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EXPLANATORY NOTES ON THE RE&4ARK 4-MILE SHEET 

The Renmark 1:250,000 Sheet area Is bounded by 34° and 35° South 
latitude and 139°30f and 141° East longitude. It includes about 5709 square 
adles in the south-east of Sooth Australia, and is centrally situated in the 
South Australian portion of the Murray Basin. The ana includes Counties 
Albert and Alfred and portions of Counties Bucdeuch, Ghandos, Eyre, Haaley, 
Sturt and Young. Also, the District Councils of Truro, Morgan, Waikerie, Loxton 
and Baxsaera and the Corporation of the Township of Remark. 

The Sturt Highway links Remark in the north-east of the sap area with 
Adelaide about 160 ailes distant to the west-south-west . This highway also 
links Remark to ssajor cities in western New South Wales and western Victoria. 
A oajor road through Hergan eomtscts with the Main North Road end with major 
north-south roads through the Barossa Valley. Secondary and other roads provide 
ready access to most parts of the aap area, and to the Princess Highway, the 
Duke's Highway, and a major road from Adelaide to Pimtaxoo, all south of the 
oap area. The Murray River, which once provided tho sain access in the days of 
the paddle steamer, is navigable by small craft. 

Pioneer contributions to the geology and geoiaorphology of the area 
were made by Sturt (1834), Tenison-Koods (1862), Tate (1885), Brown (1010), 
Chapman (1916), Howchin (1929) and others. The following notes are derived 
Eainly from Firsum (1969, b) and (1971, b). The earlier paper is based upon 



contributions by various authors is Glaessner and Parkin (1958), the definitive 
works of O'Driscoll (1960) and Ludbrook (1961), and other contributions by 
Ludbrook, Thosson and Wopfher in Parkin (1969). 

PHYSIOGRAPHY 

CllB&te 
The cliaate of the cap area is one of hot, dry sunaers with 

relatively mild nights, and cool, but not severe winters with nost rainfall 
daring May, June, July and August. Isolines trend more or less east-west 
through the area. Average Annual Rainfall varies fr&a about 14 inches in the 
south to about 10 inches in the north. Mean wax treat temperatures vary froa 
about 85°F in the south-wast to about 90®F in the aorth-east. Average annual 
evaporation varies fro® about 60 iacfcas In the south to 6S inches in the north. 
The southern boundary of the arid tone follows the east-west course of the 
Murray River along the northern boundary of the sap area. The driest year in 
teres of rainfall was 1967. In 1914 - prior to the construction of locks -
the Murray River was but a series of waterltoles. 

Landform 
The map area is part of a great plain oainly less than 500 feet 

above sea level. There is a gradual rise of about 200 feet from the riverine 
tract, which is 100 to 150 feat afcavo sea level, towards the Mailee Ridge in 
the south-east, this ridge is the surface expression of the Kosciuskan tectonic 
feature called the Pinnaroo Block (Firman, 196S). There are only saall changes 
in local relief. These are due to stress Incision and the fbraation of cliffs 
up to about 150 feet high along the Murray River, to undulations in old pre-
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dime land surfaces up to about 160 feet, and to differences in elevation 
between dime crests and interdune swales. Because of the flat terrain, the 
absorbent nature of the surface aad the generally low rainfall, the aaount of 
surface run-off is negligible. The Marne River in the south-west is an 
esception. 

The Hurray River is the Host distinctive feature. The upper or 
Nawait section of the river, fron the South Australian border with Hew South 
Hales and Victoria to Overland Corner, occupies a valley from 2% to 6 ailes in 
width. In this part of its course, the river winds through extensive flats with 
mammas backwaters and creeks. Downstream fron Overland Comer, the river flews 
through a narrow gorge about 1 nrile in width with steep high eliffs. At the 
point where the river enters South Australia, river level is only about 55 feet 
above sea level. 

The river has incised into its bed leaving vertical lioestone cliffs 
which characterise all of its course within the sop area, and particularly that 
part downstreaa of Overland Corner. 0*Driscoll (I960) drew attention to a 
repetitive pattern of rectangular reaches jointed by sharp bends, and suggested 
control of the river by jointing. A later study of structural lineanents has 
confiraed this inpression (Fixaan, 1970). 

The evalution of the Murray River and of sese of the younger geoaorphic 
features has been briefly described in Firaaa (1963 and 1971b). Karst. fores -
nainoy sinkholes - were developed before and after the development of Middle 
Pleistocene calCrete. In aost places, the sinkholes are now buried below 
younger dunes, but where they are exposed at ground surface they provide 
vertical connection with the groundwater surface at a depth of about 100 feet, 
and there is a consequent diminution in salinity together with low chloride 
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/carbonate ratios la tin adjacent groundwater. Horizontal channels connect 
with the Horny River in soae plaeas. Tb® solution features were probably 
developed during low stands of the Pleistocene sea. 

STRATIGRAPHY 

The portion of the Murray Basin within the nap area contains about 
1000 feet of Tertiary sediacnts, which overlie Cretaceous and Fenian rocks 
in the Remark Trough end Paringa Eabayaent, and lower Palaeozoic n i Pre-
Ctabrian basenent elsewhere. Sediatentary rocks older than Hanwm Foxaatioa do 
not w^) out in the sap ana. The Murray Basin was shaped and infilled with 
younger sedinents during theTertiary. Many iaportant sequences i n exposed 
in tho Mimy River cliffs. 

The stratigraphy of older neks in the basin is sat dam in the 
cowplewmtary bulletins of O^iscoll (I960) and bufoxook (1961). The 
stratigraphy of younger basin deposits is described in fciraaa (1969b end 1971b). 
Stratigraphic correlations of sedinents in the South Australian portion of 
the basin with units olsewfcen in South Australia are sad* in Ludbrook (196S), 
Harris (1966)» Firman (1967b) and Parkin (1969). Relationships between 
stratlgraphic units in the South Australian portion of t&» basin and elsevhen in 
Australia a n discussed it Boutakopf (1963) , ImCBtt (1966), Macoeber (1969), 
Sprlgg (1967) and Ludbrook (1967). 

tho age, lithology, thickness and stntigraphic relationships of 
the rock units within the nap ares an set out on the accoapanying stratlgraphic 
table (Ti&lo 1). 

STRUCTURE 

Tbe basin sediments of the s m area a n bounded on the west ty the 
folded and aetaoorphosed sediaents of the Jkielalde Geosyncline and the Canbrion 



recks ef the Kaznanteo Grown. The structural boundary between these rocks sad 
the basin sadiasnts is west of the sap axes (See Fiman, 1970a). On the western side of 
the sap, basesent crops eat in the bed of the River Mara* and has been intersected 
in t m m t m shallow bores. / 

A great umber of hydrology bores have been put down within the 
basin la search ef water. Sow have intersected baseeent rocks, and it is 
from these wsA irea aeroaagnetic and earlier gravity work that O'Briscoll 
(I960, p. 17) constructed the contours showing bedrock configuration which 
are reproduced on the tectonic sketch. Later gravity and seismic work has 
better defined the region about the Remark Troegh and Loxten Basis (Tig. 1 
and 2). Although the shallow bores cannot be used to define bedrock configuration, 
they can be used to interpret warping and saall scale faulting typically developed 
in brittle Ctimzoic sodlassts. 

A prominent north trending vertical fault, the Morgan Fault, with 
e throw-east bloek dewa » ef about 100 feet is present inaodiately west of the 
Murray River. The Haaley Fault (see Tectonic Sketch), which is part ef the 
Endeavour Fault Ease, has been interpreted fim gravity data as forming the 
west aaxgia of the Rcsmark Trough. 

A well defined pattern of sissetud liassaents, including faults and 
major joints, has been developed in the Tertiary basin sediments. (Fixaan, 
1967b, p. 170; 1970a pp. 1-3). Seme lineaments parallel eider faults and have 
throws up to a least 200 feet, others are probably major joints. On photamoaf&ics 
the ffcecturos usually occur as lineaments trending roughly north-west and north-
east. They occur ia several sets, and intersections ftm rectangular 
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and rhomboid blocks. The development of the lineaments throughout the late 
Cainosoic is associated with upwarpiag of the western sargin of the basin, and 
the stranding of Tertiary and older Pleistocene sediaents high in the marginal 
ranges. The pattern of lineaments, although developed aainly in brittle basin 
sediments and younger surficial deposits, reflects profound structures and 
tectonic clenonts in the crystalline baseasnt. 

The pattern of lineaaents - together irith spatial distribution of 
outcrop, suae aeroaagnetic treads and the thickness of sediatentary sequences 
revealed in bores - has bo en used to define the shape of the late Cainosoic 
Loxton Basin (See Tectonic Sketch). This basin had its origin during the late 
Palaeozoic block faulting which preceded Persian sedimentation in the Remark 
Trough and elsewhere. Later faulting created a broader basin infilled with 
Cretaceous sediments. Finally, post-Miocene and Kosciuskan tectonic aoveaent 
produced the structural depression in which late Cainosoic sediments of the 
Loxton Basin were deposited. 

Differences in the fit of the basin Shape as derived froa a study of 
lineacents and fro® the pattern of the Bouger anomaly snap, seems to suggest 
extensive Modification of trough and basin oargins, probably by fluvial erosion 
prior to successive periods of sedimentation, as suggested in Derrington and 
Anderson (1970). 

GEOLOGICAL HISTORY 
PALAEOZOIC 

The Murray Basin in South Australia has on its western margin the 
folded sediments of the Adelaide Geosyneline and the Cambrian rocks of the 
Kanaantoo Group. These rocks constitute an iaportant provenance area for 
sediments deposited within the basin and also form the basin floor. Tho rocks 
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crop out at one place in the bed of the M u m River oa the western a«|ii 
of the aap area. The original sediaents wore aaialy of greywacke type with aiaor 
developments of carbesate rocks end other clasties, which intense regional 
astaaoxphisa altered to aeta-greywacke, schist and gneiss daring the lawe? 
Palaeozoic DeUwerian Oregesy. 

A prolonged period of relative stability Barked by faulting followed 
the 3elsaeriea Orogeny, taring this tiae the area was probably uplifted to 

a source « m for Middle Falaeotoic sediaents deposited in basins te the . 
north and east. 

Early in the Persian a considerable area of the state vas covered 
by ice. The aasin, fluvie-glaclal and other deposits ef this tiae include 
the StonicB till, sands aad clays deposited is a deep baswent trough which 
extends betweea Menasfe aad Remark. The Peiaian sedlnents in the ftenuurkTroiigh 
thicken frea 120 ftal at toxtom te 2197 feet at Kadda. The strata contain 
fbraainifera and are believed to be of aarlne glacial origin. 

NCStO&IC 
During the TViassic and Jurassic the present land sua of the State 

waa abeve sea level. Large scale down-warping of the crest began early in the 
Oetaceous and large areas were inundated by the sea. Basal aea-aariae fsaxts 
sandstones 'in the Mterray Basin were probably laid down at this tiae. The 
aarine envlttnawat persisted throughout the Lewei Cretaceous. The aariae beds 
overlying the basal sandstones consist of siltstones, followed by a dark grey 
aariae shale of Aptian age. la Site Cretaceous tiae aest of the basins had 
becoae filled with sediaentĉ aad the environment gradually changed Ana aariae te 
fluvlo-lacustrine. Cretaceous sediments younger than Albiaa are not knowa. 



CA1NOZOXC 
' to Imw 
At tli« beginning t! theTertiary, uplift of the notg»i and cwpl—atajLjr 

subsidence of the pnsent basin wots w s followed by an ingression of tik> sn. 
During the early Tcrtluy, conditions of deposition were paralic end carbonaceous 
sands and silts, lignitie M s and loo rank coals won laiddswn. 

In tho Murray Basin, the nana "Knight Groap" has been used for tho 
undifferentiated sands, clays asd siltstones of Paleocene to Eoctao ago near 
Coonalpyn. These sediaents are equivalent to the Remark Bads in tho sap area. 
The "fijifht Group5' hods a n overlain by tho sarin* Buceleoch Beds, a sequent• 
about 170 feet thick which contains iaportant faunas fOr correlation. The Buccleach 
Beds represent an incursion of tho sea ftarlxg tho Upper Eocene which reached 
as far £o?th as Waikerle. 

Oilgocsno to lilocoao 
tho Oligocene aarine transgression is awrked hy equivalents of the 

CnptoR Cenglooerato and by the Ettrick Ponation. Tho Waaam Venation, 
which is ovorlaia is places by Pisniss Clays, is trsnsgrossive oa to bedrock 
on the woston oargln Of the baslo. This unit , gad the Morgan Liaesteae -
which with the Cadell Mart I<ens attains a thickness of SOO foot - indicates wan 
shallow seas. Gaabier liaestone in oach tho saw* stntigraphic position as Kaanuai 
tarnation has bees identified in Vaikerie Bon lie. 2. Tho units won deposited 
i* a aerltic to littoral eavirouwmt. 

Pliocene 
Tectonic activity, which led to tho break-up and elevation of tho 

Tertiary basins, eoaaenced Sn the Into Miocene. After the early Pliocene 
ingression, tho SaolqpuEraoatg Beds won deposited. Estuariae conditions followed 



-9-

whon the loner beds of Loxton Sands were laid down. Elevation of the basins 
continued and the upper fluvio-lacustrine beds of Loxton Sands were deposited. 

A minor downwarp in the late Pliocene led to marine ingress ion and 
deposition of estuarino fforwest Band Formation in a tract between Tailen Bead 
and VTaikerle now occupied by the Murray River* The formation rests directly 
upon Morgan limestone at lowest Bead, el severe it overlies Loxton Sands with 
a slight discordance. The Pari11a Sand is a slightly clayey and micaceous quarts 
sand equivalent in part to the Norwest Bend Formation, into which it grades near 
Kingston-on-Bteray, Firman (1966d, p. 6 and 1971b). The unit overlies the upper 
beds of the Loxton Sands and was -probably deposited in a fluvio-1acustriae 
environment marginal te the narrow estuary containing Norwest Bend Formation, 
the unit is ouch sore extensive than the Norwoat Bend Foxiest ion. 

Pleistocene 
Froo tho Paleocene to Oligocese and daring the Pliocene, clay, mica 

and quartz sands derived directly from granitic rocks, gneiss, schist or neta-
sediaents or indirectly from the Permian fluvio-glacials were incorporated in 
sediments is* the Strath Australian portion of the basin. This material formed 
the Tertiary coveraass which was later re-worked and incorporated in the aainly 
clastic deposits formed throughout the Quaternary. Although the clastic aaterial 
in many of the Quaternary deposits was derived either directly or Indirectly froa 
a provenance la the Otway Ranges* Sft. Lofty - Olary Ranges or baseamat highs along 
the Padthaway Ridge, sosch of it can be traced to older sediments inoediately 
adjacent to or underlying the younger deposits. 

Thin terrestrial deposits laid down at this tiae include a silicified 
cap on Parilla Sand near Chowilla, which is a Pleistocene fossil soil strati-
graphically associated with the basal part of Blanchetomi Clay in that area. 
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This feature is correlated with a silleified and foruginised cross-bedded 
aeolian quarts sand near Bordertown, which is probably the upper consented portion 
of "Diapir Sandstone" (Lawrence, 1966, pp. 535-536). 

Older Alluvial Deposits of the Hurray Basin 
Pleistocene sedimentation inland produced the wide-spread, thin 

fluvio-lacustrine Blanchetown Clay and the overlying Bungunnia Liisestone. The 
Blanchetown Clay, which ranges in thickness fron a few feet on the western edge 
of the depositional area to about 50 feet in the north-east near Chowilla, is 
widespread in the S&irray Basin marginal to the Pinnaroo Block. 

A time of silici&eation followed an interruption in deposition of 
the basal part of Blanchetonra Clay. This event is narked hy the Karoonda 
Surface, already described. Tho materials associated with this surface wore 
re-worked to fern the Gt&srilla Sand, a lensing sand of fluvial-lacustrine origin 
known to outcrop in river cliffs between Merbein in Victoria and Berri. 

The Bungumiia Limestone, a thin and variable doleaitic a&crete con-
taining ostracodes, algae and oolites, was deposited during the Kiddle Pleistocene. 
In sons places, loess is found between the unit and the underlying Blanchetown 
Clay, which indicates an important diastem. The area of distribution is sinilar 
to that of tho Blanchetown Clayand serves to Bark the boundary between the 
fluvio-lacustrine «ravirosHeat in which the chay was deposited and the gravelly 
piedaont esvironaent of the adjoining ranges. 

All deposits and other geological features were covered by or 
included in the liny *S' horizons of a brown soil (Bakaxa,Soil; the 'Travertins 
«... in .... Solottized Brown Soils'* of Crocker, 1946, p.31), which is now 
indurated and fossil. The oldest, hardest, thickest and stost extensive of the 
liiy horizons or pans, is the Rlpon Calcrete, which marks tho old-point of the 
Middle Pleistocene sequence defined in South Australia. Younger moderately hard 
pans wexo developed above tho Ripon Calcrete in tho upper Middle Pleistocene. 
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A period of faulting ialwveaad between feraatien of the Ripos Calcrete tad 
younger IUy pans, this cat bo seen ob either side of tho Encounter Fault at 
Murray Bridge and tho Motgaa Fault near Swen Reach, where uplift of tho Csohrai 
Plateau relative to tho riverine tract has occurred. In aast places, however, 
tho younger pans mre superimposed directly on older Ripoa Calcret®. Tho 
Btagtmnia Llaestonewas laid down in Lake Btmgmmla, which was pm&ably 
a wide-spread system of Middle Pleistocene valley lakes. (Finta, 196Sb,p.l.). 

Inland Aeolian Deposits 
Widespread aeoliaa deposition began ia the tapper Pleistocene with 

deposition tf Herri mm FOraatlen, a pale red-browa quarts saad aixed with 
carbonate tilt. The horisoas of carbonate accumulation in the Iforriaen 
tarnation, end at the top of Fooraka Format ioa, west of the map area, aad 
elder units tlsadme ia the Huny Basin, ace recognised as soil features, 
and the mil profile containing these carbonates is tertxed Loveday Soil. 
The yooosger soil carbonates in this «slt appear te be stratigraphically associated 
with Ktoriaen Feraatioa. 

Including the ftaeeat dunes, te be described in aore detail later, 
there wore at least throe well-defined tiaes of duae feraation, each aerked by 
characteristic colours aad moats of casfeeaate feraed during periodic soil 
development. Pxom oldest to youngest, there la a shift ia colour dae to 
ieacMeg of carbottfctas and, ia sone places, to successive renewal of Iron-
side coatings on graias of quarts sand. 

Recoct 
Deposits ef the Gypsum Lake* 
A Urge masher ef gypsua deposits occur ia the region, particularly 

in the lower lying terrain near the ttarsey River. They have been described 
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by Johns (1960, pp. 45-50), Whitten (I960 pp. 25-31) end others. Ifcay of tho 
larger deposits « n based crystalline gypsaa of the eraperito bads which 
vara foraed *fte:r deposition of the bawsr Pleistocene clays. Bvaporites of 
this ago are found at tho top of Blsachetown Clay east of Blanche?, o«b» and in 
tho Yaahâ lteora area at the top of clayey Paxil la Sand. It Is reasonable to ' 
ass&ae that tho foraatien of gypsm on fhe toko floor and transfer of this 
Material to loo-side teas was periodic and that tho process began early in 
the Recent, continued during tho onset of a later arid phase and teraisatod 
before aodexn tlao. tho gypsa® deposits ax* referred to Tate POsaatioa* 

o 

Riverine and Swaap Deposits is tho Horxagr River Tract. 
the records of events after Bakara Soil tin* begins with incision of 

tho rivor through the caleroto sheet. At swan Reach the rlvor has est down 
throng?* Pleistocene deposits and tho Tertiary Mmnao sad Bttrick Peraatioss to 
about 170 foot belew tho cliff top, that is, about 60 foot below the present 
river level sad about SO feet below oodorn sea level. Steep slip-off slopes 
are now well upstxoaa fraa aeendors which arc still aigrating dewnstreaa. 

Aggradation of the valley with tho lorn beds of valley &11 of 
alluvial clays, silts and coarse ssads began with tho riso of the Plandriaa Sao 
(Piroan, 1966d, p.S). the coarse sands - revealed at the base of tho riverine 
Sofaonco in the (&oniilo area north-east of tho aap area - are called ttoaoaaa 
tarnation, lids was followed by re-working of IfOorlnen Faraatlon sad erosion 
of previously exposed Tertiary sediaents to £0xb the red - brows lanyip 
Sand and tho yellow Nelincaux Sand. Tho Baayip Sand occurs at Roolika and near 
8wan Reach overlying sedinests of an older valley fill, probably including thqfarteagaa 
Bads C14 datod st 6020 t ISO B.P. by Tindalo (1957a, p. 35). 

Away Ina the river, decalcification of the dune sands gave rise to 
coarsely tabular liny aceuaulations within the lower phase of the Btznyip cod 
Molineaax Sands. 
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Bunyip and MilineiBK Sands wie lateroverlain by the t^tr bads 
of valley fill which have geoaorphlc expression and are assigned te Cooaaabidgal 
FOrsation. This part of the riverine sequence with geoaorphlc expression is 
found upstreaa free the gorge tract* and was naned the "Nawait Section" by Hale 
aad Tiadale (see Fesner, 1951, pp.81-90). As Fennerputs it; "Along the Murray 
River, particularly ia the Upper (Nawait) Section, there are extensive lakes, 

i 
kidney-shaped or irregular, relies of the eld river courses, and seaewhat siailar 
in origin to ox-bow lakes. 

Modern deposits ia and adjacent te the present streaa channels ere 
net differentiated froa Gooaaabldgal Feiaation. The younger deposits of the 
lower Mfcurray swaap lands have been described by T^rlor and Poole (1931, pp. 7-43). 

Recent Aeolian Deposits 
The Recent Bunyip Sand and Molineaux Sand were deposited at about the 

sane tiae ia different areas. Two phases of develepaeat are sosu ia the dune 
fields containing these units. Ia each ease, there is a* older darker coloured 
phase of develepaeat aarked by soft calcareous pipes aad a younger phase of 

the sands contain little carbonate. Buayip Sand is red-brown 
because the source asterlal was a dark red-brown sand developed over calcrete, 
Btollaeaax Saad is yellow because it was derived frm Loxton Saad, Parllla Saad, 
ex aeelianite exposed by erosion. Molineaux Saad has also been developed Ana 
aad over pale red-brown fforrinea Formation, which is 4m perhaps to leaching of 
the carbonate silt and reaovai of tho iron oxide costing on quarts grains ia the 
elder foraation. 
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EGUD3C SXJUOGY 

There are largo reserves of gypsua in the Basin, Murray and two 
of tho sore iepoz-tant areas occur within the aap araa soar Blanehetovn In tho vast 
«n! Ya^ba In th» tast. The Cainoxolc rocks yield nri wt«I and aggregate for 
construction. Sandy lisestones near Mozgaa and Vaikerlo feroorly provided abuadant 
building stone, but production has declined owing to tho relatively high 
cost eoapkrod with other oaterlals. 

Is generals, tho salinity of underground water rises ftroau loss than 
5000 parts per Billion in tho south to ever 14,000 ppa. north of tho River Murray, 
tho irrigation areas depend alaost exclusively upon river water. 

tho prospects of discoverisg oil or gas In the area are not rated highly, 
tho only dneral being produced is quantity firm the aap ares is gypsua ftoa 
tho deposits at Blanchotoim Plain and Efergan. A considerable ronnage of rock 
is being quarried and crashed to provide coarse aggregate for concrete used in 
building, for irrigation chamois, and for road-staking by tho Highways Department. 
A large quantity has been recently excavated for tho «n®!nkment forming the 

approaches to tho new bridge at Kingston. 
MhSft the Construction of a dam was proposed at Chowilla, a short diStSSfcO 

outside the aorth-east comer of the aap area, the Department of Mines instituted 
t itCKi for largo voltaaes of rock and filling saad within « 50 silo radios. A 
washer of sew deposits wore located and tested, hot no largo scale deposit was 
found sad It fcecaae apparent that supplies of has* reck on the scale required 
for the dn could not bo produced econaoically fwa the Ouwillo district. Invest-
igations shooed that It would bo cheaper to build a railway about seventeen alios 
long frcn Psringa to the sooth bank at the site and to transport granite by rail 
frea 5 alios vest of Wmmy Bridge at Kinchins Qaarry, where large reserves of 
rode occur in tho Konarto Granite* /Blissett, 1970). 
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Table 2 - Economic Minerals rad tecli 

Eeeneaic deposits in tho « m era shows «• tho ftilwlsf 
stfsUfE^bte Ml*, (felts oso listed in descending order ef ap. 

QtJATEKmtY 
HECKHT 

HCKIQCBi 

Aeolian gypsua and aad flow 
gypsua # laitt related te 
gypdtom YXMBt SM8BTI0K. 

Allwviali gnnlfj saada, clays. 

MilfawmSiai 
Bttnyip aad • 
Yea&a Pewation 

tgraday Sell 
Pessil sell* Soft 
platy c*Thoaa?es in wad in 
older Smadsis* 

Besrlaaa famttlw 
Bafcare tetl 
Itefll sell* eassive 

aad d M t ealcreto. 
lilye Calcrete at base in 
assy places. 

His fftssllifereos Modtlc 

Miatlita» Clay 
saad*. SiliceoBS and 

calcarecvs ariMI«> to pieces. 
Xadaded UHstae levies. 

Materials 

Cypstai. 

(saad); el̂ y. 

Gypsua; alu&ite 

Coarse aggregate. 

Coarse aggregate. 

Clay, 
Coarse 

M i l s Saad 



-16-
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Îfgaiay .noSale*. 
{"0.̂  .V-ieee® IliiBiiSiiii m* • 

iw® Jumps 
to iliii Bp?* 

f.—js.i as*. t 
it ̂ ju.i/loo. * _ trv-
>sitaj i.iiwii, kt 

wflLfsf 
M l * 

M 'dfrraMSr i <ofe« 

.••si/. rx 

(l _ , 0.1C fit. 
yf"ui-v. f̂cf.A' »-..cii wacl. r.ss 
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b-th ufĉ d r.t 
4.=s:i • i&> 
..v• * '''•'fit 

tho 4 w 
imMi 

/dTkar ffrfia taÛ isy 
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<>••)• faction 

I?? I&. of 

C-erbotwacesfua o»a ̂ ûcoraiiic 
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iaoacgesja. jii Mm i*» fas® ef 
Wm Hawt'if fdvsur. 

IAcsBM Wm&a* te 
Ui;.̂ ,-: 

Of 
fiwiife, tfociXnn is 
i» Boctiaa 
Finals* 

iala bryCBOfd llae-
eJ>\ajid{i>"t swii tt̂ as* 

bryocosl lijawetono* 
(':axti vdth 

•W ...«S«»Jii«)« 

bout f̂ jt. 

Irt&tfT'tlw X*t. iu thy 
aoctien* t>ua& 

p ft. mm* Mi*®. 

itfter ot 
V&utm* smt 

4/ c.X' • t» e^/ler* i>i> 
eectic«v © ^ Stow* 5t«Ll» 
FirsA oieawribiMi 
Vaniaon (i860, 

iS^f, *75)* 

Û̂ ieooitiai w l 
<»(.tfc te iJltfAsa* 

it-

witb aijfeli biu»» ei' tho 
u im^trnmi m «» 

ôcura aoto-afurf&oe iia 
•.juawraat oi' tJ» rat̂  

Sufĉ uri aco in 

Occurs iirô o'-.t thv trê .a out 
in tte i»e«» aub-oK-facw is i»6» 
s ioaso (0e£W0J Jlarl rixtmt UO^t 

bjc » » ,fmm Xmif 

ccm̂ wjtthX/* 

f«sll4IWmis ocloeroataa <̂ u«rta 
fajiAitatws aar̂ v 

/4*ut 100 i'oet 

to ermm h^mmA iirao-
iop<xuaf (ind idtis GbswuoBt 

Ks isi 

livuriain by ̂itiRia < Jay Ath a mtrhMt 
ia t«h«rl«in 

> re»6 tho typo 
»00 J; in ilii, t; 

Ibttit 1OO ife a 
la tho ms% side of 
the aaj xava* 

liaa iSttrlck ̂n&atior. »4 tauter-
lie Wer̂ an J»iBeetea»* 

Well iiewle^d 4» ti»» aeutii-v«nfc e^ tt» " 
flurry' ItegJta ,ro{Kir» soic 

in the tm^ t>ro&. gray 

nesr 

ocjtilvalenfc to &as3i>lujp 
&raduca feunal transition 

4>v«rXii»ft ftwmarfe Boae* 

lifers1 

FSS669 UffKVXKi iilfc® iiiSÔ  
aeetion at M ^ i s 

uv«rlioe b aoaeot «ind 
MEM^ilAs Ittripsa Itamebam ia th» 

i M i p 
iidiMi 

thioic in A—I * 
Keneiark , 715ft 

M a#r#hmitoti tm*B 

iii Mtiu 
»mark liŝ t« ia 

Ov«frlaln % Ktferiok ftwaiisa, 
unterleln by î dimfic 

weat ©t' iioeoh* 

c-ruy ft^a bartre teiirayasoDJb 

XttvMk Frspaaticm, 
liea la* or ^toacxte* 

-Oixua s'Js-̂ f̂ see mms^imt mm mm or*** 

& m * thick ia UncMTlicto, 

*'. • L-s • Ĵ-Jl • S , ' 

^wA tlui Rmffl&iiL iwi^ 

uiuttrlyin̂  becin sedi^mt** a 
©a the »rglii of tho in 
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