t htca currcnt trsd lom? nicrocrpss bcds $o*in9 dirction of flotr
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Iot. @ ertt rntbatrtly dlrasbiooa of dcrylvatlcrrn {a L). ataue-
Thc +rllb\titt di!r'Vtbnr ,o?y. oVrrrur4-

Cn tnr nihllrbf-Flr;, aotrtU of iktvLatnme(at grld ref, 1S490)

oeo ,1'

og u'n

0s

I,tlhol''efnr 9frrlr
Irdtcrtdf E
flEt€ ritf

nfrs

Sccr
tl|lctt'd t7
trlcttlrr

fdftrf
E;FGItrdT

toP (tUrton !2
(

Erl 3(r[t 6
(
(rrf ftl. td 1.,

(ndttom 18
(

Bd 2(eilt I
(
(vsf ff.u taDd 1

(n*rtom 12
(

B.d t(sfft 3
(
(veny ftno mnd 1

Thl.ck ur*snc 3 ft thlc&.
+l*

UotetrG tne sectloa sbover flutfrg rbomd r s*lf ed.ut Fusc!,

hrt ttnt tndtcscl bf nlcmewrbrddlng rng lllch DRt rrrlq'llh.

T?ime ls a ft{r$r abmpt broak bctrlecn tfrs .todrtm d s|ltrtr

parta of the beds.

llcry ccdtlmutary fmturr r&tch brr boG drrsrlbcd fn gFrn &

bcddd soqucocGs orcsoas havc rot bcra t#t t th-. brfrdr

slhmrtrg loa,i aaato; 88d wlcars;rd pnolrpod bdilfng;or

sltryd bedE, convolrfis }rul,ntlou (nlmr rtcrtrL mutoltlfi) rf

t1ilst at on13r' or:o locsJ,lt*y, (eoutbnfb of Skctrba rt gfd t'|f' K
.\K

16?yt$^
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Cdfi'tfqt of nr"*ltf*
Tlrr Ekdehrnr ffidlta It wl;ldced to havr bH dcpottd

oD e neoftrre pt^eb et tbc e;ll of thr Ek;talm fto{b. Dqol$|il
m tb FIr|;r sr Ly tubtdtty erlrrmts vhlch 4rHl ;triLal bd
u$rltt 2 * 1 ft thlG&' rtf, 1g6a) cdsl'.atad t'bt tb. PGLf

brhm frtil nr 844 ytil (mr tro00 yrn).
r velLr tbd tht tbrulntfara b t'b sndrd hdr rc drr{ud

frror tdh lbeug rd dra rnt:. wLrmlte, tb. drq #"^
r5r rwgeltd thf,t tb ifrA ra plefa nr at q0r trW
dptb. Sue Cqfibl Frl arrtdcril by Vafb ($6ft)to bc tt lrrt
4rmo ft dory. [ref (n*tpn.S0) Gnr to a atnllar GG[urI'l
(zrfi - r"@ tt).

vorr (1969|) &El tbt n u{oe$nr rdlrl :,

Ddrm fb r.DftrB taudlt tyib^d chLdt ct.*t tbr.
*hok of

. rub ttilSD oE altffcst efr tblr$fir Blrtrb lErudtalr
rt !iltrf5 r:ldlro tt tb'.c tP.dDE ot xr tD. lr&f3n
r&Ld I-'e fold ll Gtn rnotd,tF l! tDt wc pt !t b 

-tn
fillltto! of r gnlrl ld ft |l'td rd' l4??6tr sr {tq$ to tr r'
tr&cro.. ..rdlr3./d ldf,li. tB n C|loO|*|r ldlrf

t tt Fl.d bfira ror ot tD. Fld Ddf.

tb $roc.tr nd frhr r- r lrl rrttl3t d[l-
Br1notlDili bddfD[ do.; ldfilt; tDrt FrilIrtt il tDr lr

filstr rgr rg^rr dcQtfcfft ln *. It rg b tS tb tt
f1o€r nr dr6t rrr ELrtrhr, .d tht tb. lilfiS- GHrd (ee\ot7f

E*1rfift fdfrtr thrt a frr trrbtdltf GanilSr lrr ilrrtrd ffi
t[c rilrth, al. rcl. ttr rDrac of rr$o$r |lil.ltr tht tt

(
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ttcbfiftf trrutt brd tclrtlTcfy Lru vdocltlrl.
ftr H6J$ql4q$gnc, hlfl ei the uppqymst' part of a tilEb|ilt

mr Alltrdtoa, FrrLIGIr tbs drvelopt of trhl&c trddol| tdf 
l

ll thl qD|s| Frt, sf tlr To br trrbldttc lar tb tlnm R$;.
tbr s"ilrta*gtrdtcetort of urglasl coEdlltlou fior th f;lA-
rlrt of turUdttfl.

h,.dtil of glndor g11furtom rtl* wcttr par{ €f tl. Itdrl5

bbfdltrf rd rAfuh dcllr tbr trntd,r Eenn;tonr nrr lrr d
llflrdtil fUtcrte that th too of tb. rgrlafrS .dlldl"l def
btl EEI rnrltrdr rt a ttr r*m thl hblAttrr Ft dfll DdDC

iopetft n llatba qrg.

romat*crnrro fefttfry of tb. noafnf Asttcltm b fdlrdd
tgr tb. rnt il tffnfif of thr fmtloa Drir tb. Gatl of, tf,r fold'

lrd ($eT) bm snrl4crl tbrt a frturnc. c*{lEr sf r l!

I

l

!

rtolr rrrl glnno cf fmirrl bdr rlb,+nt ru fU tU*r t a d r
rord ftt at rilHtoq (m; Frgr Bil H" du te

ftult bloc* fftrtlfl trveprntt. 
--+-'

!3t' rontldcd ,romma rlons a ffiffiillag hf$f UIf,
wt of ^ll-*f*tm tbd canrad mo sldr of, a feult blo* to b.
r"alEttvdy hllft i sd ttc st?iltr dcprererdr et Ist*lEfr of lrnrtB
tfrOrytr of,-ytrr!, r&lb rodtsta,tdoo fbof, routHrrrt flot lsi
tu+fd$f onidt st tn pogreasr f-b tantr ftrctlfi of po0;
ft{d*,I4- tstfdltt crnrcnte -gg chenaclltdl nlslt t"br_d+rnrd
r1dc tuit to tb lart of r ruffirfna ?rult rcsrllr tfillr on- tb
dd6fi rd uBpa rfopes of ths ttltnl bt€ck md var dcpgrftrd f,'rr
thr turfrfdltf cwrrrri clouJlr. lt s€dlnstnttog^proegedgdr trrdd'
bdr o$.lr#at rrrtuardr up tlG rfgpc of tlc t$tfd blocL ed loror
ila rnt dlFr lUr brd bils datril.i.i. lrtc ttltt{ of tlr lLo*
tuttlrt'cd a uu rfurtDl.tr (8oo Flgfrc n,l

'I

4

t'
Y*

I

'I
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SILTY I'UO DEPOSTTED ON THE T'IOOI€ AND UPP€R SLOPES OF TILTED EIOCX
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F lgure Diagrarnmatic cross section d.ernonstrat,es iocalisltion
of the sand.y fract ion of the turb id.ity cui:reni in the
fauli-angle depression imned,lately after' i'aultlng and.
fau]'t block rotaiion.

Fieure 22B - Diagrarnmatic block diagram of the Alfredton area during
a time, vrhen graded beds were being depositeai at site
of section 313955,

(After Neef 1954)

irIt fr5r eur td tbat th! Ernddt bed6 of th{nagp€d arr *

b1;I b1o dqlorltd frs*l tubtdtty cn:rrsttr ln ttae'p rstc. Th

r611pul fc tlr rypothillr err Eqr, tlo furlre rclld of th

rkrtab Tlsugb tr doluord fF6 ths dtrrctt.m of Gwret flors of,

tabtdtt'r tn tb sa*dcl stltttoDo' ?hs w4Ing f,rt trtrlsntb 1\

{h* 'lof $eurdaa Etltrtom og1etdng rru usofooa!-ls m;@ 
|

#fu.*"{*mto, .".fr*t, or drposttts rmd"e w I

fea,dllfsan @rr'tnbll;hg tbat t5F*'# dGQt 
i

aa, .s.NcJ ,il^.d g Xc l'lht ma io ec ot fel Dfora E Xtlchn or'
nter @gry tir'ri uxis of the 

"roug|r/\_F.

aE@
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In raomt FEr! flotosruphs of tbr d.qlc tottfin hrrr $m
rtFplo nrtrg srd ls tbr radnr* IU eareltc rErrrrsrl fn lr
rf.guiftmrt, hd.ffi, that f,lutr mrLr bs. eEC tE nm"f.*.|,
t'rry sfir, hrtwc, uHqurtmr ha"t& |rrild bdr. try bw sn
(llrtr srln lrt bru ;m? Buldy tt tr brarrr thr t*ml
b*firn trhc forrtla af thu adtrldtp flfuin d tb f#l|r
of ths ovr{ytag Srndd bd fr rr*y short tnA.r4.

If gsAod bdr t{tsr dtfllscttrd fr.Er rlfi, w|!f oil!ilrGr, tln*
tbr qn'ufte rfiuldhrrtu ([orffi traif tDffitril
ff s?r {i" fts l,srrrmfnf pctod r![t rd d IHl! tr d4odtr{,
Tbtr ls sn rrtdnor tht rfu SadfH ef ffi
rrffruG ooour hfun tnel }.fi loclllyp hlt it lr mlnrrf
+*y er*rtv that EF tegl tl t||d * tp if te. uFpF rrt d
e1ldcdbdtrffi.

h W (fto) thilrrcf trnUdfif srfr tr
thf,t$t to rlrfrtstf df th. rldncr, tll pqfrrfr ry$
nr*rrr rm rtFD. of r;rll lilHfr,[fi hlrlreb nHr hr Dir
lsrputrtd f" b{h" to thl p";*jn otr frrrtilcl$ rFiltu Vil
trftilf (rc Brsz* sn xhftg r(nil4) u |o *^ho. to luilfl f.T*rf:
o$.tle of rwt grdlmb U rcerfbf (f*fil.htr f, thlfn
(tE6z), hrw, brrr |bna tbat thr 1gS sm, nHrtrquer Fh
tbr strai" nsno& rdn! cabb. Ibil r l''rfirrfr fnl|b rr db
tllrry ftfirg.d r rrnm,c d cntr mrlc-r* rtth tb prrr5; d r
twbfdl$r qmst ll"firlnf amt tbr €fbl.. Etrt ttr GfN,r rr
rrnd-ur*d rfru'r tt nr Ftlt hsld rn rdtnt,ibbr lt m
tffi e d tsrtd mrl rhtftd hp drr r"ll I,b sgErl ergltnu

x-
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Drrlfig tbo Frr*g. of a turbldtty qsnd tbrc lr filrrt a
pfipt d of e'oaton MnS uhtsb tfto f,tuto nrht et l*r bslr of, th

grrdd bnls ero drfoprdl folJad bq r xqrlod of drpoa{ttn

fislg rfrJ,A tbr *lor Fart of trbr bd # Cryorltd;flrd
trtt oerrr flscthu thn.tb ft-c. Icts dbtll tln niff pst

ef thr trrbldlly aETGt ,rll'AqosltS f$ail tilsfofl.m rd tb &r-

poeftkn cf tltc ;rdnd bd fu orylrtd"
An al3*uttn UpotHr c ttr crCq sf grdd bdt |ry HIF

(t:Srf, d,n {r.lfo), slrmf,rt d thnt tUry an &r ta ord,ltlcttm d r

rsd hn at thr rllglg of a trta. 0cadorllt srd fr bln|Ft
)s

rcrorr a bar at tle rud! of a hrllr rfrllr rt othl tlt ilIf ff
{rporttd toaffUtnUV almg t&t etdt of tb hlrlsr hry of th
fbctcr *rtdh ntce tr$Untr tbrory uUf*V hi"'r br dfranrd tf

h
[dn ($O). Ear:lc,UV hlr t&ilry htlll brau sf TL IrrF

h

nnbr of rpcslsl oodltdont uhl& arc rcqulrrl te ooc |l rrenr
fc his eerl!rctary ndol to op*uta. Thf mofifrtffl of tb d
hr, the ttok of drlng of rard ed ;11t lnrt0lo cf tb ;rdnn Dtt
rd tbr hrgo orcrart of &rmarptng of tbe doposttlmal ann t&fb b
.ource crea ed thc brr restar ma^r sto lfrcl. It ls tnm$t thrt

tlr; lllellDmd of a thfc& E€qusnss of erd€d bdr b.f.$ fcn al ts

tha panrrcr arrggcrbcd for Ktngr, ls rmtl.
fbe only prerclulslte of thc Ku@ (UlO) t&rryt

h thc onfgttr of erudd bG& t3 tfrrt rGb rrd rd rd
rt, c nr thc tq of e rubrlm rlopl.

t"b EtdrE ftrbtttte trr not Etottrft l*d rti,fr othr

,I
rtb
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forntls of thr Ekefrehne Croqp dm drporltd ln d.ry r:t{r rrl
unrlJt ctolrcly be..il (errr rpDcrn|x 5). Tba nt*ld, .f tb
tq$llttc bdr Ir Ulelgr to berr bcc ttreutgblV uar{ord orr U
Urrcll|ag cgantrm rt e t D pl* to ttr rctrprltlfi. Drll1
tbb Fmfod tbc f€od od.ut of tb rdtnt nauti Dr clrratd.
tft,r tto r$Wttlil fr.oe e trrbtdlty Grngr tt ilrld b dlp
clprtd t[rt ttp ntahL nsufi hr tlttb fmd nlurrd ildn
tlntrso mt b M tf UrmcAry lcrulrr, lf Frd.i bdf
brd r *u;.ilrp-tt .l nilr of GrId! mS rr tH rWtrf F lffrA
(195.8) tb.y d8lt bo alpcutett to outr|rr fo€d prrtfrln d Infd br

tloro$ty btd afta dqroultt&r

Mrc
Dlffm f! grldf.S ln t&r dqaltlodt anra, Dalr sC rnr

trtlnr arttan of tDs rtctal to b. lGdrpo.ltd, end rteb4ltty lf
tbr ratladd elopc at thr nryll of a b'fi3h rrr thafbt to bo

m sl tbe fagtora rfitcb dctc.r'Ir. rht Ft of twtfrlftf bd r$l
dqntt.d b rry on dtrpif"** tlrmgb. At 8ldrh, t&r $dci
b.& are urnfly of tb nn osilG of thiltut (rnfndal). It
lrnnrhf tbs lelrn Fanil,r of tb lfrbrcaui Fmrtfn foilItrt cdrlr
latcbrddd tnt* d thiln JFdd brdr (blnode.l). (srr *fiUnf#rf , {
flgurfe 1tafr 2).

tbe Ekrtebna furbldttc do !o't entelr 6 srbcn
ntstr,lt potbloe am nbcsnt at tbc bss of tt Sr!fud bdri Ahrt

$5rrntlr at tDs bsm of, tbr grrdd brdr bart be.a fild rt aly C
x

Io€all$. tbo ad flrsttm of th bdt fr bnrlrLfy re teb
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eqcL o[tt,
O*la* firrrsttoa. thr unlf*=rrtty of,nradrd bdr at Ekeila,h lr
rtrlklng, If tr probchlc thst tbr lnrtctsl fotdtq tbi tulk of b
fgl1.ntim fr$ p1.rl3g;ff brc prtril t5r nrtnc ffiGt6 Fl69 to

rrrdcporttlon. Itste :rtr aDd lncrocrorabddtng ldtcatr tbrt tll
t{rrbildtta wrc fnrrffy dciTd fFdr tbr wtn mtfFa*i-lt lr

1 e likcl,r f" L" or b.*
Il.nE thI! tt$adfcr that mt of tbr ntr!.rlnnir*i*tvrf. Ooob3|t

cnos! rettlmg tr r.Uth (19t3) rh thet lrfdtcr'Oplt|ar lltilrlr
!trt

cre enpenattvcfy CI" at Drmrrtrtua,rd et tlooilvltlqF;'ffilbdlr

rnr not oo[l;ftfio ' mero
, . fh. Eftr

smridcr tbt, red, rllt rd fid ry bmr br[ tlrafectra +Fh**E
,ni*, Jtrvo,l... oteplhr "E wqV,

X

,t(

rh

Ftldd@e clr.rctilor itfif tt dr
of r Droto p.st c*+ strltty (rcr 8Hf?tr96l+ utth Frrrrclf $r,

halfrh shrurlr). s€h a rodr of rdtDrt tilrilDoqt T{a r@|Iqry
brf4 lrr6r qustltlg of flrliArt?-ftrtt ddy-rni tl r Ssrd dlt
rrtlon tcrrdr Ehdtb. thr fccthcu rpgl.s of tlr Ihrtft -'

f!oe$ rruid -ot trtutri rmlE.l trrEffi rcil.fb td tb rfhl

Frt of tho rppd tFr,, Sriltxt truld rp|ll tnFG et fb rth*l

rrg|l of thr fhltrhr Trongb rd eorErnbt t&Gt. li*; fltlrf
beea*.,g: Otd. *or|{

yralr c' lo tha drryd ntrrLel rtil+f*er wtabltr }!'rd 1T
dsut rlsp€( l'cruer trf.8Fccd oflf tf an artlqu*c turb er oxrld rt

\
Ag;3 5 WY * ngrtdly acoela'et* to fion a trnrbtdlty cmrut.

?bc ;gtstal lmld thcn trffcl raptdly totfib'@r &ra t}|' ptt'f ir no"rtk tofind*g'[
stdp lnc!.tac t! tb grrfiLl dfFccblm of pkrblmr



,ltl,

Such r Ddt of tdL!fit aGguu1lattm and 3abarlg6t
O%ltY alonla {t".nf.

m6fpglitlon rmld F$sdr*€r n'f"rrly ntdr irrr *}er d"l#bc

@. PoLst tourorf of ctfll! ar& r| drllsogt'sl l[

ttrbtdttc! of UFpc l{lssu tgr at tararnlSsutem CaflfmlrrF

sr.llrcld (ItGo) ny be dur to tubildlty crratr bt{ col*tfiiral

rrlthtu ruhrlar €rqt€tra, rd ny nrrr b. ehregtatct!,c of Mr

b16ttd *l€h uj.o drtrri lstor.1lt nethar tbr tongltd$rny' likg ll'ar'
*F"-r-x1} l1,"na. ,F n*+l'*{a I

I g,pothxtr of tltthf conootratrdufp tfid rtrnnllg *ftrtt

rr*-;d. te ;, rodqorlladb *"ra l'c l.+ttcr flt tbe gvlodreG thetr $ '
,fi.c\anir'^ - tt:i r\. lhe*er prer*er,,s.1y auggrrtrl by leaf (1?6drt'\"L6 orrtlcd

I

tbt tbr turbldtty c|rrGtr bd t'r'a,[h* a eenssi*rbtr#, dtrtrsr

fktfb resdllg tbr Ekctrhn rr(tr.

I

"--/
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TAIdATII gIHDSTOHE

Tbr fmttoa lr nird rfts tbr rmll scttlcsut of ?astlr'

lbo tyTr motlm of thc tastla $adr0onc !,r udc a ehcrt dtstanG. cd of

thr t6atlr Crcrft ad prrallef fu lt ' A narolve troi-'n-veatherhS

fttu rardrtona ocorcl ErBl'tbe tx,,,,r of tbr f,orHtlon at Tastlap
al-

ahrtT*liorat ELLep +t*d rr frr mrth-r-,i*t el thr Tanr ErttLolt.

fhlt ruArtear bu mt bco rppc'tt aqnrrt.\t.

Thr fantla 8lrdstm. 1r rxtlr*tvrfy d.?.[opd tD tD. Fbh-
Grdrrf prrt of t&r nppedl rrlt ltr dlrtrttntlotr b tf,Dild &
th. rrrt It tho td.il lalho tault axl lr tbG trrt bt tbr flcrdtm
leult.

flff lrlthahl,kater: irji-; ttr', ',rr-r'.nt,l,on rrudg;f ofrt, fa north-

n$frudf. l-,-;ir' ,l-.;'.r,'' :' i'' +1 -: ueste"m oart Of thf o*mp tblFa

lf fO trTtdet.e ot' i,ri.alr nortn-r;r siir.T.r'rr or.Ooro8r th! fOfnttOn
*\r

ovcllrl a!.t&c tbo lJcetehune lwbtdltotrOikcte,lnm lffistmr c
tbo tttdsr Slltstonr. fb. brrel eontrat la vcy t@ lr tta

tantlr - Tano - l{gtrnt Hrelc lHrtrlctl prwtdlng e rrf,mr llr

to rp rry €rorr ferfltr. ft rdclles etthm ttc lan 8rdrton

or tbc tG*ra glltrtonr.

lrd$
X6t of tbr Tastla $srdgtonc l.l oonporcd cf llttrbadnd nrdr

stomr of rerylng lfellr rlles # ed tlltltarr brtl.

&rdd brdr oceu nIr t[r bue of thr fo*utlm rrrm rt loorlttlt
rftrrc tbr forutlon le rct thiotr fhtn mn-grefun drtoH bdr

K
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t/rt * + rtt tbtcL erc !-strbrddd ytttr urrl"l ardrtorm t - 4 ft
thl& Dr&r Hutrnrll fuhohd $tranf bstrrm tb lJGrt sB Eilt

tstbo fenltal rd rlro at locrlltlcr irbout 1* rtlcr aontb rrGO

of firlra. t rlqrmt o'ncetlona arr r*:r trrcr

ft th. ttp. mottu rbout tlO tt of, nrllr &lrblr bora;

r6thctng ftm to lri:hrrrendrton alrqtfy wrrttr t[. fdrh
?rcMd$e g tbmr redrtoar erc ovclrln Df Drfi,rd tc7 flr rd
ftlr rrdctano eboril ftO ft tbld,

Batd rrllvc flaa cendrtomr o,f tbt lrr cda sf t[ldillr 
i

fA be tl-r:r:er rnlrrsiliil:.1.('r' t,.., -thO t6njO151i d'eUlt. tl||t Of, tha lfnltr '

basal
lanelvenaanoet,oncs oocr il thr |lft

F otrfld sd;nce of tb. q n"t of tb. nupcf ASlcftnt ntb-
ue. '.1 - ' "$ t,ro Ert fla'nk('oou" tia uerr="a 'c:'. t)th- *srfvEildinnc

bare I

rntgrsmf tsto bcddd nndrtonre. I,brltleftm gEndatear rlil

ecGur trettueen th lilnslrttino*n Pbf

end thc Etst Telto Ferflt, Uor+b nst of thc typc rcctlol th.

nrralve barrl l?lehlc bonn-unthulng sesdttm. oooul er fLr

rs tbc TuDo liaadl fur4brr nmth-crt lt ucdger crt Ufio lry ftl
eend,rtona,

$ear trnlct grld ref. 3320{'l) onall trc* end ntsarbr ere dcdoprll

rlong tbs blr of tAo fouatta Sendutoncp furthr qhnsfalng tire alt"pF
,\

ontret. '.Js T,.!i at grId rct 331ff5 ths fornatlon hrs rn

rrpDarcnt rirb of+Scgrcr grate than tb rds\yfrof gtrrtier
'l

Slltetonc

Ol tfia *gt nrDk of thr ['ee1Fs-Dfy Syaollnr at 5rld td nlP lt

thr brr.l b.fu of tht forutlon lhov e r$rtbte eltca$loll of trd-



Tff '

rtoo. - rlltrtocr botr' tbmo brdr urrc dorelbrd tf lbct (fg6f) t

end rl:r onrldrr.A b trrr tfc ren cld! ar tbr rWtUfc |rilnor

of g1.oop! of gradrd bode ad ndetonc uttt rt l[frutto (mr DrII 148).

fb. r$hlo t.qurco 1r flgiard bdou.

8* Sandstone Beds

RHYTHM A

I + Sandstone Beds

I tuguna

[l s,r,r,on. ffi srndr,on.

Ftgrnr 8r nhrtbd.s qumsr of rrd fftctor b.d| rnd r|rlrr
gpil.nr[.

rtlt,rtcr uttr rryord rt rurd roctfon"npOiell) (It;Fr'
et lft of soltmr Am thlcknrrl trl f,td).



lrg"

!'
Rlppb nrtr erc ctsnlt ratr. frrtrnri of t'b. d.rp ntG

Tanrnr&tra, tapltigud $,potthtr forutluuro tJcll-dwdop.d

r{ppu nrke ffi rt "* rei;"#;rf,lulmnh narr-
. -l

s-rlle rst of Erlrrlcr hru at grld rof ?42090. th. ltrlhr of

tDc rlpplc 1r parrllel to tbo rtrlkr of tbr tttt.d bfo*.
Id-fonttoral rlruptni: ls s. .trr:r-'r] fenturc of thr tnttr

\v\ }I.61- sunfltl'o^. (
Scadrtoncr trilt lt tr Frc oononnthan !n oth,c fonttoa af, tha

Elotrhu &oup.

At om trolatcd looallty De{rr lan(* frfa r.f 33O0S't) r brl

t! th EFpcDrt part of tbr fw.ntton outr!,lr rfq blb of

flnr and.fiogO.t to , ft t! dlrrderla o0bcrdm rrrllr
raDdf rlltrton. At r rud srrt nr ubrbrr(frfr rrf lfltOttt),

nmlvr raadrtoH brdr aborfi trc f.Gt tbl,ok go l.dcbrtdd uttb

rry rllt;tor bdr ? - & fado! tht*. fb. bdr cr tptly
Drel

folddllu" foLds rtrtto tO - ?30 drSrul It |.r thmsbt tbat

thr fofdhg ly br dur to tro$fGt fntffi rldr;r
Oa trhr urot, fifrnh of thr Pcq-o-hlr Sttolt-trr(at gXd ruf O*4 A

onr tbln mdJto!. b.d lr fptfy fald.t, elnrt |.tr th. ftil of r
glm ffirshlb bdr rbvr sd bdon em rnrfi?rrild1 Th. rSIfMr
of tlrc tntnforrttsat fioldr lr rbout * ffTF

Ibl*urr
tbs foruttsn ls thl*sst rt tho type aao0tnni lt fu rtm

vG? thtGL at Uangaralno. Ori.Iy nfnfsnn thLffiree uo tnorn rt
edabma and [ltihr rfrrnr ynapr fqutls of the &rbh,
0roog ero aofi trc.ntr

l



Xtr:tr
South of olfff aosd lhult at E&ctalrm

!!t ffele
tarnfila

gdth tanc

S,tf. of Egtcor,s{ $ta htrsr nego-Ory

itldt ftds fl'ultf
nan6rmhoe

uilf m forgil, 15hibaJrf,fn hY* fod (rt IarO

fmrftf ffi).
lll tb. nrtqold plm mfnd !r filfirtor fGIl rfll

felld, te4r6tt{ brt t&ryhdt btr W ptg to

lryorltldr, Dr V€illa f,d that forsd.atfua flrou tba fcu$tl

reaffy idlcatd upp{r bethyel to tor;r nrtrttr d.ptDf of Cf
Ittn (om - 11ffi0) b6rom - 2rO00) fi. nsos gpprsl olfir$l,U

45

suflblgledci bds ft! tha carlldug Ekttahr ?tuUldt.icrqnt tDr frD|
of, tei mClrotery bodfr a dq{ib of d,qocltts of lt laett 2r@ tl
suld brc bF al}!.clprtrl. Tba arsr,.lqra &alt-srp d.gDh ry t;
h to r grnt€r srnat of traarportrtlor d fmradfrl ftE
fr.lfff rrta tDto drer ntrr t4*4

IE tb mtb6 rrt of tb nrfrl rr{h t[. rDrqrt 
"bmr 

€f

ltfthclogr Sc tlubliltm to brddrd rld nrgtvt tttib tr'fuufF]

b ba duc to r dcep sce fhn wtqg aouthwa-r'rls nsi clorcnit+E? ffi
elmg tho srls cf tbs s}ctahm trouglio Jrrtc Bn atr€t rhfrt

In.
tr*
3m

8lO +

1r9o

1550

6e0

6s

1190 r
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privlouclt Ebltltoa ki L,ta'', ' ')Iioo!.t.d ' Dorp-ara f rnl dmarlbd -

br filad rilt lndntck (19lf) lnvo gtny delta-llho fmt*rr"rs, lnclClll ,

tlctFlhte!'lf Gbannlll and lwAGf . tocally DGBr Tarlr (gffd rd
grao6t) the t$rnttr fiadstonc h,s a groater tllt t!r[ tbF dGlvlr
Sndff BlltJtarrrtrS-tcattng thr;t the rer,rl--' -'-'-:-l-' - : '* i-48

n

clcen" scl.- i'*n (i'nw,rtta Srfrstoo. i) * :ld' ttrlid tb. ur*,rcd rmfadfAg

.turqrt irxlr of thc co*tgutal dopq (S*r$onr Stttdmr). 
,

mht{Atr sll.rstlOm

F+* fr?l |tr.eq" $ubiltvilrnE

Trrr fUuttm lr ad' rfbo thc ;ELL artttsrt of Xlm
rlid 1r rftrfrtri efotg thr ueoffille - l{att;toa Statf nfuhryt !lt-
rnd-r&l,f rdlr Dcrth of !kdr&. !h. tarun rrrn [r lclgnrtd
tf,r typ rBG.

fhr lrp Etrltstom alrttrtt of flaot;rretltcd tCldr tr"I
tlr Fr6larly dcpo;ftd Tantla Ecrdrtour. Curellf t'hr fr|tn
Sfltrrtor omr;f r],r of r*;cfvr iltlf,rtonat rttch nerlgt oilrt fifo tt
lanc Eladrtor r:

n:drrtonca arrl

eubClvl.dd.

i n :, r',--;,,a{l1p cr -'. rC *i-*e*-ltt?. Iaca!\y f||Itf
A

gpaderl bed; oc(rrr. ca tbe nap tiG forrtlrlu tr Dt

&lrlrl-br-tjss-

ftro ircrmu;rlj.[stonL i.++rrti nronC ''.strlotOd ffi thftr

otbc fomtlong of ths Ehrhfnme 0rory. It 1r brrt drv3lq.l

bctrrEe tho ltekekebf Rlrs ard tnr rJoS Tatto hultd *DdrUf
rt Inmaq tret ef ltrrhrnll era'b of Tatlo bfgi rd e+h-trrr0

L



t6t.

'/'if* L" L'"...
of EhCa,hn. $,sst cf tbe lhhahhl Blru tbr fbrutfd,il tnif,aUr,/t

rd ll rutrlstd b, *tnl !n;:J. err!.:is .

Ttr3 fu.utlft ls ooafsu,hle qu tha tantlr Saudstcc cd Ir
mcldn ty tbo f,'.'a saus'toq t crlry rt $at6[ att lrfo dta,

|l.c
t&c tan or^r.-untia .,a.nrlot@.

Cf*qtr_,,ewt fttFmft

At the typr esrn Dst of tb ttma Slltdour ffitrtr t'

"*tl! blue-gre)'d& rlltltm. loorll5z f,xr 6-
Yl4-acy,b

I|fisb san{y Sfsded bdr cc tFGGtr Srtt redofoerlf*, grr6y e

bnmom rcrgepr oecr ErF thr rffimtl of the llforbg, f*";
Iodfy tlu stltrtor trere boei', i:ared fotr a +rrn af m tlll,rr
fift' b thr tmc rrn thc fcutffirnpers tbftd ant U 51
nmgffirle rsslt, lr rt r*Grt ir@ lt tbfuL.

ilmr tdhh rHtr tbe flos.rttfi Ir qnd sf effi ro ff rf
^ A *il. t" +l-rrrilrr rfftrkirl 

; 
re*l1ns'Lr.{rr€ the stltfton rlrhr out GtHa

r€r lr$o th fadlr $ad;tm.
thedro rlltdcmcr rbct IIo ft e butL IIr*r d

tAr laru qlrdirb' [m tha Hst fI+'* Utr rf$1l13g1 jalr G
mt4ftastuqtdr l$o tb ?ane Srdt€lta, hrt m c++,& rmflrrt*

oa tfrr rffit fJn*.
8dD of tb nmgsffio lbilrlt nr xt*ab (gllA !d,fii[36], *.r

rrdrr dntenrat Jaast tln ft tfilcfrrlr rlociloprl rfilg 1xr ,ax16

d e aIl Etb etnfnqs rylctll.o
Ertt of lEIb 1r{.Br th fcutfm tr rt !f,rt tIO ff ft0*

lt mltatr of gffdrd hdsroftan one-foot i,i;iei nlntertdfil fl-ttt
t[nrbs rr;lrr Srtmro end lltfulcao
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Eart of thc llrlaeehl RlvcrQt, strld rcf!,2fl100 lrd Ame)tUr

fcnrtlo 1g rbilft 10O fb thtc* mer tbo irfr af ryloffldt lt $
ebrd rfong thr ccrtr af rdlcllnc.

tScnooftaemtofory

Thr ucrofo;;tlr ollootd frontbr formation are llsted ln Table 10.

-IeDlaJg- Fors,'/ )-o"o/, Ltt s

?U' ?ol 10tt

&lrtln rp.
Irrlll&rrrdrll Yrrlr
ftdsg dsnfs yrtlr
Slnlt rP'

I
I
I
I

urlgffirEnr.@
Onldrnttflcd Creb

4 Hrl.lra-nilc rnrt*nrt of ltqst Bcrtrr (ftd ttf. frtffl},
at forr|,l fCIealltl 101! r lergr ooncrtton nsafned'a lrr3r dc
of Sl31g1,gl rp. rbrtlr ana ury l}l5ntr of . Jfil$ yrt dfo
tlfltll.

Go$ftros af, Ihmrftfon

fhet trbc forrtlon tr fbcr-p',re!.nd thr tbr ddtClg tu:tlr

arri tbo wclgrtg TaBe Srrdstono-c tndtatr tn+t5+tol orcrobrft&tr e 
+\on 

-+[ot. ;[,;t irrr.,].i bLc s er',r s]l'*.
dcryor!'trdtbrr|ItrtoaraG|uaaaer!'odtof,thntt*garhlt
rlltetour rro fttrrtslrtlcdlgl drvafopcd tn rflaltrl iFnfs

*rlh r-rnrtom of tlhr lor*urt Tana $audttotl utt dryof$d

afory thr orcrtr of sUrsut aatloltnel rrsrr. It tr tlm$t tbtt

J



l6t.

tbo$ IlsIDf1[lt ryaollr,l arluul urGc brf.[G dm'..tr+ect panocr

@ dlrflg t&o deolltto& sf t$r lfftrtor. fblt rll

{tfr*cm ID totto taeofrryf mld rffrd tb. nEr of ttf,r

mdhlrrtr Llelrrltdlrlilletc thrt trhct rcr ptobbly r g$rl

1grrcfry of tt rdlrtrly lnilafeor ultb rupsf. to rn lrrrl rt

tbft tt13. Unly a f,eu aacqrlen ftr fr:; l;u:.inlfaa tnFG ofb||d
lpu od,ry.-rf lrnn Stltrtonop fit a tpcr,ii'Lv(foor:: tocftf

\
g$)enuppor bet$rf drytb of dqoelttn tm - 20ffi lt^rnr d$rulnd

l,rPetrr.( av€fage
(ttr fomll rcald ltrtr). fhtt !r r llttlc dllpc tbr teq/d|Ptl

of dcporltto €f t'hr tanSlr Saldtton.

I

t--r'
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TAilS SAffIISMXE

Fryl lpr errl. StftdfrFrr,l'n

lbr f,s.ntls tr nrrd rftc tb Trnr 8rtilkfi, Ilt fr ud,:f

tlilrlspd Brrr fanjrftfoh lr drttrtcd tht ttDC rfr,r Ih. IUD

rsls lr net mbdlrtddf

Drril#EFrf+ +4 $tnltr s-ef*rl n Effptr om

tbr taut ssndrtffic brr r rdtu dldtdEtto! t! t[. Bthr
rd rrtsa Frrtr of th rpp.d Brrl Etld.r tb typr rn- tt
tr prytfcrhrft lilff dmrlopd Ertb of f,t Erlr, lt tgrbtr qf

rrr [bil1. It tr ebrrt at ]hngnder rd l&ctdilnr

ID tho tye. rmo,rd rt Suhrmf rfu tam Fcntlm cullfi tI
tcrrfitr lhdttmr ud th. [Grru Slltilton l ln tnr # d

L
crtcr filft of thc nBprt rnr tbc forut!,os avlalfs thr Srdfr,
8tltrtCIru. 

,
trh;re t+ie riine sgrdttono crvsltoc tbo Scwfcn 9tttttom tlil - '

d.Arr,t, .
oontacil bctmo tbr tm fq.rrttur oll grr-rr:'r'lrs ;- e fr4i$fil to rlthlf
nbmrt lco ft. r Tb br of tba tbrlltln'

':
!.HS"c, Gtr.upclrted almg tbc strt}r by rfcufng rtr fbetagrrphr

rteeorcopfee{y. Contacte bdm tbc tnr Srndatpne ad Xnf
wrrf( d.PtqaA

St1t;toae h**+-bccr.- rsp?.d nlth tbo rrm edfr of, eocnil4rr ft
toolltl-,r,t *r tb forntlfi ovarlha tbo fant|lr g.dr0u It H
mor€ dil'j in;l'*, 1','',",', tl'+{r eoutact:t["Tn" c}oan6r lrron bddtd ulb
corru.'rttoaery redatona to rulslvc oon€rctfonnry radgton tg

Errdatlou&l.
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Ihr ttstr Scrdrtm end thr Hahnt Grotrp @
orrllo the Torn lloruttoop thr ltrfr tudct* rt l|rlr d
thr Ihlilrl &.r'ro rs0 of trbr }Lhlrhl ftrr.

C.Tf '"p
tbc Ibne sa$ddm |e drot srtttrcly cqorA of ftd$

blue--trdf, radvr, ffi, ocrortlury, f,In rd rrtyr
ftle lm&m' @ o*o lnrr ffir rd trr fNt

dan of *ootm, ur,{ti"oge loccutffl ttrr ncufbrllr oeGr

ultb|n {lbe $dtr slltgtons. At oeft cr ls*lIWiH renfif
rfltrtmee b"ffi; ultht! tm ffiroq S#- crop or* +lql
tb uanerru nftr(or grld rrf l$rm)fr.c t&ry rsc d Ifll ffi
ft tht**

Grlnratu olgrttfis esr grftl rEEDr fb. lnclfngforl cE

th. fffig df of ttu arc;Gru S fmfat{y
tbr GIt crtt*|r, frr esc€rt{+fnir.g i"ra dfp ef ths staato. l-Cn;dj'

Iv14,r,,

;rcpee**ddlf{bt ffiorsfm rrstehrLqr .

At grti lgf AtgftG6 l wdfm" H,lq rW M thfte :fdr
diln-dlp Ib .ffi lO0 tf$!r,

oflfiidsr ef mortroryt -tclall q to I fb rfis rd I
tffi |a dlrrteu.; co*e|nfq a outnrl. mrttyrt IDA U A*fj 2
me nrsrt T,bry rr tacatLcf h tbile In th 8u&r 8UWf.n d
ant tbfigB to hrr hd e etd,lsr orlgln. $onth d t&r hed^b
hult at gr"td rrf, 31eS a Hra,l Rt tr:.clc *rnru d tb ff,.r,
rtlar ls rtddl#l rftf, i * i'rrtdr orfdfld ciErd,s Wltlrt fr
qun fon a pdnnt bddlruT.itlmtratrslggt i.ssl.str suels



f66.

brttG tbrn tbr 6.r.rdttme marbt" 6

Xlftua
It ,s mt brcna hor +ch of thc fonmtton ult rurrra I

ruhrlnr croclon prlor to tlrc drfnstttm of thr fhhrrl Crory

in{l th. }'.arflr Sardgton.r . fftfomr.igtvrn
r\

br[* "lq$ildr thlclomc, tbr f*-rtton tt pirtfafrry

thtct et f,atten ftl f .

-i-hrrkncrr oP Tq*. Sordrl.er.c

Ict'b of tlt f,H,h

trlr rnr
lls{h of t{rrl"ar h.rd Fault

[rftrn Crc*

n rtrrl flr* of lllnoe qfnaf|n. rt
Etrtn*ttu $brrr

Fort qlacffnr urr tfelporl gt'rxf,

Pstl Eord at grld Fd. 39tmS

Brtrno Srder nord Frnft
rd ,U.frcdton Ferrlt at 0rro RtdEF

trcft of ?lubangt llult
hd of rllHta Fault at Elat EtEh ncd

th! noroferlls oolbcOrd tln t'ha fenatlon rrr flJtd I!

TrEr 11.

f*t
s lFoo

1r00O +

c 1080
,

s Poo

G7n
e3fr
c lrffi

w
G 8il+

o yro
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f6?.

..XaDil!,-lL

,&

Sqnburr cf,.@
(HarrJ.l)

st'{qapolilE mffeun }lgrlrr*
SlltfllE[, tp.
Emtln ep. (Iw)
AJatmrf alOgln ? Tdjlr
fnlrlacf.@ ffic
HltrllilIb cp.

UlslqHw@ (ro'san)

lourtbqr df }ruutl;l$rs.q

:t*^ 
tlro dcporltlsn of, thc fanr Saadetonr tir ertdE llalb

nr {oC!J-tA. Uuch of thr rand lB thmsht to have bm bou$t
ft'oN tb urlilr. Iu tbt nrtt'n Frt'

t'rrp-r1l, l- t," - tleof thc a=r : :

pccntase of $sih&q1 (hsgl glw) ,Fr t f#" ijj,ll localtty tl|,l)

lrtlctoa rotlcpoeltlon flon orly lortfary or ttld tc+18!! ttcrtf
(I'ar"t cosr Hr 0. l,Jlt-lon).

Forar,lnlfora fron foeeJl locelttlr 942 eln (fi1) (ror fpgotfi

2) have bccn attrlbnrtcd to tho HeaderLLa Blotbotc 6OO g 3@ ft.

Doepr rnrtmr dcpthe of dqerltlou rnB5r' -1";--i 1-:.f Vell^o (196ta) t!
hlr draerlptloa of trlo uGrl fpcctc of forenf,aifm. Y.U[a surtdld
thnt &rrnua Gadlelud regl@t$rmlCs tril femll locrfltv 9!10

fudlmtad dcptb of dooaltton of about aO to teer thr! 8S ft1 ril

gstsn521tffi

I
x

I
I
I

I
I
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llonlonrFl-rp. froa fosrtl lotal lty 871, uaf oonridc.d bf h|l to

fbc Sotrcesf hok of nero-ft:sslls (fm thn tbocc of tlhr

UNhlrI Ororry) tdlertca that dcl,ths of deporttton u'rro of tto ot{c
of 1,0C0 ft, streh ar t"dtsetd ty lg;lgni[J.1.

tsr.

I
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HAFIUA SANTSTC tF:

Tb. trrsr'tr gardotose ls Don d 8fbor .'"arln, SSttl.mtp -*{fl

U"tt*""*tr.r la lAo rrrbc-r *mt d tbt lhect*dt##+r

Goottrruonr unfaultcd tectlone are abruttr s'td a ooryldc !;Irrt[oa

ean bo asrrnbl3 oilt tbrough tbe rooogdt t@ sf blortratlgmphtc

ror1.o, bamd ou ea rrolutlurry scnt(Ect of t&r fart'ro'goC litl'Ellf
tpr fha tlrngabo Flvgc' provldc the ngt freg[rt8!* sFotErcr.

ls # Th. l{ortna Sautstonc la a ae.tllfaetcT nrfpl*

uatt,, EIdr aa w!-th otbcr foruat !ono, t-rdlvldrnl ac$Gfr sr bedf

oorpclrtng onty r dmr pert of ttre rq1u@c #-/F:#-".tdtrnr#r
lo.f

s\lr+Irer. SuUfvfehn of thn l{artn gaadttm. fr e*$c$e biletrrtb

grrpltc ff)n€o, rd acoordlngty a thal ryrtu of slta fr adrytel c
thcnp.ThrclmnF6rrrdc'sErtdtrtboltsllolorrlqrrr
ttl fa !gr* rd thc trdtvtftcl nsdrre arxt bcdt anr doalgmt al !f tD.

apftr,f T 1rtt& cppoprl.ate rmerr.lr, em,loEnn rrltt tb snSI tbr loa}

rmttr rnd f{hualvlrloa of t}ho renlndcr of t&r rtrctlgrrlblr '

solm, Fonrll sYldoof tg dqurt ftr aref!trtnl @
rogr thrppebtrb thc outcfop src of th Hartn EoDal|tffir rd tlr

rrar of udff,fettlrtrd ? 1r not nldrd. 8o frr ar ll mtgfd|rlftrf

rmbc1'l end bdr do mt trantfg;sa ton bmdarlct.

Tbr npped aubdtvlclona of t"be Hrrl.D Sandrtonr Br$
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Dtflbs qr ned

lt"t*" n-np'err-.trfs.rfntl q, 
1 [t. 

shu bod

t | (f. sbotl bGd
r{rr:rr I ! t-r
s8xd- 1 L(rr sDd'r bd
rteoc 

l&UqlL n.ap,affgqggr11 G?) tt Bb.lt btd

tsouo*rn@g) ttffi
frdlfrerlr@ tr r'rprdf' tmtsllir rd & I.ry'

aff. Ffomtntr, erc l-Llurtretd lr Elgrr 21.

&ffgflr@ !." loer. l,1.'r ffidl ln ttrcq IdIEESI
tlto brrel brd of thr tlertn S*ndrton. Th? tgT: of *-hu j,- '?'F thn 1::'5s

.. 
I

of the 3": aril;a lrc deft-mii s^l the 'tci, nf' ';he bl.ghrft bsi Ytt& tt

@ Thr 4eGtr of Frill*lr t$rt rncord rrc dcrc tc

E nt,aff. rcrndlFsar $feb 1r d !ilt cerrtcrfrtlaUtuf,tl
tt rilddfr part of tbe t? !eB, "6rr=flo"ly tho toP ol th h Hr d 

, 
;''

tbo batr tf t?.-'3,: FonF !e ddlmd t[r lbr hf5l.il bat'.t{tt P. n{pr

rtl rd.ste, d'*rttr r anocr-i,m of ICLJflnI +rgm rlfl* fF

&. a.rp. tfif. #'tprrruhr tJdr rprrln 1r frrtrtrl|fflfft
ffi t! thr lfirc ntd-to ufc prrt of trb !g sllrr fDEd f@ ft

of lhrt4 Sendltsae ul,ovs tbe,Li€jhtt i. Brlpr o.ff. SffEtflf.,I"d.6
-ff$gS1g neop. aff e{Seg&ee,hfi hr hrr,Erbiissifg rssifd tc

I

itb sno

FtrtrtTA,lqf tryl, nqrrrel
lhr llgL3 Srdstoao r$of ffit |"n ttr n'rttr-westca part of tDa

rDFfrl iires brbra th. $cUfagton rd nlrt faults. lhrtllgF tff

nrtcr, tfirn-=Ir ceclrr e rH dlrhrcf rtt of tho urrrtrylo trrultt

-i



1?r .

tnt bctrrun Xakarlk5s ard Ateo tbo ueatern Fart' of tbc a$orop lr
bouildcd by thc feurt. Tb eettdro rrgjl of t&s oriloroy' .#' trenclg

rorrea 
Ttr 

caet of mrth thrn dooa tJm Urlltnetan faultl tti
ortor.op uldthntnccar tn e rcrtH--ergt'erly dtrcc0loq rGscirtry I
rs.rclrru:r t**bh ln tbe !hr@ 8rG* At Haadll;orir r Frrr thr

otrtrror'""ldth lc rerluee<l by'l;lle r)resertco of yotmgc etrata rrloUg *

{_rytbq axlr of tbo Eadaroa $6c"1ln.

tb. I, Conglorrte le rrtrld.C to an arGr brtm tha tlrnjrmftn

Itord rnd tbs t-elltngton Fault; rrortlrrrrlc lt rrrdSfl otrt l.uto ttr dJEm
of tbr B$tIbrrS smrlqtltt* &DrDe

fhr l'{engsbao Rlver iLorrlr roa{hcsttru{r elo&g n$h of tha odnl
o hr{

pqrt, of the orrtcop *'oel 
n 

tba fonuatlon mrrld be ynorly cpocd tf lt ,)
rnro mt for tbe oDasr,-LJke surc. rthtcb the rlvc arr| tba }fl*--b i

Talnuf.r Otanguc, thhrotet-ka and Prtupatarchr gtrcrr biT. ort tU

t'hr tlukenrt Stufa.ec, Tbc lns$loa of the UrngahrD Rlver hl rrJFD
wlt

sratecl nry tnffftrfbutarfrd*rnt *S& are also lnelnd nr tDrrr
wiLl'enfluscc -di'tho ]'.angahao i,lver erd rerer.l msclllat cpoou'cl.the.

ll,o rc
$om rcsd eutg partlcriler\bctrrecn Hergamalre ad llarl? rrnl tb
l4artaa {landlt'm.

$treti ryartr"tc RC-atlern

tn m$urry unoonf,ornlty of I dqrem (trl Flgum 251 rcperrtl tbl

f. srutt tgil&h, ffir f!"q thc nrdrrlytlg Tam Sdrtont tht tmn
9@r

of' d1;,, fron qil tn flftecn eteccr nt thr uncorforril.ty le ap'prlt on

rlr pbotogrcnbr. Ap.rt flon tha lb,ln-bortd rur{acr ad thr PDoF

Dhtfr.d mnteGt, rvldoer of B$ splr.Glrhh brrtr ta dqorltl.o It tbt

-a\



tn,-

t|tlu. A$ rlor Lf,t to rllD - IJIlCIlll@ t. a.ry.

rfif.4 t. ndprrlr tnlsrl11|&ft

(rl.f Srrrr ffi r*$n rtrrl rrrl,
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barlft rt hbohrf nod tbo rtnthc of tbr t. @ rmr tr
rt rfebt rElrr to tb; dslylng ?anttr Eardrtor d hil
Etltrtm. ?hil f,ontfm lr wcletl F tbc Ot l.trtom of t'b

?sCsurut f€arrtld) echDr afbc a perlod of mdnclttil.

.ggde*
Tl,a !br{.r Seadrbmr mrtrtr @ of fol|lllf*ur

ll$frl+'- J dnrated ftn rd vaiy:ftlr nniJbor, nnlw or 13 brNr

r1r76f red thlcl. Ibr tbfcL rdgr d lg W cffir lr
thr forru part af tD. lhrtr grntrton lD tb. arr tfrm FrtcH,

rd ftn, Tht^D €qtdmti rh.Lf ldr ur losdly ItttGtdd rfil
tlr grdttoni four err parlmt ffi$ to b. rprt"

Apart llorn tbl ruthrrt, lu.lrtldlfi to tl. f? @
fenil,ca, eteaelr o" d#jihl*ta F r srmrry of tb mdrrr
lr r mutRrmt dircoGto. lssr iltbolorlcl tnalsr:tlnl tbIDA 

''i4ooqforrt{ or pr$ltrr rudltddi rlltrtm lD t[lr t4'ura ror

walttlg rtpb nrLri nddonrt rd ooncrtlfrrt ltdltc"
Tb. Fdlcrlc tlacl,o lr r prrttsnllr tloaorr rnc&Lefn of

nsssmllr ffi tl tbr !,. rr !p. rf,f. lg5tllt rDil I,. Dr fgr rft.

lgfgtr|a|1 ron.
lc olvllltGil tr,hr drtr!.ld ardgtfoc of tDo lNrlr hd;tc|

a r'Uerrlr *eitdgi tn roar,l, tnltt,

W^gt Pdlcrft ceH,tlenlrtr

b m qocd lrctfffi, rftf€b tr r ooryodtr croan+
rtrrtfgrlnbfcrlly rborr tbr Xnodld rD;ul'g mnfffitV Sla
fs GFomd lB th. ri5!t brak Gllff et gLd rcf, 1677?l\ (n ltg$r ltr.



r?1,

tg51 ?$ Ytr rdhnrtr fril r*ffodfo nnd kfU td. lGfitt)

Sftrf r!3lll|t: @ G!il.f ta tltlfr brililO tb

ta' $rffmr ard tbo glcl|ttu rhrtn srilltto|l|r n Til

d..'d tlrtf ;*rd Trrrrrc rbarr @.
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lb lartr prrt of tbr Gilpodtrrbrt ilpold trdfoa,ir fttoeed *Iory

tho trft h* of tlr trrllho Flvc along r @ rrrf
prtrru of tt ecrd 1nggfrr rrnooafocd.ty. Ih. rppc prt of

tbr te!0ton ir rmcrd ll r l.ft tr* dlff balou tbr fotsbdlo

nord daartmr of thc rrye.cl .r3ulr @ rf+f r rthnt
'

flmrfrg road.

lhnlrc r*T-flm rnfrtor
BIEG dhrll bd

;errfvr mrrrft forrl,ltfaottl
rr,lr-fi.r lrddoar

Xtffilr &df b.I

llrdt
bortltT
lrI!'

1ott

-'/i

nFt

r 140

1

otO
I

(Efuarry folrt'llfFaur f,tlr lrdrtonr,
( fnffnf uP r;to r*1f{lH ardrtm --"^
(
(Sil prrtl'rnlrrlt ttomlllf*uur brlrnr
(wta8fttbr* offi
ftn ndrton uttb naf rolttcd

tlamtrr eer,rLy f,crrtll.f,m
v*7.-fin .alrboUr

Inr rbrl1 bd

focllr
0brc*l
PmOc b.d (t'remrf @rmra |n b.a

of Henjrba Elvc; cstrtrlrlry
rhirlrt &ialq*elr!ffblf$

Obrowrf

lhmlrr flnr=redttoor

137-flnr randrtom

Gro
1

Ge0

oe0

3

G1,
e20

Orl-

(rGr

ttrr

68

w6
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Corcrdfofrrrt hmiroa

Oleucntttc f,lm-rrdrton
(Scrttcd W ooacrdtor
(
(rna oacnotloo llrfmtr
Uneoufornlty

trn8rdrtonr (ffi loclly
phcrnhatlsrd bcarrth @)

or?5

0.t

Abof,t hrrf of tbr ru$ltar lr ryltn;Frpt|
'*-

0.2f

lhr brft-qolrd-mcfilon lr locetrd la rbout tihr oatrr of

rl&rr loaq\oam.

'l''r prt of t&r rcrldc ls ru7-ftn {tllll. llrlnm,tr of

$sUnn$tsn rnl el}esin rlrfgf rrr frlrlv ono.
gcdttctf wcly.|r1g thr bd sr !-urrrf$[y veay-ttlr -rudttu'

thc mrtb*a ur bctrlcp trhr EuEchrt norl .0

r lt rlrt long rcgnt rhrc tbs brr.l ry lr rbrst.

@Tbi bar. of ttr Fn tt rrtd bf r bd ebout

tlr lnctr thlcL oryoni of onerSloa ffrfutr *hf*.r | - 2

fnGLr loal. l{ort of th smrrtls ftrCptl qrte|.a nrrftlr
obviurs llq ?

thtrb 
""s ffi Ffif ef tbr uellr o{*c{

rnrrcn of tihr ro* borc ell" prrtrrpr &lfdfff g!f,lfh(o
fdctfdrl ro!& bcc). IoGdV at grtd rrf (Uroff) oncrdlm

f}apaAr oGsur er n& cr 10 ft atorc t'hr barr of t'ho bci. Ilr tL

Dor+h*a prr,t, @ (t* frfd rd l&tfEt to t96t90tD.

tilel Tl l,fry grdEton fm e patlct tddtn3 Dfrn frtnrr.
typfca[y lt Is 1 - i ft tbtc&, 6Dd marl,rtr of ?0 ]Sj ont dr rd

90 pc cot rh.ll ftagrfrr1 't{rcrl'fy-dalYrqW-oncntlom ry to

9 lncbs long rd 9 tncbm thtcL ad frrynctr prbblfl q to tb*
d*ftb



ffl.

Hrlrua and roEtb-rrst of lhkar*r Trrg&t grtd rrf,, lt6ol{,)th. tt
trry scltrtm ts aborfi t* It thlek ed sutoln; rrqtrohr 1;Dhlr,
eaFtc lrdstorilr ltrd hroes foastlr.

rortbrrr of thr bilt-eofod-rcril!,oa0t grc rd, l6?rtt
c

tfoa B. ..rrrlFr-tn roa. GsEFr ort rloag r brlt of ls Hlta r,d tl
d trtf ceolrd. tb ry lr of ftm rraddm crrlam tl
l*T ftm ndstoo./ u hd ln ths trt gcrf Eltla.

gcut$ilt of |rtd t!f,.$n99 t&c qpa wuy-fim-rrd$n
rrc rrplrcd tt fl.Dr redrton. b |{rhohfir Strqrl Err ltl
cefilum dth tfu ttnfrtro f,lvrr thr upprrrt Drrt of thr 31r
lr rrlt rarpocrilr rd. lr nn Ibilrufamr tbn tbt fr ?frt bSghery"oca-

r|cilta' Brtrm tho Urt tatfte rpil Ult f.illtr tb. tdldr 4'
tb nil ooffirla rry { f,t thfcl o4lonajr brfr. tg11t
rd Ucnttr ttrgta rrc 6Do/r'il rn lrGrrff w'ifa'tr.

- l\Efu **r{!*, tE tb. crufi bdo||r tf,o drfirt ntkg rt g{t
rrf'132998r nnlvr ftn rrilrtonc rrtr|l rMrs 3rf[[f
fflgllsf rd nrrc fwrr*r Drbtb. Srdrton Std rn loc.llg
ntb brti oGGE rrut of tt nryrrryrn Bosd rrtfi* folrfl bcfftlr

i'grti. rh. ftm rrdst@r grrdr glrl, rd rrsp ct ffi
trto tnr @" thl 

"O 
eryl.mrt| trlrrrlty mrfrtr ii

ffi nff-rmqrcbbhr rd boutdm of jrqnr*r', ,

I

qgnf d Prlloerte a.rp.d!f. rnutntr
tb. boa{ pttca of mdtdrtls, -trblfSd +.'113 g11

@ *dlt*r*-srrad rstm rr th r.dbAn rh



l?t.

€ltln d dttrln3 thr drporltlm of tbo t.n.rp.d{ 1gqlfflf Hr
Th. t. D.!p.rff . lgnlg$l ron dorr aot criop srt rrrt of tL.

tJct Trtlo Fault. tbc mdlnute of thc roDr ut urrteblq tbry

dtffc ln ortcnt ulthta thott dtrtrnou W. ltvr
oqFotltc mctlonl erl dcortbrd (rcr ff$rr t6).

Fellgtrtf rbrLlr ytth Fr"bologlrr flt,rrrdfeb bdmu t.
@ rd E. n.tp.rff. l$Nlltr&l oorcr at foull locrlttta

ond
7J0 t ad ?5tl ,, at fosrll tocalLty ?53 la eroclrtlon rlth E.

@.
tb. DDr lr bort Epoa.dr rd oatrl.ar a Da! dlvar lcaa,-

frtrnr , alorf, rnrort-ro,ut@at0 rcatr of tbr naglho Blvr mr

rlh-nctrb.mt of f,ot!, (2) trrg. (t- colm 4),

fbo 12 ff thfcl t3 GtiIlVs lef lr coryortd alprt dlrdy of

Slhg rhdlsl fobebt-y.$,. &llginJj o0btr pl.lurer f.rrut
rrr Sl@lB11 ep. erd !tr96 sp.

rt flvo . ft
I

aJf o,di',ionC at EFld rcf ilro{,4 rfurr lt osaurrd et ?br bam of tb!/\ 
b 'l-maelvc USbt, blur g:qf Hndrtoart ,.r! not fotlld firthc ntt.

gtr bdrrd yudr routhrut of
*+r rootlon rt grli rd

18219t rco Colrm 3, ontetnr trrc 2 ft thtGL Srllr bdt rillch r8r

ebrcrrt la Colrm 4. Tb. ahell bcdt ocgtr 40 rnd 80 fb b.lot tb.

top of thc tone . TbcU ere larBILy oorpomil of lbdl lbagn$rt

end tnbola &glltl rp.

Srva budr.d yrulr rrat of Colrrn 3r a rc0lon efoag Ot'rnfur

strcl (rrld t3f. fla1fJ 6') eoutalnr tn ltf oatrrl prrt . nJffry*-
thl€L mqurncr of 10 ft tbloL nlrJ"vc f,tne-radetono brdr t$abrdirl

_)
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rlth t - 6 trob tLnt rtyryh nrkcd bcds of vrry ftDr ndrtlor nd

rlltttonr. Abwo thc bdldd Fart, of lhr ffirs t&r rrrlvr fln

tralrt radrtmm cddD rgonrdfc Ecofo1rllr F Afailrr'$

ElEr gl1qlfn enil bf1|a. (rcr colrn 1) A rrotts ila| tb.

,. lhngabro Rtwr snd Prtqelertr lttns wtd.n GrlaF Srahod ldp
rtmr thnn to ti. northrrS. Brddtrg ia ldtctrd tE a od|cD:-

Urt* clrgr bor'lron tAl& wrllrr a rtppb.r*:td rufrse. !q/r
.ctrt of ttrr rlppl.a nr*r rbu tht tftr arrut ubtlf fotd ttr
rlpptc sarLa rler ntrflg floil tbl rulh-routhnrt (fd tnC ltlcl.
Efsb6 up nn thc @ rqurDil r f| &rh thl* bd t*rrrf
dfrrly of unboha rhrltr of S3}lntlf rrlrdrl, oGEm AO ff t ilt,
a 31 id thtc& mqrrfm$ Urrtoae. xbrr bdr rrr orclrla tg
upsln ftlr lrtdgtoDc. (se Cohn 1). l|ort'tfrilrt og tb b;t-
apotd- rostloa {rbr uppc bdr of, ttr ruo rrr nl.l qerral rfal
tba lrgdn - Han0ustro Fosdc (soe Colm t). ethr prr{r of ftr
DaG em mt $rLl rorpotrd. . ilflt cf tha rtrrtr rm Ettlvc Y*1'

ftnr Hndrtmo. Tb. frlloarte ler$ot ta pmtct u;rr tfa rilflr.
of thr rillc et forrtl lsaeltty l0t$)ad et {rbc top rt l0tdl rd l0ttl

(rrnce forell orabr arc qultr lbudr$), It !r tIfralt tirt tb.

brdr ef thr Pclloerb holrr at forll fosftty l0t uct drnorttd

mntcmponramu\y vlt'h tlboar of fomll loc.lltf ?!f of Gslun 4.

Feltcarls faelor danlopei on thr hft buh of tthr XE;nUo Blrr
rt f,smll loodfty fO ua probrbly of tbr nr. ajr u U bdt rt
1O9? .d T}glt on tbo !br!,D no.d. l'h!.lvc rctrr-ftne -eraCrtmr

on tho rfght hJ'ft of tb tttnefio Flvc et grlt rd. ?f9'fi9 (nmff



t8t ,

Ioorllty 7lA probably undrllc thr Pclle*rta Frolr o'f f,o.df

local,ltlaa EO, 1092 ald 1093.

gott of, tho hltf,t SaEIt, thr ECIDc fi vcy pcf.' qord ed
drltnatd , h crePr out aloos tho rcad to Edraou tlrt.

lena-gl Prlloerla B. tp. !,f,f. trtcrlHta
Coarrr"grlUld rendetonrc oeoc at fopfffipfb t[rt rt

HarlD, reprtl,ng thc feslrl prttcu of t&r f,. @ rt
.8. r1r !p. Bff. le+rrnftl DBr, ID oorfingt to tb I,. @
and f,. Er Ep. r,fif. fg16fgfi1 romr thr X. nr rp. df. &bEl[T DnB

Ir tfrlsu tban trrual b tbc aouttr+rlta.-a prt 6f tlr r*rffii .t
roglbtr:lb" IE l'lartn tbe roa. laaltdr tftrr c.lottr-ortd
ooquJlold alrell- bcd- nnb*r (3+, 15 rd ?cL ftF 14 sd'l bd csrF

otrt dmrrt*rrrg of lsfiml $trum cu tbr ld't h* of tlr tnrrtn
Rftu3 t'bo tt srd t5 tDcll bcer ur rrtrtcsd to tho rrta (ld
or thc iidr'oa "**itr/ Hffi\FF":ffi-,,*l.ffi".rq#!? ;,,,P
rhelt bcd.a do mt cnop at rn jdurngn, S b thebt tbr? tb t4
rhell btil t! loG th. T, ell bed brcruac tbe lrdrtffi ovctrfilrl

tu 14 fhel.t bd tl DnD ftar feO ft tblctrrilb rt lrrmr !"ft
oaly t5 ft of rodstn r;arrtr tho t, rd ?6 fr.If bdr.

tlarattu blE -xrry vrcrT-ftrr nnatstorrc ooutdnfng ryrafrafr 'P
&ffgcl4 ttttG-Edttlt betrrrn !. Br f,p. rfl?. lm|11tl od 8' !r rp, e{f

lflnftnel oGour dq tns xaefrntro - }hrlln Rnd (foreff borllty
ara al

l09,f). orrllr t$r mdfnry ib rdF
rtour mutrtnflg I. D. lpr aff. fg[jlnll (ftilll tpcdtttrr f09S d
rc93). $h.th lduttarl to tbm rt fonll toodlty f0fil, orrs rO
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fostl Localtt;y 112g1 drafrsc tbe oontrctr bat$$ t'hr r,- Dr!p.

rflF. I$SE ,nf,* rnd tbe L. Detp' cff' fsnl5|fl roml en not brr" wovkq4

lutstdlrto lhillb'

A conporlto rcttlu of t&p b|rl ratrt of ttrc In amrronrl

nrnr I'tsrLn ontal-ur -
Fctt Fomll

Iacfftf

TcrT ft!. rdfton 10

Iclnrle rrru Dd I 1049

T*1r-fln rldltonr Go !0 tOtO

10ttn rrdrtonr

T , (u*t elc;r' ooq$Drd -urrtoD'q rFry$ l0
dh (-E ;;i of 'vutcb 1l ooryoroa of trblr
E t Lon"rtrrllr to

li!. trddon 10

Y*?-flnr nndfiour Gr ll0 fglA

sbrll bd 3 '5 1029

ftnr nndrtoum rrlth onnrrtlcnrT
roeritucsur honlronr (rrttocrtr
raail,Ii-Fv-- 

*rLw r'!-G-- $ %&r'mze

Yruy 3|.rn ndrtmr Gr 100 1Cl4

Thers ig ro6ge orrttmrlty soutlisEtrmrde fbon l{ert-q,of tbr tr'rf'

bedr of tbr f,.. B.gp, sff. @&r. Thl 1oo ft' t&ld br|dr

vorlr-flno cs,ndrbom rs traar& ebotrt s Eilc rorrtil-$isstlantr to thr

lcfb b.ok of tbc Fans$rs at g31d ref t9?1'2 (fo'e:l locallty 7!0

g3d 1051). tbe 14 sbrll bed hasbn npped rout&crtnrdr al frr.A

|llg2l'9.Italgooecurtrloagtbertgltbnkofta|.ur!strrr
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esr;t of Sful Fardt. Thl humtone lc urua"[y ) - 7 ft tht€Lt

hr[ et grld rGf 1901?0, oa tho dordbsr llds of tb Scbool ltruft

tha tlrenrtonc inereau tn thtchilr to 15 ft fu a nttC of 90

yardsf :br e dlrccttot torardr tha frtrlt.

Shrtlr of }dJlgnlg Etl&El arr rclatf"rfy r'cFt |a t&f lrrtr

rrct I I ft thf eilr thcl,l bst largrly coapocrd of I. nHllq H
et grld r"rf, 1S8160 lr natqrr, thr euoolrtrd tGrt-Cem llafft
ncrtr of $llttnclgl n. cd rrnr }fnnf rqfi!ilGrr Init1 ry.

Ldrln .&bltrr Fm+rr ntill, rno gng, @.
Scrttcrd E. EIEII ebd-lr oGort uP to 5 f[ ebolr tb [q-ry
hd tn dtbffittre mfiorrlttfggua tedJbs..

A rcctton of thr uppor Drrt of thr t. Er{p" tflf. S!,s4mt
loilp 1000 ynr{t dus Dot+h of f,rrcrca tr{g m th flrt Cfr* of

thr f,rndrrraa gvmffll esmlrtr ofr-

f.d

Gl timtanr of thc tqtareull lcrntl^o
Ycu? ftur r*drtoar vttb ooDD I,. JilE1j od

r*nsrtrnErlt$fllul
Ifcr?{lru ramdom

16 Coquftr l.tnrtonr outrl,ntng rry rfrnll rbrllr
gertr rlltrtonr uttb gdil

8" CoqutH ltecrtonr .cntrfltrg lrqf uhll pllrrc
'tbot ll

Rlppbilrtdl, n"ih"d$n rrndstonc

Filno and lory-fflae randetonc
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It6nc ftr Ot*'crop of lillmlf frd,e arrrfoera b th ru et t
rrrpr aff . terar*lfftgri lhrLn gad,rtonr at rlglt benk of th
ItryUm Elvc (fffi rrf .216186) . Bafifag rrdleatrd lrrfdy

W tbln oncrrtfmry feerilli.feroua tron!.rcnl.

j.)
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lfcrt of tbt Sshool +nd Hertr fanltt t&o ?4' I5 md 16 +billl

brdr rrG rbr*tii'tu Dn oontlilr of nntve bltn- Jttl- fi!r-nd-
ttflr. Irr llkaur rhll bdr ooour ltil tb UFD€ frt'f of tbr fu
at ertd rcfr.202186, rd 20tl8t. At, Ialnl $tn: ths randrtsr

ontatr lor bryororor ard mattcod rcLlrrs. Shll brdr rrr EL
GoDa rt Otrngrr 9trcu1 rtrs a rectlon mntril.r;t

fcd

I

I

t,

rtDr trndJtou eonilnlag omn IlEl.lIf )
ElgCtg ard rere posbss ad Innlnln sF,l
ard a frrr urLl-rodd prbblu )

Is prf.Gilrpod tb.ll bcdar roh rborrt 9 )
trehes tht€L outsldne grryr'aackt psbbloa )
ofta I t-nrbm t*6g )

sprndy fortltfcor YilT-ftril. reudrtonr I-outriatne on l-fi-thlck nhcl-1 bed )

o. 300

,

Gr 3OO

ft hbratctha Strcr thr roar oonel.rlr of nsrivr tnf,orrlllfrro
flm ladataul f\frba rcdh-rrrt,brtunn tho Sad rd U.ilt letlo

c.r.Jfufte;bsr thc rd of tho loptkoptfo nordrthc ccr eonrlrtr of,

rufoerlll.fGdur raldrtonsa ed eqlnrrtr bcdr of nrlnr rrlnct.

In Petupalrrrbr Etroer (gfd rcf. 1n1t2l tbc basc of tho rmr 1r

d51111ntfd sr a rb.LI bd, (fsrstl tocrltty 1109)1 thr fnm of

tfr *rrU bd ooDtdil nry flClr,rt qrctr rd frobe$ rrprrmatr

e r|lrd lraaatocoenose lrafhhpr ltl totrf lr mt

raIl exporrd ta thr neh'feultcd eg crt of tho Ifuru Fsult.

grForrrralongtb't{srfirnoadbdrra}furgrrlrcadtt|turttm

ulth Emtcrpur Roed rhsn thrt rcrt of thc ctrata rm hlu.fqf nt'lYr
gpa$rly-foaelllfaour vea'll^fLu-reddoort tb Pdlorrll laclr It

mt dcvdeDod.
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corrcLetloa ttr rnrcofol;lle sGrvrts trp Futrorttf flo"tlyn to rtr

tho Harts. sGndstona et ttarLra aniretoilIy+s olrcletc Jr*-

imdstr:no r,{th gedfurcntr 'lqroattcd eonturroramwlT I! ctltuord

.roglonjespeo! al fJ)'ntogamrt #t?r€r€ thc 'Jatptphn .,Tett,trtoFlrl ard

PcrUtarrnn .$tagae u€st'o srtabllsH ty Flcnlqf tn 1953I.

Hollusea uhl eh ahorr pr*o$.erlva rtnhologtGrl &aryr Ct8fi t5l

dcpoeltlon of tb. I.hrtn sardgtonr are .Edtrggla" e'n rtbleb th€ m

sro heod (nco? !n pcperetton), !$d FGrblF ,zdrdtllll d. flleg|$.
UccG-*crng ffi Thct htoohrac0*i of thc Polfqtl

shallo tdhlf,lr frogtrtelvrly ofrnnga

ffitl. #. rtrduc0trrr of thc hclelt of thr ol!ggl!,Al a

g?sduel ctran6c fnon r oaaellmlatr artlnr to a Gh.lfr.dl. riCnrr
'h

tloa lu tAe rmssr of, elurt'te oa tlre btru. tht forlllr .e5. r$-

dJvtatcdt tnto thm grsup6, rfrfr:h lrt u;dl to rda thc flrlr Erdrtn.

Irts'redlat.es occr btffi tbc ta @ ail tthr !. Drlpr tff.

rgggntstF roal, W tho t,htckrcm of gtrrta outetalng tfxr |baLll

la mall . Abvs ttre barel part of tha f , D,!pr rff . f0[l[if fn
ftwrarr "nr,rl'o.,!.thn P.?tjear*r CrolLr @. ?hl rhllr

fleor the tiltaf bcdr of tbt t. Drrp. eff . $|g1lilfil snr ur dl,rtlrtr

brrj r+r bnoadly frtcrnodlrtc ln durlGts bltrrcr t&c &rllr of th.

rdclylag and overl{rtng tonGt. Tharrh.tJr rrr dlrtlryrbhd fFE

!. n.epr aff. lSIdEgtr tg torm Ero rdd cflloll JU. Irtr!-
duetlon of rptnl" !,!rec ln thc lntcrprno b.tflm tihr o*nCUl.lr

?hry arc dlettngutEhod flon !. Drtp. df,lElsllnh b' txrfr UOr
GIrggll. Abvr thc brr,I bcdr, thr uTbloglor of tb t' Drlpr rftt
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P*l*tlf*ilptler rf$t, tilfrfllfir,qplq

*, ?r,t 7t2 ?58 ?EO SOrr EO' tO6 80? rOaS $r2 rotr m9l rott ltr
ct}rlql}o+ (tlnqrt) lgilel (nrttor)

ElFcolrni @) dr+Ii f.t*I$, l{qrd.ok

4r$prr'l,q rftr rqq4nrtn (Iirilf*)

$tqr"thf.glrr{.f qm+tgq (llr*ra)

#?q?rtof rltrFrultqt Fordl

frn*qr ofr hrr,rrq|Ertrr (Pomtl)

.1$,qtflfb,!nq fUFr (norafef)

4rr\ra$ffh of*, iltoc?illrt Fonlt

{4cf,'f;tqm rrrlrret (llrrrtoe)

,tur;fgf* (g) rr{e$ olmr

Frlloertnllt(A&C)

--
Dlnlqi,ertp Flgbq tlnhy

Ptl+r{etl}r rpr

SIlrilrr nt11qr3p1+ (httoe)

$. npnlil,t,i (nccve)

Fh*,fW; lrrto
PhilFL?Xttlh$ thpttqiplt lfarrtct

StIFnqq +clr4rm (crrv)

9g+tffirtffr lqgpq (at ttot)
gf4tt$ atlnamq (q e c)

*eq$n$+ Grgs[1) rer$ sittol

!r (ep$,*fr) lqnmtf (soura)

Cyoioqro_tn trlrGa (orel )

--

Notlrtr. rlolpr
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Rfff*+r Tri,rl (crrr)

tepopm ,m+1r84+qn (e r o)
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opqS?,gqro$rni of.@ tlttr
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tlf|tff rhrtrrdortdts @qtott tAof tr
!8io

b*l-ghdlt of ffi cf. 3|lgldl rnr rrulr ttrycc |e

Dstbtb!.@and th.f-a.g. d!1. lglnb mill

"tI'..\-
h rfdfr tlor tb tffi sDE rm oryerrd lt m br rn th0 t*r
lt ndffiW dlffrlod.

lhry ef tbr f6.tl rllucr, nt s trI1l6mdl d
WryLor,' Pt+rrllr @ rurilar
rfeBfuou$tblhrln strdrtn rdthory@ filr,
furolnr or lrru;ln o1lrcild frof, rry G. frrrfl loc,lltr urr

unrf\ytrr larlrhb @, rd fc tb|r rln$Inlttf
to bc rrdfil fq cc.rrtrtlon.

fufb rA16 rr. ffiarcr rfil rrfrtfirlt FG/hC rAt* *r
(,r*rtstd to th. I. @ ry itchif rortar-rt@

Ailrtrtf,E,r ffgf,a Crfrrtsl tn\chrr f1$qf1a Gf, I1l|1r raf
tsrr.rhdr an .rl-oto-rd-.

Tb. UJUff*ru. T2 @ lr dtrfHd to tb&
@ re., trr|rly bmrr tb. qlcr,tr tnrdl ftb
idrrrdf tfro nldttoptr of, tb.8. @ Dilr sil of ttr
FDa Drrt of thr @ ry hur D.G deposlt€dffil;t r.
tpr rf1?. tdrdl tlr. rt tr porriblq hil rntItdt tbrt nr
ofthe@ nr d4eelt l rr lrtr ar tfr olh. (fi, co4glo-

rrtr of tb lHUhro Foln,tf@).

corrrrrtlo of tb.L. @ Fn tr tbst to br

@ nttb ftr walptptu gtagl. Csrdrttot tr -rfrilf f,a [y,^
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t thg oc$;1'g'6toa of L. @ b*b st l{er.lna rtrd at, Hanjenl.

Emnrtt (€66a) W forlld E. @ ehelLe tn tho Opolttn

ftrats of th Atrters V*tEr. :

r'
t t-T.sl- r

Hsllurcr uhtd oocrr t^n th, t. @ rni rlil $tcb poblbfy

nkc thctr lrrt rppcaranm ln tbr bfpfplaa ltagu llolnir Dnglf|1

@ (ecc ltarYtdt fitvxl rrih ",r

W 1gallge furtsofutt;rr trf;od' er,,l ft|Dil|1 Enl1
(acr llog1 t& Ig{E) , Hoilt of t}ro ?{fthlla apretmlr btrvrl lrf

Edtr1l1g illldrd; Si!b|;|a s1tr[&r ooolrr at ody onr forll
locallty[sre}

AFrt flo! t&s Bltlnfflel of, tb omlvtlg fflfnf|3 llargrr thf

dlffcrrrnot tn frrrnel entont of tba f,. !rlp' dA l4l4!f rd tf.

i. lrffr aff . lffgffg$g toser lr sllg[t. nslf$l Dolp, ll rltttct||

to thc 4. Drgpr eff. $Slllffil. tono eld &UblU@ fr

rertrtcf,d to t&€ l. $*sp. a,ff . lt|gfllfil tonr bfiilYc. bfttll'rblil

ef tAr f,. Drlpr aff . fg;Ilg!1 rnd l. D1{pr tff . tr'{cr}'rnt+ rotlil

ultA tle rtagu et 'rt+rrg*nul, ls 1*arrorrf,ab. Btre&na ttg63) b

rnff".a tbE dXfflcultles of stratal crrala{,lon by l,isttohlaD rd

Hatrtrnn fj1rner of rtrata at llannevfu*e rri.tb t*c ftalrr at lblganul-'

Ir[,gr!j D"rp. df. lrLgc|g?n occur6 ta tbc l*;kok*o trnd ad

thc thutarnn $nrff-UeO (rc Xeef tn prqcratlon) tfilab retrhltrhr

tbst th6 I. D.rp. rff , !E[BI$t|g ffi 1r qutvald to ell of tbr
{oa.}}rru;ll - ot, tt r^-- '-rEadann-laia tUa uppc port, of tba llrrtSapert"ett (uaftotmd str8la,



llr, -a.seplcrl $otsi I ,rthtlr I vvrc.Lr lat,.r< J-

llll.

Ftf;nmfriu fi[f FUa{ o{B{srr et trc losalltlrl ln tU. },r D.lp.

rff, &ffElnh roG. rld abo Et'rbtyp€ loclltt(4?S)rafA n
b tB rlthm tb. t. lurpr d:f. tor+tr ryno "Jlb. !. Drlp. rfi!.

3.pfgr1gtrt &tr ttlnd,* (fglf p.2! ad tll Gonrtd*..l lllgf,|il
fa[f glUfl to rrrdlotr r Bautenn l3t. tlto flff* |lqfttT
rtr stosnaa fopll tE tb. I. Drlpr aff. efgn[ab rnar hr F
Fofldc.d to be r tqt fo;ll of tf,. flrUtrnn rd relg Iffm
stqr tn rail.h*:n llalrarapr. (Sor Tdlr 196Ibl.

.Lo*.

tbcrdrt to'brratrtm stlnon' * t

. . Fttglhlor-*rf Srg$ff lhrrd,*f It
@illn tl roa3apo:dwtrepttro rtrEtrft Ht brro nrcnlrl rt
[5rypf G4* *i1t"tt*rf. Tb SrLr tFo,r th. E. W
rt fordl locllty 1O4? tr alon tn mt W to tDr typr

rprcLm. Th. il.Ut fr thoughtrto b. th lqrt S. IF-a#f
reurtrd. trtllev ud ltrfft* (fg40) eoarldcd thit *1*qF Iglff
gnd lhl1[,l}n urro rrrtrlotoil to th. thitotan4 1t ry h t'Drt

thrrc ;hrl.lr rlse tbdf, filnl rppcnnDoil la tb. Xilllnlll a. rDr

cff . tfleg|nff roilr et lhrln. thqr rprolcr ef B, llrrns hrr
b.o fotnilJprrtfsbrly rrthtn tbc I,. @ Dlto rhr Dd )""

aua rpcatr &ru&f F) SfS 0lron bar h oE ldGd F Ohor

('t9t6) to be rutrlctd to tDr lfukrnmes ctagt" ftr prrm rt
tterfilr, rrlthb tb E. @ p!. lr thre tul flr#il#-arrsoe

of trhc lpc61rfo narvcrrn[E] SUnff rnr thnrSht b Ofrot (19t6)

.l,J

to bo rutrtgt d to the Tarsnrhtan sd Opotttsr Stef,fl. Itr



fgl.

ocsurnns. ll thr 3. @ sno rt folrff bcll]q Ti, ct o{r

thr rrngt of tho epcclr.

W
Irib ntfql'

28r7,

18f3

frn
2649

?6,tr'

&D

tf DJ. l{clntyrr

F{llll ref-r rq,

?plnt of Pdlcrlr
D.tD. df. tp|gf$lf

?ffi of Pqlfoerfr

@

10lg

lot0

7p

T3J

621

T6Z

)
)
)
)
)

Foer!,I Loa,ltty T6fu- Dorl-ueaG poll.o tyec lr XstFofrrtnffi,,

Irorp, (!$.f111nfl!,). M eonn, rd ELI rrltlr of

ffith g$hfL &,JliE!gB;b lglaElglr, Fodooetmr-P+nrdrFn

swnreltl|urr rd !. lf$flIXl[ group, Llhgs{Fql. f,ofbrlqFl

hrreorr, Corooatteor ird I'gd-B+... Otbcr gnlnr prerrt, Cr

flgrfn, Eloprrrrur Hebtn!, W' 8om efDgfrgl

@ ril rerc Uf ,cnooeabrrrtflttrl rf,rqf of trho cdl$gt rp oie .

tbr v4ctetlon ran v.ry tlallar t, tbet of foaell losltttrl
fO49 elal 1050, tnt Dre ltrorglg beeotF lonl-erst and $tth llttb of

thc drd mntfrr and rcrub clcluo;. Thc ciltutr uar prohbly

;itfgf,tfy ooolm tbn thr prcmnt dry or rlrll+r' hrt pcstepr sfi

F eool ar tbt frua foaall loullty 1049 rd lOtO.

Forgtl toc,ltty t2fr- Ratrhu poff pcllco fiIer rhlcf,, hmw*1

tr rctfia rhllar t6 tltst of ?85 rd lndtoator e t!trill'ar typr ot

vcpOatloa and ellntc coadtti.oDrr ffitDGt rprclc tD thlr mfrb



19' -

en W rrtl,mlatnf erd tfqhrqddrhr Elelflf. tbere

etlr tltgbfi dlff,escrl ln mlatlvc aturdeneo tnctdtDg Er

S?q$n ana Enffiln.gtrrlln.,ll|$f end lorg @.
Cltf,tr Frobbl.y rrd,lar to prraGltt drf tut ruttc.

Forrtl looelfty i/h|r,- ellAtfgtrj SIg grctup (tf . t'rilriltnl

tr trbe dodnxt pollen typc. lbtDofa;e rytdi.4ft
eut hcc'ndrE !]f,Iry]|f sroup ;gt StSngl$[U gt tMlrnt.
otrhc typca prrmt lrcludr !|gf,ngtr rFFrF.Fr tghgg"r spprp

apltr E, Slgtlejld[,, hdl;. 'r*r'rttrru, l.rrucart4mp, JilMEr
lrdloFrlttnor, lnnnr$g &tllbr hslDillr Mrrur lgrnq.r
&raaffm, hl#lqralr, $rfrfuteltr,. ffifnst epoclr prrcurt rm

tlgtlnsr.,rrg@ (somn) !'r.gull|fr @
rtEEE I'{glittp bcr .r.if arvl @ rd.fglltue' am Frt*uf{
.Sc;ltlii1.

fbc wgstattoa $ga beech forcrt uttlr podooerp G16rl*r. SoE

oool tcsrpctturc al6usts ers also pncrot .r"l fobeb.ly rrcc lurt of

t53 tctrblard Drc to a fowdb m clorely emoclated riltb lt. l'oerl

o6ctr ere falrly oormn and pobcrbty grfi rct fer floq thr pott

of drposLtl-a.

Tbr cllnrtr rrr rfrtlr' to thnt of pemut dry c cvo c lttttr
sooler (qultc fftGlt) r ird poualbly rilttc.

Sorail locrlltt }fu- st6o4ly Oo;EBt pollar tyar tr

eleeflg5 &g Sroup Qu. tnlnertr). f,pao,errfr' nfEd$
sunrulg, W raa ArqpffiIrt*r (tlpnrsrlr eoi llplF{d-

rlll cotrloBr Otb ap1ofur prcot ur Sllt gAftlf , [&t|8nlf
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arngfr lglgffir @ rlElil|g lllMrlll |rrotP'

[Ftrhtrr sdn, tl*trE$flepcr.g@Efho' Wr rld

epqfrr$. 0f th. Gtttlct lpcelra nilo nothh;rf'a$Wf&

@ n+Tp rad $lnrlln hltrlr$ osrcr

tbc vrytettm rae bcr$ ?or.crt rltb Ft dld ml.frr tlilb'

the rltntr 111 tlutkr to, 6: grcbaUly romfiat $tlltr; tb th.

prrat drgr. fbcf lr m poerlbtltty of trtrd "cf,ttrtfc E}fl
rr la nrylo IO19 rdl0flt W tt 1r not ro prmuoorn hm ard ry
tt bG tht thr rypomdff molc e1ca6tr am Bcrt of t&r rttt

rgtetiffi ttpo, A rpelu-lrycl fd.iltlftstlon mld br raglrrl

to odln ;rGh a mtatlan tnrt ttrt, lo rrst poaelhb *lth tbffi.

tlres et thl pceert ctd of lmnledgr of pal}a file'r. tbr

Fril6rcr of eom hyatrtdnlphcGc oonf,lm nrtnc dcpostttm rftll

ffidd a€rfn rwouat for ary d:dtg of fLortl dmt'r afl's tcrD

pott fb€r prrftrt of orlgln.

?ora!.l locellty t%9 ard tOSt - noft thcr mqlol mstotn

alrcrft, tdoutf.cal pollrr flo1'es trtrlch ap dorilnatri W ft[hlgj5'

tg15 groupr pooofb$ E. lfntrb. @ tu ahdnat t"E

bofth andl f,pf,ry+fnrUr, Efg[|Un brqd].I$ SrnD rd th. ctlnct rprrlr

@ filItnrl djeGoEorlr @s|gll arl elao atpudrrl

trlt nore ro !n f049. B@ SSA ocsurt sd rnll amutsof

fg|fg .pr,recLa+, L!,bo,oednrn, Selbft$l frF*c{r,& ana efffln
iFi Fcf,rr Alm prercat are !&lglnl& ,Elnncqgry' .lglfsf6illf d

Sf1!.|jg1. Sq!hjhg11, psgtqtlrs ocurs ra.rely tn 10{9,
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Ycgetation rnr bmch forot $fth son Fqflofqrrn-mr, .-lolir

of aetrb of n$rl-pJlr tlpc or perbepo not quttc ro ol.d. fu
ollntc E5 laobcbty a I!.ttle cooilcr tnsa prclot dryr raa plcfiAr

s4arabls rd.th the urnc part of thr Okdurn 9ecfiloa et Uabrtellr

8ftrfan. Ttr prGG. of lfnnf,ttfe tdtct.t ton rhb bd d
@ol ondltlou. To5r llttlc pollcn of local sd trr;l typr.
tltlt ts parbapr rct aurprtrllg t! vllr of, tbr rrlae ffiIrfrG
of dryeltlon tftfch lr adtrud by t&c 1rtast of mnur
t4Tetntsbocphcce .

Fondl trrorna Sf Daqffrtron

hi..gt Pcllcula canallartstr

fho balq,l srcrgtton flagrmt bd tdtclter tbt fooll.fy frr|r
colonlog of the roak borc &bpJ& 6rG pncerut sn tlbc cca brd 1lrt.e

to tbn dqoaltton of the l{s,rtm Sardstono. fbr ;bcll*ntt-
rb.l/c -tdloattag Sg|$n tn$;lgE15 rd ogrtar^oootr utth tbs Segtq

rd thr osarrnulcr of t'hs bcd atpva en rnonforatty rd bclor adrtaes
entalnrrg etr]"lott r*rte foaaflr (ruch sr fomtl locrl:ltt T5llt
l.dtcetc; t&at tbc roclc borer ny hmr bru tb lrttrrtldrl t[LfS
1jftglf|n. Haqr qonerstloro, pqrily tqfttu, and alrc pcbrpr dfflural,

duo to rubnrl.ae rroaioa of thr flru mnd ntrtx ef thr tsnr $rdfup
pard tbc rr (loor. lhrtnc surrrntr la. temrgbt tp bnrr h tm
poruftrl loc,Ilya to rfhr r.ny buthlc nrtnr aEtnlc to rltrhltrb
tiorrlvu. Tbc prcsrnet of rsrc aomgtfoe ftagrdr o nrb er

0__L

tatH .lwe tbr basrr rgd tbe ftnc grelmd ntrrrc of tbr ntrlr cf
the batal. brdr of, tbe L. @ lone tndleeto thet rtbrtnr
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rorlon of tbs ?aat Serdgtoge t5t oOtilrfig aerrty. P1arbrF ta

tr€r lul plylrg t&r dctrit us lmr fsrttrs to tL. rcutif,nftr sD

tlouF i r - r r 
-- 

r.. -- ..r--- .r-- r-thtr ar#,lbufo hyr brrr at a hf$Da cilaratlon tbtD tfr &@ft-

lona] a;rgs $ tlfttag }3d oec.tu:ygrll ehodly befgno dqottt!6 d

tb. t{rrln $aadsbool' tto Tl ad T2 l0enb.ra $Fc Fthbqy d4or-
0r

ttd tr vr5r rhrl.lorr r-rj*tcrnattrelv tbc I, @ cffild

b rn1r'.Irrll.r ID tht ffiItb-If$t$tr psri of tfr; out-pop tfiqa

of tb. i,. @ stllr rnet of tbc UanSlrarylu Foad, d t

rlrorr3wthodgbtbed(ofthrtoryuolltrrranllrno!"tuot
fir5artkl, thli'congl-omrrtc bqda aro Lut€rbddd $ft& fl|til thl*c ' 

,.'

forslllfcrsug flnc rrndstonr bedn @ntalB&g ilry follcd rd !r*|F

foselle . f,tro met qru)n tnho&oo focsl.l: tn tftr ftD3 ;erf;ter ir

rrtrn Eetbg5e- drpdfcaf, Foucll (r93?) oneldad 4l&bllr fbns 
:

Ar>ch notrtes zy.lo,,'y'.,;cd. $P
*rd ffiffit to br chenctorlfrtc ofrprl-rGwln

f'

cordttlonr ln tbe trts b$tn of lbnlru f,erD$ tfi Cqtb of 4 - t?

fatlw. TeIh (tg6zo p.2921 coasld6rd tbrt l$[ilJ1 filg|ff rf,l

dporlted ult&tn ths gfifl.orllua Btof;Erf.;c' tfb[& VeIh (I96tb]

mrtdg.fl to bnvr bGoo d4oal,tcal et drgtbe sf 0 - 2O fl. Ia

iln aout,h*rrgEtq:r port of t&c mrt-crtrp arsr dryth rnlfrlr d

fse$anlf,ce flon fearll l.o€etttlu ftf.t Sf6 ard 8gl letllcrtc

deporltloa ultiln th SerflorSlrrs 3lofeofua. lt tlErff bcf'ft

76!l @trlntlen, sp fotd to b€ p'rtfsnlrff rhmirrtl

.ffir+tng ar snsu grcrpr of Eurrbllu"ttrn, *fri66rrf bDfr

rt' i'r thougbt thri l Srrflsl.lf,rn

blofaot35 drptt of drpoelt|,oo til eordttlom of ffif |affrtltl

i

,t



rft'.

Po(
rrF".'JttcdthcoptlmnGdtttopgFri]ir*rt*rthrrrcllugo.

ft thG bcst-roqocedl erctlon, arrJ furtbar to tbc nwtb-Grtt)

mct of thr #nQ, aprrt lton the balal hodsr se drgnrltcd tE

ronrfint dcopc ntcr than rdr Eakerlkt ' Thn fosell.r ert

AnrrD;r raltrotltr sld grsrntaeLe pctrbltt uc rrrc. $b1lg

tloi t6o loys eilil of thr lonc rt(foretl losrl!.tlcr ?5'1, 7$Z

rDd ICg) ge ilrs .drtrd srd thr pnlfryFods, vrlrre ere urlJy

dlrrt{ttnrlrt 9 Lrutleattng tbat no*t of thr fongllr erc a

|brntomamr aretnbtage . tba fqeoifu rr5 Et 5rntl;r

abddd end neo probcbly rpt trtrntpcte*rr fefor to d.Dorlttf.

Drytt rulyrtr of foranlnlfwa fbor foerll lo€s.lltt* ?54,t 1)Tt

rd ?6? ldtoEtr upptr ncttlc(t0 - 2o0 n)a+tU, oE dqooltleu.

fn oorfirest to ttre losr W,rt of thc Eonr, lblrtJr fbor tb.

utddlc DErt, of th. lonc appcir 1s !.ro s btooosmso rordlrgr.

thr thfcG tbltr ehell. brdr tD the qp€r part of tbr tcnrQt CtU
\rd l6Glt)1ry ou6 thelr orlglrr tc tslrd bcfrg hypurrd eororr thr

fg of dcpottttm rc tbst shollr neermd,atra#.

tlrc uf4tea. prrte of the bE, rFG orpold r.lmg 'tJsblot ilrs 3tmrry

mm+trbn oontelnd norofaung frtU ef roll'd rpptlrnp

cr grm6lt to bo a tbertooorurrc aucdlago. PcarlnlfG3 t!'!!

foptl 1ocafftt ?Ul trdlcrtr trpps-mrftflfoib-iftsd d.Pthr ef

fuputtioao

Dcptht of dl:f,ostttm urro Eonfiiut qc.tr pr|r l|rl|frrfrrr

M at fomll locallty ?S5 tndtatr nfdp{PPr-nltlo

c#thr of dqoaltlml lffi#u%t$*t a$o Far dlt''uQ"



!r.

tt. rEhil &iUrlglf @ rhrl.h (r rrn lrtf
I$lctffi)f tdtcetr thrt tbc cllrto Cur|ng tbr tlqocitna of

+Lol oPtb m nt rrq DGfupr nmt thti'^tb. prnt qr' Ifnr

3ndrr hr Et b.s cnffrlrd tt th. FIfa rntiFir af lir

Itclutfrr, It d{d br, brmr, tbt th. llrrlr alrHot nr dG
thr ldltrrn of, nrn ste orrrstr ahlrln8 th CrpPlftba of tDr

toiq +1..*.- g,J:

redrtrar, *t'lt! @ E{r rfs$ar to^tb prct llr.

Ionq-f8 Pdtarla !r cpr aff. rmilHtr
Sqrtlnrt of 0taugur $tr:ees, ths los rnr dqorttd fn fi,llnt

Rtc, tbr lort oonon f*n ZrrthdtlF gifrnflcqtdtorts a4ar|tfa

t[rlr rt dqttrr of abo,ut S - ?0 fb. Hortb+ltnrt of gtqnr

Strer |n the [otl ttls lrlnr aDd rt thrtnr ts 1ltbcfrstrr rnt

6ilrlqdl rglvl nqf-ftna cudrtonr;rd csocrctfonry fffi

ftsr rrndrtorc, Tbc aonsrtlonrrT ffne-fn$aca ndrton aililn f

TGt urlfon nqofrod, arrcets,lc hrrc elld tb"" Ptllsrrlr
4

Frrler flhtcb lg oatldrnd to bc a blocomr eredilrgr. fu
o{ *ht a ssch.Llaf{

rrrl fipontrnt rlclmts aro-

Ijllg[|1 n. EF. rff . ldnil
SErmfrtndlllf sffd
Irlln ctr. hglrnlln
ffs$er p+lnlnst

Hrb Gnlld nrrt
Errtl (Erdd hqpq$il

EelcsreEI$fr

d|tril
aHlt
stllot



1gll.

bgtnrfid.
IgllEt! a. fP.

ImrllrqUr
Xmllrrelnn

rrthffiSb s$ilflfis rrutHr ht bil mldc'd Ei lu'rrr

(rg3?), to l.ndtertr uturt.or ondttto, ltr urdrfrtil urtt

rhrru rtrcb rr lrurfllqlllr &Ilrrb rd itrorilr rdtilto

of u'r,l rllntty. Tbe Flr.'llce t{ tlr

Fstropod &Irgb ga drpoolt frdcr, ttdllt m dntr fod

partlclcr fittered fror rmts tfrl1r d^Dft hlrld In |u0ff4fhf

ana @. df.4lnenfg fryd oa thr 0rporlt fr-b-f'

Tbc nrrel of ths pGrrqpodr a3.3 rttu rrtttnl^etd.ffi
thfr+ frrgra} '

Ff'dlg (19ft) rqm that, e11lg @ 61pug Yltb13 r 11 - tt tltb

dcryt&-rugs h Fferdlrdll vbllc re1'll (193?) ffi t5o flb ffilb

oGcrrt rdtbtE e 2 - 11 frthou det$-rqrnf |r X*bd f,erbffi' lr

bot& rhrllr rrc fod tn tb. reno ordp of rhduml e drytb cf arDo}

tt!il of t&r Prllorrlr Btofrslor rg Srobhly rbntt tl frttlr'

Amr,3 thc uil.rcr frru.f elcntr of tb; P.lllrr|r llttlofr Flr

urr fouorlt'lg fosrtl errbrr- flfglllElg rfl lemt$tl

.efilqngrut @ cf. nf,rlJrlqrrrlt glDa@
atd a llJld, orab.

Tho atbs arrg Far t twtas t.bt pcrbpr oaly orr errD AV h

fs@d durrrg r vtalt to e parttailarly foartllfagur locellty 'lrs



m.

rc t.ht at %1t M, qrrba ere corua ln coryartron to th. ffi
of foeall crrbo fourd elacrfrce tn tbe Trll.ary stillrtr of Ic
Ztarerdr (rftn tbr carytlon of Mtscs srb-H drorfbd $
ndnsJlg6rbt). 

:

ftr trfrwt Frdcr.d by t&t rumt Brb!, Jfnglnllf
ffslll$hqsr@d@@

anA {Lu,s
ts €ofd rrtm (rr A;pendfr 4) I n lt lr^nmbrbla tbat t&o fdtilr{r B;o-

?aolrr nr drparltd ln old ratm. Alro llrrrlch (Efl,p.et)

ocualderd Stfn+aolsur Cdtll rrLhl to t r ffbrld bcturm tb
old rrta trdtqtor 9. nandrrm rd g. dtlrrr. llanlol tEtbf
mtdcri 

^9. ddLL rrllrl to br a eool nt* tldlltc.
po?ula\'iorrr

Fau,l en'mblasfrr rnd t sft^cd€r of oae-nllnran-rprol,r

Etd ufthtl tbc rrclrr na-oacrrtfffiaty 
"sry 

ftm rrilrtour
of tb. [,. D. !p, df. lffi[b sd 8. B. !f . rff. fE|.55fnh m
l3ltr-

(1) ltrrn rtslln, 9f,fshln urilrl. $Flr?efi€r? (euEd lilfl
rrrrrblaSr.

(e) ScdgofFmr epr ad trg}fnSnff. Gf. IIfn rredfrgl,
$) ?ncorqrr e. polnletiorf .

(4) filrtnafqmq cf. 4tr3[ ppnlrtllor.
(5) &11|5 ElfL popnhtlonr. a..

oIfr rt4F+, Qffifnr ftlltFloil amdlbgr lwortrhlt orsn!

ta rrrln d$r ft!. nrddone. Thf rhcl.Lr arc l^arlr qd rrr
rrattsrd, Ehn!.ng, trr tlblr-n (fgta) rqctrcd that l0E|l|t rd

frfftslon rF.IV o{cerr" balor !O fetbn. ?hr fs;rllr uc tbqft to

ldlctr d*tb of dqcrltlol of rbtnrt lO frtbr blmr of thr fir



pl ,

gnrlurd ntalrr of, the rdlDrt rd tba rpamsEe of tb forrtb.
fba hglAlf ana $t|1jnfifgf a,raoctatlou nrd pofufatlsar rro aln
thsught' to heyr pmfecd mts ebout Ji' fat$or dorp. tr h3r
(1ci5a) bar reted an AlrtFofirnlr leufat'toa ln th Orrtl,rclltf|rn

ltrrta of the F qagltlkL Vql ley,

Foprlettone of lnrgo Farllry Af,fit tb61,1s bnvr ffift bs nHil

ln ;eb&otsl}a Crlck (gld ref 15nd1, rlthln neralvr f lns fralr.f
mnd,stone of the zstha,lta facler. IISlif" brya tr=rlr tho th.rr
found ln tbo Fellcrrta Blofaeles uhtch Ladloetcr tbat tbi o!fifnr G

{ov
dttloa # f,he spcc1es t5aa rt e slpllona drftih tb t'rt d Y

tbe i dlaarta Btoflelco.

Tclle (n69U) bas arrggceted th&t durfas Fllo-nclrtuoor tln
ra lwols flusuated ln tbe ;latrarep,e er€at drs to e rd,ag rd
rnntng of thc polrr lcc csFB. Durlng glasfd pelodt, Lorr ror

teralr oogu$.d. & tbere uu rn tncrcrc La t$r tffilfcm
of the u*, & tn" emtlacnte-l rhslvu, Goarlrr anil lr{l*r
r*aft nrthor frnon ths ooaeto,l arrcs tdo tbooe eroql titrr rnUgr
flacr gralnad Bard and or srrth#"icporrtrd. Dantll (fq5?) d
Htc!r!ng(r" footlnr(tg:Z) bavc shorm '6bet ooamcttromr or tAr er bff

t! Cook $tr.att, $orc fornrd abouil 191000 lre*rr rgo ln ttssatllfrtfl
ranfu oontatnlng a oold rstor uecof,ma thlch ere rbout, n rW yrrsf

old. Fantb (196t) tat eoarldrrcd tnrt orgrnle rtcrlrl rbraatrf

rt thr lntafrcc of, e ealearmue rubrbrncr utt[tn milllnt ry f$fhill
ncptallrattou tllsfisft{dt. ft tt dcar tbt tDr anrcrcttffirt

Pcl.taarta Btofecto bs reeclred chrqtsl tsllitolrn SIlo tbl E'
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6nc*$lonery rurlvo yGrT ?lnr $ndttonc Drr not. It lr gorrlhfe

tbst tbc orgenlo fretor, rhtcb |nhtbttod rsyrtrilnt'lont
(ooncdtoa formttoa) lr rt so &reD fiIrl4 tfu of, mfdrt

ustc.

&ngjg Fcllearte Er tf. e.ff. trlcstntr
Gordtttong rtrJls" to the }, n. 3p. aff . g,gtrIfg!1 tala pmlhil

tn t&r lrnrrhrXopAo'plko arrn. durhg tlm dqoalttoo of, ttrc tr le fp.

trtpafla*,te *no. ghallon uar,oi sedlnerts often contalrrlal ffiIlf
r.u.l dc6oaltad comth tn'st of Otargue Strcenrl rftlle at FtrrlD oD$dp

!.orary flne mrdstonea of tbe Pol learla Plofaeles a.rc tnterHni dtf .\

ncrlvo blne-grsf stlty v!f,lf- flne gandltoaat.

Apsrt flun the $r[rotluetlon of Ho$ocr].l,lrta frltfrtrrtf{ru
geldon fouru' ebqre 10 fathong (eoe Fteritng ln iellBrrn t9tr4) rrd

nootreqJS{Wq ?dL&r9fluqr{eno the r€Flaeanat of l!$16|1 u. tp. F
fe+r,t'r* ls.rCqfe,r$t) the ruerofauna lr
nearly lderrtloal to thet of the f. ne aF. aff . acnrrn{neta ldalr

fiae arpm.ly !r thc preeucrc4i the saru-yatcr-ldledq g].|1i[f
(fortnf.paofrnfq\ So;cl1andtea)"t forlll loeallty ?91) .

tto thella of the t'r t 
5 d ?6 chcll brda are mrn tnrt tr I

bc tdGrtttff€d, l+{r-$hor$ht t}st ffi-ucFffi /

,l
\

t\aaft .

Bortrn (196t) oarldrrd tbet lilfnr! EI3nE tdtctr alf r:tt'
Folla llrr tbo E, nryn bcd ed fFof, aasdrtonrr 20 ft bcbr tb. b.i
ue alort fda$IcilI' (rr

ptfr earlyrte of, tb. Hrrln Senffton ht tlr D. ltetntlnrr). lnff



*3t.

nqnAacqlfiiltrr f:rot the f. g13g1en bcdrbouwc,find!.catc ooldifb

urter. ft eoultl t€ tbat the heo lg Cue to s brlcf lncurcton of
eorc* uatnr l^nto the t{arlns, aroa f}om coutbmn l.alraral}ar ratber

thon a el.luatle eharge.



fr4'.

wl43l q#ogP

tho Brorp tr aaned afta the Hatru"t {,l*lff? snLdtvtdrrt

and ua3rp,cd |lfro ftrmtlons and ns&cs. (Scc tablc lt) .
Th lbkwf Ol.alp !.r bcst dwrforp.d ls thr ttpc c\F ald nnr

thJt'"rt' A *ttu-ra*{li&tp of cpolttrn rdtrdr eborfi f$ dlc
nldo, borded ln tb. rout$r tf tJm farntrrsalur!. farrlte, rrparr*
tlre tn a?r,r. lbc brue1 pallt of t"br t{rkat Arqre ls dto
dselopd ratt of lilre f,l&rdton Frnlt; re Tl-tlrdtoa, at, Itrilrrf,ori
ad at r t!ry out,cup nir Ekctrh. S.dfr'ntr at lhrtrardgoltd
rt ttu lrnr trn e; the l,trlcurt q*Si1dlffnctrt"c r*cretcrv sc 

l

l

"lrrln SrEd#Ja.-.

tba grsq rustr @ oa tDr Ekrtdm Grcp, ufrrfry

s trlu tcne fudctpnr, At rAnearhsrr tlo ?nnr Sedrton |r rffi
rd th. tlhurt euug wGlics tho Tantfr grdttouc. f{r llrtrh
tb burl hfi of trhe ;rfrp orcllr tfrr Trurtlr $adstom (;oatU af th
CIlf;f fud f*ult} rtd th lqru $lltrilonc(rcrtn of tbr fdf$ ftf ''1,

,!!rp ts frlly rlprrutff'lo tbe tpr strr rilrsr lt tr cclrlr Dg '

the i{rragnlrrfaory. ffit.

li fi,[tilil SAi;D&T0I{U

I
Dietrftute!on

),

In tbc ttps er*r at thc mrt&orn Brgln of, th sht+ Dfrtricor .: ^

the Frhnrl. Seadrtonc cmpr out tn e thre-Wa*'t*n+ cf-a-aff1-Idnf,

bclt noat of uhllch treuda mrtf,eartrprrils. Sstuee t&c T$ur llffi
ad thn P.ongumt Fault, horrorer. the ;trlke of tbe formtlg |r fil,

I

_)
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I

ycrt. tbo bd,t bar en eprrot dutral diapleocnt of a db dk tb

Rsngsrrl frult,
ft th." fori'th. t{*url Forutlon erc ps out oxtorlvr\r m

totb [ltrr of thr Porl Spcllne ad ln rdlol.rqt rloil at frr rrlt

rr tbc ?ernta frult. ID thr routh tt croPt orft aru ll:hdtoB

ead, of thr Altbcdtoa Ferrlt rrd oa both llft of thr ttqnrnor
gtlsltg. ltr troletad tfry ortcrop of lhlurl SedtbE ossrrr

or rllc ncthnrt of Elrtrhn.
?br grarral dlrtrthtloa of tbo lndfvldulty npprtl nbcr

of tbc Uahlrl gendatour, na!.aly llry eandrtom brdl, lr tDdlctd

la Tablc l; . ?Do fl , ?3 rd FO rorbcr lrr dlrooltlmn la tihl

tylc er.r, At tb. Fort'tbo tl tirdrr. lr utnrlvr rr u oyrtr

bfd. Ib onft otba atrnrlvr dtvrloprot of on of thcr nbcr

1r tlhr f2 ooqufr llmrtonr ln t'bt Et"t'h.ru llto

Cortrqt - XctbnEn, ,(tvlFl, r.ra

I! tb. ttp. **, rnd ar far oart er tbl Tlnm Rlrcl tbo

1o6r erd dddlc elrtl of th tlrhurl Srdaton onrlrt of rillvr

blur-lrrtr bnsra-rpethcrlng, ftnr rarodrtoH. IaGdft tf. fonD \.--

atloa outlltnr tbr fl , F Z, F3 8d F4 ttry rcndttonrc rrd ao+fn

llnrtom nrbcr. 8ett of tbr ttr-rm Rlvc tbo Fl llry nnd-

rtoar lt thc bual brd of tho forntlon, #L rnct of tb

rlr*, th. 12 r*cr oGcurr at thc blre, ii.|t of tbr ttrunr

Ftvt. thc bullc of tbr fo,rutlon la ooqoerd of rrndrtonr, rd tbl

F2 rd F, nabc.t tro rGttrlctd to the bral prrt of, tb. forrtln'

In the uppof eart, of thc forretlon flm 11dltonrl Sfrdr uplr{r

t^oto vqf ft!. lradltomr.



fri.

thr tt ttry -ndryfcdl$ fcu r fdst b.Llil
ptaro f,rtron,&-+Fffito-ftffi} uilr of tb. ttrm rtrG

tbr SZ 0oqEIE ttntoar fr oqorcil of r rrlm sf tbr a
four oogflnff ftrrtmr b*r ffir.llt tnhfl|1 fil i. 1? I}rd

lol-otlrocrlrr ;i*niil at ft (n nrmr eB}. Irr htr:l Dtt ctttf
of e prUuly squlrtd tfrrtanr Stcb jrrftr rp |tfo th r.d
hd of otsrtd ffn*onrl wr$t6 lr r IHhr odnLd
brrl slta!ilng abundad crnrrct-rortd Me$Egff
ahe114 Eo ufpmct cSIDld bc{ odds rtftu* frrUtneof

rhdb. Iofdlg aoft-ffirbh-radgtfi. fs dcdopri bftm
tbs lraa,f pablrh a.DC cttlutnnd 1lnstom bdt. Csotf-br& Stl

sc:;f nmr; ln ra sEtcsoe rnrr tbr Hrlelr,hl ntrs rt Srtd sse 63IItt
er.ro| a.1tYovobL

tndrctr rmarC m*tlclt *1i@
grrrct f,lry.

Errfi of, tbo fr$rrr 8drlt, at irld l'If 9t6'ttZ, tho t? lltl'

rtoD. th.f*16s gfactly, rad tbo fitth orf ffi frufmtV
outllaadp tpDrap to b. rfp33g4.

ffi Y."t Drr*r r""r(rtld rd.316rct)-{nr rnrpn
F.til F=€nt $ro ug1ff 40 f€ oat of l$r llrta tr rdfllly

qnJ
flgt{d rA#il th Ififf errt, bg a !$thft rpfljrr;E5,

Ellrt of thr ttrrm Rlvc tbr % tlrtm eElr tc e

rrrtvrr r*ttorf\y filstdr f,olrlllfm+ sr$ €$tpti ltr-

1tro6r, hd of, tt l.s omtd by r !rr:f flD. Iratnd drrt-irlG

offt, ttrt the oGrS lr uot tsoc rlsb. Chilsrf rd @
rrrdffi ltorr{ tht tecr rrr ooly lbqs 2 pu od of tJs lr
thr cgn3r rlhtcb nr frrfrfy oonpo*l of qrnrtt orleltr rnd
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r fGI.: it 7t,

In folder at trrek
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praglocrr* feldapar. croe' trede nt g'it1 rcf , 1103165- lrdloat'o

apparrnt rc*{mt'erly gumsnt flou'

At thr tj.arrgrom Rlvcr u6 13 Lhcotonc & 30 ft lbsrr tbr

12 t1'sctonr. Tt la a oelutnold llrrreetone utth @

ljlpshf anO lg6tt11g 3jglIeSg t'brorrghoutl l4rcelJ'y'trroblopoltl

ocsur at thc to9 d tbc bod ' Tbs }tmgtoar |r 5 - 1O f,b thtaf
|1,,.K

at ttr" Hangamo Flvc, ?., q[0 Blerttr Fegt tgd ? ft 1blct

boturrn tJro lhnjaone f,rrs find th" ttretnas F-ivcr (gld rcf. ,l+il*')

uorth of tbo ynkurt Rtva tho 13 [!"utonc tt t - 15 ft thld'

rt re typlearly a ffit,og vq-B"ody ooqulrld lfinrtmrr

varlshlc tn rppannar, TlIg cltlrsr nasrivc or bodirdl c'gt of

th. urhg:l Rlva 4 !.r occaalonally cnorl Hrd.

Brtrro thr !{rlrurl Blvc 8d Igatrnl Crcr& at grld td' 4m1?Ot

folr Grorf-bcdt tadtcetc cpparcrb mrth-srtclt, vntalyt

*oth-ngte\y, end sanGlr-oerterlg q'rct f,l.d'' Ea;t of lgftUrl

ctr& at grld rcf. lg1l19, fotE| eFol} bcda rrrdtctoil rp'pcrct Doiltlfl'lvt
6 WAvc*

mrttn6;16lfr uortrlt, rnd tanth-yq6';t{F'e. /r,e'L"r

t}r f ldlr q$Fdrt'o4|r lr aboub 10 fB thlek'
Sc,..z1a{.s;k oecur 

lD rr 
_t-:*". 

'" - u 
;g;4ffi @' 

..

bita ffi'";*ra nttnffi *ndttcn'rr*ffi
ffitirrrpqrn\n *frUilr'Jl| l;ifrtr* slvc brd rt srtd rrt 9illil*r

' iutr^-bcL olt\c

s braohioprd rbcrh/rd rn oyrt* li,t"i.t;i Rlvor rt lrrd rd.
Tt+ sanub't! ""'lt^'gcalud {e'rik att' ---r--t.rt*d .

3s91 jqt". fu d;ittr";ffi"-r fror thc tdrrlvr'q th'el

anA
bcd + naar1vc ffi16 rstdrton.t r€gu3cr to t[; wrgly|113 tg1pr l{;!tgl

Slltsrtone, uhleh !'r brgdy barru of fosallt '



zl0.

Contut - Por{

Tbr rntst Ll trhr t*i rrtr 1g s{r!l;r to tbrt drrloprd rt

tbo ttpc foorllty. Sb.ll bcdr cnd llpstormr trltabddd ufth

concftlourrT flnr rfrrrlstoDi occur ll thr lottc errt, of tlrl forr-

atloal tbr rroalrtmm ero @rrts oa thc lart fitrnt otr tb. Dos"l,

' Syrcltnc tha o tbc rnrt lila*, f,hc ;ardgtmor Errdr EP ftto tb

Ior*u l{rhrl gtltston erarpt Dcs tbr Pukctot Foad tfrcl tbo lffi'

lletrurt Stltrtom lr abrcnt. Olmrllly th'r hrc of tlbl forrrtln tr

tm q) ovrtr Hil, H focdlt, for

16alph at luatpct gtrcrn, t&. btsr lr actu,lly rbont 60 ft hlry
F,

tfr-bld. $uoh an frrryfrr sontect l1y bt db to aDrmrUfr3
/l

flor to th. dqodtloa of tbc W'
tbc fr..9vrla, Bld tbru a prodnnt b.ddlng plar frtwr cl

tha caatera llrb of thc Pct $;lcltnc. tb. orlgl.nl d4orltlon'f

afct of tbr @ uaa at leaet !O qurc ril,.[or. 0a t&r

utrt ttrb of thr Porl syacltnc lcar Ht l{rr€brilthlt *t 2 ft

tbloL; *tf. oa tbr cest llrb of thr ryoeltlc tt fr Snrrr1ly ebout

10 ft tbtch (re fropaehf up Plgur 29). tdbcr tm Oyrtr Brf lr

thtn tt ls eoryoecd ertttrcly :l trokor rbclls of $;|tl &g1.
tttrcre the bed fu thtcLer/l\rlctot lload, untro&o olrtc\t arc

iE 
'-ntr,*. sctb,15)r.e GoIffip and the bed efH+ 16o ;erda$5l5

u,agtinl{g of !{el.paart Stnm (gld rrf, 394D121 thc bd 1r relqf rod

contalnr c gratrr dlvorelty of nllurory -tho bd tr -*#i*ib- 'tr.

a5

',.'t l? tm tg1.l nord. Eorth of tb. tq6l Gor;r tb bcd b t dl-

oeeatd !d soatalnr ron Fretrra.



Sllr

ftwr 3fi Vtcy urtrudt tornldr ths cstrrl Frt, of th rttra
Itrb of tbe Pcl, gynoltnr, Ifgn!'.dlp alopr of tb El OtrtnE

Elgr fuff;brddtng tadlcrted ty thln clcr6toHry rralrtonr
rrr rholl b..lr of tbr Dlrhrl sandltm. llftEg[gl: drrp

elryrr fornal tn tb. nlllvt lovr lhHt gtlrtolr.

I1g; ger$ llm at strmr top of photogfepb Is at tho har of,

tbr torr Fel Llntonr.
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A]olg tbe rastrn firnt r..' tbc Forl gpcltnc Ery }qtl{Irg Fln

foturss drre to shsilI bads ::nd eoneretlonary bortsona oeflr abstr ttr
fr' 2 ll,

f1.-W!s-Est (rr6wc 30) ' tto tuo noat pronlneut bad,a, ths $t rd

f 3 tf!ry $andstone, bvt becn m.Pf€d separatabr'

nra Ea-ltrolef occurs t00 fl aborr tbo $ts[g, B.t lt bj; }1r

Hpprd Gouth ucstrardr tbon tho Fuktrtol rod for absut a nlle. lt I

cut afoDg the trrkatot Foad at ErJd raf. U&O6l a aeetlon of tbl F2

Lluctong Goutalngt

Coqufnotd ltlgstonc oltclufng $l,eileDEln
lrEbeell rd lnrfrr lfl

lhttttr snltr to vc7-o6r3. Itry- rrdrton
Altaaa$Iry crnntd aedrton brdr effi 4

fncbsa thlekr anrt trolr-GuGtttad Grdstonc
bdr ebod E llehe thfcL

Coqulsld ltrutom oryorrC frrplt of ftrg-
mntr of glbtg and ISg!3

tfry- sadstone

Hortb of thc th!ilrt Oorge gbo f{*!qt ls a pnofinat 25 ft |tic|

mosrbrdded EavSY llnertone -

the A0 fb thlek F3 ilry Sarxlrtoac oontrlar scrttorrd pf,ctoe,

tt crops orrt on the sst ftank of tbc Forl gylaltne tbdE ttO ft

above ths baar of the fo:mrrt:loD" It tr srll dcrrlopotl n ra ttr lbrt

noad, iU trj6 h@ nFpd 3} nllca to tbc ltrtbm1tr.

gbdl brdg gt aoncretlorery bortronr rm uot 1r ulll

on ths rut tldr of tLs forl Syncllru ar thcry Eri ol tbr eart llfi'

Apart h"or tb fl Oy;ter Brd trone bgf,r besn npprd. A hlf r dlf

rutbrrrrt sf t{t lhrdeat (ttrld rcf.$ff6) r 4 lnct t'hle offdlt t

Fcrt

23

lr,

c.t

,

J.,
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gr:uleerorra, btotltasl6, foerlllferorsr f,S bd 18 lrtr{rlldd rtfth

rtppl+.rlckadl flnc randrtone nrrl udftouc.

At Hlncoa tb. l{ahrl gaadrtons dljlfera t}ron tbst llrbha rrt
fn fti ?trr,l ar€a la tht oaacrdlonury sball bdb an rt ol Gtr
fn eGryttoa lc tn fllrl.nlcttu Str'++n *rro ooosgttoury b{,ffif
coutntn large $,tn{,"r rrlruyfiLcn. tho nCrofauetr Aecdhles| flm r
lsfb branc$ of hrrrott Crd (foeatl loo.ltty 843) *t"l-"fetdl

the
ascafth,gr# chffrfrctrtto oCAarfn $aadltom.

Southwcat of lltllodtou thr ltekrlrr. grydrtom 1o poor$ anorcfr

If to tbundsd fn tb swt by the A}ftoiltoil terrlt.Ead of tf,l nrtrn
ote P"'eJ

rcult(rt ptd ref,. 31g901)tb. br6a of tbe forurtla 1; friirftrf f
a forl.ltfeuus oacetlorrt aendy brdl vtrlth oan br trecd tIr h
rl1rr to tbc aontb cad on a:lr fbotagrEpbr, l.luch of thr ltat-tla
la R @nsrettcury fbsslllfa.our flnc Bua*uthglng aani}rtmp

Caaartao aaomd W Grrts "tTg tha Bartor Lluc nnd tp*cfff
mntalrs rtrtloneq$ry lrrllmohr.. Pht[JtnA*FF PnsiLiq,{, Y*t*
SlglgtrU, g$fn cF, and 8grcoqt vorttrlrylqil. Drt,m tsr hhn
ud Ut Coopr fdrlte/ aear ilt coopeg rtm oacrettonry *dttT-
conta.la!:g HeffFqf'luryr .gpgfilgl.tr 3re ;gpoaed !j ct$s doag t[r rilt

Gt *td ref nnoD-

The folrtioa eupr out along both ltfi of, tbr Etb trdff

tQngamhoo $yteltro. Ttro rnstba';r tb. TG. Fll?rtmlf .od tha E

ttnartmr, arc tutrldd to tho wtora 1l*. A rrcilha rf$ fr
tdsstrn ltrb lmO yrr{r Fr{h rrrt of Xltl tt|g at grtd rrG frl9F1

ffit l,rr-
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Fcd

ltarrltt vctA{tm to flne sgndftgro (Xannf
grndltom) a00

3&Ft Stltrp,tnoe - ExldJr-rlltrttns

l{aealw vrrTJttr to ftm csdftonc (!{al6111,l

tudrtil)

Obm:rd

lltrarofng olcottorY fls radstmc bds
2 _ 1 1'l tnran a'g dreoaec,lonary sand-

rtffi. b|{r *ta* .f lD, tblth' Ieoucrct-
lonarg eetdgtone ls oorrynaly _s$oo8-toddadl
$ odrtrlr aHaarb.gfui4Ef Ebdft rro
e|glqg platm, srd srur,ll pelerSryods

Unconfornlty

Tenttr Senalrtmc

1'

12

12

t-b % Ells*apr *radc Frtthilds ltlto YGlr flD. natlrtoH

on tbr ."rt ltrb, a g.! fb thtct rbell brd ocsr rt tD. bll d

tD. tihillt Srntrrtmo. It rt b.rt gnral dtrtg tbr elt'rrl

HaneHnl'o Fotrd (Erfd rcf. ?lpg16l rba. lt lr larsrqy nryoed of

trnldsttflrbtr trctrl rt.8gptr af r lergr thtck-rbrrrd rrbslld'

-J.Ld oaGarnl r.md€d, tatillrr 2 tnch lon8r Udmrr'blrratd

rstosr prt,blar, .fr!,€h p."unabty ,'rF dslvcd toerru lrm tbe

Utdl)u{fit Tarrtlr Snrdstoar. oDc 2 ln" ffqlnr*e D'bbf' urt dJ

fild'

l{ort of tho lhtsurt $rndrtone ls anrnfosrtllfiqrr vGlr ffr

WIry s"ndrts€. Hoar To&rnrl fm (trfa rrf.2999Ot)

ee*tcodf,orrllrl.nsrdlglnnqnlrpl&nndlBntDl$ntr|dL
tPr erl l&$&r rpe oGGE: vtt[ r fG' InII' lclr-rtlaDt lli ft!' to

ilf,h nnfstour l"a tbr Wpono$ n0 fb of t&o ftgl;tlon'



nr.

tb ffi t a nndy dctEttflun|gonc, lt mrllr

tha !h&m'. Ssdrte rd rujrllp tl. tsuc !{rhlrt Stltrtce.

I! th. nepd arra tr 'rlnumo. lr rctrtG.A to th. rrspmr
gpcltnr. Tho lttu:tom tnr bffi appcd qrtb of th. rFPd IEI

'th

tg orbr11 (D6e). orball fd tbrt # udsx nt tttl

ilFrlvr flBo mdrtffi. m trbr Grt fhnh of tht lgn8rnhof Er[oltr'
Tb.@ fe ffi]Erd or tbt ast€ra sd rFtm $en*r

of tbo llanganhoe g5mclltrcr A sfffi osc0!.oa of t?b trtlEln fit'rDt

at grld r8 ffi19 o6talnt-
I..t

tlerrlvr vdterlll'f,tut.d sqtrtn lbmt€!.
oontr,lalng ahudent bae,hlspodt

lla;rlvc vrctloalft-fiLutd oorrlt gnbrd
llryf,dttffir (60 Pr ecr't erdstonc
3ra-rnr), outrtnhg a fcu @
Iffntr[f rd DrrchtoPod brlm

Bddd Gorrfo *rrlnd qutH ltstolt' t!-brar abut m ft trtrfe$ brrc H 10

nd,Er ffith $t gTId r8 ir4fllS t'bc entrrl Psrt af th. ff

g1lrdt tsto r llnrtono. Tbrq ltrretoar !r eroerHd 20 f[ rbo]a

tbl bao3l tbo foncrt bdr arc il tlb thlc} ed lnlltatr rypar*

uwtr[ril ourlart fldc. 0n the Galo fiteD} sf tbr tuoarnnr gtrcrtr

a poed crfi Lfon3 tfu catral ltrngarahoc Eoad et r|d t|f, ?49916 e

rgtlon oolltdnl-

10

F

ttdl-b.ddd oqutn-Ilrrstom

f&t rendrtoar

UrI[ -bd.A rquln- llrton
Itru nndstom

filt
1'

5

ft
to
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llamtrr, trndYToqutH -lbrstouc

Iuttr ffi ur toFrt Fen at f,t{d rlf. ffi3 r m*ortl.

rrgilo outrful

fc+tcefft rRlrr cqofn ftnbnr
frlslt rG?-mur. ffrotm orytd*l3-

emn I[|;$U platar end brucbtopott frasmtt

t{aralle granular v*lr.coilrlo rnilly ffiy'fo llrfrtmr

lrd
1'

Sarth 6f tbc np;| rilrop Oib.Ll (1$6a) fornn e 6 lf,r tH.f

rtltgl loil nlry f,onlllfcw Sl.srsaftls bri ovelyl; tb

ftnrrtorg thls bd bp not bton fild tD tho rrp'Fd s(nr

6

15

fr

fcatur.

broldrt

r, ttry crtmB of {, u-mgtglt coDf out. btrtmil tt tcm

rd cltff Ro.d tLultr et rtd rcf' tSrol?. It fu {€ Gqrtn

ttstour abotfi 3 ft thfch rd fer e prodamt Idd!,a3 elrn
fil,th of thr Her..nan f.$lt' #S* t ft foa5 rl;lilI'

tdfart,f tbat tt uqt pc.grtoqt1r prut t&g1. lffir

tb; uroonmty rcF,rattng trhe ry ttor tb. ddy{43
fr,"l" $:Lltgtdnc, a 6 LE, thlch bd sonteirrg I fg long b[.o€H sf

ttmrEuill glttdeno ln a rnntr!.x of very ftD. taodtibotrs. lt tb. b'(r

of thp lluastom gf$]f;5 id Q$![I lbdfI ar{t pum tr a Ftrlr

of oyetc tragmta. r.I!+.htn tb. llno+,onc e fa l!|tstlV-Iffefrrl

, 111, long randdom pobblet |ldloatr tbt tnc epofl|an lnrtlr

snrdrtonc tnr bdsg cod.d rearfo an aDirilfb of tao ltnston

qrlild S lfio4rn (nrgr p'153) ontdnr -



carbntc of lln
Crrbrtr of rgnrdr
116 srtda rnd rldsa (rolublc tn acld wd)

Slllcmm ntterl

t{strskahL Foad

,,o fr

Ft-arm

o8ffif[

Blcegttg Prtn

38C rt

$outh lsl
180 f[

n7.

pc cat

n'o,
2.78

1#
*.4

Xahbllrtc lrlf
1& f,t

I'orl Eyrellno

c 1ot0 fb

Abilt m fG of gtreta mei:lylug th pfntonc tro not cxfodr
L,F
ttib ge tlrouglrt to bo lhkwt sadst@.

I pctod of undnmttton frts to tb. d6podttu of tb

ilekurl Grunp b fdlatcd tt tbo rbrrpt oha4f of faclca fror

dj;p-ratr rnfordllfr.orr rrdatonc to foulllfaour |firlror'ntc

ndrtor rd rhrll bdr. !

thrfuar
Fcu aeetratc rtrnrrmntr of tht&ill tri por.lbb. b th

uorthrtirrdro., thr fellqrtns r|narcltf em tpr|llgilirta-

IB thj I,Gi rr(n th. Hrlurl fierristom ls rhqrt, 1rC0O ft, tblftr

%ffifrs* fsnttor a* abrct, tbr 
'nr*trm 

rrt llltsrttq
at lurt 960 ft thld. It l{aneare}or 'tt tr .6m fl tbL*r
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th,qFooalsrtolpw grd eodtttromg of Ery'otrtton

l&rerdogrlh fron the lr,ehrr! Sandsf,on€ sre llsttd fia Trblc 16.

f &r*ff*, r*i€r depth of dcpcsltloa of tbe t4shtrt g€'ndrtfl ft
lrdtcescdt larguty W W ntorofuaa. ltrcrofosttlr Er
ofta treruF€il{,ad etms tbe tcs bottoil prlor to daposttlo (tbry

d

em thrntoooalolc uadhgm). Deloeltlon Sensrally Lcpt f€r
vltb t$c tonrlng of th ;ee bottornp and bgrd-boiEton cordttttatr E
tndtcqtd \r lbeU btdrl rruc rrot nt @runn cE solt-ba+ton coadilltml'

?b .avlFilnut ef a.pocltlon (hallg tbr dAodtlon of th. !1
gfg3g lnm, brd tn thc Fwi ers ney hevc bcen tf.llar to tlilr |ln')-

ffir rt Fceru strift r|ril.c tbr oa botton !.1 Gtofrlit
colmltd tf Qgtf?" rlEpttnn cullcn ('1q62) fod the oyatrrr tE ttr

r\
rtratt ts# Filt*.tdd to c dcpth ran6r of lO - ?5 fcthou ln tbt
ptrml rtac tbt ec Hta ural;tr of, rdluil.f,fm anty gratrl. Il

fd. tltm ErrrGf lr b.rt ruttd to olotrrttm by thr orrtar tlr
pobblm rrd lerer ehall fnaeudr prwrtff fd"fdlng rtrtbsr fip
thc attesturt of rgatt r*rtlc the frilrrtlt!.al Esit prwtdcdt a flrr

1.!rrl. bere upotr rdrlah tbc nntlrc oyrtre oan glnlt{. (bartl El rlrd

rt tlo hrt duilr{ thG 6rdrth anf dqroalttotr of, t}rr ryatr b.d. Ilr

lprt sf ryutfft protrrmbty Oarcfryd oD otrtc fllgrrtr.

ttst sf thc tteryaoqa ltivm tm Tr, I{l'{t4nq rnr drpmitd ln r
rqucr of &ur brde psblf oqtrlnc l!rubonor co6In ffrtmr

F$d1p, tlnrtons corfialntns rsnF ortcd fGntiltt eld Gqffn fh-

rt@G eontatdng rtuIc brctrto'pada (goa flgurc 2E). rt ie tbouft
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tbrt trbr rrquoGr of bifu ef, tbr ftJdrflorb rrd of t'br lbUrmf

Rlra, tltro deoattct la a P6toar of dtgPffifiry ntcl '' csd t'ht thr

bachlorod rlt lt1rtonc rspcmrrta tbr docpat r|etc |,n rthtob aqulnli

llrntom wr dqorltri. Elo A oqufn illrntono brd o*llllEf

ehndrnt brdlopod tr prcrst locllf ncu UrnguUor l! thl| utrc'

prt lO ft of thr@.
lluGh of {bc aand,stom on tbe a;lt lf1fo of tbr Fil{ Stacffnc |r

trrl{tolralllfc:otu rnd coaarrn tbnn on tbr urtsn It"lbr pcbrpr rr I

rarult of drporlttoa ta gbsllomr ste (at ebout lou tldr rrtt)

1l39fi,h -anfyrlr tbo! foru!.alfse lwart^r.hly t-dlaatd tbt' tb

fsrrtton rpr drpoattod at uper nmttlc ilqtAr (e0 - S0 ft)l a lbellm

c dcpt4 of drporftfor{tbc @ faolo (aO ft)r*w ffflt 8[-'

forrll loealtty 939.

DGpth analyrlr of forarnlfea frou caat of tihs ,rff}ldtoa

Frult fron loarll foeeltty $60 ldl,catd a bneh-rid-GYlrmnt.
t4

gom roslon of umrtgr opotthr rcdlnntr ed rdrportttm otlcfvd

opotttan fondnlfora W
t . Forenlnlfar ttor forrll locdtttrr G41 rad

Avt

S{,4 flor ncar thc doynthrw rldo of tbs trrmta Pault Slvr ry
fupoltranffi, ttt" forednlfara nora rrcurhly dctvcd flor tb o1o#'t't

6.ra*t Siltrtoo) or thc rrpthrolt rtdr of tbr frrrlt. On ttr ur|t

ftenk of tbr ttanganbe syncllnc thc brral bcdr of trho Hrlst g|d'-

rtonc ontaln ehndent Angbmlfl11 cP. hft lltttc .f!t. PottlLI
+[.t

(tglil td thst oolsrire of ltr$lll4rt lbdl prfa i rcr!-

ertuarlnc oordltlon ln tbo ou0er bectn of thc llaaafru ErrbaEr dh r
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frI.

drytl of 4 - 17 fetber. Sud drpth of deodtlm rrc lftrft !il'
tb. trrnl tdl of tDc l&kurf Sarrdrtm m thr yr.t tld of tl. .

}tencnfr S'roffro

ttr fonl drrfoprrrot of th. fg ffllpn+pfr clmr to tb {il-
tffi rtdr of tb lffitfffUr Fault rt a ttn q f|at radnln
nr brlryl drncrltrrl rXrrfico |s good cvtdncr tbt tm IFft rrr

aettvr Arla; dcperttloD.

IE th. typc andrtr or tbe drptb of dprltloq of thr l}Dr
.Jf

frt, af th lhfrrd SindJtorf b fbm rcblptdr .4 f5s'.artdtUQr

$pil!.r of Ortspcfirf'tr cf. lnlttrl (fostl tocrrltl CSI) f.dlrrt

d?tbr of dqrttlo ot jj - ?0o frttun $n - 1109 rt) (si lfD"f!
t). tarrnlnlfrr orfnrd tf I}r Yrrlr lber tbr nr foGrlftf

ldtcrtc r strlhr dTtb, dtntorlrF rltls (m0 - ym ftl
(Ael Appcrittlr 2) . Dr Vcl.le forud nrytbe of drBottt lfi trc dr4rr

rt fo;lll losnlttt 866-dos nattlc to qpc btErl (fnOO - po0 f-t)-A
qtco,let

(Sco Af$fr ?). Submqrrgtfy he anecrtrd wsr *rrFr d?tb IIE

localtty !66, (?mO f Jmo to Io0o g tffn) (sea velrf, (I96es) ilil brf

deaertptlon of thr ary rpcciet Eglgtr[1 tff}fEd. Drptb of Cr
qYe.rlrv

praltl,on nctr &{dir tbn q 
}CICO 

ft an rmfftely bccamo tbo svcb

lytrg lffir Hatrrt Siltstonr, pertrnablgr dcprtted !n dec'per ntr

boeausr of !.ta flrrcr lltbot-ogy ras gsrorr[y dcpa!-tld at Ef* t€ lffi

drpthr (tOo - l0oo fc, acc tppcrd|r 2).

At lhnsja1bc thr rrp'pcr pnrt of tbe Hakurl fudttoD. fr lWrct-

cal tf thc 69qulmU @. tbc ltilgtonc rdgrr out dtbtg

a ebort CtrBanor !.sto nsllvl Hndltooc. fht dtrectlon of rrd$a-



m2,.

ont lr thc trrr ar tbr spperat curr$t flou t-dlated t7 corr

brdr. Yrllr (f6rb) oentld6cd tbr @ to bf th begl

FCrt of thr tc Autr Cyelothm (t*rttoteran). Vrlfr rtrtr tlbt r

;rcanend nr fqrd by Orbclf ($62) blq1g!h. tb. ltnrtoElr Ortdf

nlor rc nmtlon of fro36nd hrt fo1gd (p.2!9) tlult a glnoonltto

Edd€nc ad ttlt3tom cach about 3 tncho thloL egcltc tb LLD

Itoac, thsr ttpro !.r m evldcaer tbat tbcrc nr a tlr hGrfr Ft
,^ orhilll' s^ttu a*.{r

rcf5'jgtu0;lt $r dcporltl, bqrseth thr lbctonc^ noli uri fd

bocetih tht I'orf Llnttton . Th. @ lr et'trtH'd to

tho l{rkurl gaadrtonc mtba th"ryV"llrr r rolrrbt Jrouagc fl firtr

L)elotlba.

Thr rrltg' oonrldrnr tbst ths @ otct ltt fontloa to

local pvostr on trhr f,artyrlhbPlc&vltlc frultl crd aho pcrhrpl

oll trbe l,lewleovtll Faultl rathcn tharr to arrt'atlc €hens. of ar

1cel. Xorr.tb of thc Plcdr"llh Fautt, ctorlvc rlrrll h3ht

oeeurred 1n rh11llou dr6*,b*+f rrrtcA oocertonl fsult rvostr

on thr plcckvtlh .nd pabapr trbr t{awlorvlll.c Frult proowg drrfc

rntcr louth, and ponhepr {rof tb faults. At thor rfrs rr

eturnrntr rrgc utrIlg southcrtrardr ttry ptekrit up 'llrrr 
frerFtr

f?or the l[3ll bcnk end dcpoeltra+h |1r dr6pc nta. M

of thc f,"cc*tll'rttarurlealllc frr[tr to eccrrmhtt r' tihr &? I4F

t!f,Bi. lbc t.stonlcnl\y-cor*rb[* rcdlutatloa lr rht]ar to

thst po*ufat'ra for SO Ltucrtom of th. Soron Grotry'

I!hUF, l-iJitJRI l;ILl$fiil'Ii

fb. Ltru' lhhn:l slltrtonr lr ucll upord la thc t'lrhatr Rlrut



w.

rfifch lr rdr thr typc roctlsa. thr fomtlc lr mt rubClvldd.

Prrtrffnillq lS St+trnmbfo 4lbtrmr
?h. f,orrtton tr rau dcrlopril E.rr Turcn f,llb nn(ru

1,rcf.{Ooln).fr lr a bdt rftt€h trdr trtrffi tmrdr
Ngetrl. Bctrno {frr Tur rad Ntrran fu.ltr tbr ftmtlm br rn

out'c.op ttldth of abou0 e rllr. Sdrtb of tonorp*r trlg, ttrr orteop

ntdth ltil f*uttonrl tile.fi 1l n& rcilusd, pc*pr dur to n
laornro la stomp.rtdth lld forrtlmr.l tefuhrm of th orc$fi
f,orup*r Sudrlon. lf.d of thr nopnl tnllt tb. fortto It
dl,rlooatd by rary faultr, ard !t lrr ra cst-rnt W.

At thi Pori th. Inar l{ekurl slltrtoor tr rnLI drvrl,opd a
t&r cart fXrrk of thr Porl gyncl|lr $sr lt fcr Jt rD rlop;
bemtb tb. Iarrr Pct ttrdonr (rrr r||tr ,O). It hr r trll
outeop lrc bchr.au thr Taunta .rd Allttdto frtrItr la th. bri-
ntcr of P*rtt $trtr.

ThG lflrc lbhal Stltrtonr wcrllrr tbo llrl.Et Srrdrto. b
tnc typr en lt 1r walrln bt t&. fior.opdcc $rndrtml rt tbr Pu.l

tt, 1; svel"rlD Df tbr Isrc Port. Lt-rttom, iprt ft $.d5r fit rrt
rardr fdo tlo $nn llrl $rddonr. Tb. fontloc orcllc thr

F, tlntmc rt tbc slr of thr Urn3arUc 8lrtGltn.

CortoSJuldl{rffi
llcar tlrr lhkwl Rts thc foratton ooortstt of e ll|!t blur{rry

rrtlvr cdrtr-lfrln d, ren$r-rlltdmr. l{ecofortb rn qEttr

mrol bll&f Gltgnsld of. .gEdnllU, oGGEf ln tb. br$f Flt of

trbr fcrtlm (et lb;rtl focftty W\ tD outorcgr r.Iq tbr lhagm



nI.

Rlvrn. IrrlI ruhrphmtcl oaorctlmr cm qult !ffiDr
- Eld of ftAafr Cm*(et grtd f,ef, tn1??>(fom11 fooautf

rcS3) r 2 ft-tbtG& !!flg 4$tl*tufr lbclf-b.d orBour cbdtt t0 ft
b.lstr tf. Ot Ltmtom. Ihr bod ovcllu r randy bcil cntddlf

lEill rdnsra, It rr thngFt tbrt thr bd Eborrld br rnlgnd to

tb lart!. l{rlurt slltrtmr ntbc thl"thr tdcrraf Farrtlu.
tt tbr'?o?thlmu of roattsdr ftestlcr lGrofomlJr |lrf$F

tns oetrr rp. Ied$brilfrslls' WgilllDrffn
ItlISI|l n, rp. ttlruelgf rp. ad Ergp|n rpr oGG tbn|!o*
thr fcstlm W ur rrprrfetty omn Dp Lbr mnbrt utth th
walytlg Ifirrn [srt Llston,

lt Hangrrboc tbo frrrrtloa outrtr ffify r frv rrclftrrllrt
til trechlopcdr of dc4utc arpcd rrnrr ttord et 1r|d rd I!I|U?

ta emsolrtton yltb tccttard pclosmadsr rd grrtropodr.

Ilfrtnlr
In tbo typc err tbr ldlrrr lhtnat Slltdole lr thtclcJt rrt

of tb. nasenl tbult. l'leasqrro( II,,:k\€rrer c/( 
1rrre.^ 

b<lc.r:-

?rrt

South of tho t{atakabl. Rord fnult t2O

Dhngrcae Rllu tn
Tlnrrrn F.'v; ?6O +

f,rltan Grr* lfi
|hhrl Rl"G Dffir Seflor l'8r! 820

Irr Ruetct Stetlou rt thr. rorlj thc forntton tr lbout 600 ft

thlg&, fbout A0 fB of lprr t{rlnrrl Stltrton cop out |r tb cr |f



tlt.

tb Xrlgrnbr 9t!cff!t rbcc t&c fcrtlm 1r aot c*lrtrl;r tryjoprt.
lWhr rerrtb ln f.UJ.S.ft8 OrSeLf ($64) fqrd tbt 6t0 {t of

orloerm rllty drtoa. ooorrod b;hno tbr ffi nd
ln Gorton lrrt*ral bmib tnr nalrttna Strgt. Tb 6tO ft-tbt*
rittoar lr orrrrrtd rrlth t'b IfirE l|rrilrt Slltrtnr.

Co4liloF qllmarrtFF

Wb andraft flon fbarlntfca grncrally tndlo$t defor
acrttlo (a0o - 1r0fi ft) lqth of, dcporttton fe trbr| e|rtf ol thr
forntlsa $bG! noofseilr lre llror P4ffrn (}enfild d.
crarfrorrilt (forrlt loceltty A{O) tu rm.ctnid rtth umer- ulttr-
(a0 - m ft) 'rdl.cet$g-forarld.fa:e. tbt rbrfiGr of nd f! tb
dcportta et r tls rfio th. !s rrr aot tJ3 dcrp td.tctr foiitH
tourcrernt , pApr
t

stIE rlnu grEilom

f,rrr ad Tfne scdfoq qF4 $$bdtrrrif[t
Itr fomtlur 1r urod afbc r nlt f,rn f.octrl doqg thr Puldol

Roed rt tbr errat of thr h*rtot Rrgr, ttr mstlm rrrld E ct
r.lmg tho P*dot Rorlt 1r ndr th. typo. r.d*m.

tbo grctcrt Frt, of tltrr forratton tr strofy ulfon.{r
oorycmma. tuo thtDr pocfy sporrd, ooqulnr llrtml hr"r

bsn rppcl fooalU uftH! t&o upcrplt Frt)@
clon to tbc &tlrrdtoa nault, at llt Dhrohett.



#,

Rlttr{bttl$ ad $tnettcenhra lclatlpnr
fhc $frye Frrn Snndctorrc ls rrull daalopcd at the qpc rcctloD,

md ln tbe lfihrt 0orgo. South 'nrtuarda tt
urdgw ant |ato tho I.orNE llalttrt Slltdoroi tAc uppormst Frt of

thr fonatlmr ertada tlrtbsrb goutbwiltnrd. thr fiorutlu
dclha tlrc IouG fc.t Ltrrr0oa

[Gr SftG hm thr fornatloa grrrde dsnildt futo tit l|brl
Sardftollrj the ooutrc0 sbttnry rd
!r bard on tb rrt!.$ofet{m of tbo }hhtrl Sardttfl - Iffi
Hahrl Sllfutmr ontrcG Do'rth rttrrlr{l rtoDg th. rtt filnL of i[o
forl S,yacltm.

cortm:L aqd fhr elpssg

The $qy-l Farm ggdstono conalrts of nletvt blua {rqf nr.:f-f{r
rsnrrstonerl mncrefilons era not &ilnon. Iocally at th| INXF! 0il'!r'

the uppcaruoet Fert, of tltts formtl* nE* grcrnlcb'altt, thc nur-

attoa la 4ar;cly foaclllferoue, hil at ;nry outorcrpc the ercolrtilc
-rl - ,\Jt ,1.

oflfaoottrcat#' i{E+q ruilrslEtlrgfftrut w2ed EluElEflL F.
tho&l' uer notcd,

fUc Q'&lreg}gn l; tO ft thta* st grld ref, L1ffi, Itcrfff
drikholaa are dcm"Iopcd elorrg tt; ortcropt tt hal h@ rfpril tfirm

th€ lft Brrttcrr Foad ad thc $ouft'h lbt<nrf feultg. T! lr qcd rt

tcvrnal loealltJc alon6 tbo dlamed fryrrr*Ulo Rrttrn Fotd. IIa

9 ft thtctr ft' lfgloE, wcltc tbr FrO ttrtoac and hr a nDl

rstrl ctrt dtrtrlhrtlca.

tbo fomttaa te 9J0 ft thtcl rt thr ttPo rr€ttil.

_l



f,|.

llrqol"emrhroq

Secoforrtlr fl.or thr $kyr Fam gardstonr ao llttd ll tebb 17 -

t7-
&h[s-13

9tp 914 1o6t 1069 1o?O

PSUcerlt. 8F.

PqflrvttqJ-trop tE#bn $t Flng

ct$sry radte&r (ttnttoa)

Catnea ap.

A!1&t s#rhrylrcs (c"ry)

tlsglB nryqp4f Hr.rut.&

D.verlcelle e?. lqLtgnlgn
Yrnrttr

Illtnl rp.

0ord{ttone, Pf. DrF4rtf on

DGptb rrclyrk flon fonantntfce rt foerll bcffty glrTt bilrtr
a norltte dcpth of deporltton (ecc lpp;rdlx 1). tb mdrtanr lr
vsry untfora, rnd tbe ornlon a;roalrtlon of tb ll1tr11n $lErelrrr

rnd Dlg1lgg[A shclla lndleatcl tlut mdtmutatloa rlr ,wt hrrpltj-

prec rlth donrryuAtlg, p€rbp at ulrl-lour acltlo dcptb (ilO -
1rOO0 ft) .

Thc outJrop dtgtrltnrtlm of thr Stfc Feru Serdstom t|{lotte
]4tc

thntlrorncc .r{ of the rand renr lbor thr crt-wt[nrt. tlp
\

rryutrfcrl rtpph nnrkr, onc along tho f\*6tot Rosd rt gfld rd

t37g66 o* on at Brtd rd, 1.33Cf.2, tdlatr t$lt I'ocrLlV, aurrltr
from a"oljlytry rendrnoud/du. urt i5'rcrthnrt. Ft,br looo (Xrreonna

III
I

r
r

I

I

I

II

I



fr.

gt'{r) rferonfrtban cryrc|rrly tbr sffi@ r*

tht fsrr f*tfrry ltrrtr uF{r trlne Fcd.d td Drrtt of tHr rt-
c|rl rr Drt* Fdrryaltd rl thr SVr lhil Etdttos. t ilr
ctorofr af [ocnr *n$rr fmfdtry mryrcrpn Shgl hlr bn
nfD.d lf rl"lt &r rtt of th rppd artr rt fqEm Er OrUrrr

(I96t), rd tt rflcr rytb rrt af tbr eD.d rrql rr tlrtd I
l.l f o u*rc t#ato" Al s o I'A,tc a ut dt dls$h,t: oa'i'" tl' s bs F Coa s b

f,f'rg- grdrtom lr cdlr$
&u.-

to hrrr bm ddrd fbr tnf(ffi +nnfl'^U
fuugFr lrrtrr

r;ROFIIS sA!ilISDOS

In- rqf rrll rryLjFtdrY|Frr

Ibr fcop*r $nddm rd thc fmof*r Llrytm em rd
dtf, tb foroe*. $d3r rtf6 ir rdr tbr ty1n rti{F td |tp.
ncttne tU tb rrdrtff d llrrtoar. Ib lbrtfs35 U
arbtlrld.d.

Wfpt-sffiFtlrir''fr
tb gmry*r 8affm, rd ttl ltrq*r ldrrtm cr *ut*{Gtd

tc th typa tFlr
tb rry*r Ecdrtdr |r rff Cmtofcl ata tt llhtf RFr

riuf tt ftFr r boad bdt,m.* Grrt ntild; It Ir st
to rrll OruOsfro rlrt qf tbJgeol Dbultr b ltr rlrtil, ailrroD

br tm repd rtb irttrrdl tmrdr f,3rtwl.



lfrEl t

Drfrna thr lhlrfehl Rlvc iid tb Folgort f,eult1 tb fbrrtlnr
-lret cft r'

rsb farrltrd, copr €Nrt !n e nlde d"lrmtlnnrn rrtnri;POf.
Ih. fonop*r Sadrtaur wcl!,o tbr lovr tlrlut 811trtm rd

dr'llrr t&r Uppa l'lrhrl Slltrrtouf ttrr [arop*r tt ooqrrr ffib
blrt'h en! rborr th. ItroD*r Llntoar. tbr fbltln |r |r Frt
dlr&rwu; thr lorre Frt ffi rt [cop*r nr poDrDly

drporltrd rt s tlF tlla th. Iorrc lhl?rl 9tltrtor nr ftfll bdil
dqorltet rt th. HrH, ilvu. fhlr t tdlrtd tf rArri.g |la

RrJw t'U +l'"F "[ {Ltm of thr tp fo*atlo tblerlrr rt tf Uujrnr^ril Xrirf fflvnr

[eopefc Sarrdrtena

Lovor l{akurl Slltctono

thtr|rmr
tffirr

FGrt

650

tn

llrM,
Blre

mg.{til- Illr
td

%

reo

HhlJ'e the tsronrlr Sedrtoneg lrd XffipCs I,lnstolo ffr btft!
d.porltd tr Ub. ll*.Ghca provlnogf*o lour i'orl Ltrcctone t*ur

br{ry dqorttd rt thr Fet.

ffirt
In thc tt?r rror tbr Imepdr grtdrtoq. mrlrtr d bgn Etb;-

tlg,nrltrr blur gleh ftm aad valnftn rrd;toml rrlm G
cdlonr .ro Frat loerffy. illcoferrtfr ur d urrf$ m.
[ortb of |[orop*r trlgp bouwc, H.ahlo bmn-mth,crd urfLr*tril,

oP

ftr!..ndrtooc oof,rfnbg r pof\u1en of tfts^tbo rdLmid

fgE$lt;1 rp. cbtur dlrGfrly bonffi tbr tcopret tlrtilo



N.

Il t&r t{rbl Rlvrq rd rrut of thc riargoni Taultrtho folrtl4n

1r a btulgrqf ctlty TCr.1f -flne sardrtmc conlat-atl3 r.f.l, ,orttcd

ntrcforlllt.

ibfe4r
tb f,crtlea tr thtotd ln th. tlallrm rrrl lt It cslt I

t\''"l<ft;F &F* dlrtrme nrrt of tbc Roa1nnf rrdt. urd,

wtb of tbo lhh[lhf hild Fautt lt tr rt lrut ?00 f,tt thick.

f.d
?!0

on
8fl

olS

c$

@
bbcrofosl!!6 fron th-e licropeke Sarrrlstcm sre ltatcd & ?aEr fC.

IrbfrJs
€03 @6 m6 1102 ll$t

Uctb of tlrlrLrhl nod trnlt
Urt, of Roajr'l frrlt
hr|rct Rlvc

llrrtbrrrt of f,rltnr M (hd, of
ilt*rena leult)

}ffi, Rlrct Etr Slfton ls'l

I'

I

r
I

I
I
I

Hrln.p-
Idlffrb rD.

IlllljlslC rP.

AilEnSLgf of' drn, (norCtry)

&Mbtrrlsd rrnt

9rtrr rp

t|grfgf4[l lhrrtl&



2tt.

W
f,r3 et6 106 1ro2 IIot

@Ildef Istro
& Ifinll

@srllfrrllnl (arrt

SlllngEll, lP.

9,lrt.4d+F cf,. !l&d
llou4arn

Codrtfun of Dmofltra

Dqth brtrb fr.or fcrdltfgl (rrr rrpnfir f) |llilort
tbrt Frt of tbr fertlm nr drporltd rt dd-Iorr r{ttr drpf,b,

thr.lferc ntc, of uppc trrltto dry,tb (8 - m f3) rrc'rd rt
foc|ll fffdftv fi!6 urocl|fr,d rttb qfnr cf @. d.

Lag!g[1[. It rbould b. Etd tbt tf|r d ttf
n.DilL rlngl ef thr rdlmtd I,u aa uPrnrd dtrlGttc fbor th. dTtb
lrngc tn tb. lbH, Saudrtoan,

Itt&lll rp, occurr bcntl t&r rcop*r ttrrtar rt rmlt
bcerttlcr nortb of [oop*r 3rlg. tourl.r (Iffill hr rhos tht |r
tho ct.r brrt! of lhlrbu Arrborr fn4f$ff dffa|f oct ln
rmt-rtnr|lt cdltlonr ln utc 1- 1T trthc dflF. Sdld-
rtlon tr tboueht to hrvr bco mrtlmr fiil Isop*r 0dfrnr to

f6oD*t llrtonr tln.

rcnof8e uruffiolB

fFn| $q*lm ed Subdrvr,elqF

thr typr rrotto lr ndr thr oltff cpomd rt frld rt ?,f/'al/;

trr ltgrl 31. Ibr falop*r t,rrrtonr tr rot nfidtyld.dr

I
I



?8.2.

Ilrrtrtt"{tm- Contot lnd fhlokrynt

ftr Aonop*t Ll.ntorn 1g J,stgr1y lldtd ln dlrtrlhrttG to u

ar{r3 botrra tbr fiongoEl rff lbttarr $Gbool frtrltl. fb ltntor

tr uruelly rbout fO fb thlcL tr$ tt thloksr rbrrytly DGer tlr tlpr

rrottm tlhc. tt lr rc fg tht* s:t
rt-{hcW<il-frff-rq tqu.H lr upomdr

Yt7 eoartr ooqulaa llmtoar
ootltaflfng nry ffirre end I'cctra shdf.r

Brour rrthalng urslvt flnr ndrtoar

Y*7 crrcnr. mguln llnqrtonc mntclnlng
Prc-torr rd Ereshtopodr

Hrdltrr graLu.d eendy eoqulal lhoatonr

f.d

,

fbo coqutnr llHttonc 1; oumtrd rnd fr vrrtrblg:*defi,
bofng nmlrc rt mrc looalttlo and b.ald.d at o,tbell eoil-

.d-rtrretr, lffirs*, havc mt brrn foui. t"ocr.ff{r ll tbr

rutc:n errt of thr outeop Srryrilftr pobblu up to e lnolbr lonl

oecur rt tho bcm of thr fc:ctlm. Urlt of ttbt tt1n rrdlm
I - 2 ft thloh ormc. rd ditr* rerdrtonc bdr ero qultr eonall

lgtabddd tr!'th ltrrtom. Tb. rl.lruoa*rt-smrt GoD!

rrc Mlrf&nLl rd glhrs rP. DGrlln rpr rnt

.Efaeblngb ry. lrr rar*, ffir oosrr D.rr thc brte of irhr llntnnr*):'
lb. rrrtmmrt odorop 1r rrpoeod ln tn, brt of t&c ltrnSrr.

Rtve [at grfd rof. !38ttO\rrt*r ttr ooqutmld tt^ntn ,t 1, ft thfdi

It, oontrlnr rry M !r|n@[,f rnd gglra fr3jr .ffi ,

lfr.t of thr RoDgonl fault tbe forntton tr go.rrUt abst ht

r vclr ndy ? ft thtoe oqulrcld ltnrtom f@d rotrth of bot Rod

a,-9

",--Jo
q-''.



?lr.

ltlsl tll
CSr:
tflrt,

fnrn*r H.rlm rt ttr typr rrctls (rnA !ff- ,X 7!.4!,l

rrtrrrrr-'lddr*lr#ir.rdnldrtrdnSofr
l&r-,fllr'r:trfi(c. t ft tu'*) llrtar.
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rt grfd trf, *711$ tl thougbt to bG tha [orop*r tlntono. tb
ltrdonr Er rpprd Ff, tOO yardr ts *" 

""s1' 
erd 3m yurdr to- 

blnoll'1
thr vrt of grld rd, t18140t tn botb dllrcttom tt grrie^lrtt
mnsrrtl.oury rbc.ll bdr.

Cqnd f tf oms. pf PrFo$llr+ | ou

Itc ebcmcc of wca-bcdd.d-dnter rd tb rrtablllty d tfr
omfrd of thc ferntton *loag tbt strthrr rd thct "cgfotd'{crr1ry-
rd at f,ouop*r trd!.categ that nGh of the rhclfy dctdtrrr nr rt
tmnrpc'trd hr bofrr tt uas dqorttd.

fot r'l
fhp forutl,m J6 pobably dcpell*trc-rr ijift U bink.

I''cu r0ii.I LI!{lsTurE

I{0n an4 liutdtvt+lpl

tha fornatioa 1g m.n€d efttr tho ItEt $rtLlmt. Inr
langsdnle Statloa trrc Ud-E surdrton nnbrr belo bG rpprtt

trprate\y ult$tr ths llrrt'ono.

Ttt|t'rfhrtra eill $tllrt!,r+h{c RtI|lHeq-

fb. br Frt ttrltoor coDr out rXoa3 Hb flrDLr of, thr Forl,

Syncltn, end brfiuu tb trntr rd ^0Ubrdtoa tbltf. It tr dl
rtord la tlre rtrrp rldar of tho l{chlrf 0orgr.

Thr f*utlon wcltce thr lorr t{ektat Sfltttonc +wd t'br qY

t'rrn lieamton ad ll ovcrf"d! [r tb ElDc llaM Slltrtor .d tll
fld Sr.rhtOac.

the latodl3ttatloa of thc forl ttrrtoac ad tbr ryt hn hilh'
rtonc rrrnr iorl &18, rrd dro t.b drrfryamt fod$ of llrlton

)



?9/5,

ll tht uFFarnost plrt af thc Stye Farn $aadstanor lndtegtGr tbt
therre rf,t Fobably m tlnc besk bctvusa the d4oalttsrr of thr

$lqye T<ru geltttstone ad the lprrer Fort l.tmttono.

Ssntst
The taff-er€a,tr oolourcd o:qul,-mfd Urutomo lr oonprcd of Rll-

tudd Gor.rlc rad vry gretaed ahcll tlr6retf; Iargr
fngreilte S - 1 lnch fong)er1 tr,rutnt, locatty b,ut u flne- gralsd

rtcix tr v{rtuj.fv ebs-ii;:-"-horrtlfhbh ficll frumaatr srit #
lrret l4lEgt rpr Fhfalqpratq .ttrtrn@El and ptetcc of S,]r,nrr tlt.

erc the nst oomnF . The ltcrgtme |r
tralrly m6dir'€; bddtry earnot be {iH#li*t* * c!s? outuop;

ooaa-baddud-strats l-n befu 6 lnotrs to | f,b thfc* art uab

qbflr t&o bae of the llnertons. Thc ltrcctste 1r vcry tblrble,

ofbro lt f s nacartcdl It is poFouf aad pcrub-Ie, eo,E "f$r
Lreiw,

dratrasa'"ii*lnrUturfLoe. In ttre dtflrdtm prt of thr q*rnq
/' re[' \
fut grfd[ft HW) the Dnal 5o - too f! of the forutto tre ren{r,

Isr tha Porl Trtg thc hral tO fb of ttn l.orr* For! ttnrtcf
ndgcr otrt wtb eltrrrCa tnto tb. St5rr Farn Sldlt,oo. ' '

0rcyracLc prbblar ara rertren!.y raFo, qpttr fnll (* frct lof)t

rd tatnler- ttr$tef .

Erf+nfl&t: funlrrtdntJfiffi rrt grrat'lb-Srq 6,1rrqr tn *l55:n

tlno-grelnodrand @ eburt 90 ff t.lrf*; tbry $rl$ stlt

ebruytly tfit€ tha Forl tlmttotto a rbort d!'rtrncrr rgttb{ut d

nmgudefc Statlsn.
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efnHr
the thlebrc$ of tbc Loirs For!. Llneatone f.r usrnlly dtfflililt

to eattnqtc psrtly brceur of thr fan hnorn hcljhtt but sleo bmr.
4 e h.evql

of, thc b€€Gi abtarol of gvatylne rtrata. thc thlolnmrc ft|thl
balo* arc ell aFrrrffitruta

Iiouth of
firryrdrlo
ljtetlon

At grtd rof
39?ttAt

(J'outh of
Raryrhlo
rodt)

50c ft

[orth of
tba

Rarrgcdalo,
fErtlt

3C0 ft

Frtrtol t{rM
F€.d hF

Tbr c

gpllt+of

d

400 ft Tfr+lt I&Ps 3a

Coldr t'{oFf of-Pcme ltron

tbc Isrr torl Ll"ncstom rltr deporltld ln vrry eh.llsr uttc.
Vella (fgeto p.291) oenrtilcrd thst thc forad.nlfara lfglfnnb
fnffm&U, lton tht Fr, $adgtou. Lar (furtl locrllty 914r) tdlntn
rD qFttr acltls (0 - a00 ft,) drytb of drporltton,

thr vtr{ual rbraer of the mr.ollcd forrllr tadlceto tht .d,nd*
all tbr rhrill dr0rltur nr tranrportrd Fc!'lor to drporltlo. IIa

glrat tht&crt of ltncatonc lndtcatra untforr madltlen cf dryer-

lttoa1 f,w a long tfune. Il the typr tFc llnltonc fi Dt urll
dwcfopcd, $rtoh lndleatee that thil Lousr Porl L.l.mrtoao brd r tllrlT
loeal rot;Fsrr



ffi'

At ths\['orl'tb" thlchrreru ef t.br U,natmr €brngrgrtnrytfy rcota

tho EsDS$s,le Fanlt tadloattng ti et thc fault tas aetlrc ituf'tn tbr

drgorttlo of t&r Ltsrtonr. rt lg thougm t'bat tb| ttre|taD. oil
lts greet thtclsrrs to depotltton l^o a grabea rhlch drvcloprd bhrrl
tbn ltheefun snd grudorr Road farrltl at I tlns ubm the nfHta
ftrlt *r drrfrre,lly octlrc, Thls teotontoeU.y codrol-led nodr of

ets|n ras foetowly rdlooatal bf Lsnssr (tg58h)to eeptrat fc |rrt
tbtdraea of i.rsitotaren Linoatope l.B thr oban Cmb.a.

thrc rro EoE lndlettoas, fc5€I.y ltoa Gro36 -brdrg tbt, rrllrrt
nr tre.nrpor{rrl ostnlprtaffy fito tha nFcl 0raboar. (Src ff1F'c

32) .

Gloto-brddtng tr aot e6 rnl*l dcrclopgd ln tt Iors Fort tlntrn
rr |n th. et Llrtt@o of the Totarexui Farnailon. Crono-brdllaj

Ir bcrt dtrrfoFal Earr tbr baec of thc fcrrtlpn la t&r cstrrf p rrt
ef th outarop rr.lo South of Rntr $brtlo, F erort-brir uG.

fd 4$#{gt* en atnatvs rcrcn.
Thr abrocr of eore -brds tmth of Ftratc Stettat fr thrftrt to
+ohb. Arrd:grutc rt#fry rnd rorttry bf srcrstr of &df frrirdr ll
n

rD rr'Da t'hat nr aot nrbrtdrrt af raptdty at imrr firth; ffitl.
Tb rcrr renden clatatlon of erotr-bodr Drtb of Ren*dlelr Etrtlm

Ir tbousn to b. duc to ourrrutr fit'outrg fFor arrcd dll.G0ltrr ll
er lrs rfrlob nr rubrldtng rffi. reptd[r.

A lood rcutFll* rouror of thr ltrttorre narr l'ml Trlg tt
'\

tndtetd, W tJro nrAgfry ol$ northmrtrnrdr of letrr Pcl Lfnton
lrbs grys larn rsndstouo.
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!b ft, d lU gedrtoro lsrae urrl drlrld !Fo! th. n*tt'

n*tbr$, flor tb ren ilrnr ublch prurfdrd ilrtffhn fu tb.

Slgtr tln Srdrtan.

UPPER HATUH,I Sil.ISIOIIE

Sr]ar Srctror. rd Stb4lvfrrrn

fh. Wpc tbhal 8lltstpae tr tcrt qoc.d dmt the lihnt
Rfve, $fch lr ndr the typ eretl.ml tbr uppa pct of tb

fbrnttoa 1r hrilt d out, $r tho fitryrn faslt,. 'dtttr tbr orptlrE
€tr thr ghlfg, Brd (ffg) r&tch crsf out nrlr tbs rrtr of tb H,
qffiff!. Eog nrn8drfr Statto, thc forn$ffl Is not r#lvlld.

Drrt'rhfi1rrr ed Ekrtf c'EDhr c_$rl^qtraflt

Tbc Ufptr t{elurt S1ltgtorr caoF. aut tl tbr tilDC rl: d d
\,

tbr FGl. Ibs typr erotton ooenrr t! tbl tbnlt'bbeL bdrl
tf thr trnc rd Btrnm faults. fDc f,brctlo lr fr$rlt thlt i

ttc
od brlm t&r lltrrrn).d[nrftrnrScbol llenltr. bfttt of, tL
[alhn gdpa'X. Fault tt brr a ler3r drt@oD rrir tltd 1l bdrf
tr tD. lsEnrt by tbt W frult, ld fn tfc trt tf ltr
noaeill FrilIt. Hf of, tlt tgt*rrrtlno d tD. Eouced d

W fbrltr trbr foruttn stpr out bmth tt! 0t l.fl;tn

of tfrr Sotrreml FcttJonn aar thr crrt of thr nclFt rntlslh.
f ;foat' dt;[,ucr $rrt of tb nongoilt thiltt tfir fontto |r qnl31

thla p4 ;t a llrnilt ou0;nq rilfith. nu*hr nttr lt |r Urfjf

ag6t.gptf 
'l 

th. til'lstgllar a.oa bouecd bZ thc llblaht U lblt,

tb & (I) ?aultl d thc lhlrbrhf Fthrr.
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Ia tb. type rrrn thc upper Malmrt glltetoac ovrllcr tbc

force*r Sadrtoln lmd te orulla!.l bf the faltan $andltonc.

At the'F6.l'tbe lhper lhlturl Slltstom srrllo thc Isltrr Fort

Llnston ed Frt of t$e For! Sadrtone egl le ovulaln tf tb

Uppc Furt tlnrtoaet touth 1rrrtrtdr alou3 th€ lg;ltof th.

Iu.'. Syuollat tAo Upper !,lelrut Slltttom nCBr out flto tbo

F64 Sadftom. lhc UFpq: !,blnr1. $tltetoDc la qrrltc YILI dtl-

63pd Enu' Fsng$lle Stcttoa. Dotth of tht ttt h$tcr Foad fElt

(rt grti rdf ,44ptm rd €m6)tho forutloon gultc tJlar tr Wl
tf th. Uppe Fml Ltrstonc.

cc4d
rhr ulry|r ltrkEr.l. 8lltsrtonr le aorpoaad of naralrr, utbt En -

gq rtltttonrn rrndy-tlltatoncl ndiy-otltJtoDrr atrd firrF tht!

v--7-ffm^;p,atnd rendt brtmr. An lrtnforotloDll @

of, tlorrr drgcga oesufl at the typr mctlo (frld trf'' 3t819f )' l

&311 bsd oocwr doog th. c^sa. of t&r ncorfo*d.ty, tbr rulrru

l1,l3g brds rrc bqrd fc absr$ 2 ft. Et elrer neoforallr sr

qultr rsr$ fotr! enrylcr ln a t't|'utt FId cu0 rlonf tnc t|ngrD

veltry ru Hrsh|lrt rt 3rld mf 3307Tl,oslt tbf.r fmllrt IlLl
gltfb|ln lidf,f;, tP. enrl e linefapoC srlr fd'

At Kaltan tn th. hllIs north of thr Ttnrln Rlva r mHtrl

;55-brfroutel b.aldttg-plracJatrrrr lr dur to e hrlroa of l$3r

rphtrlcf oncr'etlona coh abo1rt I ft ln dlrrta''

tt thc psrt trha foruttu 1r foce'llt ddt rd ntf. tb e-

to 4^ft-thtcL t 
# 

1! oryorcd .r.rcst otrsrly af lblE

Ifg6qf rbrffr,#[oibr. or$ n6r nrngdafr otcttotl ebout dfiry
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in {r.e be.d.

td,t&tn thr fodl.o. Crthrr folrth faud !.udrdr

flegilatr of M tr'rnhooLt +td Eilllnl rp.

Ih&fr
At tht tyac rcctlc" trhr Uppc l,hhrt $tltatonor PeEtry fsftd

onrt ttrr tlbr tltrvrar frtrltl 1r et leert 70O ft tbf&. Bltm

tbr fu.op*r rd tb. Ilrngrramnna feultr lt lr rbout 1m0 ft t!l*'
Thr fornttm tbtn rbTFIfy west ofthr Eou5ar! hultr dcr lt l,
onfy 30 fl th[*3 firrtbr uut Dnr trhr th]rlrhf Etrr lt tbt*t

ind b at lerrt 8!O n thtol.

At th.'Fcl'tbr f,orntloa bu r rrl,nr thlcbrlt cf rbnt lg0

ft. Botno t&r Truutr aad flfbrfiton faultr Qt |rld rd,

trhr fontloa 1r rt lrrt 18O f3 thld, ODft cUut tO ft of thr

tbrrtlm tr drvdloprd dfr.ctlt bsrth tb trp Spf Pct ldrttc
r

outcroprGt efU rrfr. lt0Tilao rd $M) rt thn bcftttr ttrr

Uppc llhrt 9l,ltrtor ovcrllc tbr Forf Erndrtm.

t{rqdurrllr flor trho uppr l{alnrt Slltstcr rrr ltrtd |l trblr 19.

hh\r fir

Efi t* tg'o ro94 r1o1

httlgl rE.

Irllsrlr of. rfidrtl
Drll-oerrl Drlpe rff. lEl8trlltl
Clrtrrll,l tfl"fo4ltfr (ffit.o[)

qhbrl rfl3;.r (hftt'od

h:Ig rP. r

'I

I
I

I
I
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@

f,r{*rernilrnr g|l3[t|1g (Crryl

gd$r""F (nroacl

&bul ep.

w.
En a$ lqm tor4 ilot

I
I

Dopt ltlon t-a rdetirdy dcrp rrtc ry have bG rillolprtd
frou tho ftnr lralad natur of tho forrrtloq ud tbr rrrlty cf

neoforrilr ln oorperlron {tt 'hroryrry rd orclytn3 fcrtlc.
9ud r mmtrnttc brr Ht brcn ndbrtrdtrt{d F drytb rnlyrlr of

forru&lfct fror iortll lecrllttr 6!l ead #3, rlhl€h hdlortr

uppfr arltle 0 - mO ft drptb of drporltlon (rrr rpprattr | ) '
It ny 9 tbtt prrt of tbr fornetloa nr dqorltd i h'lto€td

lh.rlou ntc of, nducd nlfitty (lro fppcdtr f foull foorfftt 86t),

Altcnrttv.Lt tbr ehrllov dopthr of drporltloa ldtortd tf t'b.

forentntfre ny br dur to tbr trantpo'rt tlon of rbaffru nte
forrdntfra fdo deryc Rtc.

fa ergurat frvarfnsTe*f"a of lrld lo*.al r..f 1r ttet tb
tranrport of, rad lnrl.d bc rcirrGdr +rt tbat ftr. ;rdr.d rdlrdr

ll.o"' u(ual.
rmld bt spec0eil to bc drporltcd la rbllouc ntcl Thrr ulb
D.tIt ta ndr latcr to cplatn th ctgln of tihe f,t!. 1rdrd O4r Ot

aDd g6 nanbcr of lrhr Totlreaul Forntto rfitab evreltr tbr Ot

Lttcrtmr, Oa gnrrlrtonr d CA Coafto$etr (aryorftd Is erl.fm
40{utcr ) Codttloat of rrornl rallnlty are tdloatrd g pittf of

tfir forutlon ty tho rpEtansetd aptac at fosrll locftty EJ\ rd
thr IrW et thr Porl.
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thr lrutElr of. lgl![ll rhcllr IIor flomtl loorlrv 11ol Ilr of

Swbbra thlrerrpa typc t-dtattlg rc farru,l Yttt tr

Sogth'n r5t6raprrp;phrpt r'dlpct oar rloq th Ei$ Cortt SrlDrlt'

DORI SrEl$ffirt

fn- errr ed EuHrrlrlq

1hr f,cnttm |r b.rt dcdlcpcd ,outh rf thr nufcArlr Frdt !l|f
t.,tr stbca Drri of, {h Ffft gttallrT tbtr r$n tr rdr tt tm
rsrr Thr fontlo tr not nrHlvlrid.

Ff rt8ltUtfO err{ Stratf a- nhre Rrr-tre-lp

lprrt fln tbc tpr arcrtbc Fort Sadttil GtroDt qt rrthrrt

of Xrngrdats Stattoa rrhmr lt ralfrg thr lpuc Poril Ltnrtor rd

rd|q'llc tec Uppc MXur{ Elltrton. It bt Sr mn rttltlfnphilr
pl.rtlmrhlp ll a larg! otrtcrop brtrrro th l{t A.n{rrt rnd }ft f#tcf
nod f,sultr at grtd ref, t+t:Tflill anat rtrtb of ths 8otrth lblnrl fnlt
at Snd r.f.44Q118. fbr Porl SedgtoH elro CoP. out brtffi tb
Hf lhrchd rrrd ltt Buttrrl feultc et 3rld rd.4ltll0r tfi.r. lt It

pocly Gpqsll.

At Rurtr Stat,ton thr !ort, Sadstm ls r frlrbh, nnlvl EtS-

nthctng rFrselgr fogrlllfaourrfrlr rrd t+n"riil t et l|rrt

t6t ft thlch. suk blcrl 90 ft rn dlir0cr ,'* * f! 6orPr

am oocn lrr t&e orrteop ercal ll oontru0 t'hq rrl abrat |! tb

"rt*S^% 
ilrr louc PoEr L!.rrtoor.
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. ;_ t ' r'

ttg6r, tft f11r'r1p, Ior-{hnrdr 4q de of th IEt Qrrtr1*.

l|turrt$ ctrr lfb.

hrlhrrr ef ne*drl.r Strtto tfr bsCI cf thr Porl 8rtrn lr
Ffemf of felrf lttrl-€ur ffi. a$ r0lui mdrton( 9|trf fr lrut
qlo.$; ffiwsrr nlrt rrtorff,rqrrr* '

rdrtom an&l$x lrltnfr rrn bF!**IFfr.-

fDr hDC ilN. Stltlta.
Dl|br flr r$ ter$rd sil tt tlt H?.lr Era ffit| tlr

It{ trafftq tr rt lrrt G0 f,b ef*, lt tr rumi af Srl||
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Qq$ttlansJtr dmqt{tlql

lhc dqultlon sf rlnddoac focrl$ gt the Fort rt r ttr rftl

rtlt1666166 utrc bofng drpot!.tcd olarrAmr tdtoatr thrt tDr roeor

of thr gDd lry firthc to tho cart. D.Dorltloo n Frobbft |n

rhrllw ntc.

Upmn FQRI [D'IESOIE

thr Ef,pc Pcl Lfntom lr rctrtd.d tl dldrthrtlm to tilr

errl rrertp oro rodh of thr South trrhgt Feult rt 6td r.f,440fl0t

rnd oar Eo{4h of tlr l'lt htttrr Rord fault rt 3r1d mf. t9?ffi6. Ir

bo'th losrltttc ltstonr rffi tO - tO ft thl&1 GAJ tbr Uppc lhhrl
ggtrtor. Tb. Upprr Pot{ Llntru lr thr grat llmrtton |itd

t|, $rrck",crr t i II.r,,s ulreev!'n,x ,u'l
lr drrdopcd at tbr ['or1. nfi ft m't lDotr bor thl* tb f*rtlc r"

El* clrtlrct |a thr hhdof Barytr

f,IIT${T SilBgTOIE

f,{n.-Trlil rr,ql. S'ubdlvlltoF

Ttr Sornttoa lr DeDd afbc trtrr f,dten grttl.lr0 rfift l|

ndr tbc type rrrnt;fffi tr not mbdlrldrd'

PtfirlFrtln fn{ Fttl;}lrrenhtc &f,$lpr' l

T13 tettrn Sadrtaars oGaurt nor4h rrt of Iattrn, rni m totD

rldrr of tb lhngrrannn lrultl rrhrrro tt l; dtrlcatrd E rry

, faultl. lJorO of thr Boagom,l farlt lrr Heofnfbla fen (fffd

rd, 29f44il the fmtlon crops out ln e mbtf"rft lrrnDr, rytlnJ,t

trsd$A bdt. ,.



21.6.

Iu thc lontnl orcl lt occur! oa tbt ugtbotl rldl of tDr totuml

Faulte lnd lorth-{rrt of thr Fute (I) !'enlt (rtfcb f alnJt F.rdfrl
to Rocft nod).

fbr laltrn Srdrtoar ovrrllu tho lippor ]blurt Slltrtnr rld fiwar

wclr|rl, perbpr tftc a rhort pclod of nn drpolltfilr lgr tl.

totenml Forntton.

geere

lbr [attrn Sandrtonr fu 3nca11y a nrrtvr l|3!t-b[nr-7rqf

oaccttonrry rpcndy-fosrlllferqr yGT- flngHndrtonrry 6oorr

to*} mpcctlllt lD ttt unpar I*t, tbo fomtlil tt bcdd.d. lfl'lh

thr aorptl,on of Lhr thtrrl Sandrtoasrforellr 6re nro oe$ol

orpcotelly ln ltr nppcrn t trftrthn ln othc mn-llmstoor f*r-

atlonr of the lhlurt 0nouf . ID trhs lupeparlaltrs arn lO grtd

rrf,36Smg e !-ft-thlat-rhGll-b|d, loillrt oatetntag grE

d3!;[gegfe oeeut at thr batc.

gor$b of tfir }{rngarerrFep frillt [et gltd rrf.32lfiDc arf!-thtGL

ggff Srf.rarfidlr brd worlllr forrlllfcrout randrtona' lPct

fl.ou thert tuo locelltlog $llro brdr ero abmrt.

gon of, th rhrll bedt ultbt! tbo forntloa rrr quttt tbiol.

oao ntlc rt of trettenlrt erld rcf.33?14r rbrf,l bd lr 12 tt

thl6fr # ortetnr collon IllgIlIBl rP. rd SDtfCf ndlrtmrrd

gredrr up lDto llght-blu.-Sr.t unfoulllfcroue ltltV-lrdtt{m..

A 16eillon of boddrd rtrrte tn tb upps Dcrt of thc forrtfcy r n

q,"il tr}rr hcrduetcr of e rnll "b*? e helf e d,h mtbnd of

Ialten et grld rof. ffi19! outrlrt-



alfl.

IDS.I

Itrttcnfrlr. rbcll b.d o*rtrlng brachlopcdar ncorrlrEhlrCf, !!d tryon 3

It!. mrdrtom 31

sbu brd, gBtt rlry odrralls brchtopodr
rrf trYone '

ttDo rrdltom tt

Drrk taouts-grtt rtltrtoar 2

Ysy-flar'nndrtoac 64

ghl.l b.d ortrtrrlng tnr&lopodrl SDb|n :P"-leilf8,rn't-Uofa rHffr ll e rtrlx of
fllc rld rrdtur ranilrtoar U

It-!. nndrtonr

Ilrfiru
Brersm of tbc rbrncr of rrksr boda rtltLlD th' hltrE

gudJtoanl rnd itr dt4.ocrttoD by sry fenltrp thr prrilF

|.ttrtloE of thr thtal,amr of tbr forrtioa Ir rrrcrt Dilrlblr.

ETSE
UE}T

rerth rrrt of tlo.t of foEprt for*bnrt of 9'rG of tD'

Boor nod 
- ffi}lr ffiilrr". ffi rettrn htflt

a l,Om ft o 3F tt rbrrnt c ?!o ft + ro ff

eulte r udc of fc',lr bavc b*n orlcotcd (*r tebirr 20)

or sEl lln lD tbc fltldr bt rG|ofrurl aFortrttOr ucr rt

rrtlod.
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219.

Fc,entnlf:re flor ionll locofilttrr ?96 trd 868 trdlcrtr

thg| tll forrrtlsa a6r drporftrd et rlt aPP6, D3'tt,lo dqtbr;

iLlAG foreuhlfcr ftor fortl looaltty EE8 ladtorh uPPs lrltto

dqtrhr of drpoaltloa.

loE rs mBnruATIor or THE Hrf,mI ffiotlf

gubdtvltto6 of thr Halrat Orsup lato forutlonr l'| flor lltlolggr.
b a q\rlrvtt )

tbr forutloffi;1il5''ienr1occd to bo rrr5rfy ooct$*rnrour rftq
tiha Sbrct Drfirt6qt T! lr rot tnu.n tf tho c 10 ft thtd ooo;lr

It'rtoa; rd ury sadrtonr dwrloprd et tbr typr ln rd rt thr

Forl lp goDtilFu'ctsu. or mt. 
^trf 

ddrred ttor fcrrrntfGr $l

too 5.oed to br uroftrl, ltrqr rrrylr tbor tlre f,rltrr|r Srdston,

burvcl tullctr Upp€s. Ht>tln Atlr (Se. tppondlr 1)' tb| HII"E)I

Erdrtonrl oontrlnr XftlgE|l @ rd llmFt eardlun

tDlfilng/ rd $ 1r r';ltrrd to tb lJalplplrr 8tegc, rlxla*

pclJ,p++te @ roEo of Xarlr. g3T&l trdtrn Srgd;1on

tu aertgprcl to tlo Eautrnn -{arr. X,. Dr fpr t11r. lrfUrbnr to'r

by ltr conoatr.d I!.IlgI|a a. fpo rtf. !1f115trln&f' Fbr Iff rt

BDrpGr t4akurl $lltstdlrr md tlhc f,orop*c $cndrtorg hornvct Glqtt

bc afltsD.d vtth cdatnty to rtagcr rt*". t{|rln lrr&rrb rnri.

uonrl foarlll arc rbaent tn tbo post-ololttsrr f tjoquq'F|Frt'qr
et crtff noed nr Ehetahlul duadrcc, bor,lv.r, tb xrrut thnd-

gtoao or thr l3llllUll @ torc of, ths t{arln Sadrtotr

w*,ltr opotttrn Stratal tur Edeorur at cltff nold 1r trtrtlT.lt

oorrdrtd vtth tbe Dlaturt gedrtom'



Ttlilrlta

tb. lheuf 0rt4 Is oqrretat.l tdtl tbc to Autr (s*t frcrfr
ef thr banl brfi), d tht ltril' lFulrroa frrcaitola of l

Ila ddlflU[m of ttr 3roup lst€ flvt rtor tnf,tr h
rpr rltLTcllarl (B6tb) F1ffi QdoLtcne *It

frreffO lh frrt Zcfed !ita&u.

S6rryofrttm of thc tthr! Oq @ asrG$rtr
fglavflk ldtctsr tnt ttrr dqcrt]lm of, T.ilrrr Hm tr

&Itdtnl Cto:ot&, nqooct of, llrdtmrad rlro tbt ffi
u:rf bth tt oarn*d dmrfr3 tb. pcfot trn thi [E?frffir
UFFG taH. elltttracrad tb feften SrndJt,m F. l+o||td.

J,qke". ac lot,c1 \o t.
tbr ls:og *, ffi lr ffi-EE to Drlr--Li i.ptdtni

aS

Ont*+!;-* tb. Intr fed, td#lu.il , '

{rrrr$d, th- r€E f€i 'rr;l$ rr ttil,€hr.d b ril+t.r lr
strttg 6"tlJ'*b.Bl (tee!) rb ll rattsr- d Ed.rrA
rrilcn nttt|a -.bc llrdt3il. tb ttr filt t-rtt b rl{b

ttdc ar, ffi b ourtd;r! ta DrllPS Llt Fr6-t|ttr
fi+orttlon of thc Eompeks Eirdrki.trc rnd tbr UDDq ISEI ttry
to brrt oeerrnt tr. tbc uf1leil lrrG. ft lr pntfr tbt r! rt

lcaryfrq ptry pp tbr btrrtrgE hUry "T tr tlnr 
.

$f,&r. thr plraq l"r-t tbo q- lnr tnntb th FqtI
I'ffilf,Effifcrtlfrt ht i,h t'tn nP |r rtfn +fa# b
b. t o +{FII tEl I,le erdr of Im;nr oGr ffiUm, talrtr !t!+t;r|
dtrg31r ldfttr tEet fr4r tlr lrDr Hla eGrnil 6tU b rrtlDd

. .'':



fi1.

arset thtr tr ryb ro. An alternattvr th*tT ffi
trr prafsrsal bryr thc rnltc, !s that theca ls t pe Eetilama ffi
ford.ty at Hrtu:teevflh dus to e loco.l tostonte tbc0or.

E$YINOIIHEilIT OF DEFOSITTOT OT TBU ilTTTXRI enTF

Artbough unet of the gFoup nr drpslt€d ln r sft botttl

clroment, for mryle urroltrd gpatrrypld spJ.uil an qulSr

oemn, tne proportlor of polagte ntstrl o*rled t.u tbc Jtntr

lr fsstrDLy qultc rlf. 
.

In rrout yarrr ilct of the lrrjrr Srs"bfc frttcc; ral +

thr oryorttts of, th. t r (roor sf thr Folltrb qbnrr S r*-

rfuddrtd t!l' roulltto antryr r.d bdta rqil'fifp (cr ffil. 196*

lb not t+strnt, trHfitrto of thr rr f,Ioor tr;lda rrir €f

bgo ro* (ceradrtronr,r); ond 3rfar etrrt tr redr 3tryuf d

1ri (eglaantfod.). Strldr trr rtuu thut t}*+w-rr**t -)i

l&6ffi1ldetd :.dfnt, ry bc ta tht prosn of balrg pvnl to

dqcttto'aL or thr t.dttrot ray brve rrr*rl *s :
Sru'a I s')-e .ititilr d*; Ftr rdr grrrcl,lnd nd rn et pcrd bdr|

4ou:rttt lL
md dftn" r{qg drporttlonll errnr:lrt thl Celtla h, |! b

" 
! +L Norl\ se'{ ' arra{

roltb ocrn rrdfr -le6 of tibn mcmt fr bqltnillElndilt . ,

thr rxtr of, tbr Cbrml, It u bclllvd thit eld.rrr ffit'
rp1*t nlthfE tlr rpprd rtrrs. Srarurr of tAc ddrpifsi
rnil nrblratt&l thfsbnr of fiorttlw/fe{lbffnf tmnrDct d

rdtrur W r.roog th. Errt cnr, st-.iil(h aFd
rt ctrtti *

rrftrdr, lrthoqht to fu'lligfrr.prc{rllt lr tb rr+



?5.2.

-t-t'ri
ttom ad S[tltoaa forutlora. Elfl'

offor an cllcantlohf @ the flnc rrdstoD of tb
Evr,n

}bhat galdstanu wrrlyieg th flnrr-gratld trar gedrton' 
^hm

thcr rro trcat dtffacuor tn th!.c*ril of forrtlor 36rqE I
o,c1@rf -r. - .-^ --feult ffng BuGh A;6t Fongpnt Fault, tfrm'c rPprrr.r to br ro 

,,

rccotpEqflng orbengr t! ltthology, tt lr oartdcd tbt {rnorlttr
b,nl- nrrl- 1;ff J"r1r r1t- bec ctt' t <

rat$^rcc d;{#iled by fault rcvnnbr rt illr tms r'Ifrrt '-

$as rrrn,"rrg acroEr tb ar're of dcporttlon. Tb gtretlrnDbro 3i5Jr

icnalrlp of thc f,orop*,r Sanlrtont antl tbo Lortr rbkurl gtltJtm |a

the lengloarTueean Btrlc ercrr, rrrrlcrter thrt F-o'tr trtr ilndin
Pi.n,,,t'\1 L

sf ad!.rcat-tpnrport @ {|r4ftor t'bo routl'

Altbousb 3st of thr dstrltua stch fonrd tb t{rk$r cl|?

1g ttrotrst, to bavc bron t-t*FoduG.d Ldo tbc dc'porltrlnl rr:t 
,

fsagftudlnl\f, ** of thc ccdlrunt, ftd ." tbt red&-*mf tf *

L

$tye farn Ba.Edrt,ourbnd a mro roo.rTLt*.' t@Grr ?b rbrr

fret'"uta of tbc lo'u porl LrrcrtoE aro eoarlda.d to bvr tc

rielvrd flon naarbY elsll hdtf ' '

Mrorofdarllr ntthln t&c Hrh*"r Groop am ryt rt co,.nn rt rrdnbt'tr

lr*+".n anolclpeted, eoruldc{nt thd rolattvely rhrDry rd;{l'i"l-

p,rdodnrtcd durfns drpolltlon. Tbo paucff of thr nrrcfortl;

L thmght to bo dn6 to # oont!.ud rrmt of ldlrut

ecroar tbr sor bo0tol' Joaoe, f,aln end strLdr (196t) f@n thfi

tbrrc ,, e trp*r3G tnfene m tbr |rd-ril]rrr of tsr l{rftr tr* (nr

tha Irh of Han, Irtrb $r) t



e$.

illmnulnE ffiour

I53 nr tHrfnfp &vrry, ttsil ttralnfr rdtildl tr

rDE11.t to tb. rtu-lr lbfnL orrllr t&r Brttm tnalrtn Ir
a"cYl'<-tb 116, rti;O. &l[mlr n.tP. iff' l1fng|alf rnr ef tlr

rhr{r grdrtmr b lhc tnrt' tbr tLllrilltr sry tr 6-
effiihl lrto tlo laturd, frrrrtrmn stcil rotrln srDorr- -r ',

1;tG rrln rdcrr rni th. lhrytm rcrtlm$id rutrlu
rerytr dc., tb rotmmt lomblm fr rq$firf$ |r

frt to oryt{rfr (t9tt) r6uf Ecler$|lr tlb [qrlle fm
rtlo ir rqalrlrld fr Frt tc H1qrrr (f$t) usfn !*1,t.

$Ir|arrl ilIHEpr

grf'lr7)

tb lrll:rffin hrr fn n{ rltf fctcilt }til(F!. ld'
Etf{S of,'lb ldri

gd,tfct (rr rlsnrr ll).
Ib totsd. for:ltlla tr l*srcf of r lffi

rma. Dg'q rlfr of, drlcb trtrtn thi.l *r]

[% "'*'n* I

ior* I sFDr7;-

rors..n' J% 
srrt'rt* )

tc$rn Ii-4ril.t|i
[e, 

s-r"t"- l* 
?a;'-

Ler Lrrta )

Frrt d I
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Tht O1 , Of. td G3 ncrbcr ofbm oocw tn rucoorl'ont loelJY

bouwrc,, thr OA rnd 0, rcScr erg abflrtt ard eff of thr lffu'

eut of tihc Totaraml Formtton tr oorpomd af G.t ld,lcrrtomo

Tbr O4r G, ed 0* lmbcl arc largd"y drralopd tn rrparrtr

arcat. f,clr Eeimrl Strcn, bonfr, thc OO ltudrtonc dclltf

tho 04 gtltrtonrr

fhe Toteranrl Forre.tlon cropr out tn tb. lwtbera eart of thr

utpped arGa DGar trbc llerf.Eu, [anganlre, KontnLe lhftawa rnal

Ngnt'rl. sdt1mmto. The loue rlf,t of thr forotlm br a n& wlol'er

lr€etg dtstrltutton tben tbe uPptr purt. Tbe lmr Pu/t o€eum

as a cap on tbs lou lorllr cart of loterauu!. Fara (rcc F!'grm t4).

Ec6trirsr Ealtlrn and trhe RonSpDt Faultr tbt tetrrantrl lornttm

la bo6dcd ln thc aorth ty thr @ hultr Eilt ard nd'tbp

rart of f,eltane tbs $oruattoa ll rruob farrltad urt 1's166r ad |fryl

olrt on botb t!.dcr of the tlrarrma Rlvcr rt rr|Fape trt8, ent ri r

rhor+ dtgtancc both nwth and rorrtt of tho frrpepa noadr DGea ltr

Junctlon Yttb thr Hlnma Road.

Urat of Tota*nu!, Farm thc 0., , A'd Ot nrbcr crop orltl rl:

l.ashort dlrtanoc east of t{anga,Htrc Ral.ltny stEttoqtit Hadcronf r

rar4 i;"** of otensu. Etrcan as B Binron belt n$Farall3X to

the llcilllngton Feult.

Th. 0, Congtomatc Ls restrtEtod to tihe axlr of t$c Eerd$on
t +" o l"lf

Syncllne *rffir$;[ or thc l{angabao Rlvc. Bctvrn tlro lilagr'rlrl

Ittrflt ewr thr Hanganrfr. Fellrry gtatlon tba rtrate oruly{[3 iho



2rr.

o nr,( hous

Wp-. Ct llrtorr er-r Dt qofd, "^i# brm rFDri

.1 % @. oB tb nrt f,fr* d tnr Hlicrn qylrflDt

|n tb ctrs gth3.a Frt of thg nppd rrct r rrrilgp of %

coryln*rt. oGGrrr ytt&tl t&. of Ll.mtour' I frtsr aflano

to tb rtgbt b* of ttu ueryrhco RlYr, fsltc tt thI 01 r'frrston

.gd o, cor3londr rrbrr hffh tlrcrt tb.. dlr Etb d

th. npP.d rrc, G soto-psla, Frrhrrce 6 Dl0ro-laetrr

rdlcrt tht tDr dcr rrc arF prurer? 6fih of t&r trrertr

t!.cl trlr Dltrru Tt"t't'

tbl o4 slltrto cd thr o, ttrdrton rr*or mo rrrtrlctd to r

rFdj1 Ibryd g{re re{h-rmt of lhrlr. eoon @rilruC of#

rff gr rrrtrlsrhil to nr trtnt Stpr' Ib' % Eildrtil

Lr *rrtrl.ltd to ur lr,c rrlt of thr U Btrt'

ru&rv, tbr -br hIry brt dwdopra ."* of trb Bornr tnll.

tb Tctrnnet F4'uttoqr unrffy wrrltrr t&c tba'lr Sladrtal

at rarrl rnd trbr f,rltrs srd.tffir .rrt or tb mrrrebr Rbrr

.ourh of trbr Halebhf norr **{* 3td rd n$n )
sGr th. ol l{rcdon orlrrlc tb l{rlflrt gadltm. rb| tdrur

Fomrtlm te wclrln r tb urngro Forutton.

confr4

tt-.r rr,r fom. rrlr rrrr tD ubtcb th. stratflgnptll !.lrtldtrr

of tbo O1r Ce.Di O3 rder tblt lltttr urlr0lnl (rrl ltr|)'

{



#.

I o vVt^.,
rlgBir t$ r$v!,rr 'iiihrr Dorth-clrtnr{il ttfdl-

&mr tufoor d. lbrrrabr Rtrr' SGI- lor Lllfr;

atr dttdo enaf erDdrior. f*nttmr o'f th. Dldnrl $ry
org".0 !l tb Of l"tnrrton otr lt toturml lo+rrt'lm.

1- Ial.a!, hlry llcldYo !fh- filn

tahrd D.lfd frrrtnnef ll tll rlltrton rnf rrdrtcil
ftsntbnl rnd ggth nrrfror of trhr 01 tdntmr



toteranri
Fan

tfl.

Ergr

Eart of
totsrrrd. trrr

lfEl
lrn bdrlrl tHngshrt thrdrron
Ftve rd 9{dllagtroa IbfE

lltrlt
(C, Condonretr Ot cotUlonrate
(r
io. saurton (G, ttnrt'oar
(' ('
(o., Louc i.I.rrtmr (

of tl.nctcn

tlnrtour Oe 8tdrtil
Ol lJ,nrtor

Is tbc tlj; j1rr rt Tsterust Fmrth. ftflrc-bff cqubl.d

Itrnxga| t' largdy oorywod of rub-rorndrd 1-s u-loag th.ll

nrptrrprrttcut$ly Edl1gfl ep. 1flatc. tbae 18 ltttL

frctg,stftlal ctrrlal . thr l.argI t$tttrt

poror!.ty of, tha ltn;tor t1gt be$ rdnod Et r calcltf ormtrfrtn

of 61rom l - 6 trubu tbtak F*r&lrrr tu tb. b.ildlngr gL ol.,'(

ffi rltsute tdth mn emutd trrtmr of rtrdla

itbt crr. ('r FtgrEo lil " Beddlru rd Gfioilrbrddt'uli 1r :dr

opcchrly apparert b1' tl. l"ergr Eil|ru rp. platr. ?br cuil. -

b.alr are tshrls (go Fotta ad Frtt$obn 1962 P.mli tbr forLrtr

an lnslffld rt aborrt il - 25 dWrool to tbo bddll8 erd rrl rot

gr8d.

t{mrof,o scllt etpcclrll;1 bachtQpoderr$a Ert oolEn lll !r!{r

bcd6 rnd mae trc snaldctd to bt blooanto ereeciblrlm'

cstyrr*c p|bbl*' unu"uy tabuler qDd 1.5 to 9 lachr btg

arr f,rtrly st6oa nrar the bgc. FtbbLr ufllrlfy sbout * f!6

106g oG61a' tD tbr uflPs Fart of t&r ilrtor ad ln thc roll $lcb

wclllr tbo umgtfio'

ot



Ftgrnr 95r Ot

cotne far

pLetll.

Ltmtons tn tlre

rlgtlt and Parttal

ett.

t1ryr trc*. llote crooc'beddlnj

ewrttrtloa elong ffte.tn bddlle



m.

lton'Srn (tn9, p,ilg) Soks Artoa tbst *,J'l.* rt tbr

frb|atua *ata*r*o rt f,ontn:l eontalnr 90 pcr omt CeO%. lc

sth.r rn\yr1; l3dttGrt'r a reagr of

t"b eentd flos ?0 pa cst to fi pcr eat.

Sorrth of tfr typ Hr tJrc lhlaldfif Rodfrrt 5rrtn rS. mf9r.
t ft tett bubhlr br|t oddnlag tmlo prbcyfoalrr UaAfreoer

<"k
ua lftlgflf fgffi^t" e vGy-ftn.udrtm lHr oouur rt tb
brr. of trha O., Idtcgtof. tbr mrlytry bdr r3. GoL-bddd

Bo,lrlrtr llntm,
Eart of Totarenrl ffarn Ert of ttr Gt l"lrtten/ qlt tb. brt'l

rU rrmcmrt ffirndS.r ot trto rnlrl bsrl-rtbttl3 Of

$adrtom.

Tb. b.raf q Llntom 1r grrral\Y tonfirt thtcF tlrr tb

upp6. tttrrto?blor 10 - 1! ft tbi* larr tf,r rmrui httl9 d

!p - !O fU thld DGir tbr tlr:an Rfic. Ib Urilil lr rtrlry

t! th€ frult bloc[ rrt of tbr Aonsorf fmlt. I ffi affrhll|

uilt of tbr nonsonl roilt Qt grf.d rd. rggtq tb. lffi f't of

tb Ol Lt1;atm tr ! - fO ft thldb At 1r vr7 nr{ahfo:E-rdrk

rt o5r loce,ltty ths t|g9fto6. tr o*orrd dfr1lt of, ljlgn
ffaffatr, ulrl le 3OO trr{r crry tt 1r cryorel fsld,r of lhh

fktrL lsca(ilics th. llsrtor lr aFild ofBrtnbl,olndc. Betmen
*'rvcdf k {'4"\ '

frrtcbded hrrchf"Foa|iCag bdrr -fi^eir t fb t&l-.
tbo uppc ltrorton ti,htn*n(-t tt} tut rntb of tL

totagmt h111{ at grtd rrf,}29gt"il nlsah'*o lt, ls foil|t$
ebqrt tO ft thtg uoqt onr Mrd tttda ntrtf, d tf,. rffri srt

et frdd rrf,. 3{0am, gbG.I tt 1r rt lc.d, It ft tbt'GL.



160.

[cn E-rtCrmtr Faru,thr O, ttrftoE c$Dpt gt O botb

frLartm of trlrc Hartcrmr Dnrn gt/rolllg. It' gradc ryrartle fbor

"*":f 
pfilt tlrrtonm; tbrougb @ oodrfntry nrtr

rhelfu, to sfbgll!.fcrau eongtomat{It Fostrbrt prrlry of uo-

mrLB-cl6{a. &tro tbl ftrata mtetn to P{r Gilt prbbl; c

6,., th. rtratr hvr btc rpped ae thr og congtm:ate'

A rrrttsn ftnD Hr tbc basr of tbe 01 ttrrtm oe tbr rnt

flltrL of thr Hdreon $rao'llnr at jrt"rl ti'*ll€l €!tlt's-
Ird

Cmm bcdat d petrtily llnstom (nomfrr of
grwrncha tafulatP; rm om* I !"$ lons) ';fttdrg vclr eoffin gt't-r'?F dffifsS& a
and a feu B+lanlr plrta en't .Il@B tP' '

Ha;;lvo blooty ftrlcurtcg; a'ltb eiln unrollod
ftbLE ddilrtub. eEm Platar ad
!tg1rp.: -EFD' '

uilcormRuIII

y"flnll{A sArsrQxB

Tbe ovarlYlrg ltmotone la laredf

frcgmntcl pobtflor b - 2 tnebes long aro auma locll;. [c

t&e Dorthcra bourdnry of thc thtdt dlrtrlefir otr tb nrt*a tb*

of thc Eoddlron ErnollD?t thloL oonglomr,to udSI copr od

rlthls the 61 llncstonc. Tbclo l.g c chergr of tbstGt ud ra

lns*rc of t'btdraoes ln a souilurrd dtroctloa rlorg tbr bdb*

urd of l,lansantrc Ral11*ry Statlo(r* Ftgr11'r 36) ' fn ttr patf;'1

psrt of tbr bsbeg tbr lotrc-Fsrt, of ttre totararul For-'ntlo |l

eoporril cstlrolf of Edrry rpr *A{Ct tlffiteot &luifnrr{r

rt tht*i rd ttr odrar part rr r+rrfld tlr frlo nrlrton



?61,

fffcr Ie ffu, vtr' t<,ur' Irftpeafi'FF"JilSlibogb* fdild

1o, dcpfV dtpplg Ot 
^tlttu 

. Iatq;tl@:!*rnganatrc Retltry

c@m * -r^---fa f 
4qt4l^- )Tfstf

stetron. s$fir'i nboad 
Tffi ii H*nacrsonf s F;r'n '#E!4

a Foohrfatild, tsangabno VallcY'



*2.

(0, sana;tmr).

I oryorltr rcotlm rogtb rnrt, of tb I{IryaErIr Salltny

Stattso at grld rd' n$r8 coatcl'lrt

f.d

(wrlLl-ecbril, vrlif=Juoartrr coqulrcld
(
t u-tt"r" oryored rrgrtt of Erbg plrtr'
(
( DddfDg Flrnat ebtrb 2 ff rPert ?

(
lg*".f b.al 1p pe cot coqrrlrc$ ffrtor 60 Pj.crt

o.(-! i f"*f- rrllr*"trd, rrdl-r.6ud*l l-* 15€til lm3
(
f sh.u trrcD.ab lrrtrt.y Prrtt of Eibnr
(
( son oltrc Q. fragntt

GZ l&mlrr f,tn ranilrtour

(frUUlV ooqllmld llnrtos, pcl&Lor i-! Ln'br
(

Gt 
i 

log tebulu, llrrtm largdy €ryrd of

( ELSI rP. ftsagnrtr e ll

Errt of toteremt fen thr oa 8.drtoa. 1r ral frfrU+ rfdvrt

nr1f,y-s.orarrrtbar|ag' agi fl6 to Ddl1a lratnrd' I'Cfft lt tl

fo||ltllfrrDl{lr pertlatrfar$ ttl th' rrltrt trtr ,

Th3t,'".alGoftbeagCoryll)nngtrtlrSlldrronrbn.
so Flgnre g6). Ipoally st Hdc'onf r FsrD r thtl-ftrc-FrlDl

radstsro oc{surt betm tb Ol ttnltom rd tfl 0, @'

ID thr typr rrs thc soneloffia,t,1 tasg'ly ocrtstt of nlLronrAd

,"ltF rorrt il Sr'nrd. prt$tro I - 2 tnct f long, ntth e rrln

1r.,

cl!0



261.

lsrrttr of 6 rldil. ?b. lrbbrc erc dtfflGnilt tc dblodfp Iril tlrt/

ntrtr. [6;r t&e baes of tho enilonmrfir rollrt E1|flHn' rP'

gIE[ rP, !g|IJIE sPyrna &nnff th'lft en gltr Qlnr

rt lrli rd.2?41?7 tb tr&rlartt€a of pdrblm ldl'ortc tbt tlry
-l1u'rtltlo^ t" ,c.i.r flmrlne rrt|J,lr.tul1'Uffi{iil66 $"t curonta flordng so6h-mth"--

Ir tha arcl betrwl t.br ltoryebro Elva rnd th. rdlryIc tdt

tbr Of 1,lssatone tr mt vsll' dwal'o'poatt ard fr lq;ll rdrod ts
+L.tL C2 sanfito* *{?l *tgonerrf,,c rrsecr' th' Ucrtqorrl rr4flr

oGrF alorrg telnul ald OtflWuc St'lcul '
ttr nctto et tetnut gtrrr Gstdlrl-

lrrt

$ Cqfornrtr
Iltcbddcdoacloraatg;fifttblctrfDddr*
blnr-8rry fln rdrtou !-1o ft thlctr a rlo

O, Senltrtour

lhrrlvrruty-Eoro-urthrusfinlu.rtmrttf,
lur om-Iacf,-thl,e Pcbblo H,'nu e lIO

q lJ.rrton
Irdrrrtrd rh.If b'd I

FlD. rlldrtmr td thlD mrfr-'rndg.tffir hs)lmr 10

Gcnr TG?{!dY rqulna ltrtrtoil It

Shrll bd ld ;ladrtonr tE

Iln rrdrtou (forstl locetttY nil 6

Prbhlr b.a rlt'h rqf brTore ffl3n*r O'21

Con3lgrr0f utth &effr ,

lirflnr lrd;tfl' 
1

Iffi EbrU H lt



164.

ttr €utGt of tbr 01r c2 rd o, ;rd*r l| farllu @nft'.rt

rfog tbotfttrlh, f,6. O., tLncfim thtlt roa1th a;t0ilr.61r tt 11

{cu}-sly sfi 'if. thf& prth of lesre Fsd rt grld td,l?4169t tli
f.J ll.'..[

forr,gb |l dlragrrr gtrru. In bJrbloLdh $tnr tb. Ot ttrrtm
A

eaaatgtt of r 4 ft -tbtck oystee b'd '
Eilt of tlrc Onta Fault ths Ol Llrtoor lr ebrtt'

Tt13 tcgttoa elnng trt-nrl Strcn (r* rp) psv|ldr tb' tgrpr

nstlo of tlhr C4 ttlttdtotrsr lhc 0, !ffirtonr ts not tilU

cporcd end m typc soc0lon 1r dmfgntd'

At th. typc rstlon trhr OO Slttatmr It olnord of rrrfir bltn-

g|qf atrtdonr; outrrn$g th*r rhrtr brdg sch onc rhl'l tbld.

gorrtrh-uretmrdr, ln r rlght bnnoh trrhtary of felajl $trn

nou, tb.tf bdr rrrrl Dr€td. Tb, rb,dl bedr ero OtPotd efDrt
h4r

ottrcly of Xlre d. -g3!gi^ ltrglc rprotmr of 98il rPr

Aldq!n11 rP' ed gl|1sr gCfntn rff' fbuad, b&ltc' {tooll

lo'cltty Tl8l ,

rbo blur-rqr ll Yg.bo|t: 1 t onofio'tla
to( 

-
arc ebrfirt, crorpt, at grld rcf 18318?r tlh#Qtrf of' f-rrri-loCr'

fb. C6 grndatorro

drr'Enntd.

oU .tgldstoag

te vcr5r pocly *F ".d,lf 
tylr mttton lr rt

A-fc. Gt"tod eutaropa of-'*f,dsrao. rmr-+ernf ctt of thr
.o.ki. o l.c

Bonspnl radt Da.r Ta!'cpr Trrs (ett'd rd' 3091$3)tr 3oil Ercht'polr

g++relgt.



*r.

I$lSr
Af *-rL elac.fSf,ffiftff'o!, sz d o, rnbcr of tbr lrtsrnt lb*rtln

'1.; 
ttltd rt lorr rngtcr rmgtQ-r the! flffrn drF..+ tb

Y't'rL'

rdsr Hr Ers nch fult d tlur n

rry of tbr f,rultr rrr lmtlr brnra. T'
lt -&n7'-o.r uuA

t6-rSt.n tirha dbboatad !t tf;'4attib rrro c&rt rsrDrf lte

At tro loceltt furbath nrt of thr hmr-fafnf frnft Gsbry'tlt Y

rnbcr rltc ht*tly lrsl|!d. Ilenth of tDt rdbtt l|!. nr thr

[onld n&thru strtloal tbr qper rd tol.jl q Ltrrtog1 c1p nt

tn r rynry mrtb*mtb bdt borpd.d tf ts {FH hltf |fttA trd

nrtfiru{r tmrrdr tbo Prtrrl Fault. ID tb. fftl tf tb. Dclt bth

rrd lt ftftY-11t Cfillrrr $- tf

31fthcrn Frt, of tbr balt, -tpwvrE, t&r rroa'n ltrrtor r'"lEir-r

to-t61 oart et 3s61gn-f;tvr dcgrcil. Otbf Ffi of tbr firtrn d-

c6op onc6 oa itr pU*onfnr emGr to b. vEtlrllf{dff. It

Ir thorylt thrt lfir llnrtonr fr fprref$ rrttcl rt frilD N} dc;

to th 31rfton p11,|l3 of thr orfi,crop brvc jf,q.d, $tfr to tL' rft

or to thr rrrt. Iaer.lly nrr lb{ldro htlrry gtrtls(rt filf
\rg 2311ef)tU O., 1,troton tr tllt d r-r*a rrntpft'rr lrFr-

to thr rGgt,b-relo, rd fom e podlal Iodb.* (re 6* !6}.

Mfr
fh. Ct , Q'lad Ca lrnba't urr dlpodt d et on nrrt n lrrd

ad verllrtlflr of, tlhfultapr ffi rrr dnr to
+l-

frult&l @. t-ht rrrlgl t]ter| rf fOO - Eontrr
as Lctn'1

bc trlc to-d#th qlor,l outrof dwurltlgW
&tr"Irf trb deotltto! of tba O1, OA rlit O, nbc|. thl&rmr



#.

grcter trton thk/oud u rn t$e Badcam sylslln? #*k b loill
douruorpfxg.@.

fb,e 0., ttmrtom 1l abnrt 150 f3 te14 et Totrrenut Fatl. T. l[-

Giego ffi t&a loure Frt, of thc tc*,rnnrl torrttc
ba; a rclattvclf oosgta$t tiiiekrrenil€f*ffi 100-120 tlSf

ffih*+tb D

Tt,ey. tf q r-ir{t Yahl€ rL +L +L.JZnert ol
. {t" or 'Llntc dl*Grr:

, & iS *t, lGart 4t0 fb thtC rt Hd;|af r
en| !r.rg rrwrfr< {-U.r."^ i5o{l' of T.luruu^J F-r<v'-'

r*i rb. fhsgtouc tbl"ar Eortb-$ortlilrb @ tb uut tl^d of

th. thdrr6n syDofln3; tt tr abmrt 3m ft thtcl rt ;r!d rlf ?Itltl

rnd 18O ft t'trt* rt grld rtf 290194.

ft b.5t 300 fi of G, oonetonrtr rr. lrect dfl3 tlr er

of tbo Hgtrson $pacllno' fbG lotrr Dort of, thr fotrmn{

Fq'ntla ls ttrc.Gfru'r at lerd ?UO ft' tbt* et lhllrsrl tlilr

rfrrrc-{ r

BgtffiG trbr Fbngrb.o iilvc mil Udllagto Oofg t[r O1r Oa O!

rrbct an n*nt\Y ebut P ft tblGl'

Tbo upprr prrt af tbo fotlnnl f*nttoi It lwrffy thffr; tbD

thr lorr. F t. tt talst StErn th. 04 $lltrtffi tr f9O ff tE&.

Iclth-sttrlardt tbo ti* gilltttona md th At lfr{lstma r$r $nrt

ln fb thloL,. Tb. lncs.easc of thtckncrs of thr uDPG F|[t of tb

Totg.aurl Forutton taLoa Ft^rcc abuptly ecnDf! a f,ault uhtch trdr rt

W ,2f barg.1lol to Talnrl Struaa.) tDr fslt tt sldrd

to beyc b€on egtlvo rlur{rg t*rc purtod of dcpodt!-oa ef th 04 Sttt-

storo a[d o, lhdstom EBhrt, EGdt uh!.d orla|llc t&| e5 sur*or



uo Dot fotd rdthta thc npped or.a, le oona"q"{ ftr 06

gardrtonr tr thtskc tbsn thr thtokast rection rnea$r.d, (6!0 ft).

Pollgq lnalvals

I.b. lhrlbc

MI
Fosrll locallty TlSt A rJ.eh pollen flora vl.th thr doalnant

pollen type Hotihofaqp,a of the S&g grpsnp (ru. trpf+ta). lhdrnt
tyacl arc Sygt&g rynltUj., ureIr0r ft:n qpofcr' Igleglgn lpr

Damrdfirn srygf,Efsln, SrtruosraCw, @ lElgl (1.1.)

NotlElfgfur Eerrz! esLl-, l$trtlhg, .$g@[tbg, Crulrltcaar 0oFn'ornt

.$nersg3t.s, Co@on typeo qrc !g$i{lqp }fdUlf,ff grcqpr l8beqdnlrr

SodlgfriGa vlqpoFa, Atlgbglgl|a' A$glh,r 9fen|ggf. Othc typc

pmrer$ laolrrde !n$&n ndUlJrffru
crf sall-nlar &lbel' Slslg' X$l&EElt, Elrrllnlbr, -S(llg. Etubre
frll[.fl condyltno. Tha €ntl.D6t, apeclea Sglhfintl @ mal

El.croq$ohfdftcs lllr,rn{l ar€ pnmout !n rnll nubcg.

Tho i ollerr flora lndleater that tho vagatetlon tthlch th.d tbr

pollen rnr rl.e]r enrl dtverslflGdr Fredonlnentfy forortr rrrlra\y brmbt

but vtth nrch Fq$paarneoFp. Tbo F€tenac of a nlrud fcCt b

f\rrths lndtoatd bJ' Fome of tlre pollea of trses aueh cE EIJ}SJ$IIEI&
h

tdntr.nq'rr. @ ard othur. Tbr Fctso. of nqhgn lnillcrtr
thnt orrtal fomat sxlrtcd ln tbe aroa. TbG PrcrGacc of snrou!

byrtrloboaphcrec eonflrma the rnerl,ne "ottCfunt of dteportttffi relcb

my fn port acosunt for thc rtoburas of thr pollen aeomHn3r uhfeh

#?.

try D.J. l{olntyrr

FootLl Locallty

Tt8

n5

Strat iffephia porltf,cl

04 glltrt'or

Cl Llnrton

-J



e60.

F36fbIV coiltrta; r r|5r|1gr of floru froa Atf"Fut 67t1lmd' G

dtffr.rt altltdu. Ia gor.'a+ dfd ar uarn offilttlsrtt rt lrrt

' 
nrp er thr F..Et itrtr, rd pobabtr grr'HEr erc ldlGrt al Er

tb drtn* of porxa jratH af ftrilt tv'., plur ffi

gn1g3 $rygfllgt end q*@'edrfltr ujdrflLtt ttF ril pdapr

Xdbffgf ndfli[r sr prc'l$ fdfuttrr of ooolc ?al{ttlt

tb|E tdl,crtrd t'' t&t rcrt of tho pollcn f,tron' ID tbll IE8'

t*tso ray hvr cop; frsn mstal rcryub id dtl;t r1stt$tlm El

rno*r* posrrbrc *pranatron rr that thcy haro b.c Jtrcrn-rd rlr*

transDortrd tmr htsc rltlhd*, -4t* *
,t,-lo'"t

pltrd vttb th. poum of tbr,,fomrt o , s dttl

r pollc errdrarr sf rfud-Tagrtrtlm-$ry5e ed cllntr' tt'

porloo of tbr omrc .r,a'ot ,rc trdteattru of rcmrb tlpr nFf.t|ott

oltrbc corrtel ed oodrolld tr cnonrrr rd lr* of rrtr rd

prlhDrphrrtoloda.lfrgtorrrecbarrr.lEtt,y,ongtrnrnd
ouil,rotfe.l bt tcr"pareturc lu3rt6r'

Fomll Locallty Tltt - Thc r$cu&lag3 rr ibdrtrl tr Dour

of Xgtb,trar 8ugr srouP (U' Xrns&r)' awrt Pottc t}?r

r'. gEffise rrrthlr rrr srlhde, Dn{pqrurer hdrr srE

@.}ollraofgllghfietr6ErDrgthctlruF..dt
tDsldalstgs[I!|@rHf,tronldrnqrr,IF?F{r|qrrlrllills
cepo'rwr &bnrlr, crnEgcr,qfr rnqrlnn rrrgnlrr Elffifr

Egln" Dggq|l. R,:rc xgIhJElAtr @ oortEltr

vqdatton !r bc.oh forcotrctthcr ttr4hrga Foao+fi rltnt

dxd tr 4t rtendl ncertr. sorc eIrrd boadrGat fu'cr0 rlmt[



*1.

ad ooaltttl forogt clolwlts ers e}o pnOcnt.

tto flore dlffe:.e flon: t,h{'t of ths 0ksbmn i'iaha,otetLa sbfl

srgtlon ln tbet lt cout,alns trorc @ ls rtEhs tr

rpaalcc, oatrlnr ooasta,l elcnatr, srd brs e slsbtty rtartcl

aPpNlDGr.

tlrnrflHtrf'ltolqff
Uabloho fmalls ue rel.ettvrly rer.. |l ibr ccplrtd Ol

Ltrmt66- f lrrlgu propct'loa M lr c*ord

of dift*tGufrtcd berraacle pht; (Eflru tFr)r Fctrfr Ory*r
4 

p*h lf

of rrvaat srres{ra *qfrfrforrt. rho DiEt DJt snaan drnt rr

a badrlopod tFr rftfcb loc.lly $ ar ehudalt 1 tbr tunflff

roa+rr gd[|f, rp ghllE,gd,lslxl& &m nrrru* car EGt"*il' '

Thr fo$tt localrty m|gt,elnlng t'hc grctr't arbG} of rprctc
tO** ^ ^ nr-^--.^ clr--- {|-lrll larf;:id- tbc bj1rf 01 lInrlsn at oteagp Str'-r.@
4

lg&eh tbs foarlh rrrc rctterrd rrr'r laolrlq eilll fll$

furo6 durrng uf3;-{rbobdl W a tvrrur to ru obt.tt n th rrr
I

f[mr, oue]r a! a t*4 rd Jtllgflf SfE rfrfd 1r a drpollt

fGCilF. tbry !ffi. prronbly dclllrd f]ron rrr*rx t$iltrtr d

f,nc s tteneto@urc rm$lrlP.
to*lh rm rct s1aD t! tb. o, Sedrtcn 6rgt nr trttfl

(forsll foGr,lttlt S, StI) t,ld S89)'

thsrotbtrlh fror tb. 01 GA ald Ot l$n of thr totrrUl

toruatlor rrt lfd.d !a leblc n.



!{tcmPrlspnml,g

P.ltPer{rx {9rn (rrn
Tdlserrlt Sgg;t (ltr

strntF{Eltr rP.

IrEfgrlgElg' El'nl

4rrrlr$rlx 34. IrnISI
StrFEl3olLlrx, ;Pr
ggg, EotPc rff. !9.1d
lucalor aff. f+ocrliP

Itl!*s rP'

B,otomrlir sf. gf6E$gg

IrllIfter of. 4osarPl'fl

mnfi+ffry aetPrcff,r g

!-iE#alBlIID*Il) r

.E]II!EE3 rr'
lrtrrrr Ldlotroutrr
gg33Es s:l*eturr (n

Chlrryr !erlratf.9$13
OLl.ltrr !!r
EFtloocotrl ooslgrl

Slentllr lIEgII (nern

g$g1l IEC$ eorrr$r
Ortrce lPr
----a5o=!!r:ry) gI
ffi.

grrl g}.nlq*tl (su

!19g1g Xnrr4rgr (e

Ite*elrl?rys tatqlFtrr
t{r?Fr lpr--+-

@o'
9?rrcrr lcrrrurdendt'r



21 l.

lhr to'tu'tnur Fornttgh lr atmrtvr rnd tb lttholsslcr of til'

opolt rnba.; a;6 dtfttwtl arb{lvlrllon il dlrdy by lltfiolq7'

ftc tq.om-$cat,lrcntas tbteblc eed'torml llrrtonilr rnd coafLmrUft

olt rntltcly to bc orftrrd utth tb. ld3rXyla1 II[tt bfnr-fV

nralvc l{rrlD rrEl trttrg S|ndst€nll. ,
-A

Foramnntfmr flrm tbn gl OA .nd A3 nelbm lntlcte[n*mtnt

agrfi ar do tlo gattro'podr i$Foef,tr eirrnq sd l. ttll.
Fonannlr*.l ft.il thr G4 stltrtonr Lndlactr r Usltotcu to F*ct

l$O r

I:be Tctala^ul Forcttonr (fffi) lr mrrrlrtd vttb ttr EIDr

f,rgra"ga, of Daonrtr&e (rr Ltllte f9$ p.!9). stnt$nrEc lrtrrn

lrtr pahtrtga, (rct ft1.th rd fcldrry3' (fg$))r rt tbr ngnrh

Srddlr (mr Ova 1943)r rnd at Uaqanrf (ra Ehd'ng 19t9) tnl

Itnll^g to tbom of ?trn !r?pd er(! (lce trbil,r ?r2r. corrdrttil Stt

tbe Eorilbol,t wrfrrrcer tu D6O trtelrhrt s'rrfrt* 
[ff 

tffi Drrt

o* tb ErlngB ctc'lotb@ *f,FDt tFr,&

rrart rrth th. ucungp*la c5ralotbm (rco uclle 196S) tr pbUr,
cu"l.l)..,- L,A - ?-

crFcfal ty as tho thoryrr,ilry\ctfrtalrfiinion-rrtnc and ootq$n bfit
tt trbr t{rnentu Saddh, Oxrr (f?$) fof,rrd that th. bnf Pdm

corgrq.r.t. & 3@ ft tJi€L, ."u *t""45r""."* and rrthrrdr.

Tbr @ oGGrl tt tbr bF. of thr Frtam, *rilr |l tft

npDdlrGltwrrltrthcoltrrrytmctbro'srailrtc.tt
lr probrblc thaO thr ontlorrtr !r rltr&taonr ril fr ruf lr

the nmcd uoo tht! at tbc Hrnrstu Saddlt'
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?hr lovtr p;;,t of t5p T€/taraant Forutlon ne dqollt l ct rbr$ |t
r*t Il*

hcilZ-;|lcl hcde bmeath the Totarenul ForprtloD uE ilaorlt a

at a dq.rtb of 2J frtbou;cat l{ rlm, rad eorutdalblr Fnrt

porhrpo 5o fatbom qrt of thc ltnte}abl filvc.

Fol1en ri.ors focall locllty fn erf, orrilJt @

prgnmlsduq. (ara Htutru lg6h p.tZ) floil forll locellty roa4

lrdlmto tlrt the ].mm pqrt of thc Totarand fornttc nr drlor0td
\\ I R'tb - ------ +l'<

e*rngia rnrn dfrft.. - ittr ulab fdrEc, ry"acar:edlre pnd^cml

gbrrgg deltortuln rhrl[;, hgaupcr, asc eold ntc ta|lctor*r

It fr tfsught tlBt tho rrncorforr,rlty lxoeath tb; Isteramf

Forotton ts drr to s lotr goa lws} 6srng tbr oildntio of r

glcota1 perlull an(t tbst lprrs Fert of tha forutlo! nt d4arltrt

rftcr a rlm of tw-pcmture srd sra-l*rl. soil old-ntc{dfrttf-

foealb brd, hctrwcz eotabltsbod tbcnrslws tll rfiit ,tl" &l -
uafgvourablc rsvlronneat -

tbre ltt'bofeefus ere r6cogntud3l' congtonerstn u tDo Ett'

yolt, opeelr]ly ln ttrc HolCorsoa Synallnesz' ltilrtan"; rt Totetnl

td hndatrsont I farnl orJ petbly f#,'G"crrc rendEtm. b*iln tba
*, 'lr

Ur1tngton Fault eDd tbr l,langntrao F.lvsr r'ul'*t€ilt of totggl

Fltrl' 
ol

Th Ltnrcstons at Totaraull id'Hdr|nfr

'are7i "ebq*'"*rtvo ru.rtffi
tndlceto tht th. ltrrtfil hd r t'd-

vao{c

liL c:15!l. Fru:tbq'&l13nr Fp. t; larrsrr rGril.trstd to th



ru.

ff,trn , br.tmgr hlgh rd Lou ttrte, md requlrco c leld bdttQ

rd rtrurtg rerru'eotlou '

tl6r cro6 $cddcd ll.mctansr eDd a-lrc tha partlal lmdf!! €f

tir &l$bnr sp. Flatclr!-udrcatm thlrt tlrsrc rru d t8rrUpct-

.tlfi of t&e Ef|4U plrta lrrto quldcr thepe ratr fffiftf
o tho 1ee'rldc of ft n"uf} +p._g'crl

Wfr"ryPf,rt,rh*r$'trenrqr @ 
T . -,#[^.of, tbc Ol ttrnegtog ffi trdlcate nortlrnr{ eirrrgrt ry; 

'tboto

f,roo the ufiIle, part of tha }l-nesto"fl**tatc both lorthrrrd -fi

mrtt&ru.d flow (acc F13rr STrf fhe dftrltnrtloo of tt o'

consrorGrrt#U4;ftt*'"JJ," to' 01 rrmtom rt totenn'

Fana, *ruvs, WtScP.bblerree ffi

@ lr gtlory rvldrnec fc d lout'hrmil flolffi[

tlre drpoetttoa of the qpPcr port of th€ llndcr. !ll. pH'r

are clongptc rnd tcbolir ad lra onrldard to bclr Ip *rytd

bl sava-aetton m a bsaeh anr{ rubeequcdft tlransfort rodhtrllff

tf fone-lbmcdft.
Tbe O* Stltetoncr G, Hrrfetanerad 05 gendgtsns n|b:l Elr

tbe apperagcc of havLrg boan depoelted !a doqer nta thl tb

C, 0A and CA mnb*t.

hltca annlyrfa llroa toft.h thc lonrr ad nfrpsr.3rrtf of tb
Lnl

lo0arerul, Fotuttoo b*r tafictcil, Er! dfttlt ra tbfr ll p

rldsor thrt thc ftrsr grrtnod ntrrrc of, tblr r.dtst ||'anr to I

adda ilftrtte rilr of rce fuvrl EftG I Clrclrl Ff|3d. ft |;

f+robibl.r thot tfirG rff e add;r rGg!il.l &sref* of th

berilt frulfrg th. dAodtln of tlre 04 Ot rd OG rlDrrt
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bocenrre mbtquui ragtoH,t pvnrrtr of thr bmufit Ft poritlrr.

tbo mgt ftafy elqllanot!.oa for tfrr flnr erallad nattrc of trhr u;p1p-

Frt of thr lottrml D'oruttm lr tbat dqotttto rra ln a bd-
loohcd obrWmt, 6$*tt*t-t $r" *rt cord ltrtlr ftEalt

nr rt frd bloctrd by hd. Ibrthsr rrtdrncr fer lrd-Io*dl
drpoaltloa 1l the rarlty of nonoflomtft( ccrpt fc IIE cf.

ryJTt Pcnalr ttoum eg crrortttor I

rrfbftyr rld s"lto tbs ebftrec of mlf;c atesttffir @
thrr-rur . fht fosrll pofhnr* lsltatr

ql fl.,i ft^.-
that clgyatd fenlfaf r thort dirtsncr uut of ltartn. @:tfr

a

HTEAETO FONH|f,IOT

Ih. lhlgrbro Forntloa t! a rynoryn fon t&r llrugabo gct .
of onglry(lg3h thc n'bcs of thc fcrtloa erc ll,rtrd bel.on-

(% Broeotr
('2

llengho (On Sandrtmr
Foretloa ( "

(q? Corqglortrt

tlort of thc fmtlon Lg eo4'orril of th At Cmglmltr; t'hr

% Saddonr 4nd tbc Q, Erroola arc rclatlvd"y thls/end ur rttrtct d

to rdetlvcly tnll erat. Tho 0, CoryIoumtc q'rn tbc Qt Brroofr

ro lwartrbly nrtlvr 
a* 

flrrtlrr nrbdlvbton fs llf.lr. tb

% radgtono lr oo,ryorttcft eontatnr rry tbtn brdl of dlffcut
b,al-

lltrhologt; " thr b.& aro ulfhr$ to bavo arytUnC Drc tb.l * lqr
Iocr.l arfrfl(ilDgrr



Tl" r Fovr.,a\.p r,r r t tA s If tS VqaL,'rr \

e tsrrvf. b+ -th+Jom+n@fu .

D|rlcrhrrtrt ltrl 6"tfrtfqf4hlc nd+ttfp
fbr out€rop ef tbr nagrbm Feutlo 1l r.ttrfstd to a utb-

rrthrrt-tsdlrll, Pm ;nrde vtdlrch-thillt .t belt bodd {D
thc rnrt tf tlr *rfffigtm trult. # b eht nrttb d
the.t5y Ferflt. fu % Eedrtce |r b.!t-a!F.l.q.i Drrr ta.tnrl StrrI.

- "o'tl -l&,.rrdcpr oS ffi frto I haff*ti.. * r, rbrd
^./ Oqlcrrp ,F ,gv( 

"o'.For; J- _

rsrillrd of f,ernr Fild. I tbo q Ms Fr orrf bn tffit-trt
Otrngu.t tlhottlb? ron Frtupdrr$r 3tnn.

fho nnlrHo forut'!il wlrlloa tbr totrrrnd, tnntl.Cl Sft
fior thc{frlgm arcllr tbr fbntln b thr turyrt *S-grt'k
thr ;pprd srrEr

Gontrrt

A*r* 4t ft d C? @ aGGilrF btrtb
6+7a.r,.*..'Sl;<Z*

thr Ag scndrton* tha wrgl'ontic ontr$l tdd rnd ilb-

angufar prbhlcr arrd cobblr tttl bonldrr.r of grqtlllro d frrpr tS

srr l4l to onc froO lo{tg.

ftov. th" % Srdstoru, the O, Cqloarrte oontrtr of thtct

bc& of uf,tLr@dl oobblct ad tht! b.dr ef ndfiffi rd cfrtt

thcrc bcds crroD ct eloag tbc uppo of ?alnil. rd Otltfn

rtmNul, In 'datlptdlr $trcen l?f ft of ondoum*r cugr d
baneth tb" b Brrccle. Abovc the lretr tto @ qn||t|

_l
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of roud.d oobblcr eborrt 4 lnehoa ta dlerdcl clry rd ndr&il
bede ar. yrrtrr raro. Farslvr o4l.matr !t d.ro drvaloprd ebovr

th" b Brreela ta PatupeLanhe Strrn.

Tbc rcctlou rt tLhrottlh Strru mdltlttl -
l|d

o90
1

q

.il
iarrrvg_Sgractr oaglon'at,ffotufor

un'll;r rbouil fmr |lchn long.

?htn crry;t rllt, (r.r.,f 1g$)

l{aoetvr grryrce&a co$.oharrttG - eobbloo
unrrDfl about fstu ln$cr lorg.

Obrqrrd

Q^ brcoti - ualfmn rn$tfsr tlrgnutr oftgqltokr i-l tD€h long Ylth r ntrlx of
YrT-ffn lrdrtonr-r o!! g_l-rch thlot
blu. -gr.G:f rtlt bd (F.L. f030)

ldemlvr grcgrrucko ooaglorrtl - GoDhlc
udltotdod 3.5 tncftor loag - r|lth a
fru lrhla clayry tlltstoor tcot (F.L. f09?)

ehranrrd

Orst sarbonaffious rndrtpm (P.t. 1096)

l{asrlvc hluc'grqf aadgtoae - (F.I,. 1095)

Ceaglomrate m*'E!flrtnc, mntatdag a 1 ft
turc* strtoac brd (F"L. 1o2g)'

(Urora ncattbrtngr ttlrblsr qurttoEc fl-n
O- { cedst€at vtth totp 1 tach tbtd prbbh

c. fortn acl
| - l.".-
t !.L. S€+ forrrt loq.lrtu ffiil)

4fr

T'

?o
q

q ?,

n
I

,o

GO

G 160

5
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Th. Og lbnfitoil tr ooryord of bldr tt"or e ftu |lchlt to r

frr fcrt tbtot sfi gnvell qul+to mnrtltonrl gFqJ' pntcrou

rerdrtoHl trqm all g,ron thnaa orayrl rrnd tblra lllnltr

rarrt. rt ta urll aporrd ta tatnt $trcn' (riar lt tl 190 ft

thtd), rnd ln r rlgpt benoh trttrrtrryrf lL. elrca,n

A typlor1 gostloa tn telnrl. stnrn (fld rcf, f6618t) oartlln-
lrt
2.0

0.t

O.,

!.0
?.0

1.o

e.0

2.'

1.0

1.0

o.t

t.o

LfSbt-fnf vrqt fr!. t dttffi
Id8lt-6rry rnd strocolrtr+loured Ghy

tfgn- Srqf €fry rd rodrtonr

Cserao ;jnd Ylth f.Ettrbtdd.d thttr vruyJ!.nr-grrlmd
grDdgtone ad PcbEr b.dt

Grevd

Itcdttn randrtom

Coertr rrdJton and gtlnlfler

Sbooolatrisolord ft!. rd srt.r. ildrtonr

Gravel

Flnc madrtonr

tlgbt gragrocl^etA Ffaro9 Yc7-flm Hndrtoar

Flnc-reldrtom rd + l-sh+hlclt-pobbb bdr

Thc G, Dreoele ocqtrt abart 220 ft abmc tfrr brrr of ttr

thngdrro fornatlon;lt !t qulta dtatlnct fton tbo tulfc-l urlf ludra

mbbLa r,htch oc.ottr absvc * beilou. fho Frrcela lr oporc'll of

angufrr ft.agpltr of Crry111ohr i-l |ash lone ln a ntrlr of rrrlr
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ftl. rrd. At trtebnotellra $tman e n!,nr-fnoh-tht6&'b.al of Euf*

grqf elltilogl ocGup; rlthrn tba trc6lt. iler tbe t{rlf1ailn

Fr&lt t11 fatlrpsf^srehc $trsen (gta rd. 13m24), th. b'|odr ffir

trtnr 6-tnetr-long angular gre3rrm*ke fragrctl'

?be G, brceela la rcveaty *l-thlet ln Habsotftka $trmq lt
lt'l-

t a*"d* tblak ct otaoguc strcan, snd afilt'R. trrar 11

Fetupalerrbr 9trcen.

Ul'Efur
lfltb tbe sorptlon of tbr tcraeo erardrr tho forutlca l,|

thr ymnfot v!.thla tho nppd 3rG. It tr tboqlt tbrt tf.

grrrol rrjr. drpodtrd r thr trnnr llsrstrl-nr lBtq ffifr*o

LrtG, th5.1 Ea e cbryt fra r prlod U*'il?\tgr tbt dqorltllc

of crdtsrrtl to ono of *ndnn of thc pcrfaurfy drporttd milrtl.

thla idt bca6 es1ld ropb;c t$agt"bf Yrlb ($6fe). tbl| ttl

pobabf,y oeeurrcd at about the tluc thnt thc h&|tct $tefi|rl n rt

rbort Z'O0O ft rlel fq'd. Crrcvdl dqorlt d b'mtb tb nEdel)L"t. olr
8rurfrlr rrll lllcly to havr bGcn t[ slrtfrr *crr'dlr t't 

'tb 
q

Coagfolerte, ald uould prcaunbly bevr be$ ettrttn*d to tlilr
;p "! lL. srbcl'

It :y bf that rbout 1,OOO-1!OO fb of tflrorrittoo htt\bfo rnrrl

Uy @ oo116.
O, r.../

Th. fortettoa 1r rrch frnltdt ,utblc[rcrc gtr

;;e*;*t fjgIt blocLs. At lta nxtm dcvrloprt, rt Trlnl Strn,
\

It, tr at rocrt Ircoo ft thrcLP Jt b rt r;1d c5o {t thl* 111

otrnger strtl.

l
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FoLIcr Aryftnts W D.J. Itclntyzre

Pollmr flogl, a rsetlon at liahact€tla Btrera

Iab, mnhs

L. ?F,rfr

L. &57

L' 23?z

L. fi55

L. *51

t, t3lr2

fopsl.l locallty Xo.

1c9?

1098

10s

1096

1W5

gtrrt{rryhfc porttlu

)

l 
o, Gorslorcrsr

A? srmdr

A, Con8lxltr
)
)
)\I108 )

Iosstl rocdttr 1029r Tbo dod,nrat polilo typr ts &lbif||ft
ftrto{ roup (probobl"v Ii,. &rttncs&d' @rliltu lrnglln Ufdlllf
ly,ana SnlDqr 11llhU d€dbatr ua rlndentrad IFlroeirdrr,
IHcXgo&l. .@tggff, ad lgt[&g g1|11ll .r€ Gryo Otbr
tlpu prcot tncludc eodqoar?ue rp.r lfg|fn @ EEbf,
hlmm{daccrr, Ffrylrllrtbur, ln[Cfl, frqt3fT} agt ggpggg. gmg+l

of tlr ]anf rrroe Do'tt trfg!&ofe+s @ rd [. .engll11;,
bfpql graup erl pranrt tn l lt drt.

vrsstrtloa tr typlcd lffhlrnrf (aroU) forert ht sttU rprrtly
e llttlc EFo varlatlon thn la tha r*bm rrrybr tbor tMr lrstlu,

The cllmtc Hr^B prohebly a llttlo oolr tbsa tbo pre-rfr'o-r.
coguzbl. "tt*^il*rfr locallti es 1098 ard loro then vtth fortl
10ca-11t1ee lffi aq 1096. rbr bcrdcr &f&rlE|l@ rd
[. aramnltler al"o lrobably remantr ef a rlcbr vqrtrtlon rd fi
$rcb anlt nabcer ald rsroclekd slth cooler olcret7 do Ft Idfntr
e ellnte eq7 ueirrcr thn th..t lnulcrtad bf the bult of tbr pollc
f,lorr tD tbtr 3rqrlc.



I

lr

t,2.

Fmrrl_looellty l@!r Prectloellt no fl.orr. A l:lttb
llethafqgHl gES ;l.'oqF. PnCpqguqt. rnllo tru, hd.U
ad tma fcttt, FCtnnttpr !1gf&$ alro frrrrct. It |'r

d'* ]lt cl';'ul'c 'sqrdtfftmlt to^drey rry drflnltc allntle lnfcoffirht},portlblt
fLrl "l )[.rtrllar to-prccd dq1r.

To{!I foqlttur 1096t Donlnmt pollo typ. fr lgthlfn
f\il.r froup (probaflf [. $uSl). Rrrr Ppdpcefpap+pc, EIE;[14
BIfEffo @d$tr;1 (hrnl.nrqo, ead fru. Cfaqnpfr lMrt.
f,rrr trrUrr ef rn rxttrct apcotro, @!18fl.

& la reryIc fO9? thr ycgdetlon eomlntod of bracb forrt {-}- q**

eloro to polrS of dqoaltlon. ltcrc tnn1qg 
,rtn 

tttr
of dopcltloa. Cllntr lailE 8E tn 1W end abl'.tsr #t#*st&f

EQertl localit'r l0tr A pollca florr baricrllf rlnllle.r to tlrt
sf 10982 tttt l* oonaldcably rldr 18 totel uurbcr of gralue rni

spralcr. Co-donlnant po}ldr typce ore Sq$ofaps ,flnaf,goq
(potab(v L. lrgggilld rd gg4sstlra ( EfilEIs and !1gsf,lg) .

W and l6nlgg13 aonnon. f,o ortlnat opcctcr rcm rnd

veqf frr@ o'tber thm @ pnsot. I llttl.r
!n[,h&gf nf&f;lf preeut. Oihor typca lnc].tdc G{rr$lf,.*tt'

uFberr{ra$t EohrFF, [gh, gFphr"rtF, @ !gw.
tro.$Ill[ll'

Cltnt end vogatatlon apparxrtlg ratber elntler to tbat

lafartd for l0g8r but rlebp F,ollen flora ln 1O3O pnobaDf,y Ladtrrtr
brttc Brcerrutlon eontltlom atd p+rhapt a rtcbr vrgrtettoa

olortrc to t&c Fofnt of depoaltton.



tt.

Fmrll loodltt ICDGI tllr rrryIc outrllr e pollo f,lone uhf&

aortrfn fir rpclcr. Tlu donluart pol[r typt lr of etb&C
StlS |rtup (pobrbly f,. 8lS), Follo of 0o+orrtnr fr rHrd
aad tnrt of gnrlnll ud@M& Srrgglrd
Conrqr+ oornn. Ftem Fh,vlrocl.r4rl rp, Ilgl&B lfffif$ tfD.

ad l&oChcf,re+ql f111f3trrj, uo frrctrt. Ao*brr M *
try utLnot qpclr nrr tr.r. V*trr frr othr FoIIG t1r rtr
Ho.bilDr.

fh FoU.u urdlegr lsloatcr thit thc allntr nr soolc tff
thrt of th. pmrnt dry .d pomlhly r'fin rllCbtlV ffiG.

Tq$rtlon pohbly nln1y brd fomrt uttb rrcf otr lrrfg|tlhf-
D

ecrrb (?gf+J& Sg6[n, !rut31]d aad urootat d 5rirro
G:btrrobagtlu od $n:gfgsr probebfy oatnrrrd fD drry rrl rbm'.

rodtrrat dWrttrd. GglEnn rruoalrtrd *tlth !qb. @&ff
ecub pqobrbily olorc to po!.at of dryortttGo t]B bc.6 frr'd.

Foull loorllty t0glr ttr €orfrot poilm tlrylr epart fnor

Cyathal 1r &lbffgr 8IS troup (?[. fm6ld ' Spoar of

h$b m$rb$ end !.. dlllhb arc ctEsly ahmdrut. I ft
L

mrlctr fran tptrf. prrut but v*7 lttth tll.. gon ftj1ffn
rrtlsdblrpr" Rerr @ xolih.rrg nrfiff ud !391;f1tr.
Ho atfncil rpcel.el.

Gltntc pomlbLV rllgmly ooolr thm prcrut or lhdl,ar. RrtbG

tlntlrr to elrylcc 1098 and 1O3O hrt parbipa tllg!ilfy Ertrl
porlbly brcaun of lona a.ltltrdc. Vrgptrtloo onrlrrtd of ba.&

forut ntth abmdant $nl'[* probab\y ncu rrgtnrr rd til fcart

lhnrbr ad b$br, Problbly dryodtd only a rbrt dlrtrncr fbol



Eold af orfgI.a, tdgfng by ebocaeo of loat demrtr mth ar

$mntqqFr erd $6gOt.
$0 of thc npler fron lriaheotctha $troen ts atret cctaUfy

fc lbu*a altl port, l{eltotena.

In mrrnr':Fr t'bc potha florac arl hdtletc tyjloal bilob

forugt trttbout reeh flora rllverelty, uhtehn tueh a^a tt 18r 1r ot

asroelatlons neerby, hut not '' art of tho forest. ?hcae varletloar

probably dcpard largely on espac0, tnrt posstbly alpo on o1!3[t

cllntc varlatlono (ratntaf.f, rrlxd??). sllg,bt fluc&rratlonr of

altntr oGcurrcd dur'lng dopoaltl.oa of thla group. Tho el!-str

ra! at first oool, nrnrDg rfkhtly to b€ eln .lar to prrct drgrt

t*rffi oool|ag agattr to r elmilar tc4craturc uhld occnrrrd rt rtrrt of

pclod rrpcratrd. Ycartat!.on probcbly of clluu t5ryer beaG

fmert, of, a nontsnc or low lorl,rne tyT,e, vtth llttlo @
ard tho fecct uy srGa herc bcen at or cJosc to thc uppc rltttnaltnl

l!.dt of forcrt.?? Frregt altltrde of tbc rGa 1r of ordc of

1p00-1F00 ft,, tn+t t&o rqrtatloa of tho oole pberu ny hrr bc

r t5rpr rrpcrrdlns W to ?000 fb htshc todrry. I,iottld only D.cal

r"Ga;r of 1-2 degreel dlff'ram to r&lar thb.

$ Coaglorunrtr
(t0ff cllmtr i! fcuS or rltfltfv
( coolc
(
(to9g 6untf B1lrbt^ly ooola tbea

$ Arcccla

prrct
Cltnt uBrrqr tlur 1098'

C1tmte eo Frosat on all$tU
tfirLf,r

CLlntr glrilrr to Prrat drgr

Clfntc colc thntr nrrrcil

['l?V
Tt

c*irtr

fl

to30

( to96
(
(
(met
(
(rcep

O? Coaglorcrte



?',r.

Csdtllgnr of D+orltlAU

Thr obtrl.cr uxt tr#t of thc G, cmglouratr Hff troapartd
by rtrmnrr norrllg cantnerdr od of t"he rcrrarua Faryot& dgorttd
ln the fault .'trc bud.d |g th. wt tv th. tJcl.lrrytfi frultr

lhc G* Sedats nr drporltrd ln a los l#ry elrn uhffif rtrs
Eradrfutr $Ec los. At ttrcr tbo rrcc npportrd trecr. lrte
tfrca oaly urrlvr onglormrtr tre dqorttrd Smdlotr qnd rtrrr
volocltler ny bve h brgher, pchapr dur to t}r rrpld drrrttoa
of the Trr:ann Hodntal.E.

Yoleallc cllorlone la the Rotorr..r{cupo arc mrrd ptrfcmr
eft baar to ba drpocra.o]hid#*wed roalrrv, orpo€rrrfy te th.

,/

Cg fiandaton..

It tt pnobrhlq that thc dhttnctlv. G9 Br*cle o$.r ttr orljir
to ffi oltmtlc f,luctuatistrs. ferbapa afbor ea ertmrlvc patcd

of frost rbattcrfgr at tbo tlrr of e glcol^atloa tho rlopo of th.
To,nrue Fforutstae uffc Dntlcd ulth a thlct sovc of ea6ular drtrltut.
lJlth a retura to rrrucr tdtc oltntc tbe eagufar fregratrr uGl
rprcd astrnrdr bryod tbr UcUtngtoo Fault ar e rhG.t-Ith brd of

hrccola.

.[cf and Gorr+l^attE

Thc forutloo ovrllor tbc lone iltd t'ltd=rur*rrro toterrr,mt

Forration rrtth opparurt eonforntty, It la tllt€d to t&o lrrro stat
at the toteruntl Fsm'tlon rinrl tlrrr l"{nrJno ficndltono. thr Bauurr

Tc'raoec aro at,llll horlaontal. qfuleh tnrtleatca tbat thcrs $ar r
falr\y lmg partod mt raprcaontodt bf atreta ahelng rrhloh tht ttltb3





TIRITEA TONUTI$X

[eq eql $U]dtvrrlon

The forrat!,m .n"r s6ial by nle (l9t9) aftcr Tlrlta Strnr

E't+? Prlmston l{orth. hrlourly tho forntlon hrd h.a rppd
ar tbc otolrt sandston F 0ltvo ( tglg) .

tbo forretlo la apt arbdl.vldrd.

DrctrrhilroF rd Strqttarrdrra Fdrtreln

tbo dtrtrlbutloo of, t'b Ttrltr Fontlea lr rrt#tdd to r nll rar
l^a tb strrr -tltt-fGt octno of tzbc EDDcd rrrl soutf-rrt of

?oLorru.

tt t'bt nrfcor thr ooutrcil of thr Tfrttr Pomtlm rt tb
Tararrte Porntlo lr dod-utcd by a rcte of ttrrl1lt llld trdff
dttc wth cnd mth rart ritcD ur thought to bo fmftrlmr ltSrrrr 5.).

It !t lst clur tf tbor pmrud faultr lrerc bos eotlvr rlm thr

dcpoattlon of thr llrtta Fontlo on rct, hrt tico 1r m rrldnt1
of ycly rroent Evcefr. ffirrfrcr Ollve (tg18 p.t) oartdcrt
tnit tb. ba!. of thr gbehl sr''drtoD. Er ddtnsatcd !y a grrrrl
nqulfc. Ioftt rnd the tokaubrc Arh (aoc Cordr 1964) orcl|r tb.
tlrltc Pornatl,oar and dcporttlm lr oonrldcr.d to hvr lrrFlt
ocpcd et a ttn vbo thr lrad rrr llftrd oboyo bcrr-byd, rrnd

rtra,F dlascotlon lni.tlrtd.
l.oilh of tho Dappd ar6 hld ( tg59) eorltdrd t'bd th. Ttdtr

Ibmttoq ovcllrt tbe Castlecttffhn Etrtc.

Ftrth rnd l'eldnryc (1943) eonrtded 'tthr ot*l bdr rloj thr

tnct frcut of thc Tnarrrl Rer€u to b. port-frultfl; la rgrr. BtGh



(0ttlp.lt) borcvu, found tbit tho rtl Tre& rd fttrilt F|If

ffilt , Fr d5lt and ta nllcr Eth rrt of TokormrCtr$rot

thr tlrttr Dorntlu (0trLl rur) I tldlatlng ror. frtrlttal dm
thdeorltlm.ffi.

lemril
ID ter rmcdt Enttht fiorutln tr br{.routall

Dy rlvcr q-r atrcar glvfrs a rel!.rt qbloo ft.

3ol1 rd -Foilff 8ollr rlth ror llgb-flV
mh hor|:lml, lrcla6l* th lokattttrG trh-

Blur*3rg rndrtouf

GrrYd nndy at bur
Obrowrd

Lf#t' blu>grry araSr. rlltrtmo
Grevd rlth rorcdy lcnsos

I.lglf blu*grry oarbornocur rltty-+trqy

0braurcd

Sub+odrd grrrrl

Sandrtonc, prlrt com-Srddod

S&Hr
oltvc (l%8,p.!) rccordod the tilll log of thr buc

bt flr*froa rnd Rarnlrson ct Tokorutr.

tt, tr Alarctd
Brypfimt rl'1

l!.riltd to r dorrd trr* rt grld nf,01tt89 (rrr r|lnr II) .d *
e flr rnlf JtFcrD.

A rrsttm et thl dorrd tnct atal.nl-
fG.t

n
5

1'

n
5

10

4

10

n
10
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10O blg bou.ldct (tofonrtr nornt allwtru)

3r1 Qnl€karnd tl

,7 'r'"p. t I
f 0tahl Foruatlo

17 srDd I
n *rq.' )
I Grrvrl berrrl fea 5navrlt

Ths rrttou at lrtd rrf,015t8t oscrry topographfor,fft rd
prltnblV rtretlgraphfcrfly ebwc thc lqtrGfl prrtntd !r th.
Prrttmrl-Funrrru boreg tt 1r probebh tbst tt'hc Tlritfl F*>
rtto b at lgt 6t0 ft th!,cL at TohoErur

lse rl4 Conrlftroa

Ortrldt t&e npprd rroa Daar Tlrtts 0rcdTFtch (t959) fd
tbrt trp r0ongl"onrettill brdr €utd br tractd f,or rbod ttp dlc
elsqg tbc rtrltl elrt for about hrrf, a rllo dorn thr dlp. Ilsthc
nrtb mr l"rlrelto llonth at Anno Euh, Rloh oonrldrrd tbrt r
Qrytlq: trc brdr of roor3l.oE*'ot€n tlnllsr to thom rt tlrlter

pL-
GrcL ooourrd rborrt mc hrrd'"It$l hrsbc w lD th. rrqtnnm, t
rl4llftcd oqolltc rcc0lon bsad os thn ro*r drrorlbtd !r nloh

( tg$) at Tlrlter Grrdr and at Anrae Fark conrlrtr b drrymr.il
t\

lrcflrone3 o | '

Frt
fd,lor-grlf d.ltr taefdlng Aohcutar lrh

r 5 ft^qnd frnffmua aoftlrr 12 ft brlou top f0
hl,i' rr

Saldr enll rlltr rftb rotted p$blr W

t ncog!.mcrtrr trylu a tndna,tloa ubld lt .brfin, Rl&rr
toonglosrtri uc arrvcl bcdt.



290.

Dleconttnrouc bend of punteoou; blua-F{ry
rtlty rrd

Sradt ilorgl.onratrr

Lmm ;and, lotrffy rlpplr-nrkd apd crorl-brddd

icmtlcmrtr'

Srld yclfou brmal nmlvrr hurlng

cerbonotou r!lt, blur *il*t* Lenlntd

Obrqrd
ionglomrrtrr

SrDd rtul rtlt
Eoongfogetlt

lrrt

O-l

15_lO

la.lt
12

O-e

l0

100

t-20

le*tt
8-e0

Ehe gcct!.on tn thc nppcd erca (eru ref. 015189) dron geod

eon'elatton nlth the Bocluenc€ arrpoaed at Anas,c Park, t'ut ot tba

m,ppcd lroe lr tct$h tnrt of Tlrltea Creek a mrolatton lrttb tb
losc Firt of the corporlte sscillon ll perbapr Era ptobeblr"

Fteh (19fg) ensldered th6 Tlrltoa Formtloa (Otrff Forutlo)
rrr^s dcponlt;d eontcnporeneoualy vtth thr lleleonbe Coagfonlt r *1".

F-angaone Sandgtonc a$d the upper porttoa of tbc l{altua Conslmtr
of the llenuratu.

Thc rcaturd nrgtn of tbc foEutlon, locatd r rbort dlrtrmr

rilst of tbc Eppcd itrcl/ uaa coutdrrrd tf Te nurgr ($6a) to htf
bca cltf?Gd drrtag t"hc tbcrnal rurtnun of tbo lloloomc, ry AnO

yeafir @oo . Hbr

Gonf*mtloa of a pre-Ilol.ocrnr ttrG of drpoEltlon lr ttor frdto-

oarbon agr dctcmtnatl.onr by Fegur;on ad Rifbcr (fg:Z), Tbry



tl|ft 3& Ylcu f,octh-nor"theoatnards flos Srtd rd. O151t9,

Eifuffi forqpsd: Ttrttoe Formtloa trpd tn trr&.
htrt,ftn?fronnil ,Fn{ crrrtml AIIrrlu rd ToLorrru Bfif.



?9/2.

fdnd thot fonll uood ltor 120 ft brlov thr top of thr fiolrtlc rt
An*a hrk rndloetod thrt thc fomtlou thrrc ta Ec tb.[ t7r000

yrerl old.

f:fil|ng $gSS) ner rhorla thrt rtrm rlr fmtlor rd dlullu
oo4rfulng thc Fmahal GrouD ffio drposltrd durln3 Pt-Carth-
cll.fftrD - pra-lblomr tln , (tUe Errnare r8r) at t{angeud,.

Thnst art llsttd bclolil-

Iouagrlt Pepettl Allwlur

Irt. Johr Alluufin

Ilrdlffe.dttrtcd tllwlu
I'ouekal

GreW
I Fornu0lm

Errarsfdr Fe'rtlo*r

Oldtrt lrtca Forttlm

The dqrn of ttreen dlnrectton of thr frntlon rd dJo ttr
20 fL thtat llorrtl mU ed arh bdt GorG, tdtortc tihrt adl"*r-
r*loa 1r probab\y oldc thrs the Fepanrt Forratlon. It l^r oorrditr0
totatlvdy slth t&r Enarldr Fsnntloo.

9%ptt rom,et- Defprltt olr

Ft,et ( 1959) mttdp thnt dour-dlp ftor Aane Ferkl thr rrypc
ilomgLomettil brd brorhr up futo gravcil. benda r4arrtrd by hdr cf
cend and rtlt rdtfd ontrln thc mly naofoer!.Ir fo@dl ta thr

ltrttg forrtlon. Such a Oovrftfp feclaa ohanee offur** e*l- l<,\ r
NI

glaru+ls rtf uarrrlntone Le ffid ln tbc daqr borr boler rltetd
ton{E dlrtana,e rntt of thc fltrnt of the lorarua Range rfitlo trutcrnpr

of surnl rnd gfevrl rro fod neag ard etrthe rcagt nrgiln.



8.7'

Rlch fornd thrt |f out of tbe 1? mferofarrnal mnrplor pmltild

contEtnd forealntf*a, tndlcatlng nnrLRc eondttloagf of dQortttn

fe rld of tAr forut!.o, ollva (il48) rd Rlch (tgt9) rtro

ford tbct prrto of t'b. fomtlon had a scol &n n=de of orlgtnf

fdapr ril fut.
Rlgh found no crlatacc of dfffflg durllg ttrit* tlDr rhfoh

ld htn to courldc tbt thr rt.rtd-lire nr fucallV ffi dtrtrail

rilt ef tb ftout of tbo piqgr. It fr tlnst-M@r tblt dlftf

fretry:u rr:r hrfirlbrnfe.@ thrt of tbr ||d rd

grryrl otl tb. fomttm 1r ouafdcd to hem bos trrn*ctrf fltD

thr ag of dqorlttoa !!l' tD. Proto-Manrntu Rlttr.



at4.

nnmcE GntvEIs EtsE 0F mF. ?rFrRur iloumtlx8

Tlr.:rroc Creveb arc tubdt?td- ' jnt,o t,r,'rr , rr,:rls, ht€hJevel

rnd lou-l,.velt tbc l,J; .'^.ltilel h..r'reec {lBpoett lr vtqT rll ril

tt not sbofln on tho Ep.

ANH T,IIIEL TBMCS DI}OSIT

Eeuldcr of urll rcdd ercyrrrtrrrl-Z ft lrug/cop ot rdtb
'/

of l{rruaroa St"-"(t grtd !Gf, C4O12\et en cbvatlon of aDmt

f40O ft. thp gfrlrl fr t&mfkt to br a tlry tmnt of r hr#

t'c:raor d.porltS pchapr tihr f,fmc lcraq rrthc tbra ea

crtoap of thr t? constosrto of tb l,bstn s-rdJEona.

ICI{ I.EVEI TENNTCE CRTYEI.S

tb lor Lrral t'*trot grevala erc lqapft srrbdtvldd os Frytfogql[r,
.rd tba folloulng ntdtvlrtoas erc npprd Jrl ordr of taorrrll3 .att { 

f N
Allurfin

n*rruf ffrrYrfr

!'ukqh'l G'reYch

ftrtahlnl fcanb
Flrt Top Gravclr

Tm ulles mr+hrrtrt of Elrctahnn a tc:raor at o hf$a' rftrtlil
tba! th. nrromdlry aoutry 1r hcre Etd fl'et tc?, etr| tr drtptd
tbc tyTe arra of tho F:lrt Top Forntta (rn ttgg. t).

Tbo Ekctshras rnd ftrdcalnrl9arrll arr nncd ifBG. th edrh,
torruhtp ad thc lft*amrt Scttl.s.qilt, *sd t&ocr looallttr rn do
tbs typ. serr



?hc gnve1a aro bett dsvaloFed !.n th; +raat otntral Frrt of tbr

nppcd ars/at, the nargtru of tbc ltslskahtr lbngatalnota ad

eb$gnbao rlvons,

Thc fllat Top Gravrl lr largcly rrrtrtc0Gd to cn tr(E br-trru t$r

lhbkahl Rlver ard tlrc t{elltrUton Fault. ft tr brrt drrlopd oa

tl}rc rcrtb aidm of tbc ttgtahuna ard Hulrrul )rtrftt {LUryry T
alro oceul nut of thc }hngrbao Rlvsr st thrln.

Betwro Eketrhua and Hnkanrt th Eketahrnr Gratrl fr nll-ir"d'
oprd em bo'th slder of thr t{atekeht Rtvc. !'lrlt of thr rlva tt
occlr5 on both eldm of th! Eketehuna rnd hrlrnrt Xlrftt Tllh5n.

sorA
Sdrth of tha Ekrtelanr Htrflt Vrlloy aa f*^ ar f,rlprroro, t,hr ggaveb

ocour ar cap! m ton of tha hfgba hfU8e. Tbr Eldehre

trrrvela uc frtrly urtl-dlveloprd adJeatt to thr tltryrho Blvcl

olDccfa.lrJr nrr lhrtn. Ealt of tbr lhhrhht Rlrc lrolrtd rmrur3r

of thr gravel have bcar rppcd !n arcer adJaerut to rlver and err*r.
Tbt Huhrnlt Oreyelt have b..n npfnd dmS part of thc nr3lar of

all tb. rlvet rrii^ib* of the larg{c ecckr. Tbtt rre partlGul$\t
1

urtl drvrloped .t P, 
nergl.a 

:t 
O rtrns$efroba Rlvonl dotErtrrla

of krtrct'r Foedr"ffllff'1,fi*K*rl klvc dqlrtrrrn of lfthnt.

Pgtfi,4t

Tbc gravclr arc eoryorcd of rorndd cobbl.es rnd prbbl,c of rnLI

tduratrd grrtrn&r rrtrtd.r !,ilsrptlone ar€ rsrGl but anguf$ IIrF

nantr of lesonle burlt,, lndteat{ag a loca1 sotEGGr oostlt lrl tbr

Ekrtrhre Errvd ncer felprrorn, tlthou& tho grarelr rrt arniy,



?,96.

b.dr of 6end ars only rerely dwcloprd. Tbr gravdr em rldlrr

to onreli other 5n any oE€ qr6a/ leu'gcl.y beaauge they Fr ford {r|lr
durlng pertoda of asgradstton' Tb

mlrlmru alrc of the oobbler enrl pbblcr fotrd rrtitt*$hn lr urnltry

snellor thotr tbore foud t! tbe nearby rlvc brdl.

Rlvcg dratnl.ng thc GBrtcrD pcr''t of thc nppcil rrGt hm llttb

of thctr qtchmts dn grcytlr,G&r tttrla dcps161

adJroot to thcsr rtvcr *"t"r$jhr* O.tfr{al" prbblu qrr

rerclgr DrG t'ha rn t^ncb long,

In tbr ucrt, tho gravdr rypmceUfr ead poroua,^d F{r

rclattvrly good equifce. tlourcnly ra lron-pen ts drrelspcd at

brm of thr grevd dhc,. tt overllra roLattwfy fryarrebfr lsttlrt
rcdl.mtr.

?bc grovala tD the larngabao and tbo i,hfuelaht rlvta nlleyr

rrc umally t0-?j ft thtck. fha/rclrtlvelV ualfom tht6rn of

tffis lndtott* ths.t prlor to tnotOaorlttol €mf {lr|

rlvcr had sccvatrd trrood valloys and nct ln s tfiPmnf rtr||

of rturity.
At lbksrtkt, th. I{rftanuJ Crsrvel fr ?0 ft thl*r TUtr Efrrt

thlckness le clua to tlra follrndrlq wcntl:* AfLcr tbe dcpertttotl

of the Eketelnraa GrcvoJ the Hengaheo Flvc fl.oud coetrnrdr tbqfb
ttrc tfukontr! nlsflt valloy to lnelao tts ahsmelrqdsta to drntta
6fr fb(rltrleh fu only mm 40 fB abrrvr thr rlwatlm of t}r rlvl
bed at the g-reacnt tlr) , Thta obaruol rca baekfttld wttb

cabbles ond boutdc; to about atrnatton ?fi) fl durla! tbr pclndr

ftm tihr Frrfmftat rrrd l|t*anul nrrfaotr srr fond.



fi
$outD-cd of ltan*aaeftrie?ld ref. zz:rfe\gn?mleatr thft

tbr grevch bcacath the ltukamil grrfaee are at least 30 ft thl*'

frk +U er,stsn nargln of thlc loulylrg arear Tcttary strtta' Itr

apoerd elo4 tbr lhkakehL Flvcr, lndleatlng that hene the Sparrlr s. d

ao thloL.

Dtdtnctlvo rqd nolla, suolr aa doscrlb.d tg Orarrt'-Taylor (n!9)

do rot ovrltc ary of the grrvel formatlgDs r The deyth of locr

ov6gly[Ag thc grevcl ed t'be dcgf;3 of ueathslrrg of ttrc grarrlr

ofi?cr nlbJca0tvc ad Dt too dlrcrluJnatlng cltalr fc sreLatt.o

of tar.aor dqocttr. Tht Fgaturt Auhr fqlnd et oa.ly trc loclltlrrl

usut.il hvc bsen urrf\r1 for tmesr Gorrdatton tf ft nt#iiioa nldr

tprcad,ffi'
A Toloe4lp flh Egi et f,sahnr

Qtntrrerrfr erh bedr f,6nd ln the npprd rte erc rct'rict'd to

trp Lrobtrd localttlcr at lgatrnl, .fre*t llangurlrc'

ttar Ngaturl (erfd rct 391fr3)e a pucd,Gritrt ub4s1X .quGoa

11 rcra,lcd bt a 5O yar{ long srrt clong tbc f'rhl"atu*-ltttle rtr

Foagrroa lle,ln Hlgbury-, uhncre tt orrtr an e1lwtrl fttt. thl frn

1r mneldrrd t^o hevc beon forncd et thr ttm t tr th. }rfiGrhsi Crrvrl

uill deposited.

thr fm-tnob-thl* rrh brd dlmloly ovcrllcr e plrncd alrfrsr

of rrettotann tlppc t{*lrt sflt,stoB.L rct Tablr 23) It tr probrbh

tbrt, tlrr tolla' pnerllrably prwtourly wcat ebovc Urr lhhFt Stlt-

rtonc $116 romvod oitbr by aoll&otton at a tim pl'tor to th. ilh

falt"3 or altsnattv{y ths rotl uat rurclr.d b1r htr.h wtdl rrd
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d4octtcd olecnfirr. el loetr. The l8-tnqb-tbtoh bnot*altb ren-rer:ln

cllt ilhnoh ovrl to thr aah bed her ttrr rppsaroasc of bolrs rrrpa*rd

uppcr li'6,hrrl stltetoos and rcs prerunb\y dalvcd fron brsbc rrp thr
af lurr!,al fan.

Aa reh bed pnenlncit to bc tb tol"ut"rlfft:ffit*un tb.
Ft&cnttsl. Orsrel lrrr llengrnatrc (grld rcf 219132) (pcr Fl, Dr l*nB.

ttathenr),

The rnlrfaeg! s"rlyfDg thc tmaoe gravd! tflrc fol:rd et t&r

ctflBlntl'on of the aggradatton phecca +ad brvo bcrn eorrd.rtd uftb
latc {ltutanary rurfaoo; rt l)tnrwlrke cd goutbll thlrerapr (rr
?ablo t ) . The rrrl,eenls rah rt Xgrturl cen be onrtatcd rrtth e

lete tluatarury wilcEfe rrh fqS tD th }hnrntu, rrr et hqgrror
urlltngta,E. In tlre rppcd arn, thr erb hcr ret boo fod oa tbr
hLrnlt Strfrerl tfrlch u paoalnbly fornrd rfbc tb; ub-f4lr.

Cordo ( tg64), hcr rhorm tbat tbr ^{plO t_Ellr-tb!,e.L-rgolltfo

Aoleuter frthh {rb (scc tahlo 8), occrrg GrnF a& of tht
"lltthutntur oa^tc:racr oXdor thsn thc aggndrttonrl ohrter Ta.re,lrl

and ls ovrletn by Locl. Tho ad ovorllel rcllftur6loa doporltr
tD th tlort'bora tasrnra tbuntelna. I pctod of foruttoa drctry
s l,ets *T 

lt * lar€ Glactat cpooh te lndloatrd. Cqr!,e ahornd

bt feopacumHthc arb nr
dcrlvrd frou thc Fatorubtoupa arcq,, mtha than flor ltt EgEr$,

To Prnrge ($63) deasrtbqd en Aeh-Ioeta scqucnoc Dstr l{olllngtou at
t'hngeroa (lcl Table 23)_ . ?hc arh !"s sld,lar ln cocyocltton t tbr
Aoltutor ratrl hil ir mrcrr throkc(9 Irchra) than tbc u^rhea rt
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loLltsc aad Sgntwl. Ec Hmga mnat-daeil that thr t?-l.uctb-

thtok yallou&otn olny fomd belon tbe aob ifrr prcbably e

eoltfihlrtel depos!.t, *S*" overryug ntsJ.rl fi* loar, Ib
tbr stEtttgrFblo pocltlolof tie tbcs rftec rt lhnfrru ad

loksrtcc rnd f,ptlrl are ldutlcet. ft lr fcribb tht thc

gratc ub tbtdmaar at lhngrroa uy b dE to slc edn|xbr
of nrhrd antala.l .



CU{ME IT

glRUgfuRs

@
Ths rtructrm of the neppod a$s la dou{.netcl tf nry pcre[rf

noffi trodfng aotlvr feultap rrtul of t&loh bevr lrr3|
A

Litc Qrnt rBrU duira"l cnqnndsr tho othcr by bferrnm trt
c-ongldesd tD bc baa!.ca,fry dctrsl alto.Astlvr feultr arl nrt GoENr

LB tho routb tben tn thg rprtA. ln crccptt"m le tbo ljdffnf!'fr

lault ftlob lr eetlrr along ltr st'lrc traoe |l thc nppd rrr
(ree l,enacn 195S). BeOffi thc neJo norr{lbrsrthcrt, trdfrg frdtr
thc ttp'pc Tctla4T-Fletstos@G gtratr aro tllt.d t€ tlho rethlst
at 10 to F drgreer. 0ppa tar{tery strrte era tbtbc dlslo'ratrt

trt cro6a frrrtta. Llitihln the fault b.lo*rr foildr rrr? fn td
{a,.- \l'. lyucn- al

fron Dqrallol to about 20 dcpeco rdstr the leJar feultel tyneJ.tan|

rri Fr. oomn tbrr errtteltncs tut urlthor ctrn$t for reo tbrl 
I

/l
a fw uller. hhso tbe njor aortb*orthmst trod!.ag frnltr alr

eloooly lpeca{, tlro atrats betucsl thm eoUtlua dlp rtocff.f

cxretrerd e . ) X Te"rc nrrry stsarry@np*t*Fttt"t
ar. oonsldGrtd to t:c fnultl+replnotrrg-fold-ltnbat
\l

Tb"6"u of aeryuetrXcel fatoted fofds.

ffi.u.
1*- 

Tbe otctrc{we of the ruappcd srea ls lllustrated bl a et ro*u$,

66!su Erp, o{r** c,noes pccrbtorre. .?!ilf,tn"rot r*f contoum 
/

erye drarnn at tb,ee tetrrure,,te harlzons M t r" il;y du Lt
ovelap.
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focth of tbs Sh.Gt Dlrtrlc{r at ttennsrlrt;rAhe ;tnrcturc

npprd by ttlltc (19ff) end Ktnsn (19f'2) la h.oorllt rlrLlar to tht
of thr nprprd uor, South-sar.rtliuq;t tho nJor frtrltt rtrt tbailtt
to ooa!.oscr tnto thc yldc lpcerl aos{h{$-t'rmdtry }{erlbougb

ferlltr of $rggat (1963). Frrrtlc routnhrmrrCr tbr ltarlbaorUb
t

faultr oq.lcor vltb ttbr datrel Alptre Farrltr Fchpr ttr nrt
tryrta*, fault tn Esy Zalrd, Iho Alplne frultr th. Dhrlbarcfb

f,aultr rnd th. Hppod tr.r a.lt lh uttbt! thr mO dtr rldr ettlvr

bdt of Scrl Ucalad uLlcb lJrllnn (19lf) oaffrA tho trerrelrrrcgt

feult rol. of f,r SrrLrd( rcc rfgurr gJ. fb farlt slt lr pst

of thr Ctrsur-FaclJlo nblle Edt. l,tcllnn fould tkt wl,ermo
j"l-

ard norrel faultr ll.r antrtdo t'bo tramanrnrtt fetflt ffir 
^ 

tdenm

(1966) buwa, dlrcovcrd a annll bar&ltta d|lrtrsrf rfilch b rt
olda thrrr ntddh tiuetcuryr on thq art brnk of thr Olmqy Rtvrrr

a* rn ttYt 
(nmr tihe alpta; Fault)riioutrt Hehon .Dell iurv{, lt Irr,"uvfttL Lo\<

Thc atrtrc'ttFe of tlre nppsd *o/nnd nrob of th. rrt ooilt of

tibc ll6'tb Irfagrcrrnbla part of tho rnooh fatflt tyttr of Cdp

lforatr. Tbc drgrer of rcrcablaner ls clolrlit Ln rrcr rfr,l'c tha

brp mrth-wut trdrng fautt, fi|*'"mg swearuc& er trhr

San An&crs Fault Zone frou $oledad Faat to CeJon Par| Caflfd]lta

nppod by Nohl. (a {faUa 19t41 . Patt of l{oblcf r rP ertr!.rl

onott frultr fonrtng a h*rlngbont pattcrn gucrlly pofatfq

nodhrmAt3 hcr-.tr.g to",e {.".* pll'e.'..1 u.fu-}-iit poir^l-;n Sor*r,rcs{- occ,rr rr\

$ovt.?l 1a'rs 
ylfa.h^h-Fpe/t a..eL h"+ naTetia(, .i tr^ b#n .fuo{rc *f *}.g

Knqo k^Kpllr,.,...f. jn i?. t(rlrf.u'.dr a$\.

It,



pt.

Le ge nd
Pleistoceme or Recent
trlo I c a n o I P i'?f:: its-.L "Fault --(Y:':'-- -'--
AlpineE
V/'h,t, Ck.E
Wanqamoa E TC
Waiiau E T(

T(
R

TC
TCI,la"rlhol"ough' Faults

SAwa,Ie ,e F
6 Clarence E
7 Kclerenou E TC'

-qffir TC
9 Porlcn Pass F TC

NoRn*

$

1\t",,"O{

5o l" lo.€ ,to

lcale cf iufih'

f i-q.3{}lap s)ror,. ing ncti-r,e frults. and,volcanaes active sinee Pieistocele-and rela-

rion ro ti'e circ.rnJPcl"ifi';;;fi;-b"1i-;T-;;;;"tially transcurtcnt frulting aud

strong folding.

After i'.'e']1man (192il o Sug€ate (1,963)
rgld Ad"amson (1 965) .

J

/ l"$
.$$

-\T-
$F- I
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Isl$r[l
ncarut dratnrsttvc certfuuekra uht& bad ryloutrcs lE er Dfirr

tbr rFprd rrr, ocqrtrd on ruguat ld 191+4 Jun ?4tb l9&tarr{

I{r!!b 5tb f934fud rqurt 5tb 19i Anelyrtr of ro!.mgrrpb

dete ty Bulle (1938) end llegcr (t943) glprr.t that tbc lteroh ttbr

t934 rd fugurt lrt 1912 rartbqtr*rr bd rplorrtrc rltbtn tbr gffi

Dtatrtgt. Tho ed.oatro of tb. Au{utt lrt 1912 rr{bqrub fr
tbugbt to hrvr b.a dons thr ilolcy Fatflt (rco_r$Ivltf o Lcte

t F qh"1
ttrnt*-aary tbultr) r hrt tt 1g aot krrem rdleh feul}\El edlvr draIsc

tho lleroh tth 19r+ orrthqudrr. **t* ($1-3b) fquil tbt ttr
Junc 24th 1912 ca*Aqurfc had an cptontro {7 alJ',a rcuth of tbc

npp.d lror nr thrtstoa et Isrrw\r. Bullso (1910) foud tbat

tbr rptoatnr of thr fugurt ttb 191? cartlqukr rlf a rhor{ dlrtenor

tdrthstt of tho nppd lf,GEr

nrr|ns tho crrthqualrr ohlmcye ffi rtr. bffiSt
dff! ird rcm btok tnrffdlr8t uFG dctrovcd. tblt no lorr of llfr

la1c l-toceumd rler romuhat for+ultottT ad rlJo
L-r,*', oD wor4,

duc to tba rtttlcl lntara.i:-S
Vcinq 

", 
Lk I" - '

hndrr+r trtthatand rn earth4nka bctts than brtck bouara tcLht

fl$rqg.tfre -,Hf stqrhA+

fhcrc hevo hscn ttrrec phaar of thc ettdy of tht rt'nrsturl of

the rappd erce end aarb.7 tr6r. Ia tb. flrrt fl-rtr, Hafiaf (1677

ad 1;q2b) and Ongl;y (193t) oonatdorrd foldr to hYr rljoE frytrt-

;rDGc. In thc acoond phara, Ongfcy (1943a)r Flr*b rsl Fddxtr

(fgal) errd ttlltc ($'n) nr,p.n nry rcftb'trt{htlt trsdirg trnltr.
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Ia tb thfrd phrrt ths dstrrl nrttrro of ths nJor fnul.tr uat

rmtnLtad by Lenaon (195?) ffiall (t#,a) flelne (196f) cd Tdlr
( ffier.u, 1963o) .

A gmlofle.t crors ccattur of the l""pper tart'tary ttrata Dter

Eatpermo t'y Eccttrr tllurtrattt* a raport by Hcf,ey (tml ,

lnitloato tbt Rcs,t€r thm#t' tbat tb. UFpc Tcttry rtu'etr to

ba eGilrtl1r foldod. ilcilr1rtr gat%lo rtrtch np rbmr n fefltr.
I q'otr rostLon at !.oalat, biargaulre and l.tptr bg l,tofify (lgt!)

rhmn ro feulb hrt orvcd jrlttcltE;l; ifir ryacff!... 013lry

(193t) oocldsd t&rt thrr nrr e broeat ffi tfcdlls

rmcflm et Eehlrtu, rd to t'b. ntt, thr tannr llrutelu
ncc !r0tof.lr.l. ffi. O4lc47 rar lF. tbat th. rtilGhul

nsrt tfi Bruo" *dithr uppe nnenhagn Rlva na oorylc rd tbrt

feultraagta^deprmrlmr outalnlng tiltcd rypc Tcthr" rtrrt'r

ero eoilra tbere. Oaglcy aotod that tbr Etctrhnr DlrttlG0

dtffcd fron mst part'r of ths oorut'y ln t'hat ffi-* 
)

oas-nd pro6romlv.tl$[,.,""*" fror tbo mtt.
oag1"ry (tg43a) attrlbutcd farrlt rcrrp. rloag thr llltritmp

!{rlwle l{Er"t'!,a/rd }ft Buttlcs P:Ed fsnlb to t'br $r5 rrtb4u}r.
Flr{h qd seldrryrr (tgef) 3,##rru*r rwaral Effif ntc aort'b.wt[

cant traadlns faultt th3n bad bco fruad by Oagfcy ($fl). tDry

obcs11rd thrt drag llolde uo offcn dervrlopd edtaest totbr :tal

ffi t.rmrltrs faultr. Ihnlr elre Eted ld fmtogpnrf
A

thr aagrrlar uneonforntty bduccr tlhr Tenr Sendrtmo .d tb. orcffff

t. @ raEC aerr t{erlrr et grtd rrf. 167133 (n tlrs'r 25).
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ltlllr (Dlf) npprd . f.HS. t5b* of fenltr at Duarvlrtr

"*o\..51 
z€'{ }\t- to1Po"i'o'nc* 'V }i"' li l/ r'

u* i*itsrr*$e$ . Ll1lh

(fgj9, p.pl) oonol.daed tbet tbr pnbclplr rtfrctruet elnratr of

thc Drnnrlrlr nnle -cRtl fror rrot to rrt|t t' ;

Ffbc srlnbfne Aatlcllarl

Thc hnawlrh Goapoottr $yaellnrl

The cruarfrero-u,emape Eault-bcltl " 3*1trd J$lGllsd ooplq

3;3 l{alpatl-kl Syncltnr and thr }'engattrn Frult llret

The l{hangal-Taaggtupara tatloltnrS

tho $kltlo Syacilnol od

The iorangrbru-I'ortrc. Antndfiil Gorylas

The fo,rr rcrt rrrtcly of thsr gtnnturGr r$r €orlttH.d FUtb-

urtr'lardr lnto tbe nppd tt'Glr

LU1lo nppod a uortb-ert t'ndlng frult tb'ougb t&r tora of
o -1-lloodrllf"l} ta eonrldrcd that tblr fault It th. wthrui ctriltoa

of thc lfurupPrllril fstrlt oorylrr*.

Insses (Uf6),^ Ltgtcd tbc latc Qrntclery dfrpbornutr dmg

tbe lrryortant dcrtral r{al-llngton Fault ubtoh trildr ffi
tl

;S?S" thc mppod lfca tton fiupal Etrcen to a Fotlt tn dlcr n|t

of }tartna.

Sarth of tlhe srntnl part of the Dppd rrterln tbc ltmlcrrtllr

Dtrtrlct, Urbc1l ($62), npptd thl r,tc rprtb-nor*thnfE tludl{

f'lfredton ad llrurlcrlllc farrltg' Ycl'l"r (19621) farud thrt tit
J jr;nfeultr hlipgg 0F Wffih at CarrLlglol. Thf Hrmforvfltr

Fau.lt rrEtende nortbrnrdn for oaly a nltrc ln tbc npprd errt !3



Nl.

il"''
la, trenmotod bf the Sartmlle Fnult. Fslt of tzbc !4arlrlervl1l.rn
hult,r Ottdf npcd thr !*.aagam,lroe synalbe ar fu rcuth ee tbr

Drrycr Fautt, nhlcb trenrcsta lt, ftlLift*at nortbnr{r ta tb.

arppd rra to bG cut off tf thr Hcstmllr Fault.

Fasi of ths Lutaeestlo of the Uaryanbr Synollno ard thr

Ilryce Faultp 0rbclt nppcd r o*th-"."t trffitlng fault, hmcln-n-
Dad th. Dbrttrl Feultr t&rt stodr north--ortnardr to b. tran*

ecrtri by tJn flfHtoa Frult,, ti nffcl nortd Grtt of Altlcdtol.

OrhlL tlnrght thrt tlrrro tlrc ttp north-eartvard tm.nf4 fanltf

ttr tht u+h-trrtarn prt of hlr nppcd !rG8o thrr pobrhh

flultt era Gortdccd to bo tbc soutr*f,ffit stgrator of tbr
A

Sntthr Llnr ad llrtrullr faultr.
$mtrh of thc nppd era. nru }ft Bruec, Vclla (tg6lalr nppcd

forn mrth-crt t'rrdl.lg faulte. Aa tnrrpp.d rflc-rddr bdt of

eutry oGdrrr brOurn tbr rrpprd arca and titrr arr npped tf
Valle, Tho frsltr crn fobebly bc oorrclatrd ar fsllonrr-

@ 196tu

*dtfro
Bnor

to l,lrfia

Iht.c Erlr|ttu

fe&aroro - hllrr nod

PlecHllo

Ihrtnllr
Vella (t*et) oonrldccd tbet the ntc faulh vlthh tir

rppod rrr, err tftr tlrLllngton, Tc tfi,ra, l{aurlcrvllh eEd ltflritil
frultr.

Hclnr (tg6t), thougbt tbat tbr llct lletrarepa (rf*ratoa)

Fanlt ns tbr mst fnprytast farrlt |rr th. loutbo;a Frr:t of th
nolth Irhd. Bo attrnptd to rrlrtc trlrr ttrondfa,I conrldcetlcr
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ft faEurd by lioodt BtIl (1956)rto trctonie fnturc f,nnd iD tb
8firtb Hrlffiglcn Droyi^tcf.

Ad,D. (|96a) ndr r FlaDnlesenar FrtttFrlt'a' rurvry of

crtral-rcrthsu4lelrenprl hlr icr,td,.l 
gravlty rmnly np

ffitelard trp mrth-nodfirut & ebngatrd loril ubtd
 A

hve ootrr at t{artcton rDd Pahlatu. Ei nrygcrtrd tbat th. trc
Lo4

LortsrEil oasr bGGa rdtaout to om h*, tr+r-rrn+. bco

lhtftrd epert about 40 rltcrp. along t'be llnr of tha tlrrt hhtrrrrpr

(rUt*ton) rauft. xrlt&cr [rtlrr: Krglonl hoSG {ronly rp
aor htr Rertdur-L Gmvfty fnonly np !.dlcte tic dtrporlttoa of tb.

ulor t tr.rdlng fonttt (rAfO of0a hare appcrot

vtttoal thrn of rqr tharrards of fcdt); or follov thc prttea

ef tho Strrsttntl 6@tour lhD, Tbr apparmt thlot rqu.no. of bdr
at Prhtrtua nltg.rt{d ty tbc lon on Hrlmf r &ut&nl ftzr|lt mI7
lhp rrv nUl br eroot, tnt th thtdcamr of t*-ttert rtrata *?__
tr ultbdy to b. nrilr fratcr tbrl tbat on t&r &rdEcou rldr of

tb. Alfrcdton frnlt nar Alflcdton yhlcb on Erlarf I FcrtdEI trrwitl
.laonfyHrpfiehl{b.

ID tr,Z.H.$. ll.t54(Pongero+ 0fl*frn (t96t) npprd tho wth'crt
tr$dltrg uaagrtttl Pault fror naar Frulernl (erId rcf, ,rffir6) to nrsr

Poagrori ftUf" farilt tr thffittt to h thr nortlr-irtrprd ctorlos
of thc Ssundcr timd Frrilt.

th. 1r 25O'O0O gbo€t (naangrfdrc) Crcolosloal np co4ttri ty
[lrrgn (962) rbmn thrt {ftc Rongonl Fault 1r oontlnmr wt[
of I|.2.M.S.X.1J9. It trcnde aorth-nor{hrart ono nlle nrt of
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F,.4O S,ap sncwlne rnai2r loullr af :hc FrorE?d. otdrarfarcar. m'tly
ol!c- Cnglcy illi), -rliis ltrsf), vallo ltlolc), a'rd <idarrra (:ere) si('*t)
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Plhtsius to th. l{rrArtetrcka Rlvrr, tbmc qtryt'ct of r db alffi,

;trcr of lta mnfilumar vfth tho l6akur!. Rlve .

Yalla (tg62b) fgrsd t!?at the Ucrt ltctranpe hElt blfirnt'o at

Ce*rfagton ttto tlho llttdta! and l{ernlcrrlllr feultr (mr ftwr

4O). The l\thdtor Fault bendn f-ato r r$a of furltr ltl thr

Ht l{arebant id Ha}lrct rrq( tbrt rrG e rdhaa utsloa of tbt

Irrlortaut Hangrtoro Flrrlt. Tb. feult rfhlob [f!gs (|96a) mrfird
to bc th Uofnrapa fauftl 1r thc wthrn ettanl€n of tb. [rttfir
Sctroot*Auppa noed farflt cerplc. f,l^Dgra fiod tbrt thtt flnlt

]",roqrlcr ll oontlnloti^lon 40 ntlor aorthnrdr to e pold 2 dbr
usrt of Takrpau,

DHTTII$ OT SBUCTTIFE

@
lfio* of thl neJc fatiltr of tbr npprdrad arrby tr(nr/ tEcd

nort&rao,rthnJbr I flrr t'rud drn nortfr (lro Ftgur 4O).

fb mrt lryortrd fanltt of thc nppcd arcr lncldo tb tfdlp

Irytont ltw'r4 Rorp&oLeho; Roa3orll nrrtrtrlfuS Hhdcltlbl

tlf]efito3 &S*md*r Bmd. fUrkcuftr hevr 1d3 traoc ed
rI\

appanart vctlod tbon of ;ronl thseair of fctr rd en

onrtdard to b. DDc luFortant tban tbc othtr ffi tEOdF

lng frultr. To thr mutb of thc nppod ara t$r ltrurtorrlll.r

falrlt haf bco oonrtdarrd fryortc* by roffr (1962b) ed Orbdl

(!}62) hrt' tt 6rtailr lor only a dfu b1gnor! tho rogthlr rrdr
of t$r Sh.d Dlrtrtct. Tb. reJc fatfltc rontlra trrnob tetc

trp g tbmc clocrly rprcoi! feultr, for -lclryb thc ffi
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ttan6rfra lanlt oplor Darjr lhngrdrc.
Otb fryortart' njc frnltr, t-na1da the Eart .qi tJd

Telhol tho Tariltrran oorylxt trhe Taurtag the Srtro*{;
rnd llbr l{ahrl Fbult o4lcr 

___{,

Tb. tsrt f.4ortrtil, {wtnmthsrtl
splry fbultri trhcf dtvctt tha the r,te nrtF^rrt*rt -trdIll

f,urltl rt tO to 30 dWor. th/cpparmi vatlclf ftretr d
tft#*tr t, Crctcrt mrr thelr trncttonr utth tbr nfor
Dorthnut{att tmndlag feulk and docan; erry fboD th.n'ild-
h. Distally thr fsultr rc of,to olorrd ty e ;ortltr fult,

In tb€ Sffith thlranpr rrrml rnrkerr hrvr fowd flrp rrolt
datral €oilporstr alq thr uJor aortbxnt{}F t trdllj fultr.
tbc prt couvlrctng rv!.eorgc ls tho f,tt€bt of off;ct lst'r

Srtruf tfttc$ tfitch ril! pry ?tr.$tvr\y dl"rpxaood tf ttht

ltrt thtra,rrpe ltuult' at ttr |falob.inr Rlvs (pmo1@tr lrb IsrG).
VGIfa ($6lo) enrldand t&st thus hil bm r 4oo ft drtrel GEToDD

mt almg th aotlvr AllHton ard lbwlocrlJ-l.r faultl rtncr ttr
fcrutton of tihe t{alotlrrr Srrfooa (pnobabff rgutTLld to tbr

Sr&eauf $urtlor of thlr t'ct'). H. al.rc thgbt t&rt tbtr hrd

b.G e dstral offid of lr500 ft afoog tbr llarrlervlltc Fel.t rlror
tbr fornatlo of tbr Fuoa $lrfese (probrbly oqutyr,fat to t'br

Hlnm Srnfeer of thtr tat).
In tho nppei arG Lorn (tg5E) Oqm tbrt thGG Fa f.rtr

Sntcnary offrailr of absut 2OOfb along tbe ttrlllagto Frtrlt. Ib
otbc. qtc m&*nonttlnrt trodlrg frulta aro oly parGff dcltro.

etd bf rooat Fvmnt (roc rfgurr /*1). Prcvlour frlrltl.Bg nf br
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3f 3.

rrrrleatcd tr r trnsamut almg ths fault l$.r Errrtfrcr
thr ;'oeltlon of tho frrrlt prana rnr lrrforrrdt"otg*logt*l
nyplqg. Fetrlt' Ffrncr of, tbr north- mrtblaril trodtrry faultf

AA
Erc rrtfr\y upolsd, Tbrr rfitdr tnr'r foud rm ltrtd bdorl'-

frult Ioselltf or
grtd rrf.

Iacltnttoa of
feult Ffs.

1.la.11lngta'trn

cltff Rord

Tarnta

ll:erofitffi

tbrth !6hsl
9erderr f.ord

Ota.ugur $trcn

153990

Trtrn

4o-7r05

Ur$n

4tpa8

?Bo {b ntb-
rilt$

va4toel

Yrtfcsl
vctlo.r

Do rt 1l0o

rrflel
| 0bcwrtlo! w rbtb end rdryc (t943 D.t).

ylr",4l-''l|-
fbc besesof, tlro faulto erc * oommlrr rulh f,n hrtlur

aod
courtryl^ tho frrelt planct are tlrougffi to b. gnci,Ily ta'tlel
or olom to rctloal, Jm e*oryUlon tl trhr ttrkurl Frult Erth of
tbs illakurl, Gorgr $hld appeam to nsthrrct
et about F drgsilr

ifbre tlppr T€ttffirf roeka of tbo rarga lrrdnratlon arr ln
f,eult coutast ths fault ran€ la u eraily only aboub r grrtc
of an fnch *Ld"i ueyrond tha farrlt ffir ttrsrs ts oftfi lltth
dteturtlurao apart fron drag folds ad ltm fcrrltr. ln corytfo
oocurt D.u fcahtll Fbra et grtd rGf. ffin, rib:rc th. R., mdrtmr



tt4.

La ctro4lf drEorrd tr e 40-IFrtrilfu brlt cd of tb llt Don

Pault. Thlc loodtty tr alsro to et ehryt ohrngr |'a ttr*r ef

the lff Boueilt Fault.

tbr yctr-Gal trultrattfi Gf Elt of ttc frtrlt FlrH of thn

unlc fafltr, th. rHh of thr tlppa fdthrlr r Qurrtcnrf lbldrt

trd lAe plVrlogfiphlc cYldmcr dr i.ullortr thtthe,mtg htptb

nortbeEfb trlcd!.rtg faltg eru barfqlf;r rfrinshr elth Ltrllnt
th al-

(t966) hs mrtdrdO*lorq rtcelgbt faultr bru! r rtuorg

probabtllty of bc|ag sra$ tbfltr,r

QCUUq, fgr{tp
r 'nso :'r'rrltfi G€ffially tr*rd norttfcet bdtnm a palr of atc

rortl.-. lrtts ;st trrrdlrrg frrr:Itr. t{h{rra tht rujm llatrltt cc
uldely apaeel, erorc feults dayGfcl:d adJaoaert to m feult qf

F€Oar out arry llon the feult. ,l fe*r eroas faul.tr noar te Eer lln
lonlt -do ntrt cnnmi to efihc of ttrs rllJor Llf"Gftoa stid Ccdlc frill-

fa*f,*n u?rtoh boffirdt the foult tlock. hous faultt nry bc elt,br

It:^ r n{f, oi. eurrrgxl. CtEvBd faultr ars nof,a corr?on utrane tha ntc
norrtl -ltrtdlreast trmdlrrg faulta erc at least f* nllaa af,nr"t'g th

St4ci
€onc;vo Am of the urval f,r,ultc lmrnrjrrhl.v foee rnrth-cegtfllrtt.

*},r
The fnr'lt planoe of 66o6s feults rlsrc orr}y foffil ct^ttre b6f$ttt

llltcd treldlt-

6rld rrf. Incllnttn cf
feult plnr

sf

Vsttell

ertgr fault bctucon north
m+hrd ffilg fatlt

Scrtrcr R{rd }
ard ilglc )

S€qth l'h&rt )
rd ltrFt )

h?sffi

ts6tlt
I

I
I

I

I

I



thr fanlt plrncr nre tlmglt to bo gwrrlry cfolr to
fY*t" t - t\\-Li- ar th: f{t't of fantte'ere i#'lnei.l*rue lrr hlu mtr:r.

( utilth of the frlflt plam tt urnnt{y rborut a quarte of an tn&,r

thr rarae so tht of thr mrth-nnrt$ert fault;. Srrm*l of, th
atrott tbulta hve largo latr (.]lL.rtGEBr:f dlrpl^eacufits/ lnd,leetfti
pcrtapa, thot faultftrg oceurrcl along onG fault f,or pom ttr rftIff
otbc Grsrs faults bctvce r rtr of u{or rourto$loUttrr,fy
Itrrcttvr. Far aenpl" ("t$ra ref{aaor+ }argr lrt€ glgtGlilIr
dfrpfroout .sf ebnrt IO ftf hs^g dlve#bad tbe upp,on EttrDcs af tn

*olt,,^,^ Iho {|* 
'BEl'l rtreerelfd a dtrectton oyT€€ttc to trhlch t!!ry ban fwlmrfV

flord. Tb. tltrov * B* of tlhg aross faul.ta ts sbout lmf1"

I"r*jr .

tl!ek'r&srdJsLo-l&rrjsnEecLjast$lne

Detallr of the late firaternnry rllenf aesmrtt on tha urJon

nartb-nonthoort trcnd tng feulta ar:e llsbed tn ?a-bL e 4i lrt
lapor{ant nnrrtbnolthoa^ct trertllng aT'lay fnulta 

"rxt Jh e"rcr

faulte n.rs lletd lrr foble fr.
!{urh of the rrreesn"rrtd dlaplaoarrnta of tho l"ota ftatdarry

fnt:ltr 1* jlrr hl-Lt topograf,try; tha I'Grfod of fontetlm of thc

toiragre.l'lryr vr-lns !"rorn F.F youn g ee lLrno* nep rj'vca sd rtrcna
te rhorlt the tlrro of the formtlon of tho lukaftal gui'fro.

VertJr:cJ eo'-Ttnents of fnul.tlng rre gueelly rarcb Fre olrtm
thm rronch eonrr-oaonts, Tt* reseonf J'or ttrls *r t*{h*tog-lrg[il1

{equtlel
fnfnrenee Jlnhsrrto ntenrLrre r+te!'rch off,ecrts are ofben absgt.

q"l
It

I
I



3!6,

tho urytbqa c!.dr of tlu mjsr faults le wully m tfro

tbrtrra ri&, the trnc ra t*at tdlcrtd tf tho 0fr tcr'tlrry cu,,.(

# fratamry Strata.

Rroat dstnl fsufthg ls rctrtefid tot t;h ydflngtilr

rnd pNrt of t&r Rongont, rrt i{aBtrl frultrfUent mft) erd la
A'

tiho farmta rnd Alllrfitsr fauftaJamrt' lOO ft)(lr feEr f{)
d\, 

t'trg l\'\t 
' 

u / l-tt 'rltt *" 
_(U

Thr vdlq,l ooapffist of the qfor llrulta Ir umDy aU*/S tdh
of trh* bmlnutalr hrt th 

"dtbl 
@qpoilt of tfi. rrtlfrylm

hutt tr only one fort{* "t *. borlmrtel.

onff tbc EutT*rtmt Tetlo, auo/crd mrylau*o f$rltr

tnd rcrolo ta'raer fltgtts" Thc ta:raec cdgu of tfiG frlcmf

anat Ekstrh pfuflt rrlllryr sro not otrl,ously offld ct thr

faultr. the tcrraor dgpe rrr ltretglt and cc Cood ovtdcr

to prrclulte rsrrrch off;dl of mo tbrn r fcr tGr of f,ift.
fho thnr Feult lplrsvr trdt aerort t&r H&rul Satbst td.tht! a"

uatl;,-
pro-tfuLanrt KndF rc -rftrfld4, ihci tr m rrf,erncr Ffrn to

unttrrl thr trsreh o4oncnt of thlr edtro fa$lt. ft lr Grnr

orlrnbls tbat tt @ld h largrr op t" revanl Urcdr of frct'

Itl Llttlng titrc d;talle of thc latr btt:aary frultll$ tb

5'lta hr f6n ggtref uilfortlty re$d tf; efltJ uI.d b5r

Tl'r 
^ilsllun (19t3) end lonoen (19tS). 'gyub1t utrd for lb rDiturr 4

{.o{rr( r-x
t;J;c oolum 4 arc lldrd bs.lout-

)



tlll.

n

s

T

08

I

rct,
frdt tou?

foult rcrrpld

offad rtnr
tnfEmd

fat0t Fnd

rD rrtcr* rAfu lrdtortr tU${r.O.*t
b rttrtd tor rlr tbtogrrrpb.

n i'ln Colnn 1O laitctcr t&et tb frnltltg |r ddral.

r{orr sr tbc datr *ffir*. rr fla rdG (I9!r}.

EfdSr t&rt ralrr f6'td frtm to tbc Boloooe rrr dfepleofl lF -
?.t0 ft dstnrlly,@. tbro LN n rvldoor of lslr ofic

dstrrl dt$ilromtr. It rbtrld bc Dotril, bourer tht 5lbIF
trtmea A|rrr tr rdr{ft al.t dnrtlg rrd of tbr lrt eTr|cilTr tL.

r{a3r sr rprcdfry grrvrf on tbr flr6h, femr, f,orrtnl platn. It

tr enc;lreblo tbt th. trfky mu ooapted sr tfr thnfrtrl$ nr

cxaaratrd bt th. Uangrheo rt e tlm rb tt f,foird ct of tDr

tar5:q Fangc ln t&r vrllry a.lu ocfirpfd ty tbr l{ufenor EtFu.

$uru hqlt
folt of thr lrtr arrtumy fm.lttrry rfory th. hu lltflt |r

rueF Fr'trrtu rllc rt l*rll{rb Sen (Er!d ilf,. IPOI] :tfrrrr tDFf

tr ur rbc.ugt frlgr of thr rtrtlc of thc ferlt flor 040 drffn
to 932 dqrca. ?ho rrrcafrsfo of Intr &rtmry fiillt-l!}

ntrmtr ct loclltto 6rc tthe dtihr of tb. fslt Aaff



tn

dtrrctlon ahryOly |r a ooren pbmm' of rrl t&c nJc fatrltt

tn tbo nppcd T:,, ^ 
thffit dlrtew a6r4h-{rt of [rrrydrle terrE

ths mrn Fnrlt flrHi:i thc rreanrrt rd rhrhhru srrfaarre&-
t rrd 5O ft to tbe ffitb Gft, H thcrf

ilq9
le mt rrtdrncc of dstref dfrnl"rotat. Thr^hult !r hryrly
eona.kd bmth tbr Ht*anrt &rardr rnr{h of ttrt Ehrtrhrp
n|srbr nt! Hl8hry to lnr hkrmt Hrllrry Stltloa, tc*6$br.
Smr thr Bt*eaf Reflrry $trttoo tbr frult bl.Mtrr S fre th
ftn'rhFsttnl fst&tt eoqllu, l{orth of t&r fulcrnul gtrttoa prrtt of

bot& faults havr dlrpllacd t&. tlr*rnrt ftnfsc.r

sdrtb of Erirsts Recd t&ro aro E lr,tc htmrf felt dfi-
pl^ccds.

B4nf,ary.I'4g Fn*t

Apart fror mrt'$rrt of Fsrlffllb rfitrr t&r noa6ffifo fal.rtr.t

trcda as$off tb" Hllt, Top, tkntalnured llukanrt erfbox tha.
rrc fa,r lrrto $ntarar*y fsr0t dlrpfaoclutr r.long thr fsD6ot*aho

tralrlt. A tm ilrfumr sdxth of tlrc HlrthmEkrtrlm nls n||bry
R'c/.']

tho llcnnnand fi.ftr Rood faulta dlvcrgr flun tho Roogelmhrlo frult.
fu fcult p&rne of the cllff lbad Ferrtt tr aporrO nr ttr trltG.
mo0tou t lth tb fioagokoftohe I''eult doag tbr Gnrrra of r lrryt ldi
hud of Ngrtrbela Cro* et gld r.f. 1t3990. lt thlr fosrllty tfr
l&*entf Cmrdr ers dountbutm 6 ft to t&r eert ht th t,op of thr
Holesor t*:rrer lr aot dfiFls€id. Ib|'r &tof tb. lrd "*ifGd
dlrpteemt ar sD ttne'lh*at* dcpoeltlo of tbc louc Dert of

tho ttrklnrl cravel' brftHb Isrry b ltti-tloloclr th.



321.

Has{h of, thc tflroahersket'ahrrna Matn llfgh,qy f&c Xo4ohokako and

tho Hrrnn farr.ltr hrvc dteplaeed the Fl^at Top Swfaclr F U

dotmthronn abo,rrt 20 ft to thc south osrt tn bdb#mrr tut

I thr Ekotelnnn .,ld ltuLrmd ourfoccr aro appa,rao\y mt af,f.afutf.
I

I fbr tcrro. dE! bdtrlrd tho f,ukanut a.nd Ekctahrna tcraoc (trl

Il$m 2) le a rcfeooc 1tac uhloh Lrdlcator tbet tlar S bco

m dct'ral clfuplacenota of norc t'ban a felr trns of feot aloq thr

nonsolot*o or C1tff Rood fauttg rltccc tt rlcr fered.rx ll.t PlzrT):cc'< '

Tbo Ekcl,alun Surfac. tr dor,utlrorr! tO ft' to thtr rctrthad tt
tbo cltff Road Fault at grtd ref. 1(9oo1, uhrro tho f.r,ft t5.HfrL
thc lllnba-Ekrtdnua Xatrr Hlghrry. Eart of tbr lbbatahl 81vc

{9.trd raf,, ZtOOOI)tne Ekstahrrnr $urfece lg dowrttmn about n f,t

to the touth oest, 'Nor"!h of the fault plane tbc tcrac. It tlttd
to the north. .

@
South of tbe ruppd araa nser ttt hroe, Velle ( fg6lo) foud

that the thttlro Fault (Katparorot) has domthronn t'ho Bnroc

SurfaecF 90 fb to tho aouthraat. In the nppcd arca thco rr. &
Iats QrratanarT fault dlaplacrncntrrDq. ,*l',, WtTal0 vd F"lL '

I

ForglFF,L,:- Ht, .Epwen Fa,tiltl

n Stnae late Quatcrnasy tlrne tho Rongorm.l and !.lt Borfisn faultr brrt

' 
*t^'

besn actlve tn aTpsrt;, @, fron nGar Sccn Trlg to

Rongoruat. It le thought, O* lt ta not cetaln, tlut, t dutrel

d!.lplaocmer$ of about 200 ft hes oeeurrod on both farrlt; at tlrulrl

loerlltlol.



1fr2.

Futnli}fr 
= Ilf&rttlr -. tarrn'ta fanfE

f,an thr sdthaD nrll,a of ttrr nDp.d an D,rt of tbc lrtr
fratemary faultlry hrr oosrnrrd {ong tbr hrtnrllr farrlt 

"

Dstral dlrplamst'p bevr Ft bca obasrd/ht tt |,a of lrrtcrd
tb.t a rnll f,rult Hhtd dlra8cl tbon thr Hagtriltl| Fault et gld
rrf. ?5f9'19 It dgtrrrlr (tOrfmntal 32 ryvrtleel ta ft). tbf
tsrtrouta.l aFl vattGal dl.lplaornr*r raptdly pfte ort rng fFa'r

t'he lbrtnoll^e Fault. Onr thourqnd felt to tbc roqthrrt at grtd ld.
25W19 th horlmntal dlrplaomat ta only 1? f[.

fbc dfrtrul Tnunata farrft and a feu ageoot^ated orotr feultr hlvr \\:\

brca aoillvc rlnor l"ata r{uetcnsry t!.m.

AryqFts ryFnlt

0u61ry (t943aj dmnstratd tht i,,dt tJrlnrrp Peult nr eottrr
ovc nrch of ltt southa a rcstor furf.ng tb. Jin Aril 185j rrthqurtr.
lh qrnter Haatcll ln a Drpc tf tyrlt (fe:Z)n i,...I. frllh;t,
nhmtnsr nrqulr cn Uauorry dtrrndrottr par rrnr flrm. qrcte
denr lrquGllc laa beetlarn cont renrr toebcl te[r qgfo alt 1n,

4apt oltl|a grlr Lca ro rr0lrcl qudqrrrfole ot ftrrurrrl dr 6

I g pfudr dr largcr, roet rmpllo F st la do bmr rt dc t*rr
nguhlo.i

0ngfq eorsldrod thtt tho fralt mvmat ctodd uthrrdr
fhon setb fiafrarape thcough thc Fo,rty l{tlc hrrh ar fer il ltrlel.
fedtlry rlong thr flfHtoa end nrrby faultr attrlbtd to th 7ti,
eartuetlrr b 0agley (rg$s) tr ooryercrtT**4" rlrrtair lntryrtrttal
r\ rl.t *oL'k Lu[ou,.-'



,f,,

Ong!"ry p.ES thtr hllltt!
rfhscc lt la not traubla fc ltt R*t*'g lrud teult

trm dlo, h$ agall fc tDr hr.lf

nflc tt le rrtrd tf a 3 f,U rter.

...rbttt bqlod t'hct lt lr rrlscd l{rhrt tbslt)r dstrr.l fblt
lcit ttrotrglt tnrUfry mOsE. for ultb r ttmlrrut of

trp rllee ed a brlf tf e trocb r rbart 200 ft
c*rln rddt ed 20 ft delpr.

. rilat of tho brt unrkcd dqt Harttr Frurt

orocrs t&e golf ltnkt st tlhrdtml
rfiac tha rrrt rldr fr up 6 fl.ff

I dlo to thr ffitb of thlg ulrt rUlrdtn frlllt d*tnf
of, thr Foad er chour ln Fieurr 5 10f'1tolt,, yctlcf
tfto rcat aldc fr up 6 ft to t0 fU. 12 f,t

Tlrrurn Rlve f0 f,l

ps9

Itt Bentan of rrritrcrton. ? a . r,
hrr rqorteil tbt enotfic fluh
fadt trndr rrtb tton thr Ttraunn

Etvc rtx d,lrl ert of llffcdto!
tonrds Fon;aroal hrt eo fer thlr
rqort her pt boo vctflrd.

AttlrdttoD Drnlt dctsrl + n+, 
,

3*- ?*tt3d , ft -(t"

e+b urt,

,I,;l uvlcr^l^n

.rL r.'''-t-



184,.

't'

It tf Dst i'noua tf tibr furlttng rfitftlrrtd by thgfqf to tf.
1855 rrtb4nho oofi*ld I dtd nst, g. t{e mrtbsn parrclF?

oL il.- )ri*r ,1, )J* eo'L qek< -urf cltfier t&|lty poprlntd. or rn hsh. '$evrril bf th. fdlt
lrnrolr.l\y along tb. ltartln 'rd l{t Futtcrr Roei fdiltr,

rrc quttr frcrl ul, arr tbftatt to br tormg:e thJr 78rr.
gouthilt of nllloaltolrr tb. AUf'c{ton reult tru6r ttrort

hfll cilEtry ard oceart*-t\i::{il Eutrenrl tbfrsf. soutb d
tee Heagnt*toto Fe.'ult rt grld ref , 3o?gn e rnlL rtl*nr hir bn
dtoplncoil 110 ft dstrarry rd la ft vrttoallgr, :e Flgurt &.
Il*rty d grld trf,29D913 tb low 4 ft of t'hc fult rorrp tt rmch

rtrqa tban t&e uppr Frt, lndloattng a rocd dl"epfreld of

4 ft. It la pobabil,c thet tbo retlo of drortral to \rGUtfl,l dtr.

ffeom0s rrnlasd costent, ln trlhl.cb elo thc 4 ft v*'LtoNl dl>
pl-EGEnt uan araoolntrd nlt& a 36 ft dstrel dlrptamrllt,
Such a largr dleplacmrt lnttarteE ttnt Fcbspr tro pctods of

faultlng bavo takm pJ.rot relatlval,y reoatly, hu.lt!trg cotll
hvc oceurrrd ftrlng tbc 16i5 rartfquatr, 13 bt becn nesstd

W orylry (1943r). It rbould br ptd tht tbm 1r p otrtonr

dortral d:leplacrmnt oatbr Alll.dt6 Frt0t bGrre tbr tlm
Rlvcr rirre a Holocrnr- errt t*rraee adgp of tbc ffirnd. $r*bc tr

o| {L.,Fo ylL o,,t
dfrpl.acd at lest, ?2 ft, $uca.r Ht l{archant. 9uoh rn apprrrt
ataupt decroast of 0.2+ rtar curt, ts uueh lrlghor then tbct fqd
tg larnon (fq08) & t"he tgo6 san Eranctroo rrtbq$t.
(0,01-o.0ol l'€nr oent). It ts probatrlc t&st tbs Alflciltoa tluft
h,r be€D egtlvc dcdrally tn et leest half of thn scgnnrt no'r,tb of



?sr.

the tlraunctr Flvarn tntt thnt dlaplacan*.rtn arc not arrarcnt" tht
altemtqttvt te that tlro tteenrraarl lln dcffitral offne0 !.s at !.esnt farr:

tfnas role ahnrpt n1o4 tbe Alllcdtan Fault then thc dtaptaffintr
afoug thc $an ltJtlt'eos Farrlt drrrlng the f906 san Rmnolao nrtbqprtr,
lbo tluie nrgrnut holdl vtt'h reapeet to tbe Vrurleerlllc hrrlt rfrtcf,

bru e dcrt-rd efftet of 400 .ft at Haurlcervllla (rro VoII.a tl63r), hil
tr not oH.orlly aettvc rdthtn the mp,ped arcc. It follovE thrt
roil of the oths ntor nortujmrttreert r,rq:dlry fgult! qy alro

have boa ac6lye dertralLy ln late Quatcrrary tln, rdtbfrt tftr d!,D

placrnent bofrg ag'triarent.

Fef,ar rsnlt

Tbc HcIay Farrlt hm tbo frssbrst tracc |a tb. rpd sG;It ilr
mrtbport{astrrerdt bstrrem the Patrau Fault a,t grl.i rof, WW art
thc Ht Goopc Farflt at rtd ref 31?932. It t; ar@rallel to t'b.

o[,i?

Artrqfton lrlult end 2m.qioO ydr to thc art 
ffrec 

Flgrrr 
tl;"_L

Thr farrlt la r€lv$s.; d atp to tbc aorrth.att at Wo{*V
trFt'nor rlds !.e on the eaet. lho Bcs,ry at Wre crnrfacr Ir drcp, ?

foc*ffy lb$ rbil$ ?0 dcgrers, At grld rcf 3O?91? tbore la r
rrfum t&et of elx ft,r thc toucn ttrreo fi of tlhtcfu bcr s flchc
opp.BmDcc t&sn ttr up'p"g ldlottng tbBt tbss rel frcbrbfy tm /-

reoot pcrlodr of fau1tlo$. 
?.

Trc fenoe llnre both mnrtructod l,lE"g ttu ago qrla alf8pod

nrnl to tbs t'fc[ay Pault, oao ,o"l l|as tr nfflcteutly rtrrlfiF
anq aV lsts {a^ o^t {"ofto Broclrrd {Xrmsnt dctral ar.apr"cdfsJtiht*- ftur, pcbrpr

D'r,ar yqr stratebt canret #,lilh. rffin* otrptaooat ef$rr
trE 2il#.
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of iqato'

ROr.D

fle.4e ilop shoya lhe rclationship oF Lhe McKoy Forrll !,o Lhc Al|rcdbn,
hhotr, orrd itt.Coopor Foutts. Solid. tinss, actrw foulls, d'otlcd
lincs, not obvrowlY octivc fqulls.
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tt6ls ls r pon€fl l1]nr on Onglsr': flrld SbeGt d!ry tf,o Urrr

of thr Xcltqt and,-Alfncdton far,rlts bilrt 1ps+r m M
of lrbmtr. Thls tndlcator tlhst the roerp of Hef,ay FBtrlt rf hmr

?rccr ro fucber tlED t'bo ffnrdton Fault at thr tll of, Ougkyr r

euantstton. Ongley probablf urpped tlre Al.lHton rrrn trlr to

tlp HarG* tth 193t, eertbguahe.

Atr pbotogr ,fhe tsha durtqg 79ll,t hrtr !n off-rtfh cld
llae, about t of a nlLe long elorg thc tlaec sf tha finlt. Ihl.l

fceture rad the freehnmr of tbc rcerp l.ndlcrtr thrt tba frrt tbior

of abod tut."P$f oseunrd, drrtng thc lugurt lrt E& ertbqrrhr, rrrtle
**{lm" Hssh 5th lg3l oarthqurls.

I&n-fslf
I ?q-ft datral rd 16 ft y'atfcd dtqlrca;ffi of a tr.lf

rtdgr oeerr alory tilre Eohau Feult at grtd r.f,. {fo1904l (rn

fl3uro l2). I frclh rerrplefi o? 3 ft trd!,cetc thlt t'b. fslt
nr aefilvl rrmstlt.

Ser fiofdp p4temril. !n Ptm. fnnltP

hsg foldr rre sren adtaoot ed peraflel to t&o nfc rot[-
sonthacrt trdtn6 faulta, they *rc lxvertabfg ant!.sUu! u tb
m/rth rpct (upthor) slde of thp feult nnd ge1tn,l u tho rfrtf
rrtcn rldc (0mrnttrcn). The fclrl a:c0g are rct Ec than lp 

'rilt
flon tlhc nJor fmrlta, ad the ersats aro slttnr bortlortal or tf
pttch ertly mrthruth&stwerdr .

- "- -lte drug folds atp{B rately contlrruonr fm mrc tball rrr|l.-d-l-
brlff hAtftfn rue.h a dletsnee tho atrlke of thc dtry fold peaUl
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ltilGr.str thr rtrffr of tbr dtactn0 nJc mrtU-wt#rt tild&3
fault, Alta-tetlvclg tbo fotd uy bc borrndod bft* rr tp G.t
fri[tr.

Ltnnpc$t fu Lrtlhtlf lrFl$cd, TtF$rery.ftilrtr

hrgrutfy tn thtcL forrttom sltftdrt nrhr borlrur thl
nppod rtructurc b oae of ttltod b[o*r, nFon rlr fUtogrreU tQr

blodm can br ddi.nrctri ty lfrm (Llnrendr). Drjrrr of o*tetrly
that th! l!.m (fllcareot) |,g a farrlt drpd on rrvcal fectorr,

9lplnelprlly"l*r rcll tbr dlp of rtrate dfffiryg.d tt tbr feutt tf
4

l@to.

!4sry of t&c FpPtd llnnmtr ocqr f! t'h. tbtt Seuder Etlt-
rh

Itm, Ed^th. Ehrtrh Trubldltr.

W
tJlthln tbr napped rrer a nlnbe of trstmte pattm rrr

rrprtrdly doaloprd. $lorth urrt of Ekrtnhm e ndc of rphy

rnd oaorl fault; lrtrscc0 trlth the nongoeokrko fililt to fmr r
bmlngffio pettcrn, r&tch grotnte louthptt.

In tbe Brce tnturen tbe Huru and Scbol faultrr Eom Grrott

far.r"lte era *Ilgncd uru.l to the $ehool l"ault and soue saG at abqrt

l+5 dqrcea to the Hlnru feult, {ogethGr tbey hevc dlaloetrd tbr uu
lnto E Etub.r' of trtangUlrr ahaped blocks.

0sma11y the pttenr of yst lcal dlcplao@ut ra{ot! cnoll-

ferrltr ll randon. Il ths mrth^ otrstu:n psrt, of tbc nfprd arr
nrtr Trrseu.n grr 13 and tgeturl Cre€k, housTc, tb. dorrattrag ttdt
of thc nosdh trcdf-ug fsu.ltr are usur.Uy to the eaatp ard t&e doe
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tbw r!.dr of l,he oet trfidtrg farrl"ts are uauallgr to th Ertb,
Scilth rtt of Tokolanr the bormdar11 of tbc hilty fersnr

Foratlon ard flattt$ lnnd of thc Tfrltci fo*utlm 1r rfoag

rtmf#btfe rqmoto 3t0012r000 yartr longr fttcb trad &r aottb

rn{ wt$net, TbE rcgrmt; rftIeh tred dua rcrtb err ouldrd t

to ba faufte, anit tn the northast trodf.us rcgrdr en pobebly

faultt.
Ofblt anorg ad uphy faulte are oolltn ar vtthb a farrlt blott

fufi intal"
qr rvofecora r mifc Frtiunnu't]ir.rt tradllg faslt. Fc r'-.T.h

thc Cllff Rmd Faultl an runand croso fnrlt, and tln te,uo frutt 0€68

along e ltno. Etrt br0nro thr faultr tbc uppcr T*tlrrt Stcrt

arc mfaultod. Tbarc rm Eqr rlnllar tmplcli a tanlt losrtrd

rdrtb of tho lla,ltmltr Ferrlt trcodr tra th. lrsi dfrrc0toD er tbr

Prry+\y fatflt but tbf lhryrmfer $ytoltm oref ant brturn thl
faultr rd lr lot q$ ty eltirn e€*. rLlto tbc mrtf,-cart tcd-
tDS ll*y Farrlt tr6dl ln tho trsG dlrodlo a^r ttr ltutn Feult,

hrt thc faults are traneedcd W tbs nortb"mrthcft trcndlng &rrtlr.,ko

ard lrrrt Tatko farrltr.

ThG mtob of ry1ey aad Gnosa faulte asaort t&o rtc gth-nqtbr$

trdfng faults la felr\y Bood at ;rvral focalttlrl. ft
P.ongoni lrrgp ororr faulte auah ar thr Tastta Fault ero ofba coffinear

rrtth croag faults nrat of tho fsult. Alao qttgt faultr tD th.

area babrnsr tbr Tauta arrd Seuder Foad faultr arr ofBa oolf^na

lcosr tb. ltfrcdton Frrflt.
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llrJc feultar a€rott rfrtch the mtrh of ero;r fanlta lc pog

lnelsr tbr lh'rtrrtll.fil.cdcvllLe eDd Urr $urDnrrr Rod. tb. h'o,
atd Rogolokaho furlta rd th.!r amoolrtrd Gr.tiln f,eulta arc hrtcd
bmth }rtr Qutcner;r,6r:evolr, ard tbctr felrlt pettm tr g16i6.

rt fu thmgbt thttt sood utoh acrolr ectefa :Jor Doftb

rcrthcat trcdtafr fbililtr ll fortntter. ff lt 1r rcG fc4nttour tt
fryll|o r vrlr rcrrt ortgla of tht nJor aoffi trFdIDf
frdtr.

Flpor. Inultr. epd Jqlrtl
l{tFt rca!. ard nru.l faults $lth throrn mnpd ln floh.r

sa f.ct are fe$ly coreD adlacot to t.b nlor ffi trndp
lrg fsltt. fb6y tao utteoma at e d$tracr froil tbo ator farrltr
mrpt Drr Gofr firrltr" ra mmlvr rco*r, !ol"rtr, to&r pcbpr
nlEr faultr of wftnro thar oeeur lnr tt€ EJor @
trGdrng faulte. rt, l^r not tcnom tf th d&r frnltr htr rE-tah

coryoDct|. flu nlmr faultr dtffc fb6 tJrr uton ffi
truAfag faultr ed qiott f&ltr !.8 that the farrtt plrar arc unr,lly
not vertical,

Dotattt of tbc rlaor faulta drvolqd rrtJacut to th€ mt[-
nor'tfirad'^ tredfnf aDd cror+faultr arr ll^ubcd ln tppudtr 6,

tJltA rrpact to the nJor mtthrrtlilrrt tr.dI4 frult th.
ntru mm.I ""qi'J"*ar farrlts atrlkr oa avrrgl o260, aDd oito

I

fistbrr rrt. fhr faultr arc tbouglt to bo dur to dng alory tb
n'Jor tmndlng feultr.
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frrtdl To'trlF, Strrtr

ffft|al of ttrc fuflt trlocLa nay bc dtro to wvcmnt oa thr tn
nJc fiilltr bundl,lg tbc feult blo&l or elt'eutlrrl; enfy on

of tba farrltr r€Gd bc ec0tvr rrlth t#c otbs ac0lry tf r lhln8lr

In ualrampc Yeih (fg6lo) fowl thrt thr lf,tc-Qurbmary Uelohtn

aH hmlry nnfasc Un^?Weotptlblc s;rtrnrd i-fl|1,,/etrdt thit tbr

urtmrd ttlt lnccered to ebut $ drSrr rt thr berf of thr

U!trc lfloomc. Yilli fotd tht, I'ttltlrg taoL plrcr onclrtnfily

ta onr dtr..*lon ad at a ncarly tnrlfm ratc fron Urutma to tthr

p'rffCt.t

fbr e4fr ef tllt ta dapadat ol tb:rc frst*'a- tbr mllbc

of tllttrg mvmtr r*Uet^dioarnt* elner trlro forctl.n of tlrr

mfcccr plml tho avcegc tbnorr durlg f,errltlngl aad thc tttdth

of th frult bloeL.

Thc lrttcr te |,holrSht to b€ the m;t tryortmt taetn, as nroaffy

ttltGd srbrata orc alranctulltle of nsrrow fault bloo&r. Ydlef I

rrntJom rato sf ttlt Spotbrla lr conrldseal to tc broadly nrlld

g161gh lt bil bGG fornd that occerlonlly upPc Tru{trry drrbl Lhtft

rf3.c drpoettd 
rdurtlg 

a pcrtod of ctvcal -lr lloa yErr) al'o d rb6t

E progrsallvs Hffislm of tlxt.
Pg1: ;pnplc at Put nr, ;oo CoLrrsr 1 of Tabh *) thr l{1d4h

f@ rtrete orr rt ttltcd mr. tern the Opolttln. I!

crrrr !!te tbarc tbre ge trp poretblc t$*anrtrtlw; r!.tlbc

t lrsc $Et tro farrlttng drrtng thc pcntod ub6 tibro t , tll eboor

of tttttng or altcnetlvely that vtrtually dl thc fariltlag nr rtrlb-



yll.

rltp. If a,11 ths mru€rrt uag artrlke-sltp ft dgbt br adfotfatrl

tftEt Bome of thc crloec fdrlts assoetatsd vlth the hn nJor fEltt
rrtild bara b€€n ectlvc, €cp.cr&fly ufcro tJe strltr of t&r r.|r
Ertlhnorlbast trodlng faflt ehengeo.

The avaragr north-*Dst tllt t! 19, -- :-. rrottg rrfuf r
nxLsna ta ttre l'ltddle Tongrporutrnn, -Tho firfhout orcgw Ir
probahly a po*-!fiddte ton3aporutuan 6vGt.

tJban t&c rmuat of tllt f" pl d egclnt ttr lt crn br lH )"'
that tha netr of t lltfrg bar rssd.rrt.d etrtrg thr Hhd"rtooc

(err f13f. t3r. $lrnllrp oncltslorrr usrc rr&ld fctmft' tf
Ftrth ad Frldnfrr (tg/.3 p"41): rID Dft 6frrp bnrvc, tb DG|oi

of rrtro dleFhoo.ol nr durflg tbo poeb'CertJ,ml|,f,flrn lrtlan
orogqrr.

&'!lr
Coufdcflg t&r enrnt of port-d4ortttilrl t Gtonfc ddblrSlilt

uafanftd bryr foldr em nt, r 6G frrfmr of lb tttuffl.
fll tb. tbldr tErDd Effi |a tJb. ttr dtnotte rr tb
rtc frultq tbt gomrf& pttch gufift n .

|n coqtlol lr tD. tlr*rrUc stacltm rfrftb pftchc W
nrdtdelorerrylc.

qpcffil ry br eryl*'rlcll or ErrFlcrl frtt thr rqlLlilr
or tbr ryldrm tu rlruelrv frlrlv ifriUt, Aryrtrlcl ryrGur

r'l

utth rlglly lacfind r.utrn Ilfir nrch ar tbr Prrfrc-Olqr#ta*,

ar! tb f,dpluo ryrclfacr err jwrelfy drvcfoerd alom to th
rrt*'a rldr of m of tho u,tor utb-aortbrgt tEGldfng ftultr
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or I Eplfy fsult. fba a:rer of th rJmdrlc,l ttrngrrlfi BmrUm

fu panllel to thc ]btrrle.ovfl,lc frrllt hrt 1r at ra eryh of, tblrtt
drgreer or to to tbr Hartur.llr Frrrlt. otbc rynrtrfel rysllr?
nrsh ar tbo P61 S5nrollre, barr boa dcvdopcil vftbla r prrttcdrrl;r
Iergr fault blocl,

Unfaultrd asttcllm ooeur only rerclf) ttrly rppGr to brr
bota dmlofil dr upeotel M. thr ttmgilf rd r
a$lclt-ne nortf of iln ltrn8enaboc Fmd (tnm aaned thr rrrlo* fnttslfiil
sf,tcr' Arrehoa frsrl)o.t"""t dletrnrbcd b5r farrltr. Both anttcllns/{
oscu? ahout a rtlc Dortb of lar6e ohangcr of Jtrllc of tbr nilSprl
rnf Her{ln farrlts. Thoy are oruldrn.d to or*thrlr fonttc to r
locel co4rcottou du. to dut*al drlg alonS thr fsltr. Auttol,til
tfitoh hrvr dcrrfopd along t'h€ trrcr of ron of th nJc nar+h-

DoDt ort trodfng feultql lrrvr beon aubmqrmtly d!.rloetcd Qr

lattr fault lsvffiitt. Th€ hast faultod of auch ertlcllnre b thr
one dallrntci bt tbr Gl lJ"wtmr etong tb traaa of tthr Ron6ml

fault, rboot r nf l c rstth ort of Totcrenrt Farnr.

In uurc rcdt"oa thc boadc aeqfiltrto foldd aetrrc of lfir
npprd ttrf,rr oftco dcllnctrd ln part by faulftmUc, lr Ero otntru
thtr tt tr la plrn. Thc foldtng nr
prrlnrsly coffitod on W Lftllc (m$ p.85) rtro oonrtdcrd rtb.

toctonler are mt lognrdcd ea bctng of bloelr; htt oersttally of

foldr ccorprnt.d bf frultf , rl
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*ry:
0mrooDrt trIgloE

tltth 1r lffia cbor$ tbn pr-l{losm. wntr of t&r rpprd

aret 6. Trlarrtoalraantlo tenrrlr fcrntlm nr rrrpoa!.td |a

dr4 rrtc lcrr t"h. rdr of tbo !,tromlo Xr Zr.laaat OsrylGl|Dl.

Grrtrorur roclcr 1lomags tbrn th. rilfl tduntdl Crrtlr f*uttc
rrc rbrat ts tt Ef,pcd trir tnil lt b lll.ft tbt tbf* rqpilil
uF. dqoEttrd o dourrpd Cuth end trmrur F*rtts to ut
tb.fr fertlm. fhlaf requa.s of Crrtasmr rotf rrr prrat

ffihc rrt fn t"h. Errt Coart h,ryil. IffTr rnd fsrr-rtd-
fortlary ro&r rbrrd |n tho nfprd rrrn sc rlro rrl.[ drvdoprd

trr t$c Eort Cout neryaa. Ssrt&rrrilt of thr nppod ara et Crtr.l-

hrqga neor Prprrer:rm a ttry lllia tdlortcr r Efd nrllr trrllhD

gretrloa trlth dqorttton of Ol!.1ncoe ecdlmtc, (rr" HcPbsru 19[9).

Oar of tbc dllflcnrlttce of cluoldstfrg th. @ of

the nppod area la !n catlnatlq thc total affit of dstnl ttrr
plroarrrt tbtt bet tska pbor *lsng th. EJor mtb nrtbrut
trlrdfry ,farrltt rlnoa thc Upps Tertiary - lllc!.rtocuc 9trate ur.

QLul' 'r t tnt,
dcpottnd (ffidh-dGes rNso Jrnrtepoad at ery on pertlarl"c ttrl.

Rcfcl:e,oe pil.nner olds tha' the pne*rat topogfapff are abtlt.

Df1fi|3ctlvc rootrr gtrch ar tho $tront$n ad Foycre Sranltrn, rftt S eil
rrldc[y b$d to havr becn rreaohrd @ along the Ctreet Gl,G

F4u1t of Scdland (oec f,enndy 1946), arr mt rvallrblo rr nrbcr

ef dstral rtrl.fbe . Pebnlr lerya Ac&u,l dtrplrcuntr Ff&t b.
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FFsild u dlrprrd ff t'b. glDr tilttrry - IorG gfdrbcr tfr
of rdJrcG rlpor urr br0tc btn. Ahrryt ohngt 6f tldd ot

T@ rtrrtr oeeur rcrolt Ur nonSoffi ua

hltl$ cn crttctr IH .r"A by Ead. (tS6) et rrldtor d ryqrrgt lhllttry. Tbtr !.s rrld,scr of v**ilael Co*ffi oC

falftfry rffrG0lry tb thfdrrrrr of ttp1lrr f*ilry- Iffi 
,,,

rh{rtocq rtrrta d6crSd, and tt t! su$dr1d d*ry ilat
dstm,i anpr-3il El eb.rc. -rialfonttrrln p!rd$,g r{f$
dstnl rlt4ilrmtr of rrgr rllr bffi ocmsr+ rfry tb tu
ffitD stlnrt trdlry fdtc rlnc tfir dqarltln of tb Bgrr

frt+frry - trruT Etrlrtocs s0rdr. SUID r prhbtlttilt ry . :-

ffiG moTltlu$tos hms|lur lb lrfHrOurlqf| fi
lralr.rpep rf hrrr hE &rrtry trbr foa;r;- hq tb 4lt'q
tllt$laHlj trba f@nr lnD hl tbtffif trttt-
Plrtdolrnr. :

Ia thr nspd sn..lt of th rtefffrdil frsft,dornilfu tpt+-"
thc lryorttts d thr loo;rpcrfnrr,.qTillrl d Olrftfs Sa;;?'rrytaf
hrftlm, ltr6b d tbr m.llrot oftc @tf.i!nr tlrfl tr $t#ft
tu Crq urt rr hfry tf|r pstf{ rU el^ro !*fi.1 *r$oh$ Uilf 

.t

sonltlmE mrlnfr ild rcrtts bilou n lwrl r. rltnild S ib ttla, -

of thc tar*-n rnd Erd corrt Er4rl. lhe fhigllr peftU ;*+ ff |lll I -. '

-L

drtil'ltnr rfrt€h Er dQorttrd trilo tf,r fDtryB $.l*,l:" 
-

amrrrarf* alpet oootfmur:tr. t " ., 
i''

thc rrlltusd d.grot!* of tb. rtl r-tr af f*{l*f lq3odtll fl
not.d rC hrcvtltr (n {il.fc4tlfi D.2f!}.

r.fro 
"*u*ad 

lr rDd ihrr. irhc r|lttd rrtr t3'ltlt!D,
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Ofl[Ve. ($6t) fd thrt rrdlmtetloa rnr wttqpu t]oil
Swthlrsd to Turnahl t1r, rfillc at nry otahcr rrtorn locrfltlrl
tlrcr nE I pclod of mnlrpoaltlm.

In thc npprd lr(n rrrrrqt nrbtdaor dtatrg tha ddp

fanndclrn ocqurd brturaa Athrdton .rd Casth ltlll. Irt r
&r!ag tbo carly opottt^an tbe Nrlr of the Ekdehna rIonil Dild
ur;ttudr to tbr l&rt'shDr - Bongout Ydtcy rf,rt lu thr EpDG

0potttsn t&r arlr hd mosd uwtrilt to nrar Telb fr{g.
Tha vogtttrd Dfgratfon of ttrr arlr 63 nrlne nrbrtdoer tr

parrllcld by in appcrrat progrenlvo rnrtnrd odry of Uppc

Tor*lary Sedlrutr oilo tbt Tcrame Fomti.ont ty tfrr crrly

Opoft|ea .cat bd onlrpped ar fer "r#4. Hlthln fault hloolrp

bmlrer, thc dlreetlon of onLap nrr rurt!fi$t rathc than &. urt.
f.

It ls thf,ght that thc apperrd progrcmlvr onbp It rr.fft r rstb
mtt ottlr eld tbrt dGdral feultl* har turtepemd uu tlhtoh ffir
orlgtrlrily ffi,hor apert. EHdGGr frvoturhlr to th|r mtdlm
lr fboa ths ooryarltlre rertty of pollo froe arnptcr sll.rct l ft.n
Uppc fcthry Stretr tn thc rrtorn Frt, of tbr npprd tnrr (p*-r

or l{r G, ultrsn}, t{llron ford that thc poffo |r dodHtril tf
f,Ftorlgur (Str;S) eroup rrlth recorder5r podocarp (fS|qS@ &htr1
tvpc' 3..elg$l@ t!Fr' Dldfnsmill|e D

$Sffff" FEtleqledrn., d #F'"ccdnrei8tlvc Brcoh (;Elbetlg

nff!!tt) t; nctly rerc and tbc rcu rxttact teurl grarp of

Ie!ftf,1$1; v.qf nrrc. Oths sngloeptrs aro fan ln n$s. lt
tbo onlrp rnr dua mrt, laDd nltb a 6vF of treor shsttld tmr brl
prmct erd Ebddlng abrmdant pollo tnto thr Upp.r fstlrrt rdlrot.
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Altsiltrnly lf tfu onlep uaa roriltrnrlt hm polll rffild b.

cpst.at la tbr r.itmt,
A rilderprnd Iffa tongrpemhtr nrllr tranagrlr$..o mtrtrlf

tho dtttlno0lvr Etrtryf noFerfdum ocowrrd oyc nS of tb. mtf
caatcnn rtdr of ttc xortb ldenl (rae for rnqle Brir lg66).

Ia the southenrtea pert of tbo mppd 116r ncer Crrttr lfll r

turs oafrppd ffir oato tbo Ccrtb Formttm. g€tr

lFeduslly dcqcndod; at flrrt rcrddorr, tbfr rlltdc rr.r

frnlly nddonc $Fc dcporl?rd. Itr thr rtd-Toafrpoc.rrtms pd,om
aah frll tD both tho rppcd aFr rd tir Dert corrt Raa;al rc
(tg5?) eomldrcal tbet thc aab bad a couth nrtclf rorrnr lft;
thc arb*fall, a thlcL t.gracr of tubiditcc rffir drporttd.

fa Scth thtrcrcpr turbldttoe of Toagaporutnrn .rr| Opotttra qr
arc larsely rrctrlotd to tb lbutoclllc and &rtrhna d.trtrldl.
to emtloa of lraddt brde rnr rdr ty lbctrLh (tgt0) rt tfrhrnr c
crpbcll ($rc) oaat of !&rtctorr Thr rcu urc; lrwal |rfp,

1('
f,ennett(f9e6d) har drorc tbet et Fallllc Bstr, t+ndlrn, flpltrl,
ad Opoltta! erdlnontg uurc dqoett.i nltbt! tb. Fohrlu (11000 -
2'000 ft), farrcnlcrla(rrooo *) rd Bobul.u Btoftctrr. tg#$r

titlctrerr,*r aro rt unrlly er thlc& ar tbrc rt lsforviffr ril
E(rtaho? ldtcrttng lcm npld doanruplng of ttr burrrd. tll

"5r66cr 
of rend rrrl 3rarrf ln routhca t{abrrepr UFFG lrtfalt ipclftf

tdlctso tbat tbcc ffG m Largn 6rlr of obvrtd frd nr$r.
lh rbarrcr of turbtdltca trdlcatcc tht goutDtrn Uafranpc rru rt
e hlght slratton txaa Eketahu rnd l,leurlevtlh rd tbit tb. filth
touthf,rt${ (LryIag trbfdfty qcnmtr Sor EEdehu ttilld uD r
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Sutlc tDallm torrrde Siouthsn tlalrmpa,

Dutlng thr deporttton of thr rrrtrc atlratr at Cartb Htrr ra
elruetrd hd s,8 Frceut $cst of tbe PLceHtl.r Feu.lt. bltfrfft
thr rarr:' bad a rellof, of at lest 1r!00 ft. lbc laud rrr nft-
lcgd ssd t&r reltsf tnffllod bBr m'mrt-s snd frtD. @
nad rrlm cadstonrgr elltetonu nrd Sstm. Tb gnl trlEl.
grrmcd alouly rosth.rr{e asi utrnrdr sto.vr %
bd. fb R3 ardrtone tu dlachromn;tt ru drporltd rt hil*r
at a ttn t&o t'be Rt ir.rdttor rnr drporltrd rt EHthor.

ft AltHtpn o'rl Eksilrbs earl3r Hryltffa rcdlrrrtr usr ddlrlf i/L
ts t&ooo of thr Late to4grrpolnrbren. lot,s |Il tbG [rpttra rbr,ffar
lag of thr rra ceurrd a rreptd obrryr t! tJrr t;pr of mdlrd dqcrltd

-It of, tbc n.dfufllr farr.Lt, at Sganh strcrr rd lbrlen nora

rhnltry urtnc oaglonretes urf drpoott.d rfrffc at Srlporom r drtrlrt
tl8lr Ulstono nr dopollted. nrfihc srterart amr Ehrtrhn l, :''

vldcrprid caedrtan and ctltstom rnr drportrt d.
h,rr tee.It*d-il|gertrd FtF+-,t, thet tha ltapltcan St&Eo s drflacd1

by f,ennett (1966b) estunlly otna.tdt rlttb r pclod of rprl.&ridr

sollng/ ald thrt tho rtrgc tr dleoboms b.&S lqrr ln ttD Ir tla
Soutbxt psrt of Scr,'* tbm la thtrar&Fa. l'hdr oou,tcrt'lo b
rlrtrar to th!*"fittlm fonrrdrd bry nmIry (194a) thrt trhrr nr
e rlon mrth,lerd ntgretton of 6616[-6g.fl1r61art!ag mlln;ce dwttn^
tho onoct of tbe I'lelutoerm.

llarth td 6antb of the npld lrr tbr mdfttsr of drprrtttil
of thr Opottlea Stretr uF. rldlrr to thr frpttra ratl prhpe DrFt

of tb fqrporutuaa. l${r DIDDn'rtlL,f, ODoft|eD rtrrlr em qultr
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thb tlnd oaet udBLlV bc dtffrdlsted &til tf,r dGlfi*l3 frfilt*.

In mthrrn tlatrurape tJrn thlc* Opoltlrn etmta sn rot udlT
dfff.rfftfated fron tbe [aplt c,n or To4aponrturn ttsttl. fh

cnl.nfrntlm of t&e ffi Upper Tcrtfgl trtr tmnr3filfn

occrrircd &rrlng the upottlan. opoltlan rockr €ctf su0 rfflg tfa
Fhrsmtu saddl,e (eor ons 1943) end mar urtttaftm r0 lhlrnr (n

0rtst-T:;ylor agd lloraltrook 1*4J. Lt€ntts fbt8udr o€crg barry

tn the AtGa Sedstolr e$d Ssund*:a 8lltntono b tfitcoer ru tbr

Tarerua Fangrp trlt arc absat further crt. It lr t[onfB thfi tb

larrInn thlghi nr mt ftCtrcly f"*"$t"a bt &r n; Ds{ryr rr?

rnII lalalllel boarl^rg tru ocanrrd rfo{ tfr lcrr8 of, fr t$'r
EBrt of the Hrngptoro Feultl Oth'yn. (P6I) fd tbd 6lt ffi ff

ef idangpmrl.en bllc-srry mddt rcudrtoar otfla barr$L r llrrdeq

1frfch ls thought to br the qulvelot of tb Iffi P6't l.hlttm.

It ts nst eltrr tf th. nuddy sudrtsar rbrfln br rft*t[nf,llf to tt.
HEkurl sadctoucp tb tene Scadrtme, or b Eufrr Stltltfll'

tt, qn wsts Opottfla mdlnatl gl rt, trff-drnfsnril crt cf
htlt

the I{eDCBts.o hflt rrrrr rqfrrn Ulrfttlo. tlrtlsr ro$thr# at

0artlepots, hcnrurcl thtcE rrcd;r usraillfcw 0loItIrlfl*m
re rypod tr nudercnrlcb ($64] a :

In tbc ilp,Dd sr-rrt fsd lrm f[ ef gFoltfrn ffir r*l X

drDorit.i ilt of tbr Affrdtm Ted.t' trg00 ft brtrun lt| I|iID-
Tto&Tr d ncjnf lulte; ard 41000 ft brhm th. Errt lrfit d
&rT Erilfltr. Eert of thc Elqdrvfllr hult tbe er*b fUftorr

org'ltrg th. tr Hor nilbfdttr tnrl rdcllcr tbr ertrh fiffillt .

tb tatclptLn of hrtldlt decttlEo ry bvr ber frr tc to41
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doumnrptng formlng a ;rns-Il baain rer.tJr of thc rFpd rnn, tifib
tcryomrlly trappcd aoutAmrd nmlng rcdtrnt. Grrd.d b.dr fmn
et the centre of tfre lftrilalura Trfigh ufrr depolltd hrS$t floil

F-

sqrth+Etrtlqffitnrd f,lovlryq turbtdtty anrrott, au rEyrnl mb
[-n

mrlne plalnc. lt the nrergtnr of tbe trmge nml$r stltstom
orrte{nlng araht.bonthlc rrcllupcr t s}r dopnrltd fErdt - nfi*
bedr of baalnnrd aggmdfng omttnstal rlopr. Oa th wt flr*
of ttrr trough the rlltatoncc ovollr lona Opolttea nsltte rrdJtoDrf
I elagtc uudstOnc aeeumrletcd on tie lorc partr of thr oontbstrl
alopeor at the uaryin of tlre a$rcral pratu. rn nldh to thr

...,4

18tc Opoltlan a eotrthnard rmvlng docpnac frn dqorttd r thl*
rrgustro€ of beddrd aaadrtonea and rilrstmePH-ig"f&'rfl*a*

l"\

e11tst6ffi GnC mrdetonce. Flrullif Irr thc lito Opoltlrn thr rratr
o(ot^rx

of domnnrp!,.ag o16!cd{"nd th€ ffrctahun Troq$ nr lnfltfed utth

fLru aard. Sand rars theo Ui pwaca, ad thl rr1fottor bord bt
i.

organlsr. i\rrther south--southwt acar lhrtcton drpolittoa nr
pcobebly eontlmrous froa thc Olnttten to tbG l,lelptphap sr C.ebell

(tgru) nafipd zr(ffi ft of foastr-tfcorrg ;trrta ontrfntng l[tlginf1f
@ HemprBlua tFB{pqglr id Alntr?t\ffire il3g|o.

Ia ths early htelp!,plea, or petdepc t-B tbo Lstc Opttr.aS thr

?erarua 'fhli$rf bccane rubrtnnttallif wgut, and nryportrA r nld>

ryrcad dlvralflGd forast. lt thc llctpratu $addh, bnrrup rtt
glrm\y narrou c,et-uest l-ltrtaftj Jotnd$ra p*'otJt"t-n 8.r rltf,
thc Eart Ooart Strett. ft !.r of lnts.rt tfret frrgnrstt of ft$lt
ero rct tnsrcn trl tho t'rc,rlm. $andrtonc, trt ara abssrt ftrth rrrt
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t! th. Urfmrl Gmrp. Tbo 0nat C,oeat nangil 160 to assr rcflrrl
to lnhtbtt thc dqerltton of eodtnrat, hrL grnen,ffy nst htgh qf
to bear a ootc of trcm" i5ftreen tbo fyo hf3hr r urlnc rtralt;
tlesd tbc &rtt tunat $tselt Ur Grurt Tqylor (1964) prognrcnlvrlSr dm
mrpcd end msrlved ;cdtmd uttl the CsrtlrJLtffttn. Fellr
(t963h) oonrldcd, brrvcnr, thst t&cre sra a r*rt-mntErert tr.dlat-,r -- -4--- 

|

htEh et lil Bruec durtng thr liauta:$n oa uhioh r @ tl|a
E.qusct of ll.rwtotr ru dcpoatbrd, It fr thsugbt t&st mt of tL.
Bct, Gortt, Straft' had an uvlrmt of doFoolttm ;ldar to tbt ot

t,ba Engllrh Ctlannel ct ttho prsreat ttmg rne tbst ilch eartd rd dlt
ncnd longtt'tdll'at]J dory thc ge botton.

In tht nppd tre peH tb dfrsblon of tranaBwt ffinS tbo
-95!1, \, 'l 

ILlrlplp!,ra b f.our irr*rnmruan rrsforthsrds, lt thc lorl Bort fet 
i

atlona ruch ea thr S\yc farl eni Porl $andltoac rtrs dstvd tlol tbr

Gtgt.

rodiJpoltlafiT rorfirrkuorrrnr f,aultlng bad a ilr& Fri strytru

GffGct oa both thc ltr,hologr ad tlro thlclcncrs of ctreta dqorttri
tq"lf r',q-Lc4-

than yravlolr$r. J Thr fault blocL bouDdd bEr thr i,lrl1tnjto rd Et
fulta rar rtorrurrprd at a slorrc rctc tbn oreat t\der crtl f&e

onaffovpta, ral^attvcry tnfn, thrln Scndetone uer drporltrd o
thr blodr. fhm ns qD GVG rlmnr rstr of dmnrnrptry wt sf tL
Hcl1lngton Feuf! er onfy 600 ft, of rhaltotrnn'r ud 140 ft of Harrtm
gtrata ur. drposited at' thc lianrrlrtu r.'addlc (ace Orcr f943) .

Otba feultr vhtch $sc actlrr tnclrrdr t&s Trut* rd PlscHLLr

ffiDg th hlelplpl^en, arod tha ltoangout &ELug ii[ttotonrl *nd t&r

Sxrttnn.

,/
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Bctdao {ihl lnfturaoc of furlttng on rrdlurtrttoa thc. nr rfro
thr tnftucre! of filustuatlw eg gfievrlg lt lr mt drnyr ertr|l

,'-

rhlch of thc lnfluncr rm dorlmrrt rt e4r partfsrbr t!,r.
At thrt-f*rrnrnr.J. f;" of l&LLsxll cqur raFhfil) ater rtrr

lf,rilr Tb flrtt d,tll htrrfdlng lthc Plslrtomo occurrrd dulrs tDf
tntmrl bctrro ttrr drpoaltloa of thr },. tr.rp.eff. rnnlltb aF,il tt
E. tr.Ep.rff. lclcerlptr row. Thf,etftc Gltntr, rd pcbryr

"f+c".f" fiIuotrntdiU.f"C ottha nlrn ad htgh/ or msl td l,on.

fn eerly fuhmrurn tfn th dlrpoeltta of Laul end ar nr
pobrbfy rtnllrr to thrt durfng ftG Urfptplerrr tlaltotcEn, rd
Heutann' It 1r rct ktnua lf thc lbrt Cotrt naagrr rrc€ ccfpat hrt
drp,oaltl a.car Hgatrnl do mt tndlsto cdirtfoa\oioai ta hd.
Vcllr (196rb) oonrtdecd thet tb fit Enrcc trhlgbtt berrn fJrd drr !I
thr leuE n*rmr'En. thlc oorrtatloa lc ooneldr:.d urlttrl5r brqmr
thme rro sldraproed urtac dcpoettr ln ths ;e5pod rrre ttrt& uGl
d$orttod la ttrhrlurt ahallor rartc and trrtleetr t!.del fiforr tbrqCl
thc nErrt Corrt gtralttt.

I\xrtbr tha losl lrnilrnoc of thtck nerrne graveb rrc pobrbty

duo to lqd.rUors d.rltt.-A Iu contreet to tb. thfi nttot3ran rad

thulann td!,mutc tbo nukrmntan srdllutr at tbr !{anaratu gndrlli {rro

of tba lano erdor of t*rle&ncra er thore cart of the Hc)lln8tm Faultl

rcr Flrtb and Fcldroyc (t943). It ny bc tbat thc rruruut nr
domrrarped norc untfornly dnrtru the nrrkrrsuaa #Ji$rk?*rV.

rn tlre Eppcd lra drptbs of dcpostttm $Bf urrrrrfy fnn
ehrllmrc drilfrg thc Fnlunrnren tbcn ln tAe prcvlan perlod, n6
of thc ttreta dapoelt.aWT or aborrt "5.,"*. BNtrulalc ilccfr
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-t \

ocfrrild at ttp loc,lltlor, clrttrhrrc rtrlyr fln ru{ nrdiut
t$*ltlandrtm! $83 deporttldp lurct of ooagtogcate ehon t*t/A;$Bt-

lo ns floa tbr rcdbrest, In the Upre ttr*rrrunm a tibtc*

qum€o of nilltonr, rtltrtonc arod rcndrtonr rlrr dagrolttrd. ft
ts tlmuebt thrt thr oodlmtty of tha nart Corrt Strrlt bad at lrrt

ry h'ok*r parbpr by thc l,ft Bnrs "hldt*, end tbat irha rdlrutat-
loa nr tn r lergr oolsrod b"f S"l emt-€sfurertrs cwb@rcnt.

Dirtn6 tbo OtchRD tha aosa lefb th nppcd a.Fn. ?hc

?rre*rn l{ourftetr, prcvtoudy rclrttvc[y ffiraS, hrd b.s G.oC16

at fart er thcy Foctr Tlc rato of Wltft lncrcaad arrl thr nuil-
rlnr brcam clmatd ead nrc cnrued tV a dlrerlf!,rd forctt. O!

oDe occlston ftoaFrhattatng durtng the cnlntnstton of a gbol^il
^pclod nntlcd tbr unrtatn alopm rrtth aqu:nr Crcyrp.*c fragplrtrl

lhc fleguaatr nrc ltbcn rpead on tha fou fyfag arns Gd of tbr
hrclrrnston Faulr d*r"u-iH;?li,l"rrao!at .

TrLLe ( t96rb) hil rtrorn that casil,eclfffbn lotr
*n oqLdhrrdr up tha t'ialrarapa Vell;y al far,^ao l{lklnlkl.

Tarerua Fanfc oontlnnl doranarAfng ooorrcd and e thtcL sogtrma1r

of nrlm cgttlecllfftr$ rodlrurt,e $rrG dqoaltd. Har|.ao Crtllr-
ellfftaa ls ebseut tn thc ruppd rrita.

slnae tho cnsthollfft^Bn domarplry bsr bcrD arrostd, al(l r
Iargt poltttvr ler"btcel rnvc'ffi haa atfastd nnreh of t$e hlalrarrrprl

tbc ff,nd het btGa ralsd fl"on abod rr+l;vd to 11000 ft abwr, I!
t'r of lntcclt thf,t thc tflt of thc Olratnran llaryabao Formtlon fClStlft"l
ulu,[7 cbqrt thc rem ar tb Jfalftnlaa var!,gra santstil. lldfmtlllg
thrt t'ht lhlnr td tlclllngtm frrrlta hvr boca rprctrlly crttW ta

tnanlsrrrleil

l{crt of tb



w.

lrtc fretsnary tlm.
nclrg tleunren tlm t&s Tlrltca Somtloa rnr dcpor$d lr

frrllsr rrrt u tfie rnet (ln'lk of tho Tara.ru, l.btntalnr. hrt d
the terartr Raqf ooclon of tbs pnwlms\y drpooltrd Tcrtlary ad '/

Fhlrtoc.sf drporltl @trolsdj et Lstor:dr aerrdrtbn graildt

eecuilltrdr Ftsr to s rsnnnl of dounodittqg.

I toloan.|,o erb f,rll on et Inrt a fcu mtlnrt,rs pre of, tbr

npprd us rt tttc crf.llnetlsn of tfir pmrfttntr lgraartln prrlot.

Slnor th Lrt prrtod ef atgradatlonrdutag thr lrrt drolrtffi,
tberur ar n*ob er 110 ft dcq hrvo bo6n onrt Fr
of tbG lery* rltrr.
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cntmtB. vr

EruNOr{Ic Ommol

$o1l

!tucb of the uralth of thc nal'prd Er€a ltu trr tht ffi
of tbo rotl. IB rrcsnt yerlrs ntnrral drftolaslc of tbo rotit '
pcrtfoulBrly l lcok of p,boopbate, bavr boco oomcatrd by arfrl
topdroaa{rg. Errt dtffcooo! ln pofruettrttyr uft|rtdy rtfiLertd

tn trod veluar rcratn; rnd un oortrolled dtrco[ly or LElIt.GtIt

by t^hc ntrro of thc urdorlylng roclce . 8ol[a orclflag ?dfrry
sa^dltoncl ars poor ent tfid to rwrt to rnrle reS tf, DoO rrrff

frru€d, Bs6g"t aolla oecuF on fUffiry tdwatrd rlltstilfl rrd

nrdetonee, but thls f^end my broor parohcd dwlag tbe lunrr
tbe Hntmnary tcraoel, *rrkamlr Eketdnmrr sd Elrt ToP,

flret eLeg fand. Brooat tor-reoC, bornvcr afo fpCell.y ct@

beoaurc tboy taok a covs of I''lclgtoe1ne locas. 8111 *Urtry

undarl,afn by Uppor Tcttary l,tncrtonr ,.G Boni of the b€st hnd ufthf!

the m,pped Erea, Sbecp drloh graaG on eueh land am l.rgr and blg-

bonodr e$d tbelr rcol lnrartnb\y frtcb thc ldghert pntotl.

W
Thr drblllty of tbo hilI eurrtry ls oorrtrslld W tb ro€Lr

batoy tihc rurfaer, the ttrqnrar of rlopr, .nd thr toarl rt*nctura.

rdfflg ef thr hilb/ mo thqn rrroty lrratrt egorbrr lrrorrud tL.

ratr of nrof:f erd acecloetod thr forutlon of rllpr ed gnll,tc

tl rtrry stnfrl/.
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F.ttulon by oltpe le Ert pru"ild l"D TatirrJr rrdctffio frDtry&wd
# oeeurs chtefl.y durlrrg aton:u. Balnf,a,Ll qulrs e loGd lncrrn
ln load $lth e rstluetlon ln thc strargth of tht &rdur to rrFtl
tnto Jottot plancr. Congcquant nrptrne GBurcf tugp mr,ffop.d-riltpr

vtrtch af,feet ttrc bortrodr as udl -{i"O "* hrf. rrrsndr of

nrdgtons elo6 tbe gtrcanr nrd thc podusttvtty of thc Lrl b rdrcd.
fe!,lurc of hrbtdttc anJ adrtonc rtrate la fJ*fGullrly om ta

oertaln eto4 rosd cttts alorrg thc ErdetqtlraAlfrrfitoo d! Iilfiry
w[.eYc

sotrfh of the Poop-e6ay trtgf 
^ 

aLlpt hlort tbo r.od .ftc rfnd
warJr lFeW fall of rsln.

In urrselvc flnelp"f"ea Tcrtfar" rr dttono avrlol fe h4rly
f

rertn!.ctod to turf alldea. Dtrrlng p*lodr of brrT reia tba urt$t
of the raterioggcd turf my baeonn greatc then tb. nEc;th of tba

'i
gtr-s rootr; ulth a oons€qucnt npt'wc along tbr tef - mndrton

botrndery.

Jdnlll
I f,rr reokr of llgnltc nro guarrt.d fron thc ortorop of tLr B.

Coagtopretr la tho Boagonl orca. 0uttldr the neFp.d area, lifnttr
\& Irtrgx,(trg rro.lsd oB a lnIJ. ocalc, rnar ltlanrnm,.

fbl tht! Ilgnite bda of t&e Haryrles forrstloo at Harlm
d,)A
oettrID 60 pa cot rcb ano m por scnt vste (Hcray fi92) rd
hrrr rct bora;d;Ififi.

Rcd Frtrl
In thc prrt th. rudr nEG oonrtruded trfth roclo fr.il rry frll

qrrerrlrlr !n b$rl Tadlffy oonglorrate at AErrdton end lioagnt3
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tn ltrtmrt' Hrrtrdbr I€1, @l b gprr*t rt
mlnl rad lhngrsmaer| ont ln tcrror Frrrlr rO r|Frh,r trtr
Ellltr rd cart'b flll. ErJc f+roruntr of tt U6hryr md tb
rcgfutttn Gf fl.rctr of lo*tcr tf tbr Efrtrtln d Frhlrtrr Dnlr.b

l.Cmaff.s,ht ld ts cm of tpr.klag mr bdq lqlrc t*rtnt tb
radriltr to ;;g:"'A rcrr cerrrfnctr rn J uor*d r r rrrtr
rcrlr S nrt ;a,11 quarrtcr re fr.lll* tlto ir*. E il yr
ter omtry tcswb €ffiGtla mat r lmttoa d tbls rnd ryrtr rd
tbr nrd lbr rfld rtl.l la balag rGcdilt ru0uGfd,

tt-tan rs' #nUnriprr
flthogh tk.c rnr rrlt $ffitttlc of prr ildmr fr.6

uttLt! tb rmd rror (mc lbjru filI9) tD. ott gryt bdat
!.q*d qt a lrrgc rcrlo tt lt*Olde tle ntlrqy $ !ffiollrllff.

ttstm; eqrftr clos to tb t]Hrtm Sefrtl* rrf .[tD-
tIry nnb rr thr Farontc Ltrton rt erld sd l?ttt6 (nr F|r !$,
I erf mt rrlr Far/rr lo i&o ffifu flor tfr brlr cf tb !$fff
Ory H at ertd mf fimlfl rfr!.i Gdtetn 6lt *gt pr cat of
*% (l'ongra 19f9r p.153), lo'qlFlr of & pc od ffiB of c
llrtm rylc fron ltragnrbs (rcgrn lglg p.ttl) Ig tboutil to br a
frceilmrrlf IrEr raglo llor tlc W OnanUyrffi,
tbe ffi I5 rr4 d lt Ir d ll}tly to br ud la pdrm
to tb Hrutoar rt thr rrrrby hbrlcodllr {*urry. Tb S4 llrrtn
rfitoh lc devrfnpa acilh urat af rcgardro (aor p4l l0f ) bt rt
b.n fmop*,trC fon CrGor It Ig teiltrIt to b. r h^lrly !Er. tr.r-

r'rc I f-
tta.r H cr tt frncm*,d ft uy not be rrfly wH.



Xl9.

ID tbr hrt&rrn frart of, trhr npff,d tro bt;f,-5radr lfnrtonr
^dqloltr ere moh EorG plelfilfuf . 8trrn rn".rJn5 of }!'rston

llrtcd ty uorynn (ffglrp.149)oontaln betvra rc-96 p* od of

Csq5. Tblfc lL6gtoaftg rrn+rJrtqi $jre fnon raryl'o te&g f,Fon tb.

lotau'rurl Llrnotone at [onlnt ad fhor thr Iffi Forl tlDrtsm at
the

t56 Pa:f r1il/tr6 Gorgr. lbr Lffi PGrl Llrrtor fr Frtliulrrff
4f rq+ra\ rtt"

Fr.; or rnr,lyrls haE aborna tDst f'ocllly ft outrl!rr.g3'3 nu cr0

CaCA. St tha Fort tbl looao tltrbil.o ltmgtonc & fodd Ctrrrttil

llto tap-drarlag elrcafb fton pitr 
"d$f-a 

llnarltlr l.rdlf

atripr, to tre rprcd a,aroa6 t'f,o adtroat corntrtrldo'

@
ttr ntc rrmly of tb. wbrn ure of 4rtah Ir ptfrl rDd

tr?m drcr ftor tb. dndlc rcrbr sf thr }tlrfrhf Rlrrc. Ir

rtrl -,a-Arfrffnf rdtlautr nfmtc Gollectcal flur ntaf| rd

rtortd tn tr*s le mrnlly rrrf,flolst fu dmtle rnrdr. fL.

lrrEc quailtttr of stc ncdd by drlrt fsnr (tr tH rrttrt

D.r/t of tha a1.;) !,r ebtrtnd by dtbtr pryIry nta out of Gfft

ol. froil rhdlotr borc6 ln lrt Qpetma.ry Srrvdl.

$tmer rtrGh brrr ctchotr br3rly |l ldttol; ;L!.trtcf

rrd SFadd rcndttoarnrdrtoc bdr, bcmr dry frrfl$ &t lulEh
gnlt egrlctfltr*rl der b.rr bro oontrruotd tc anlre r ntc

nrpply for atoc* tn thear rrGt r

&ffig itldro-ca44n;

Sisoc tfro Lert ucfl nch of thr Aart Cart of thc lo!'tl lrl$lt
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utme thtc* crquccGt of qpp€r ?rtf6r? and ff$tff teefird
Crdaooour rsckr are knora, bar bcor prorpeotod fu otl. f grrrtc
Part' of thr tcroh bar bcr wedratrd la thr Olrbornf trr
ubarr ot'l ecrgr aad gu eprlnga arr Lnonu, and tbr thl,o&amo of
tbe Crd*rcourTertlary atrata ere lncb grotc tbrl t! thr l|rlnilpr,
tlrypgD no sll hat bGs fous thG scaroh oatlmr.

wfH$f boroa B TenG and fecp-o-ar+rffil drtald tllr
usngroro oitfhlds Ltd, prtofi' to ths 1911, lilf,r tho T+m bcr
rsahcd a dcpth of 3rC09 fb tltrtla thr fe+o.aay alt nr rbraimrrl

at an unlmoun hrt 6br"fbrr dcpt&.

4n ab*trast of thr Trne bore tr glvcr bdovi-

0-28?0 ft lfidgtonm sltb brd rtreal arrd ooorrlonal tbtn

ssndatone

?8i'o-294P fb Ltmotonr YqY t*d
Zgfl0-i3ff8 ft Crttty ndctonc

A trecc of otl at 1r10C fl ani &equent traoel of gal rErG rrlnrtd.
Thc Tcnc Eore ures not sltcd on & c.losure( tco caort rco0lm I-[,.,

snd etructurc contow ued but on 'tho fllenke of a ttltcd block,
avill<o[& eouldr boncror, hnvr been coasftr€t,qi et e ureb Fre rrafevunhb

poeLtlon, trucb ee ln a ryncltau .o"fr frult roa!,

ilo oi,1 Eceps bave bao fornd cl.thc by tbo rrrttc or E 0ecfry

(1935), In thc Dennorrlrke aroo, UJllc {tElZr p. 1131 fotd tbtt tb.
oll seslrc ard oll enelle aro senflnsd to Cnctncmu rooke. Ef

eoneldes{ thEt no sourec bcda ocsur wtt, of tb uam@
(Hangetoro) fnult bslt. Sfthoudh tbsc lg ao dtrcst tndtoatla t&rt



,r1,

oll ls prermt utthtD tfrr npprd rrtr, tt rh.ld h Dotcn tbr,t otl
hq+ tlo€a fffid tn largr quautttirr tu yonng bertu ostrdafiS dq-
uator-deposlts ttn{Iar tn rrny rcpccte to tbsat of thr rpFad

for brterrer ln sqrthara collfornlo,prtldJ.rfy et lor A4r1* (rr

.suluotd 196f ) ,

Crbcll ('t96?) rep'or-ted thit inf,lannhlc odorrlrr g!r, poUn{y

EihaDGr rtrrs ercaplng fron a mllne pool ln ttp lhmlr TrIlry rt
grld rrf, 280886 st a rate of' 2 lltrcs pen hom. Ho fEBhr rqortlf
tlrat e sl.Etlsr' trool at grld ref,268E?8, rcs fnfilld, fror uhfch F
had eacaped alrc oesrurcd eloag ttre llar of tbr Alfr..dtoB hult.

A dtestcal 
"nqrJuls 

of thc Ilflmla gaf by J.$. $laolsurll (Uoddoo

Arntyrt) rn 1911 , W&-

Carbon dlordds

OlGftrs

Owga

Hetheue

Fydrogo

Ccrbon tdanorldr

tltrcgru

Fe est
I 160

0,{0

3.fr

fi.96

9.p
1.20

a9to

yl,*Iotal

Thc liongmt ad Arleba antlcltn ! ffi (rrr S'tcrrtlcr

Gortour !hp) rE*a.ll oonteln natrral SBre tho Hqgpd. Aatl,Glln

lr tlko It a rypotbetlcal er.anry'le of Jrnt bou rnll tbr rt*rsts.
contrlntng a 8rr lmd b. cld yot bc sD .suille prr'porltts. If
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thr.f lr e Gtr tl.rrr olr along the Gr€t of tb. mpf GtlrU'n
tt confd mtrln ar ruclr aa 3{1rrco dlltoa ouble frrt of atnrfrhb
grr Ib. fblltrl4 mnryttone em ndr tn t'btt rtrolltl.m
tbt tlrr uolu of thc rtamotr of the [, .nd nt r$rr of tb
8€G 0r.ory tr aboot 1Or00O nllllon aublo frrb tbt th parrttf
of tlr. ro& tr lt par oartS thst trtrc ggt tt e3 c drfilb of }ffi fl
ufth r pr.rrurr of ?D atuoapbrccl ad thtt coly blf ef tf nr
uould b. ffirgtd. 36r?n0 dlltoa ctrblo ffdt of ntmrl pr tnlf
rilt thr rqgtmnntr ef e cttt vtt'b r poplattia of ffir0m fb
rbod ?!0 yun,

IhG. lr pebrpc a 6paatrr ltkrltbod of tldln nr rf{ ttr
ctrt of thc lnhor Ar*lalhc rhtch bur e brttm rf,omr td 1r

Drrt brn 3rr rprtagr than thr Fongoual Slnllil.

?rrer of osppsr hsva besn fstrd tn tbi ldmoroto gwn*.r af

tlrr Rtntelrl ?arrrrrra end Fuahlne raDEGG, ad dIglt brc of

Ecrt (cilnar) U tho tarann Fangr,

A Cffir tnlfng boulde flon maf, ffakertkf ooutrfdas clnbr

Ffp) Er fomd by lh l{.f,. lialah, a local l-rhrbltalt, It nr cdn
ed drctbrd W n.Gd (fqla), rtro etetd; 'tbr ooatd of rec7
rrrlo utthfi tbr apectwn fuom 3 to ?3 per oartl tee ryuap b.l!l
rbout t3 pr Giltt. gtrall 61otnr1*a of rutelllo nreT Fr drtretrl

on {rb nctbm of, tbc rtcilr,c natcJ"al. Irol mlphtfi (prrftf) dn'r
tltrrtloo bea reoo'ryanted the dq,oettlon of tbl tuql t&r lbllor
of jold rnd rllltr rns $tabltrhcd by arrey.r tf qrrtlrrrtrd FIt



lir.

of the spectncn ls dark grrrrn tn oolour, aad *eo dettrretd by

Frcd to bc a rarlolttlo sFtllte. fi,rrJ.ow oee|rrr€ngoSrof nerG|clfl

alpo arsooleted yttb rptllte ere rGatrfctcd to a looallty nar thl

bcadratcr of ths 'dafohlne l;lvar iO ullsa to t&s rotb-mot of

Kekarlk!. Prto to 1962rtbe outcrop of a t'htnr atcep\y dtpplnt

!aap* body DGrr Talko Trlg (er$ rcf 1360??) rtalt prorpoutad by lb

ue!.th. A feal splltta tooldcrr uer6 formd t5r tho rrrltar tut thG|

!u Do trae6 of etnnabar ln tbo tpul.deno or ln thc Jarpc.

l4ef,ay atatc,t ln ( |88el thrt tAmong tbaae ehartoso, Jrapcrlodl

ard dtatrntlo r.oeksr o? !n thelr eloaa tXc|lttty, bavc btG f,otd df

th. tndteatloru of nlnrral yc.ltb fct dlsco?.red ttlthf! tbr oldc

rocke of thr h'e]-ltngtoa Dirtrlctn, and ruhrrqrnut uork brt IULIV

Justtflct hlr reuatk!.

Thouf,b oonctdaablr lsn€y hss b€o lpeat propcctfrg th; rt{rhrrqhmr

Coppa Filln3r'rj 9 nlloa aorth of lloodvllb tn tbe Fuahtm Raagrz D

o'pg. laf f3G' bcea Erlcd.d. }ho[r;r (188S} lowtd thet rod 61,ffd

"Gifftottogtran bouldan oontalrrcd @Fpg'. rUilrall; a bmlde

rhovln6 rldcucr of oopprc at tb surfasG rmld ubs brohc l"dot

;evc g1 lta Jotntr mre or lesa ooetcd wtth gFoo oarbonetr of

copp{l, culoetag gmll pfioo tr crylta.la of ndrllto Go'ppEl'r Tbo

rook et tbc norttrtgr ontalnr lere 6pPCr tbas t'b lt.rgeD barldlr

gtace ltda5rr a lnvgtlggtloa EfiS grologlrtr brvo l.w;;tlCetd th'

pcoeproo. Ltllls (19i3) oolaldstd,trtbc Hahrrahrrr €oFpc !'r uryrwd

btil tr mt a lt.LelY ProlPec0.il

tboqron (19la) rcporhd tbat s l.lttlG Fold ner fotd La e t'b!8

yryr1t6 leads' travcrlag a rrd Jerpc at tbr uoodvtrb ed of tfrr

llanarrtu Gorgl.
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lunqi4r rr

bils of Foeell Gotbcttou of f.3.H.9.1. f.ltt

Tbo follndns aotor cplall ttrr dstdlr qf h*elrtq

cotlrdr4 l"

tb. tntttr,lr glro refe to t&. fbffgrrlg ollrstm.
SJ' lrnr
H,E. fldr

E.H. t. dr B. tlcrlbooe

J,T. [I4n
llc. tlrdry
J. lfrnrloL

O. lcsf

l{. Ongkt

G. Orbrll

J. ?orrq

f. Yell^e

f , ltrbb

$.1.r'. t{cllmtt

(l .Ii. lttllfOn

@
the rrfcrcr urd lr tbt'

D?u{ffit cf hndr rod ssfly
Ondottc Datau, ad rqnoducd

bl.Ltl^n.

ulth thr yrse Fli rbg c thr

H.2.H.8. t Sbrtq urtn3 tS. f?49

s tbn Ocal4torl np la thtr

8.t.A.

I.B.F'

D, dr

J.T.f,.

l.Dl.

J .1,1.

O.I.

il'0'

G.0.

J.T .

f .Y.

['.lrJ .

[.U.H.

C ,S.1,i.
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sllqtqrtrlatq rofltltp

6g !! % FccrJa (rsryelao foruttnn)

q G G? Cor*lm'r3o rf il

. G4 = g1 $tttstonr (totanrnr.l fc'ntlo)

\ E % Goagtosratf t I

oa s Ge $rrlrton rr i

Ot !r Gt Ltnlrtonr rf ?t

t4 E t4 sDru. bod

!! It iioa. of lfllnfb !'tF.rff" E

4 rE Zoil ef I.dIgUln n'rP.rff.11[

tt E zoure of rei.!.er!+ gg4!ff$dl!$

E t4 gDdll bod

Ir iio3. of lfllnfb !,rF.df. trrqrlrtr (Elrfl erd||il)
,E Zoil ef littgEln n,rp.rff.I[dntf t I

rl

T1 rl Tt Ltry goslstgD. s I

Ft"f = f,altcn liendetogc

Frg = Chhryr Btd (Ulrpc Hrkrf gfft*om)

Fl? - llpps llrlnrrt Sttt'rtom

ft6 - f,oropeke Ll.rstom

slj = ltoroPert stuffior

Fl, = low $elxiotom har (Iffi fod ttntu)

Sl? o tfits Pcl tbstono

Fg E Shfe hrrn $*urdgim

!g = I"ftns li&hut Stlteilore

f6 E t6 ;jllbatonr (Ueturf Srdrtorni

ri = l'iclntrl $sndg'tffi'

I,Z = Fe Coqulxofd Lfnstffi (lbkurf Srdrtn)

Itl a Ft cYgt's Bd x rf



tt6"

t ! Ernr seilrtou

h r f,sna Sllttt€N

L . Tantlr Sandrtone(

V& !B ELstsbc nrbtdlt

I ! Eh*ahra thbtam

Ee I Snder; S|jltatm

El ! $t $erdeton;

9Z = I, Erdltor (Xrffmcrs rorntfolr)

Sl t 8t glltrlffi t I

R, a RO tdrtm (Irangaorarya fol-tta)
R4 r Rn Stltstonc i t

n3 a b$rnrftooc I I
Ee ! t2 llc1 i i

DA a llrmn t'irlrtonr

D1 a tc lbc llabtdlt€

,4 rr CO itudrtoac (fenrato Forntta)
a3 ! cl stltstone ' t
cz s Gt coneloauatc F t
cl - ct Sadrtmc I e

) = A? Lfristor!. (farrrua fofndbr)

n aogatlYc stffqlr EaEff bdsu t&o hree, a porttlrr Eufftsc rba'rr

tba top.

l$&fqs
Tbs ft$t tp Dnoberg rcfe to tbn grad. rs,lgp of tfio adtrd,

tho ttlrd, to lts l.drrattou on crofit:rtlor, arrcl tbo filrrtb to ttr
ealettr of,rtort.
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Ths s-rlJ'L lefite refm to tb. mlm, ur4 thr firaf rpltd,
lcttcl to rd!.ra.la snl cqxdltlous not irlunye lrarsat,

lhJor

Prlt

1 . Ihconeclldatc'd

2. Very coft

2. $r,fL

1,, lkdsat*ly rofb

5. I'todtrntoly hs.r'd,

(,. tlnrd

T. YerT hsrcl

&#r. eail,E+r$L

Esuldrr

cobblar

I'&blre

0rlvelr

focm m{d

ltedlil snd

nF re'd

8111

lad

Etm
frft

I'nllt to plecan rh brndfrl

en*lly sttahrd F hrd

uttli dlfflcrlty sushsii f hd
oonrct b. cruhrd by bnd

edgsa tnokrn t.rftb dlfficuttgr

a.s vs?- hsrd tl.rstfirr, fto.

1.)
)

2,)
)

3.)
)

4.)
)

5.)
)

6.)
)

?.)
)g.)
)

g.)

Ir.
Ia.

[3.
(4.

[u.
(
(6.

[r.
(
(8.
(
(9,

fbt fl$'t nqnbrr ildl.crtm tho ff'eltr of tb rJor pct, af tb
ardtsatr and th€ reoond tha Rl"rcr Fert. tlcll. FadGd srilratr
trltfr r mll Ftdr mryo abou r rnll mieer d!.ffrmce bltrm
tbe flrst, hp npdbc!.

Jrut\gt$e oJr oF csaoufnttqr



0 non-Galcrrcou8

1 rftgbtlt e.lcreoua

2 ndcetcty c.loerorrp

9 ?ry cloarm
l, IWr ltnartone

, Rrrc lt-wtoH

SslsE,

a alrcst rftl3r g dE* bua Frt
b rrrJr llefit Eflf b gril 6rqf
G !&rc trry t lrrfbu bcia
C ntlln gnly I rdilrh
l drrk grry t Srcc b.EtG

t *llru brou gr.qr

flottst gf C}lar$--

9fr.

W
0-1
1-.5

5-?f
M

'e{o
&166

sllrEtLv ttscaltell V*l
rtrlt?
c00ffi
l{ il tft
PPTP!?
c cc ccc

luffronrl
Olrumrltto

Hlorml

ffittc
Carboracmr

H:thani

Omcetfmrt

ftrrtnrt

Ul{UfUt|,
o00m0
eeq$q
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hrphrtl,o

th.tf bdr

Borflgr

F

s

B

Fh al oq, hr_ f,gfn rnlql rffi!.

r
8S

ED

]tr
883

BDE

(l* J'.rtmdlr 2r Table 2)
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t&o,

fnndlrJ} by r, lrrlr
f*'anlllfell fge ad Dcpttr Ddrydnetlmr,

ffirhm Dtrtrloil.

H!.ercearpleo fbor" Eket,:'tnna dlrtr!.st uGrs amrnlncd fl.il tht
gotrtr of vJ.eu of gmlostcill. f,#er rrrd pafmcolog.:r trtth ;Fdd
refram ttl dsgth of d^;;rotfF{oa. thr bqrl; for Drt of tbr r;D
fl?f, paleecologlcal dctoralaetlru hate bcsn gct od la a dfrsrft
of foranlnlfcra farrnel fton lbur!,ocvllh rttrtrletn lur natrl;r

mtrth of EkstaM (Volla, 1q(4 Elortratlcrephy erd Pr,froaeof;gr d
lhmlerllk+ dtdrf,ctp llru Zestand. Trena. RoV. Eoer flr Z*tril
0oologrr ?o1. 1 l{e . 2 pp. 183-199).

oologlcal agu uru6 bas6d on the toncr sbcnar llr tebb 1, tb
DDot b.fiU a,a;Esd to hve tlm-strq,ttgrapl,rto rrluc uttiht! tb
are8. emotrnod. Ths loraot tuo tonGE tlror,m ln Ta,ble I utrc uot

CeterlbGd ln the lhurlesylile aecornt tnrt nse mtloaed tf hrrfFn0[
(ta r:entue 6d. 1959, I,od.qrrs $tratlgraphLquo Intcoatlonll firf.
9., Hcn Zelsud). Foren:lnlfera are lcee rallrhlc th;j Fbllrfar ln
tbc Istc Pllooarc alil Flsletocot &mr, and agrr of drata uitblr
thla range horc btco lsreaqy dctau,tncd W IF iloaf hfrltf.

Sle smnlnatloa of tho I'krfiaba nrril l{urtoGrtlllr utoon+b
tfir fongeporrfiran nd f,apltcan rt,ega. balr bm eubtce&e of dddl,rt
nteropalmntology gttxl.1e6 hr C.;,1. Gltleon ond J.f . [andt (It.D.

thesoo Tlctorln UnlvrrcfW ef t{sl-ltngton), ftr epeclc otr forrddp

fcra y1!. Sr+l{ntrnr Sfilffgf&e qrd ldtulsrf"c Ege$g1rbotb of' uhlcb hrd

prcrtouly irocn rogardcd ac tsfnrt'a* Lrg qcotc of tb f,apttra



%1.

atage, ug.e dls€orcacd bg Glbeon to ooorr t-tt ths Tongapctrhnn

gtoge oonslderahly low.r thal f,apltean' f,cnnott uan ab'le to

reeogplae the Kapltean $tego on the barla of d'h191. epcelea; ard

b rslsrd domrnrds to trfptr Tongaporuttran EolE of thc Eketahtua

atreta uhlch lud been determln€d by tbe wrttor at l(apltcrr. Amn8lt

thme rtrata u€ro tboee ln the southorn part of rcgl.on corrta!-b$ry tb

!4ollupo 3ec$JPngrtm 5pg119g1.

Drptb of dryosltlon rrtro bar€d on the lntorpratattoas of

blofaolu rhor+n ln Tablc 2. These fnterprst'atlont hsvr bcl urd

tn othor soatsufr by tbr rrrltcr, ard also tr t(cnrctt (foo. olt.) rd

so far thao lsr besr no roason to rerrlsc thcm atgn!-ftcantly.

Nrilsumnran

Ilautauan

lleltotaren'i

Haltotaran

!{alptptan

Opolttan

Ibpltean

U. Tongaporutuan

U. Tongeponttuen

L. tongaporutua^rt

Table I

Zons tn rhsttow
ueter fecJ.rg

Zelardlca Zonr

lloturrla Zone

l:^angaolrarta tono

KlngDtef '/"one

Olsonl Zonc

Iocr tn dlrp
tntc feclrl

not rcprrrttd

l,tolatur ?ptn

Infleta Zan

Zoarcrrl bm

$r,hlrrnb*8ct lom

Pobana Zonr

Audril.Etena Zonr(ltotl.rrsce)



taE.

Irtsr-3

Slfirlrr Int$d tel$
l. Strrblrr rrtuuln
2: W&lgrltur nblltt*rl
9. EUttdfE qPPc rttlc nO to m

4, Er.dr|lldrr l"ffi rrlttl s0 to trm
j. Botnrlu uD'Pc brtryd 1t0m to 2rm

6. Srd.Ddrglo dd btryrf zrqp 5 4r@

l. nryrfrffo lffi bet$af 4rffi - ?

r o[{rmrv n||i rrdsds Blsfrslr,

Oto?

eo
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lFFq4l- 1r IdattftertLmr ad fott F
f,,D. FrIl

M

Tbl.r lpsdlr la nrbdlvldrd trrto tn prrtr.
t'tary rerrylr of ltcbllf lndurntrd uppc fGtfrsy nr{!r rffir,

etgfarllf oolbstrd to studf t&. ontrlnrd ftamdnlfrr"l fhu,
re. alro fM tp ciltclrr;plnm end platc of ffi. I
etnily of the rpllm rd pl^ltor fi ortalmd t! Fart I.

l''ert II tl @firrd tdth rblr c l"cgrr ffc||Ftr of

Estrlmdrutr tcdl.

ee,J
$u.'olftd spatrngut(i rplnar .rd pf"tru rro crED |l rdtrstr

nhtGh lrrrc d4ofltd dc roft botton oedltlcr, .ryrcfeffy tn dnry

rctc mdrtonrs sn{ rlltrtpnr. Spatrilgotd rplnm tlFor rdltmr
em gnmr{y Dan rcLlrQ tbrn thoea fl"or firc gtttlard rdl.natrl
ad aro mnrldarrd to btrf bea trarertrd elery t[. rre flIoon ftr
to dqorltlo.

Clderotdc sd tmBl,artde (M) an mn |l
eraoolrltlon slt$ pllrnae et ultlc oaptbr. Ilr3ntt ef ffi
fton thc ffhdrha ad tr lbc nrbldttf forntlmr cr of botb

rystsngpfd .si CL&lro!fi rd Implerldr tglpr.
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ffirnrra tEnutrrcI

s- :.seglgnf

Ionll
IoorlfE

W Fbrgffitr of fln&ne$hr rolh|.

F* nfftrnr
# Snfi1plletrurdffi rplru, tbfrttc

nd coiLd rd lvlddlg dct'rd lto! hud.totrtu dmArr
(trfr.+ra p*trpl).

Ifl trrt*rlrbb llqrmtr of ctdlrldr, tfry flnrfdr af

rrrrtn*rtmn-rtb fornr @) rna trry mgdr
of ryctufptdr ronrb,t rulld, lftrtrl, rt ldctlfl$,r
qrll3 to leck of hmrldgr of tongrpruhu rctofbrrlfu to
rfit& thrc Ela.f d$t, brlcg,

W
TE Hig fiIN$ID}TT

,,5 $Befunetrfd rpllo (pft bott6) rd rolfed rrfitudqrAblib
splnm, mgpsttng ron dctfttfe of rtctd tbor hNre

bottfi uvlromrrt.

EFilUt[ Wrltr

H,fm|oR$GA FoFt{ATIotl

&-Eed!@
911 lfo t'rao. of mhlaodcn
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Fonll
t cr,litil

tsrtfih!trrl
9tl sFrtryTldr ptt.
910 [o trror of rcblnodsn! o

Kulmoao mnx$ffi
s"-4fmrtgf

lGI Srrsr of rprfirqptdr ..l t'r$lmotdr, lrdertr

W
t?EA StHEtOill

F? 0baswc rolhlt apetcneold rplnr.

sAtiltrn8 sllfsnm
8f& 8r5
8Tl, 93I rtbuadut cprton6etd rplncrr rofb mblratt.
8n, gto
9n rhdant thqgh sodd rUrtrngeld rptn.
8fi Sone eprtangeld aptrrl rd prrtfy Ut"rulwd @

rpl.acr (rfrlletlag triolopqlnnt#r ht Ft thlt ltttqrl
gm, I thl* t'ho GffGct la ftn to amo dtllfcdlrl
omoslm of tDr bemr).

9Ol flrtrot*ry rolhil lpttrnsetd lpln,
g?In S" ?rrru of rfetrngoldl.

832, 9n
932 Db tnnr of dLasdra.

ErmrHuitA HuDsll)tIE

T1?
73118?4, Ahdrs3 rpdcngetdr pft nrbrtrrtr.

,* Sprterycfi ladot, tlrttarld ildd.



ffi,
Forsll
Iooeltty

968 rndrt*'staahlc rra*uats of cldarldtl tIry frrfrub of

Ep4rer.qr|rffke forns @) raA tlry flrgtr
of rpctaneofdg. dll too rolled for ldarttfl.et!.on,

W4 Traen of ryatnngotdc ed t@frrotd rylarr rrkr @.
rcB, ?f4 [o traor of rchlrcdcln r

Ifrtr,TAIIUHI TUINIDIIE

101? ,9paturgoldl atutdant,

?01r F Sptangolda pmrent.

w), ?to
Wl Sperc rprtengoldt.

722, 914 sprtengpld qfmr tdtortr'g rofb bottm, hrt r ryrrr.
pnoportlsn of rnrl.d rPrro of a rcguLrr cdlntd, ullr
pobab\y lgFd.qhttnte, tdloetr ron drintto of, Dictrl
fto'r hlrd Dottonr ovllromortr

m6, 915 no rvtdoor of ochlrrodcno.

TAHArIA SA}{DS$UE

gFetfiryefd pfnttl tdth crmrlrtc tubes,lr. Crud"attn

btaardr ebout 5 larga crnrlatlmr oD or rlde .pd ab'ut I
l"ql] oDfr oa thr otb$, tptlcr of tbc ern tfrpc er rt
fo;sll loealtty 558 evfdently arrootrtd rfth plat*1

ccnrXetlm pett m doec mt retd W, (nAfO

bar e oontl-nnru nrgln on thll rtdr rrqr fr6 t&r lrrrrt
orenrlatlsr), sd r thttrls tbr atclel u rtl to br r|f*r|i
to EEEnlb.

nI



tr|,

Foml.l
Iocallty

8n lfirob roltrt rpatrngnfi pfatrr rd rpl,n.
873 noU.d apatangotd rplacr,

74 $parce apetangetd splnes, soft anbltreto.

HSrJt,rA!{ rjltTl'rom

SlrG PoLLrd epataqotd lplneo .

tArr5 snilHmm

?66 Abrndrlt fr$\t &crh opetengeld rplmr, .odt abftEltl.
9X trhndut rpctqngotd fbagnatrl tut rolld.
942 Speteagpidt prclat.
7T nand rpatcngold aiplnas,

ffij finr msbd rrdcpoelt d rpeteagotdr.

881 $perm rollrd rcdrpmltod cpatengoldr.

I.IAEURI OROUP

H,.MURI SIISD TOM

SI ttr;t ttorm oGGErrG.Sarl,l af otdsold gpgilCgifl.

Rrll roeud of e@ rrd ftr doy,tb rrlp lD hl. hll. g
Itc [r Ed.ed Arpqrtc oldrrtd, lflldrglg Ebll If
br aryerd to thl.a ryrrclor (ar lltutrrtton of ryln ou

p'2ts of trlr. FB-I, BulL), tnrt tbr pcrtt rprcfo t-r 6rmf
rDt tErG thorf,f tfran tl,bc llvllg rprcl"l, rai ry r'uprat r
reld rpcolt of tne hltHo motypLc gatl, [norrl r.rqg;

hltbrto Bay of Fleart;- to (hpo f,ldnrypcr.

9n Spctengotdr pmrGnt *



rcum Donr LD'esroI{3

rt@
911b I fc *arutr of 6tr4etdt,

t6l,
torlt
Iocaf ftil

I,0HIA TUTffi 8IETBSOE

,E Ahdrnt ryrtsfnldr.

6rE rr$i srEtuE
Tfi gon rp*tanAetd ;glnat, rrotld rtrlrl.

ECIfiOFUEE SrfiDEFOru

886 Ctdartd gFrldaar"lr cf. 882 hil Grtm seilG rgctln
ft ry rcplruaet a rrmd feililr' lr lt rppen b ftqnft
rsrpUogfcUy nttb drrp-ntr @.

$]'{.r St9 AHrd rpatenreldf, mf3 bottor.

883 gpat ngeld ryfu lrurat.
m tnc of 4atengetdf.

UFPEn MTXURI Srlt$n0tm

853 lhrdut rpatengolda, roft bottd!.

&t Sperrr rrdrll rcdrposlt.d apata4oldr.

852 llo trncr of Eeh!-uodcrnr.

r.[ITA1JA STND$TTIIG

nt Ahndenb rpetanjoU rytrrr rd rpenr roltrd clfuulrrt

Frohbly @ ead rotro sthtr rr3ttlrr'rtrlnldrl
trdlu.trng drlratlon fron eor bard bofito{! dtrfu.'



ffi.

Foartl
Ioclttf
735 Abiast fgpl+hlgm sFtlca ad plrtcrp pmbabfy F.

elb,clFFlFr, $ono rollcd tndst oldarotd llrgmtr.
Spatengold aplnro, rsthor nollad, lrtcotd rrdrl ed
enbulacral platatr vGy rollcd nsd l"drnt. ChFd srD.ct

ls that of e rtr.d loft lnd hrrd bottar on {fir 6fi{r pct
of tho rhd.f c bpud tt,

W 86? Ahdant rp*ter{ofd tptnr, saft arbt.rrtor

&E gpatrrgoldr Fret,
Tn Spcrc ryataneetd;.

I4AFIFA S.frltD$ryOm

F.@FffiB

Trln ?5? fracsr of rollad eptangold rptrnr douUtlegs redrpoalt do

ftZ Aa abon, but t.nGfudlrrg tonn lsss reilt.d rt'clrl.
I. !r.tp'iff. qc8:rrrtmta toaa

T4, gom rollcd rpatarrgptd rpfna flagrmte. hoftr r*+cftf
dtlttrbd cetaLal.

E. n.!F.aff. $[gfInfi1 Dno

?66 scvarcly mlled Ir.lEdeehlruft, of dlatrnfr hard bsttf, Gt5|!,

a'rd fi)tsr traacr of spatengotd rpimal alto a Littb rolJ,rt

scdod clde$old ntarlal, $tggmtt artGr Fart of rbdf.
TlrS SoD apatangofd lplneee sofb eubstrata'

?l&, ?4? b trcq of .chllnodGrril.



5W

t?0.

Fomll
Iacallty

HrHFAl,rArqE !EpUP

$ Conprn'tfrti

m lb furaoe of Echhodslns r

f{ut II !fi'.CA0F0SSfLE

sGsF rf n FL,t,l:Arlos

811

fragpdb of sfiBeiiirrstdldr probobfur Fellrrtc Dttrh!.

Idlcctc randy rubctr*tr ln u3,pc rqlon of, rhrlf.

@flEn$ qoul

SIUHDEIiS SIII,$ffOTG

IE4Ep, ef . !h!&lC|a (H,L. cLc4i), lftG trrtnd rfiL
$ decrrrg beqgc cooqtr obragtfi b.q,n vtrilbb to &r
t&st tt is a part' of the rbonal aufaar of thr ffi
,IlnlgE $x addttl.on; g rqdr.r of pcfrctly frcma +lm
lr,tth thGtr sorrr.rtr*ffiLtbilr. fhr rp6, d
rlro ttr ;prct rnrct of thr tubccufst!.s, alggrtt r
slom effhtty rfth th. EdrtUS Forth Istrd ard bgld
ryod,rr lllnEn thrtr#t, tfimg! t&r oryletr lnftlLllg of
t'hc axte,l Irre of thG sptrn dtrtlagulrhs lt ttsN ffifllf
(rtac thr 4tnc tl alntt, hfi, d oplrtdy, |lflUbd).

fnferu ra,attr fron 13O to 1r5OO utrr. fh. Il
Arfeail apcales taa bort tdre et rtrtior m tbr out|ldrf
elopr bctro tA ir,rl l$ fathsrt m otbc rtrtloa.
curr bottfl trrrrb ?anSfES trvc 4|i-1?5 f,at[orr rd lm'frn



lorrtl
Iacrlfty

}7l.

fstbonp ro thet tt lg rct hno$a rfrn0b.r tb. tsrtd. outd
oe! tbot t&c u1rysr a lorla ltnlt of tihe Fs[tc, c ftnel lfir
trtecrnodtste dqrths, llqruser, tbe f,ffiF H.rrrl rqlctrd r
spectrnfi fbon E fetbsmr cntl tlils my prohhly br ffittdcd
tho ugper lt"nlt, the c1;cclea barxg eostrtle.lly e dnpc lblr,
and probab\" lrrdicetlng aoft-bobtoq tfinugb thn rdrtd 3ril
furthoaomq ls raportod on hgrd-bsttil la Jqnnr raf,rr'

Yoqf far foc€ll recordo of rdlnttnrrtoldr rm bnr I
fer ocaurlng ln the Drnleh ohal} sil onc fFor tb Jranic
of hlropr, (tbe *rtlect bua Bppcrurer of tfir gvrry),

ID ncout tflrr the cahlrthlnolodr eru udJl rryrrdrd,
ad ttntr rbrao lbon tba foaell rsE{ ny br rttrt$d ta

thcfu artnm tlagflfty ad t'hs tpcr;corr of rulSablr ftdJ
la tbc Tctfrry foruttour of mst pcrtr of thr wtd.

ID XGr ScqJed ratnf thr ryretr Anffi Sildff
rengcr llor foa4h C*pc to Baf d Flnty, tnt or rytr rfDot
cstelnff rdaablr to thr rpaslrr nr tlkr rt r VtGtFta

Oatvarftr cooh stmtt stetlon (WZ 8?) I! 400 fribr. It
uy br rqrrdrd ar a s1rr tnrltcrts of tbr bctryal hottc
fam, cd ltr pnrtor at forrll loc*f$y 8tl nst t*IV r
d?tb rlthln thr r.engr ladleetrd ebornr. lbr rprc{ra lr
tJlurtre,tld lr the trctlrc o! Iwetcbstt P@
Td,. u" schllodtttr 3(1) Drlp 8.317 rreurr et6 h U fb)

Ir.Erolr. lpr

Oar lerfc tatcrlat Duld eogld of e rerofn tbt rml.d br

ebou0 mr bilrg, rrht€h !l t.nsrtrflofctft pretrvrd f,c lplsfr

98r



3T2,

torrll
Illorltt;r

det*l|ntto't. Irrgr E$33g31lg of tL;r dlnlm om
rt thr fcmt dqy mry et drpt,ll of 2!0 to ttO fllb,
t'Wb mILu lnfuc rprclmrr 116 oGciltmrllt t*c
rtil trnrllng brtuo€a F to 200 fethor. EElEl|'1 lr r
roft boiltol ldlntc.

trtfiuFl 6no$P

IPFOFETE TDB{TTOHB

884 lnriml rF'

Thla rprcls lr!il clorr to lnflenmf 51fffflf glttuil

of tb l,ltrdbne thEn t{ t,br f.rh lutlrry r,pmtcl W tb
rtclrf doil mt frcdt e 6rotr ffi' It lr r
roft bott€a tndl.crtonp Brobably rilri on ilrll fne.

tt'.SIllA $AH[€tOfB

f,.u'qp.rff . I,lunLPrtr rona

7rA @ nomfrrtalegfp trtrortanra, tb. rret rprdr tmpf
tn dLstrlhrtlm fron roc& pmle to thr rfur of tbr oontfntrl
rbalfl lt hr a mr{,ba.a troas*y m thr E t CcJt s
hp!tr.



Ill.

Iladill tsr J.C. Irfftp

loiltl frrb

rpj,i tpr t[. rntdcbtffd anb Arrptl til lr b
Iru Slltrta (fiorrtl loaltty IO!!)r sd th frD II{F Sr
|hr et thrtmr (trU locltty ?9O)I rU ttc Grrb tlrrilfr ilr
effrcrtd lFn tbr fhrtn 0rdrtonr.

ffi
hnrtl
Uet.fftf

tott Eflnn tnfll*r of, a eutrmr tr ilrtrtd d fftFn

H|nDT SAEI$oII t

sr.of }rllf:|lffi

?tr

|, ptrft pr;wrd oer:rpmf of a 3r+trllU crD rt} i

3eobrHt $illndlg r?. 
{

rDl of !. r. ry. rf,?rfffifl

e rq!.rtl engr,et of a :nr1lfrofe cilb rG flD*l1r

snglnilg fP.

frrl.rrt qlrtrnrrrfrtce Wd. '

@ uiltl fifrr cf prmpl lrlr lrr rprd{r,
I rrfr a[rt. ugor of Inltsl|t fffill

r rnrdc fl&o Drd of 9r+- ffi ril *
db fnrpfr o,f nrrdfy tfr nr rt.rmr .l

T''

?IO
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Fortll
Ioqllty
lW A HtLt pu.omcil canaproor rhaf€d llkr e rJtd sraDr rdSb

dtrtlndtvr nl11-peptlJ.atcd t$acl.c; .

Fm of t. r. rpe rff. IflnflnGf
1049 thr opporfDg flryc ttpr of .EgEC, @. rd

a lhCrut flon prrnbfy t&r rrr btDd.

?l& r rrL[ ftG?d crrapror d both brdl of s ;ouryfrnf
crab nst Drobrblt !il$ldlI rp.

1109 rn lrolrtial flryF of 9fllltr. Gf. rubHf

HrflilHArnE ffiquF

lUffirSUI ronlrrrm[

ffi
?9O 0D. tuofrtd ffilft nbed 2 lrec filf rldl* to

Ifeglnilf !'rccludtlg thc lttth pamtfrl rillrr I t!.
tsar rdp, ffi tdrdlflcrttm ilrut br ortrtn gl

outeb fretanrr, s6h m tbr sriiltlng oo thr lil
(tlofn) rdgc, do mt ntob rcoct, ntclal,

f,sts c t\ dltrrfbutjqn eppfntrnl rd lrlfrn$
dqrtl\ ef rla!,c- g|[!hl roryt mr6{ffi r{-s}+frlfitrF

.

rrdlt lirtlDll

Iugrlsfr rsnrurlt (Jeo+rrrt)

thlr lr ortrtnty a rqilhm fq lt ocour lntatlddlf rt
tbr hr Urfr$ r8ubrutuoth lrlrulr; (rn*frai d



Fandly

hnflv

n5.

Caupbell) ancl tn'decp rutrlr (aorn to 2F-3fF ftt'bm)

off Otago.

cr}chIDrE

(faaqutlc't)

Ibis npccLcr eccurs frtcrfirfly rS ddrB te et lrllt 60

frtlbo* at t&r "Slb.tiltarct!.9 Illndrx rld rt t&r nfdgf
rt lout u frr rri& u ffickbnl. EorrrG'r tt rttaln
ltr n:ri+q r!,rr booe ur arnrn tt ltvs l.o ltf o1l0fn

ordttton, off the rubratercOtc Ialrdr rd ln Fsru Stltl,t.

€o[8]IACIDl8

0-toqlldrr-@ llhtta

It t! fd off thc o.rt of botb lrfd of Ill gnlrd

fL.il rbotrt , tn rbout 10 faffimr hrt rpFril to b. mt
ehdrnt ln thr riltb, ;prArUV off Otr3o.

.[eEglnDbtr rp.

I do aot thlrlr tho ttrl-E ;gcclraa bdoagt ta 0. Elcil+'filfl
SrthDuq r de rrtc eprlc fror off 8ffihcra fndtrllr

rd off 16, Srrtrd (C,trttrr fttr.r frE - la0 fitH).
Thry eppru to b. alcrr ts rrcthe gsthcr &rf|rr
rycctrrr 9. lpr4tqnltr l+.rthhar reu{ri fru lhilt F
to 150 fatM, ht Ht lma f$on tr Snld l;*.



r?s.

ftrfrjr
4yr Stdnfry of LtgFIY lrluratd UrPG

Ic+ts7 noc*f

h56ta (tXOl b16 rhorm t|et nbil rml conoltiltd dlntr

rp tpetld utth a Sn, nnh ar DhtSlm Bln or OotIrD ?loI'S

Dry ralf roalc frattrrr bcm gpptretilt eftc tba nrlrel har

b.G prryd vlth a rlator blado.

?hc hfuf4n can rlro br urrd oD try ll$t'l.y Lrlhntei

dbdr nhtdr gr rttlt rffgH,ll portrur rd rfit& dfbilt

bc.f rrr!.rttaar t3 Fororfty oomerpodfng to roafrEt|rf tt*T3tffir

fh. dfr !r ahle to nhc t&eac rtnletlrrl rrr rpprrd tt |erIIrS

nlrthc lrrto tba rlr. pqrous rrGE urrllltb""f'h.t lo ltsrnt. lt

t'h. |titt of trhc Foocro tJrc rosk tg dyd vtth u'ctFlor ELn'

lbgr thc ;urface lr Sdfy pandt vtth a rlf,ffi bl,adc. At ft:Ilt tf,t

6olc nrl3r fu bln and m ltrttrr parln3 Dlpposotll rru. of ttrr

uDrly.al aoitmt erc t-warfDg$ rmrehd" UbG tlhcr tr ds

coatffift lroo docp blucr tft.ou6b rulour rhd3r of hlur to th. glry

olotcr of tht rroGhr tbc prrng lt rtoprd.

ttftF.tg[t, nrytoc of lt#tly lrduatd uppa Srrtlarlf trdF

Itg6r, alltdoaar aad ndrtma; rare trat*t vtth Uetfrrl Dfir {tr,

tn sdr carc abouG th'af aqurrf tmlpr of a fitat rurfirco nr trrtd.

It dgbt bvc bfG rnttsfFtd tht tbr rrrlvr rdlntr c

Odrg ugqrld rbmr llttlr corpt rrre prfrry dq3;11!ilf fitsl.

I'E nr frouad tbrt elltrtopo and dttou tfifGL nr ilrperltd lD Ca.F



f,|.

Etn' aad nr mt r tr'bldltf bd prreUy rbntd rilt* r

frrntrn rffit (tU rr thrt rbma bf tlr bft rlft d l|Ff

4lr) or hd ltttL 8 E lrttu'L dlffrrll$tfi d dr'il r
tdntlftrblr lrnlrtln c o$tnl tnr-rtsr &d rril$l Slnr

n al31. tdfcattm rfirt'bgr tnrrord4 hd trfs plror c rtl lt
Ir sly tlfm brr:wr cm tdllfd dtb rdfnd d r Clfitld Frlr
tlr tht tDr hcrorr brcr eppcut. Ihrru1 u l^drfrtn
rffiId b. r*ldft t lD tb rbm atr *fafc dffifrnr tt
lr ptbabfc tht strntvr turrorrlnf tri trfra 916r

Sorr of thr rhrtro*rrtc' rlltrtar * tb ru tlutfHtf
d rtlrcb,r rr t&t arrprr,t* mnebli$. tdtrlt. thr 

,

rnf'dlqg rtltrtm d Drt of tbr rLallopntr rnffim sr
dtbrr rottlrd r retul rccpfrrtfr cggtc bw+tr. 

I

tt rljrrlfl.Etlm of Erlu grttmp rdthe@ |

of mf*lr rfilct d. thnr tr rlcrfT I nu lln o[ rurrtr
Ibr F$ obrts h*rw lUd rn flSnd (ftp.r ![ r {lt}'

Rcfcccr

IIrrtfE, 8,8. 196S D1nl-$trfnfit trUtp tb hlrtln d
sefltsf ltlffitnGmr
I, iirllrl. fd$ (t) )7435',



yla.

H.D. f$n ffiqln*
r!'3grr /r& Sectlr pcrofhf to bddll3.

nro'! Fosll lfarfft+r ?Egr mr or lfEnfb
!r tF. afl3. tgaJ$l.
&1af61-, l&ritlo.

&*F ldf, ta tatr oril*Fq

lbly henfnatrffy slfgDnl tnruonf scnd ftllid bron rrtb;

tdtrttrt, prtlrp dno to uft$fc borlag, 8urh altlIdlo b|r8
cu poduer fnturor rtdlar to btddlnt.



TE.

t INCH

I.D. f,{Tr, fttl|an*,
Ft6tst {lr Eo€tlon f€bbly mrml to bcfftag.

Eron fosall Loeallty ,63. tthsl SrdJtfir.
Depo;ttod ln felrfqT ahef,lorr rntc.

8d!-mt coryIotc\y dtrturbrdr dus to rnlrrrl hlrrorylng.

Dtfffr dlrl olourrd a.ruE dw to an anlnl ne,tlag ctff
pter of rrnd,
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Rlgulc 4f'r goc0lon parallal to baddln8.

rroil ftoslJ. Ioorllty fE, !lrktc!. $eldstom.

Biofeatc, Blrltl.s.

hfh oplorgd arsat, eburt { ttlc[ ln dtrrter rrr f'trndgr

r.allst hlrf,orqst'r thsrc s^rr g|cTGd la r bfHtrl DLur ill

burros tsft ssstr.g boa;vg', trdr vdlcelly.

.| INCH



Fl.

ffpr fft

qq.p.,l[lnr nFo€[
gffitlor prohhfy eprcfstrfy mr'X to bdl|l3.

fFol f'oil1l locl'tS 566 - tanc Srdston"

Btstbslo - Isrr ffflttf.

IAg1rgdnf Cl^ql afecrsl t! mill partfclm (Ugt olmd clr|

rbout thr rtre of I p!ll), red lr fifftrr rrrf $.d 3 tln tDr

rln sf ttr clry prtlclo, (errt €I,oud rrcr). Ellt Clry

fr.rl rtg,lrl ilqorttd. ta nn!,rolr rtrwlrnr Ll r 'vcr'&-citly

rrlttrd tnlr.q, rbqil .16 of iDoh lr llertc. Ib adrl nptr

rtj'trl d p;|g.i tt od || lt ilmd tbfiS tbr rdlntr

INCH



lGl"

flgillr te 8.dtn $tr t dnfrj at rbcnt rryGtt ftlnnt,
Itr fcrrtl fsrrffW 86 - lntlr Srllrllru.
Btolt€i,r. Lffi laitlo.

h*rrorr rtct t lrcb tl dlrrdc tnfiftJ s$n tlrfT fttf
ntate'l drporttri ttl fi!. mlrcur lbrptd rtillrtncr tb. Irttc
uo ndr applrlut by tho moentlrttc of dfffr.rt, 3rr|a rlrr !
t&r rrtfrt. ffi rrfict Erurl
ytfh ton drylt f$oel rtrrlal fdt nttbtr tb rrdE of tb.

ttrrrgtf .

I INCH
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I INCH

lf.D*, flr+FItFfFrph

llemr 49r 8rcillo outr bdd|ag ft rbd ll ' A d.fotrr
EFoD tbilff foclftt lfit3. ?rrtte $r*lrtmr.

Dqorft.d ts fetrty dclp rntc,
Rrdfir coe. tb!. Grolr mctls of rubrGtGrl cfry llrd
hrrm. Th. foltotr!.Eg fiGtr rrc dfduced.

(t) lt'.l.dtr ntclrl wrd bryoDd hmerr Q enl'rl.
(Z) Conrt*tntton of a rslnrttd st^g trl.lr

$) ^tfbr tlG rnl:f dtdr or lrt]D ltl fnmsr tlb Yold nr
fllLd rrltb rsndt ntortel.

[gnt Qfi]"r IdtrtlDo0 rgdf rGlfgt barsr tilth m clrfg
faem"l ntslrl. IfFq. r.!s g.,!dr rrrfut blrurr.



384.

Arqrrd{r 6r

Trbler of l4lnor Farrlt; arl Johtr

ulrc farrlts rd Jolrta fril nFtr tlra nJot oortn]no"6tt
AN

tscdtlg faultr, both tn trhc m,pwd erea ad 
'l|on 

ttp loelitlor

a sboet dlrt,anec to f&r mrtb anrt ;outh are Llated ln Irble l.
l.tl,sr faults Efit tolrto lnon D6rr croot fatilt; rrc llrted l!

Tablc 2.
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