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A geocncmical ana  geopr yan.a.l reconnaissance
rogramme was commenced in 1978 to investicate
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the favourability of the large Carboniferous deposi-
tional trough underlying Northumberland for the
discovery of new metalliferous mineral deposits
and/or new styles of mineralisation. The long
historical assoaanon of the soutnern part of
successful ures
r hat a more r‘nmprghpns]vp evaluation of
pot tential was Jjustified. The importance of the
Whin Sill as a host lithology had long been
recognised and the disposition of the Sill played a
significant part in determining the direction of
CIIOIT ll'l [IIC arca.

llllllllls vEn

The acenciation nf mineral danncite writh fauls
A1V AoovLiIALiIvil UL llliliviAal u\rl.’ualla YViLll LAauilL~
ng in the Whin Sill was considered to jani_y an

airborne magnetic survey for mapping such
structures in that part of the basin underlain by the
sill at shallow depth. The main geochemical effort
involved a dramage reconnaissance of the entire
I us trougn arca.

by computer e,mplovmgr simple statistical
techniques from which a number of anomalous
areas were defined which are not attributable
to either the known ore bodies or artificial
contamlnauon. The da CerCCl from the reglonal

(and now largely worked out) mining areas but also

a number of other areas with anomalously high

metal values. Barium, in stream sediments and

panned concentrates, was a reliable indicator of

mincralisation and identified the bettlmgstones—
L:

nnetley—Fallowfield area. nlgh barium values
nt

to the south of Rothburv (Fw
is geographically remote from any known mmeml-
isation. Soil samples subsequently collected in this
arca also contained elevated barium values, and it is
consmered that unexposed barium mineralisation

nertate t1m tlha mwea s beallo oo a1 a1
CXists 1 1 ¢ airca, proo Uly associat€a wiun a
fracture cutting the Whin Sill.

of lincar magnetic anomalics were identified,
several of which can be equated with known fault
structures or their probable extensions. Of the
faults thus indicated, some have carried s1gmncant
mmcrahsauon, and “pparenuy re
anomalies 1 m fhpir vici lf‘l were tb
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of possible mineral exnloratlon si

nificance,

@’

Several of these linear magnetic anomalies were
further examined by geochem1 cal (soil sampling)
and giuuuu-gcupuyau.al tecny xiq ues. The g&o-

hn
emical data obtained from the soil traverses
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the areas examined did not provide unequlvocal
information, values for the ore elements being
generally low.

One magnetxc anomaly mdlcatmg an east-
ward extension of the Sun Vein near to

5.

AY b L o 2 M4l 3 . a Avillicm o 4dowvoad
INEWDIrougn wasS 1AaCnuiii€a 4a5S a daiuung iairgil,
and four inclined boreholes were drilled from two

sites to test the fault structure affecting the Whin
Sill as interpreted from the magnetic data. Three
of the holes were continued to sufficient depth to
pass through the Whin Sill and into the sediments
beneath. Sufficient information was obtained from

+ha hnalag +a mnaresid  gévatigranhia PRSI . gy
LiiLC 11UIWD A0 p\-l LIlib Dl-‘atlsl ylllb LulicialLiull
between them and also to establish structural

relatlonshms while considerable variation in the
texture and degree of alteration of the quartz-
dolerite was apparent in the cores. Base metal
mineralisation associated with the alteration of the

o1

o, ana aISO in some of the carbonate SCOlanIS,

Chemical analyses of sa_mples rom the Whin
Sill quantify the changes in compositlon effected
by the process of hydrothermal alteration.

Magnetic susceptibility values determined on
the Whin Sill core show great variability, consistent

with tne variation in the degree of alteration to

near Berw1ck~on-Tweed The area 15_ 'co;ered by
Ordnance Survey 1:50 000 topographic sheets 75,
80, 81, 85, 86, 87 and by the published Geological

= n

She tsl nd 2, 3 and 4 at a scale of 4 milesto 1
LI I LAY IR S, IS PP [P DRI |
11 4aditl1on t LIIC OIIC-1IICIN U o1c 111C L CO1l gl(.d.l
Qhepte 1 D Q2 A A Q Q 12 14 1R 10 and 20
WiV LD .L’ ‘-’ V, L, \J, U, J, J~\-” A 1, J.U, A QRIA baV
(Figure 1).

The area ranges in elevation from sea level to
>500 m. There is a wide range of terrain, from the

gently rolling, largely glacial drift-covered,
intensely farmed coastal arca to upland moorland
SN T USRI . o) TSN, DRI N SRR PO . L. f SR
ana 1o0rest. 1nc gldbldl a P SILy al 01 Ul1lCICIiL
types, mainly derived from the west and north-
west by movement of the Western Ice from the
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Southern Uplands and Cheviots. Boulder clay,
6—9 m thick, is widespread over many parts of
the area, with drumlin fields and areas of glacial
outwash.

Little regional mineral exploration had been
undertaken prior to this reconnaissance, except

in the area bordering the Cheviot Complex
(Haslam, 1975; Leake and Haslam, 1978). Informa-
tion from the two earlier investigations has been
incorporated into the report. Sampling in the
Bewcastle area was undertaken by field parties
engaged in the compilation of the Lake District
sheet in the Regional Geochemical Atlas, and

Anén | A £ +hia
some data obtained from this source have also

been incorporated.

GEOLOGY

INTRODUCTION

The present structural framework of Northern
England was initiated by the northward movement
of the upper crust towards the rising Caledonides
(Leeder, 1974). This resulted in tensional stress
which was relieved by linear zones of brittle
fracture; differential movement along these result-
ed in the establishment of basin and block
structures (Figure 2). By Upper Palaeozoic time
these elements of the structure were well establish-
ed, the rapid development of the basins being
reflected in the great accumulation of sediments
within them.

The Northumberland Trough is a Caledonoid
downwarp in which some 2500 m of sediments
accumulated during the Visean. It is bounded to
north and south by the stable areas of the South-
ern Uplands and the Alston Block respectively.
The former probably remained as a topographically
positive area (indeed it provided much of the sedi-
mentary infill of the trough) throughout the
Carboniferous while the Alston Block survived as
a land barrier until the last of the Visean
transgressions (Figure 3). The Alston Block has a
Visean sequence of strata from the Melmerby
Scar Limestone to the Great Limestone.

STRATIGRAPHY
Within the trough, Carboniferous sediments from
Tournaisian to Westphalian age are recognised
(Taylor and others, 1971). The Lower Carbon-
iferous sedimentary succession is conveniently
subdivided into five main groups covering the
Tournaisian and Visean as shown in Figure 4.
The Tournaisian succession (Figure 5), represented
by thc Lower Border Group and equivalents, is
exposed in several areas: at Bewcastle in the south-
west, at Kielder and Redesdale in the centre, and
in an arc surrounding the Cheviot massif north-
wards from Rothbury.

Approximately 500m of alternating mud-

stones, limestones and subordinate sandstones are
known from the Bewcastle—Canonbie area, result-
ing from deposition under shallow marine
conditions; many of the limestones are algal.

To the northeast, conditions became
progressively less marine, and the succession thins
and is more arenaceous. The occurrence of algal
limestones in the top 40 m of the succession (here
about 220 m in total thickness) allows correlatlon
to be made with the succession in the Bewcastle
area; but the general characteristics of the sedi-
mentary rocks show close similarity to the Cement-
stones- Group which is 700 m thick in the

Dathh, Ohae area The ecucceecion in the

1\un.uuuuy—\.uu,v1uu, ar€a. 1€ SUCCLESsien 1 Ing
most northeasterly area consists of a sequence of
mudstones, sandstones and cementstones with algal
limestones occurring locally.

As in the Tournaisian, the sediments of the
Visean (Figure 6) vary in thickness as well as
lithology when traced from southwest to north-
east through the trough. The Middle Border Group,
near to the base of the Visean, comprises 250 m
of deltaic sandstones in the northeast but laterally
is represented by a thicker succession including
more argillaceous and calcareous strata to the
southwest. Lithologically the succession here is
similar to the Border Group of similar age on the
southern flanks of the Southern Uplands.

The lithologies of the succeeding Upper Border
Group (Scremerston Coal Group) indicate
rhythmic sedimentation throughout the area, thin
limestones alternating with thin coals, thick seat-
earths and mudstones, and grit/sandstone units;
they yield only a restricted marine fauna. The
increasing amount of Yoredale cyclic sedimenta-
tion (repeated limestone—mudstone—sandstone
units) indicates more widespread marine trans-
gressions, followed by delta progradation during
regression periods, over large areas of the trough.
Terrigenous detritus was still available from the
Cheviot mass to the north and is recognised in the
sandstones. South of Cheviot, the beds are thinner
and more calcareous, and form the Liddesdale
Group, the upper parts of which are associated
with the known mineralisation. The thickness of
this Group ranges from approximately 900 m in
the northeast to more than 2000 m in the axial
part of the trough.

Sedimentation continued into the Namurian
and Westphalian with decreasing marinc influence,
these shallower water deposits being preserved in
synclines mainly along the Stublick Fault Zone.

IGNEOUS ACTIVITY

The most important igneous event of the region
was emplacement of the Whin Sill, there being
only a thin group of submarine basalts in the
Tournaisian of Redesdale. With a probable average
thickness of some 30 m, the Sill generally lies in
the middle of the Upper Liddesdale Group, though
it also occurs at higher horizons.
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Figure 2. Geography of Lower Carboniferous (from Taylor and others, 1971)
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In the northeastern part of the trough, the
intrusion is seen locally as a pair of sills at different
horizons. Dvykes of similar quartz-doleritic
composition also occur in the area, two of which
(St Oswald’s Chapel and Lewisburn-High Green
dykes) are of considerable length. At a number of
locations in the trough there are also northwest-

- southeast trending basic dykes, for example the

Acklington dyke [NU 230020], which are related
to a Tertiary event.

Fitch and Miller (1967) obtained an age of 295
*+ 6 Ma for the Whin intrusion; recalculation using
new constants gives 301 + 6 Ma.

The Whin Sill is of considerable importance to
the economic geology of the area, since when
hydrothermally altered it is a favoured host for
mineralisation. A number of the most productive
orebodies in the area (Settlingstones, Stonecroft
and Greyside) occupy positions within the Whin
Sill.

STRUCTURE

The composition and structure of the Lower
Palaeozoic basement beneath the Northumberland
Trough can only be inferred by extrapolation of
the Lower Palacozoic features of the Southern
Uplands. There, the main structural trend is north-
eastwards and it may reasonably be assumed that
this Caledonide direction dominates the grain of
the basement of the Northumberland Trough.

Emplacement of the granitic masses of Cheviot
and Weardale during Lower Old Red Sandstone
times gave rise to slow isostatic uplift which was
responsible for the initiation of the Stublick—
Ninety Fathom Fault system close to the northern
margin of the Weardale intrusion, and for the
similar Alwinton—Ridlees Fault system south of
the Cheviot mass. Continuing uplift led to erosion
of the sedimentary cover of both granites, basal
Carboniferous conglomerates containing boulders
derived from these granitces.

During the Carboniferous, the structural
dcpression bounded by the fault systems activated
during the emplacement of the granites was the site
of the accumulation of a considerable (up to
2000 m) thickness of sediment.

The effects of Hercynian movements in the
arca arc identified by the formation of the
Bewcastle and Lemmington anticlinal structures,
the result of generally west—east compression.
There followed a period of wrench faulting, and
the continuing build-up of stress within  the
hitherto stable Cheviot Granite was dissipated by
the development of major dextral wrench faults.
The intrusion of the Whin Sill and associated dvkes
is related to this phase of movement.

Rencwed compression after the intrusion, and
rencwed movement along pre-existing [ractures,
was an important part of the later structural
history of the region, since all the major, and most
of the minor ore bodics are spatially related to
faults.

HISTORY OF MINING

Documentary evidence indicates that mining,
particularly of lead ore (Smith, 1923), was a wide-
spread commercial occupation, within the area of
the Northumberland Trough, by the end of the
eighteenth century (Figure 7). At least two of the
better known mines of the area, Settlingstones and
Fallowfield, have documented history back into
the 17th century. During the 18th and 19th
centuries and early years of the 20th, a number of
relatively small mines and trials were opened with
varying economic success, and exploitation of
some of the established mines continued well into
the 20th century, finally ceasing with the closure
of the mine at Settlingstones in 1968.

During the latter part of the 19th century the
mines northeast of Morralee, including Waterhouse,
Whinnetley, Langley Barony, Settlingstones and
Stonecroft/Greyside, were at their maximum
production and collectively produced some
132 700 tons of lead concentrate and 364 000 tons
of witherite, the latter entirely from the Settling-
stones mine. Silver is recorded from all the mines,
in concentrations varying from 2.3 oz to 7 oz per
ton of lead concentrate. The above mines fall
along a pronounced northeast-trending system of
sub-parallel faults that has been invaded by
mineralising solutions.

Outside this mineralised zone, the mineral
occurrences are small and many were not econom-
ically viable, the exception being at Fallowfield (on
another  approximately  northeasterly-trending
structure) which during the 19th century produced
an estimated 105 000 tons of witherite and more
than 10 000 tons of lead concentrate containing
an average of 4 oz per ton silver.

PREVIOUS EXPLORATION

Prior to the work under review, therc had been no
attempt to investigate this large Lowcer Carbon-
iferous sedimentary basin on a regional scale.
The Cheviot arca was examined by Leake and
Haslam (1978) who carricd out a geochemical
study using panned concentrates from stream
sediments. An earlier study of stream waters and
stream sediments from the Cheviot arca was
reported by Haslam (1975).

A small suite of panned concentrates had
also been collected from the Kelso map shect
(Smith, R. T., oral communication, 1980) in the
course of a geochemical survey of the Lower
Carboniferous rocks at the southern boundary of
the Southern Uplands. Information relating to the
Carboniferous areas from these surveys has been
counsidered in the results obtained in the recent
survey. In addition, material collected in the area
of the Bewcastle anticline for ultimate inclusion
in the Lake District sheet of the Geochemical
Atlas of Great Britain, has also been used.
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LANDSAT IMAGERY

The literature search that preceded the field-
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isation and mapped faults. At an early stage of the

investigation it was, therefore, decided to examine
Landsat images in order to investigate the
possibility that some major structural control
could be 1dent1hed The study was undertaken on
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NE—-SW, NW—SE, N—-S and E-W. No attempt
has been made statistically to evaluate their

directional frequency, but the NE and NW
directions appear to occur most frequently. The
lineaments vary in length from 0.5 km to mor

, there
being a less dense pattern in the area to the south-
west of the Cheviot complex (which may reflect
the dominantly moorland characteristics of the
area). By contrast, a high density of fractures
occurs ll’l [I](. S()utﬂcast ﬂCSpl[C [ﬂC Iact [ at mucn
considerable
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agricultural development, a factor that
in many arcas results in the suppression of all
but the strongest linear features.

Of the features shown on Figure 8, three sets
of fractures are most prominent.
an E—W system to the south of the S. Tyne
2 a pair of long (in excess of 40 km) features
trendmg NE—-SW lying to the north and south
of the Cheviot complex and extending SW as far
as the E—W system referred toin 1
3 a serics ot approx1ma.t ‘,

Lo oae
1 11C castern
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features
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1 and 3 is relatively straiqhtforward since thc
former is clearly the Stubllck——Nincty Fathom
Fault zonc and its extensions beneath vounger

cover to cast and west, while the latter is the
Pennine Fault system.
Th, PRPIERpTY ~T S FUN LA N AT [ONPR SP I
L11C Cellidd (021 LIC AN Vv, dl)})l( Al IldlLl)
pam!!:l, features referred to in 2, is !ess apparem

mately  with the boundcuy between the Lowcr
Palaeozoic (mainly Silurian) rocks of the Southern
Upldnds and the Carboniferous sediments at the

margin  of the Northumberland Trough. The
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along the line of an intra-Carboniferous Fault at its

northeastern end; but to the SW it coincides in
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part with the mapped boundary between the D,
and D3 sediments in the Carboniferous succession.
This feature also coincides, in its middle section,
with a zone wiere the Whin intrusion is represent-

above seem \ to define clearlv the margins of the
Alston Block, being equated to the Stublick—
Ninety Fathom and the Pennine Fault zones, while
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seems probable that these bounding fractures
played a role in (a) generally delimiting the north-
ward extent of the Northumberland Carboniferous
trough and (b) exerting some specific control on
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The sxgmflcance of the remote sensing work is
that it helps to determine a three-dimensional struct-
ural model of the region, of value in delineating the

areas in which mineralisation is most likely to be
£
fo .

ound. Using a working hypothesis of migrating
‘l;ds bP'I“(T PVT\P]]PI'] rnm APP"\QY‘ narteo l'\“ ~ cnrl;;
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mentary basin, then this simple structural analysis

1dent1f1es in broadest terms, the area likely to be
the locus of mineral deposition. The area of
mineralisation in the Haltwhistle—Corbridge-—
Hallington tri angle coincides with the junction

of two ‘lines of least resistance’, the northern
margin of the Alston Block and a major NE—SW
lineament.

GEOCHEMICAL SURVEY

INTRODUCTION

The reconnaissance geochemical sampling was

r
based on stream sediments and panned
concentrates. Descriptions of the sample collection
techniqucs and methods of chemical analysis are
given in Appei 'ces 1 an
€

Q-.
o

.
mately

sampling density of 1
(Figure 9). Panned concentrates, although
collected only from selected sites, were obtained
in sufficient numbers to represent all the main
dr amagc DdSlnS.

C\ammation of data fiom the airborne geo-
physical survey. The sixth area, at Ewesley, was
sclected on the basis of high barium values
obtained from panned concentrates. The soil
samples were taken by hand auger from aeptns

s»

epending upon local conditions dl‘ld he overall



Figure 8. Main elements of structure from Landsat imagery
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Sub-areas A and B are shown on a larger scale in figures 18—21 and 22—25
respectively




size of the area being investigated. In two of the
areas, additional deep till samples were collected
using a power auger in order to investigate further
the possibility that better geochemical contrast
could be obtained from the deeper samples.

DRAINAGE BASIN RECONNAISSANCE

Data from the geochemical reconnaissance were
processed using the G-EXEC system on an IBM
360/195 computer at the Rutherford Laboratory.
The data for the stream sediments and panned
concentrates are presented in the following way:
1 Raw analytical and locational data are listed,
by sample number, on microfiche as Appendix 4.
2 A cumulative frequency graph for each element
is plotted and four class intervals selected at 50%
75%, 92.5% and 97.5% of the number of samples
in the data set. This is a less rigourous definition
of class intervals than that of taking the mean tn
standard deviations, or the method of cumulative
probability plots described by Sinclair (1976).
The method employed, considering the quality of
the data used, achieves the objective of defining
anomalous samples without recourse to the more
rigid statistical treatment of the alternative methods
and the assumptions that they involve.

3 Sixteen elements were determined on all the
panned concentrate samples, but for the purpose
of this report only results from the four main
elements of economic interest, barium, copper,
lead and =zinc, are reproduced and discussed
(Figures 10—13). The same suite of elements is
considered from the stream sediment survey
(Figures 14—17). In order to achieve graphical
resolution, only the two top classes as defined
above are plotted with proportional symbol size,
all the remaining classes being depicted at a single
smaller, symbol size.

4 Areas of significant anomalies are presented
on a larger scale to show the drainage pattern
(Figures 18—25).

5 The logarithmic means, along with some basic
statistical parameters, are calculated and presented
in Figure 26, and element correlation coefficients
arc shown in Tables 1 and 2.

The raw data, as listed in Appendix 4, were
subjected to simple statistical treatment. The mean
value and range (dcfined as the mean * two
standard deviations) for each element are
summarised in Figure 26. Anomalous samples (i.e.
those in the highest class interval) were checked
for possible contamination and those considered
to be contaminated are identified on the geo-
chemical maps of panned concentrates. Contamina-
tion of two types has been recognised, that by
artifacts identifiable by sample site inspection
(when the samples were taken), and that
attributable to high values of Sn recorded in the
chemical analyses. In the case of the panned
concentrates, values in ecxcess of 82ppm Sn
(equivalent to the 92.5% value) are regarded as

14

indicative of contamination by non-geological
materials, since samples derived from the rocks of
the area would not be expected to contain more
than a few ppm of tin. Anomalously high values
due to mining activity have also been identified
and are indicated on Figures 22—-25.

Samples containing anomalous levels of one
or more of the ore elements (Cu, Ba, Pb and Zn)
are listed in Appendix 3. The results prescnted
below pay particular attention to areas where
several anomalies occur in a single drainage system
(i.e. a train of anomalies). For this interpretation
all samples falling in the two top classes (i.e. the
top 7.5% of each data set) are considered to be
anomalous.

Panned concentrates

Copper values are generally low, ranging from
<3 ppm to 263 ppm. The range is greater than
that described by Leake and Haslam (1978) for
Lower Carboniferous panned concentrates
collected from an area adjacent to the northwest
of the survey area. However, the range of values
for the copper content of the panned concentrates
is narrow compared with that of the other ore
elements. Many of the samples in the highest
class (=140 ppm) are considered to be contaminat-
ed, leaving a fairly even distribution of ‘non-
contaminated’, anomalous values.

There are no significantly anomalous groups
of samples in drainage basins, most of the high
values occurring in isolated samples. The high
copper in two streams draining Harden Edge
(NT 792 066) confirm the observation of Leake
and Haslam (1978) that copper occurs as chalcopy-
rite in concentrates derived from the Silurian
sediments near Thirl Moor.

Lead reports in a wide range of values between
<8 ppm and 977 ppm, with a logarithmic mean of
27 ppm. The anomalously high samples (=>1250
ppm) occur in two well defined zones, the
southern part of the area and the region in the east
(see Figures 24 and 20).

In the south, the disused mining localities are
readily identified at Acomb [NY 9367] and along
a line from north of Newbrough [NY 8668] south-
westwards to Morralee Wood [NY 8063]. The
anomalous samples collected from streams to the
south of Dipton Wood [NY 9760] contained
yellow lcad-bearing glass (Haslam, 1978).

A number of drainage basins in the southern
area contain high lead values not readily explained.
These are Beltingham Burn and Kingswood Burn,
draining eastwards from Ridley Common [NY
7761] ; Howden Burn [NY 7462]; northwest of
Vindolanda [NY 7566]; and to the south of
Plenmeller Common [NY 7259].

High lecad contents of panned concentrates
from the east of the survey area tend to be
isolated, and many of them are interpreted as being
due to contamination.

Zinc content ranges between 12 and 2042
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Anomalously high zinc values indicate the disused
mining localities described above, though there are
values in the upner class (222100 nom) distributed
values in the upper class (2100 ppm) distributed

across the entire survey area. An area of high zmc
values west of Spadeadam Forest [NY 6070]
unusual in that none of the other ore elements is

Barium exhibits a range of values from 19
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ppm). The higher values tend to occur in the north-

e to occ th
east (Figure 18) and the south ( quure 22). Like
lead and zing, barium dlstrlbutlon reflects the old
mining localities to the west of Hexham, but high
values are found in streams draining eastwards off
Ridiey Common [NY 7761], in an area with no
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Figure 18 shows the large number of
anomalously high barium samples (=66670 ppm)
located in several drainage basins in the area to the
south of Rothbury. The existence of these high

values is not attributable to mmmg act1v1ty, or

contamination, and the area was further examined
by means of a soil sampling grid.

Sediments
Copper values form a good single lognormal
population with a logarithmic mean of 11 ppm and
a narrow range trom d to 41 ppm There is a
conccmranon of the higher values
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mmcrahscd locahtles to the north and west of
Hexham are more clearly defined by the sediment
samples than by the corresponding panned concen-
trates. Anomalous stream basins identified from
the sediment sample data (but not from the

near Newbiggin [N

44607] and Dipton Mill [NY Q‘%ﬂﬁl%s] 3 km
south of Hexham. Sediments collected from the
area north of Otterburn Camp [NY 8996] contain
high copper attributed to military debris.

Lead concentration has a logarithmic mean of

caries v _ ~ i .
48 ppm, with a range {rom 13 to 174 ppm. The
distribution is lognormal with a slight positive

skew caused by a small number of very high lead
values from the disused mining localitics in the
south. Figurc 6 shows that, apart from a few
isolated  occurrences, the  majority  of  the
anomalous values are in the south. Although

with anomalous l(’d(l \dlLl(.‘S. collcclcd 3 km s
ol Hexham, also have high copper values.

Zinc values have a logarithmic mean of 135
ppm, with a range from 31 to 589 ppm. High zinc
values are found predominanty in the south, in

a zoue displaced to the west from the zone ol high
lead., There are a number f streams where

anomalous values for zinc are more abundant in
scdiments  than in  the corresponding panncd
concentrates: King Water [NY 5969] southwest
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stream draining northwards off Ridley Common
[NY 7662] 3 km southwest of Bardon Mill;
the stream drammg Haughton Common [NY

8072] 9 km northwest of Haydon Bridge;
Otterburn Camp [NY 8996]; and Raylees Burn
[NY 9291] 4 km southeast of Otterburn. It is

likely that the anomalies around RAF Spadeadam
and Otterburn Camp are the result of contamina-
tion from military debris.

Barium content of the sediments ranges

between 155 and 1413 ppm with a xogarlmmlc
mean value of 468 ppm. The distribution of high
values is similar to that seen from the panne

concentrates, namely zones of high barium in the
south and in the northeast.

or more of the lgnlflcant elements, barium, lead,
zinc and copper. The sites indicated by the panned
concentrate samples are listed in Appendlx 3 with
an indication (where known) of tne source of the

| g contamination of this type
produces a long traln of anomaly, an observation
well shown by King Water draining southwest-
wards from RAF Spadeadam [NY 6170].

With the exceptlon of several areas listed
. 1
d

known mineralisation. The presence of hlgh barium
values in both sediments and panned concentrates
gwc a pqrtlcularly good indication of arcas of

mlnCrdllhdllon.
TTneontamiy nate s-:xmn]gs hich in Ra Pl\ 7n

Uncontaminated samples high in Ba, Pb, Zn
and Cu come from two distinct areas, namely,
in the south, betwcen Hexham and Haltwhistle,
and further to the northeast, approximately
11 km to the south of Rothbury. The analytical
data from the panned concentrate samples
hese arcas are shown in Figures
The 76 pannced concentrate samples from the
arca to the north of Kelso do not indicate any
anomalous metal concentrations.
The southern part of the Northumberland
Basin contains scveral abandoned mining localities,

all of which are well clarified by the Ba, Pb and
Zn distributions. The anomalies to the south of
Bardon Mill |[NY 782645], around Ridley

©

Common, could reflect an extension of the
mincral deposits mined at several places along a



630

- | BARIUM

L (concentrate) PR B
lcg) . . -
5 50- e PN i
£ n=1879 . . L. . "
3 . . - .
o x=1122 : T e, *

Ba(max) =484 490 . . 9— .. .

Balmin) =13 ve @ et 0t Alnwick v | C

. e * . A . Q: *

0 L T T T T T T T T 1 610
500 1000 5000 10000 50000 100 000 . i .

tel Tt R B
é @ -O . e e o . * ! '... * ..'
-.. .C) . . LA -.. - ‘. . - S e u...
PSRRI I ) 9 R 1.' T
. <2899 A N . ,..." : - .Y -
- . %e . ) Fi . o * . .

O 28990 - 66 669 . 0t e W ! e .«
" IFCREN el e, ., e L Roth@

H

&ea
. . . .- a. . . l -.

O >66 Ppm Ba K . :. "‘;-,,: .. : ’_. o I '.:.:- b sqg b

Sample probably contaminated (determined L. et e Tea T, . R .’ .. ! @ o
for top class only-see text) Wt e e * ¢ . o % ° 0O . . .
) % e C g ¢ ea ? . . " .. . . O o2 e @ . o0’ .
. . ° % . S o Noy o e O O .t LR &)

Kielder * . }" °c. ;.- ‘. ..,. . : . ,C;'
e . . S RS X A O e ‘:',“ (@ . o

2o a

— . 590
O

P . . U .b \
. ..-J - 0: . . .. ., O‘ @@ .(f/\ " )
i e . .
am et . o o« %0 oo .. . LS . ,-. orpet
° o % S l. ) o ....... * :". .l- . .- P ¢ 00 o o "’@. @b +
. . : o * . ‘ - . o ~
* .. -: - = % ..' LR PR K] - O . ' : ®® . '.O'o- . ..o. ..‘ *
- .. . .- .. .‘° o .+ . Fy . . ... .0
K . . .Bellingham °* . Ceee L. .
. ) . .
o ® oo LIS . 0}. ..o : .. . . ee e,
o;, . se e Yo BRI ST : .o -", . . .
Qo 3 .« ®e . . . e
I ot A .
. :...".:. ° - . K .. ':Q ‘e
.-. ".. ”a .o . p .. R o'.. ~ew
. . o o . ¢ - Sppe e . ¢ 'f.'.‘ * . . . .

4 . * . . Joo AR . . . .
° e e " e e .o: :'. - . o e, e S BT ot . -
.« o, . e 4 . "', .t “. ® e Lo, . . e o .

‘-. . .. o . .o. . .. A ..’ s r.. ':’v 3 < L " 570
. - . . . s . .
. . . .

o . . oe?® * < ’
A ’ o + HEXHAM .
Haltwhistle . , -+ ° . ) o
., . & * O . . . . . .
+ é ¢ @‘ . e * o o

b ¢ . X SV, e 2 .. N o L Kilometres

Brampton T . ?""“ll. ‘ SRR B 'Q'.'. - 0 2 4 6 8 o

fe e * t. * ¢ : L 1 L1 Ll

330 350 370 390 410 : 42,

Figure 10. Panned concentrate data - Barium
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Figure 11. Panned concentrate data - Copper
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Figure 12. Panned concentrate data - Lead
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Figure 17. Stream sediment data - Zinc
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line between Morralee and Stonecroft (Figure 7).
To the south and southwest of Haltwhistle, stream
sediments are derived from Upper Carboniferous
rocks and it is possible that some of the high metal
values are associated with bands of coal (Mason,
1966).

Streams draining the Alston Block were not
sampled, but it is unlikely that any of the
anomalous areas in the south of the trough are
related to mineralisation in this area. There is some
evidence, however, that Dipton Mill [NY 930610]
and Dipton Wood [NY 9760] were on a route
along which ore, either raw or part processed,
was transported from the North Pennine orefield
to the River Tyne. In the streams draining Dipton
Wood lead glass was observed in the panned
concentrate samples. Zinc, barium and copper
values are not high in these concentrates but are
high in the respective sediments. The difference
in the recorded values is clearly related to the grain
size of the analysed material, the metallic
elements being identified with the finer (-100 BS)
material which could have been introduced into
the sedimentary cycle from ore processing
procedures. .

The northeastern part of the trough is
characterised by very high levels of barium in
both sediments and panned concentrates.
Threshold values for the upper class interval in
the sediments and concentrates are 1270 ppm Ba
and 66670 ppm Ba respectively. These compare
with an average barium abundance of 100 ppm in
limestones and 700 ppm in shales (Levinson,

1974). An uncontaminated concentrate sample
from the River Font, to the north of Netherwitton,
contains nearly 13% Ba. Many samples with high
Ba values are recorded from a number of stream
basins in this area, but there are no recorded
occurrences of barium mineralisation. Smith
(1923) reports several small isolated lead veins in
the area, including those at Redpath mine in the
Harwood Forest south of Simonside [NZ 0109301 ;
Hartington Farm in Hartington [NZ 0288]; and
Whitton Dene south of Rothbury [NZ 055999].

Haslam (1975) reports high barium in stream
sediments from localities underlain by Lower
Carboniferous rocks in the area to the south of the
Cheviots. As there are no barium minerals
reported to occur in the sandstone (Robson,
1956), he suggests that the barium in the sedi-
ments could be derived from micas in the glacial
drift, a tentative suggestion supported by the
observation that high barium values occur in other
areas of the Cheviots where widespread boulder
clay (with micas) has been mapped. However, this
is not supported by the high Ba values from
panned concentrates obtained in the present study,
which are due to the presence of baryte.

Pearson correlation coefficients for elements
determined in the panned concentrates are given in
Table 1. There is a good correlation between
barium and strontium which can be attributed to
the presence of strontium in baryte. Other heavy
minerals observed in the concentrates, such as
garnets, hornblende and metallic oxides, account
for the good correlations found with Mn, Fe, Ti

Table 1 Inter-element correlation coefficients significant at the 99% confidence limit for 1875 panned

concentrates (data log transformed)

Correlation coefficient

Element
0.30—-0.40 0.41-0.50 0.51-0.60 0.61-0.70 0.71-0.80 0.81-0.90
Ce -Ba, Ti
Ba -Ce, Cu,Ca, Ti Fe Pb, Zn, Ni, Mn : Sr
Sb Sn
Sn Sb, Ni Pb, Fe, Mn, Ti
Pb Cu Sn, Ti Ba, Zn, Ca Ni, Fe, Mn, Sr
Zn Cu, Ca Mn Ba, Pb, Ni, Fe, Sr
Cu Ba, Pb,Zn,Ca Sr Ni
Fe,Mn, Ti
Ca Ba, Zn, Cu Ti Sr, Pb, Ni Fe, Mn
Ni Sn Sr, Ba, Zn, Cu, Ca Pb, Ti Fe, Mn
Fe Cu Ba, Sn Zn Sr,Pb,Ca, Ti Ni Mn
Mn Cu Sn, Zn Ba Sr,Pb,Ca, Ti  Ni Fe
Ti Ce, Ba, Cu Sn, Pb, Ca, Sr Ni, Fe, Mn
Sr* Cu, Ti Zn, Ca, Ni Pb, Fe, Mn Ba

*Based on 1471 samples
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and Ni. Barium, zinc and lead show good correla-
tion with each other, but poor correlation with
copper. In the stream sediments (Table 2} the
copper shows a better correlation with lead and
zinc than is found in the panned concentrates.

Table 2 A correlation coefficient matrix based on
2002 stream sediment samples (all significant at
the 99% confidence limit)

Cu Pb Zn Ba
Cu — 0.42 0.51 0.32
Pb 0.42 — 0.60 0.49
Zn 0.51 0.60 - 0.54
Ba 0.32 0.49 0.54 -

SOIL SAMPLING
Soil sampling was undertaken in six areas (Figure
27):

Grid reference of area centre

1 Melkridge NY 720658
2 BrownMoor NY 840695
3 Newbrough NY 872685
4 Torneys Fell NY 870700
5 Settlingstones NY 844680
6 Ewesley NZ 062922

Of these areas 1—4 were located on linear
geophysical anomalies and area 5 was regarded as a
‘control’ area over a known vein system. Sampling
at locality 6 (Ewesley) was undertaken following
the discovery of anomalous Ba values in the
panned concentrates.

The samples collected from areas 1-5 were
analysed by AAS (Appendix 1). Five elements
(Pb, Zn, Ba, Mn and Sr) were determined by
Mather Research Ltd, Rothbury. Soils from
Ewesley (area 6) were analysed for Cu, Pb,
Zn and Ba by XRF at the IGS laboratories. The
untreated data were plotted graphically (Figures
28—33). Data for arca 6 are shown in contoured
format in Figure 34. Background values were taken
from simple cumulative frequency curves at the
50 percentile level.

Table 3 summarises background, maximum
and minimum values of the elements in soils from

Table 3 Valucs of lead, zinc and barium in soils (ppm)

Area 1 2 3
Pb 30 5-235

Zn 40 6—350 86 40-210

46 25-1000 50 10—-1150
80 34-2850

areas 1—6. An examination of the data in
this Table and the accompanying figures shows
that the background values at Settlingstones
(mineralised structure) are not higher than
those reported for the other five areas. In fact,
the background data show them to be significantly
lower than comparable values at Brown Moor and
Newbrough. The maximum recorded values for the
individual elements Pb, Zn and Ba occur at
Newbrough.

Table 4 shows the percentage of samples that
were obtained from depths shallower than 1 m
(which was the preferred depth of sampling).

Table 4 Soil sample depths

% shallower than 1 m Range of depth (cm)

Melkridge 66 10-130
Brown Moor 64 20—-120
Newbrough 24 55—-110
Torneys Fell 27 20—-120
Settlingstones 34 75—120
Ewesley 100 10-90
The greater difficulty of achieving the

preferred sampling depth in the Melkridge and
Brown Moor areas was due to the characteristics
of the overburden. At Melkridge, although glacial
drift is believed to be relatively thin, it is common-
ly of a ‘tight’ clay with lithic fragments, whilst in
the Brown Moor area the thicker superficial
deposits contain a high proportion of large
boulders, which impede penetration by hand auger.

In order to test whether deeper sampling would
have a significant effect on geochemical contrast,
a limited number of holes was put down at
Melkridge and Newbrough using a Cobra power
auger. A comparison of the analyses obtained
from the two sample types is shown in Table 5,
and plotted in Figure 28. In general, the data,
indicate that the values obtained from deeper
samples enhance the contrast. Barium, zinc and
strontium well illustrate this improvement,
although the Cobra data for iron and lead show

~only minor advantages over the shallower sampling.

4 5 6
30 20-45 35 25-150 40 19-136
72 32—-102 60 18—440 56 7-196

Ba 100 20-1760 260 80-—-720 330 140—6000 185 60—300 215 80—1760 426 215—12400

The median (in italic) is followed by the minimum and maximum

Soils from areas 1—5 analysed by AAS, those from area 6 by XRF
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Table 5 Comparison of deep (Cobra) and shallow
(hand auger) soil samples (Newbrough)

Cobra Hand auger

Median Min.—-Max. Median Min.—Max.
Pb 35 10-55 45 10—1451
Zn 63 34—-420 98 34-280
Ba 360 200-3200 290 200-720
Sr 135 36280 72 36—110
Mn 440 280—-1150 600 250—-2400
Fe% 2.8 1.9-7.0 3.3 2.0—-4.4

All values in ppm, except Fe

Melkridge

Values are generally low. Peaks are dispersed about
the geophysical anomaly, Pb and Ba showing a
sympathetic relationship (Figure 29). The geo-
physical data and some field observations suggest
that the magnetic anomaly is caused by an
unexposed Tertiary dyke at shallow depth.

Brown Moor

The distribution of geochemical values does not
identify an unequivocal trend (Figure 30). The
eastern end of the area shows greater geochemical
contrasts (particularly in Ba), which may relate
to local mineralisation, to the effect of decreasing
overburden thickness, or to a combination of both
these factors. The interpretation of geochemical
data in this area is not conclusive, but if faulting
in the Whin Sill is responsible for the magnetic
anomaly, then the geochemical values may reflect
mineralisation of the type known locally.

Newbrough

The aeromagnetic anomaly in this area indicates a
continuation of the Stonecroft Sun Vein. The
geochemical values, higher than those obtained
elsewhere, indicate a zone which follows the

same trend as that identified by the geophysics
(Figure 31). These combined data were considered
of sufficient interest to warrant a small scout
drilling programme.

Torneys Fell

There is no clear relationship in this location
between the geochemical data and the geophysical
anomaly (Figure 32).

Settlingstones

The main vein system is delineated reasonably
closely by peaking of the values for Pb, Zn and Ba
in the soils (Figure 33). Additionally, each of the
elements shows a small peak in values some 300 m
to the NW of the veins, peaks which do not
obviously reflect any mapped mineralised structure.
Values in the soils here are not markedly different
from those obtained from the other areas.

Ewesley

Unlike any of the other areas, Ewesley was
sampled on the evidence of anomalous Ba values
obtained from the stream sediment reconnaissance.
The geology of the area is of poorly exposed
sandstones and shales of the Upper Limcstone
Group striking NE—SW and dipping gently to the
SE. Several coal bands occur in the southeast
corner of the area. Evidence of Ba mineralisation in
the area is known from joints and small veinlets
in the bedrock.

The distribution of barium, lead, zinc and
copper in the soils from this area is shown in
Figure 34. Analytical data have been examined
on cumulative plots (Sinclair, 1976), from which
were calculated the parameters given in Table 6.
Barium There are two distinct populations, which
can be described as background and anomalous.
The anomalous samples lie along an approximate
NE—SW line, the highest values being where the
soil is shallowest, in the southwest corner of the
area. To the north of Rothley Shield East one

Table 6 Summary statistics for soil samples from Ewesley area (calculations made on log-transformed data)

Element  Number of Population

Proportion of

samples population (%)
Barium 169 3 92
Lead 169 A o
Zinc 169 g 9?)
Copper 169 11; ;3

*Below detection limit
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Mean  Mean + 2 standard Mean - 2 standard
(b) deviations (b+2S, ) decviations (b-2S, )
390 700 215
1200 2000 690
35 50 24
62 118 32
55 98 30
114 145 91
5.5 10.5 *
11.5 20.0 6.5
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sample in a group of anomalous samples contains
1.24% Ba, a highly significant enrichment.
Lead Although there are two populations for

the lead arstrrbunon the highest (mean 62 ppm)
L,.

mavtiarslavls; anmAammalasaa

IS particuiany anoimaious.
[3 I
However fhree areas of ‘high’ lead in soils are

, which shows the most
extensive area to  be in the southwest, correspond-
ing to the area of high barium. The isolated high
sample at [40536 59179] is also high in other
heavy metals and, with an Fe content of neariy

20% (approximately 15% higher than the average),
is undoubtedry contaminated,
Zinc The zinc data can be partitioned into two

populations, neither of which is high enough
to be associated with any zinc mineralisation.
Copper The contour data show that soils over
much of the area sampled contain less tnan

1N

10 ppm C

farmere +h an
AQL11iNv1 0 2

deficiency. gamnles mth in excess of
10 ppm occur as isolated samples, and in the
southeast of the area where coal bands are known

to occur.

Discussion
The soil data for all the areas except Ewesley
allnw few eonclnsmns to be drawn becau se f the

area sampled. At Newbrough, for example, drilling
proved a thickness of 13 m of glacial material.
Under such conditions it is not expected that
elements such as Pb, Zn and Ba would provide
. :
h

mare Lo ganars Aintara 4 1
10T tnan generar pPointers to mineralisation.
The soil sampling at Ewesley however, confrrms
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The orientation of the soil anomalies for Ba
suggests a lithological control of mineralisation,
as they lie along the 11ne of strike (Nh—bW)

wever, tne balance o observations seems
not to support the concept of a baryte-enriched
lithologic unit. It seems more likely that barium

mineralisation is associated with a fracture that
cuts the Whin Sill. More geochemical and geo-
physical work would be required southwest of
the Ewesley area to identify this fracture an(l

i
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amine the continuation of the barium anomalies
shown in Figure 34. Su h a frar-fnre would lie on

a continuation o
Dyke is recorded (1" Geologlcal Map Sheet 9
Rothbury) and which intersects the Whin-front
outcrop at Gallows Hill [NZ 0289].

GEOPHYSICAL SURVEYS

The geophysical contribution to the mineral
reconnaissance of the Northumberland Trough

comprlsed an airborne survey of the southern part
of the trough (Evans and Cornwell, 1981) and sub-
sequent ground follow-up of selected anomalies.

o>

S

AIRBORNE SURVEY

The emplacement of Ba—Pb—Zn orebodies, as at
the Settlingstones and Stonecroft—Greyside mines
along faults of large msplacemen[ in the Whin Sill,

nvi a geophysical programme which would
identify comparable structural settings elsewhere
within areas underlain by the Whin Sill, and

particularly within the area of mineral potentxal
(Haltwhistle—Corbridge—Hallington) identified
from Landsat data. Thus, the prmc1pa1 objective of
the airborne survey was the identification of

structure in the Whin Sill.
'T‘l\ﬂ nnr\‘rnn{ﬂnnol e nm "Q‘;(‘al ']h““l'\')f‘]'\
PR siv CUIlVUllLlIVIIGL 5\.\11}11, Div aa utJlJlUu\,ll,
involving the direct detection of orebodies, was

considered unsuitable, first because of the likeli-
hood that a substantial Ba orebody (as at Settling-
stones) would remain undetected from a lack of
conductivity constrast and secondiy because of the
masking effect expected from the widespread drift

deposits known to occur in the area. The
opportunity to adopt an indirect approach with a
chance of success was afforded by the magnetic

properties of the Whin Sill. Key factors were the
strong remanent magnetisation of the sill; the
absence (apart from minor Tertiary dykes) of other
magnetic rocks in the area and the generally

gentla Aden ~F 1la o371 PR ..n... o i1te mvagence at
Bcllllc u l) Ul LI1C Jlii, CTIIdU ls i l)lbb\,llb\- alL
depths of less than 300 m over a considerable area.
No particular locality recommended itself for

immediate detailed ground survey, and so an
airborne survey was considered a cost-effective
method of identifying target areas.

2 cirmm memamme A a1 2T T 1. ) AP ndia dosn
it was consiacrea possivie tnat tne uiaguctu, aata
might indicate zones of alteration in the sill,

Alteration of the sill to ‘White Whin’,
Settlingstones mine, can be attributed to hydro-
thermal solutions, and is detectable geophysically
because of the partial or complete demagnetisation
of the sill. Thus, for example, a fracture zone or

1 N 221 _ Jo v s A A
fault in the sill, with too little displacement t
provide a magnetic anomaly, may nevertheless be
detectable if there is a sufficient degree of

alteration across the structure to affect the
magnetic properties.

The airborne survey also employed VLF—-EM
and radiometric systems The VLF—EM system
was chosen in preference to movmg source EM as
for the

1 +
for the location of w

10Cation o1 wdéa
extent, such as major fau
Th1 agam is an indirect cxploratlon
approach, the nature of the previously mined
orebodies in the area having discouraged the use
of the Slingram system (Burley and others, 1978)
is suited to the detection of discrete and

Ishide orebodies
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eophysical data were presented by the
survey contractor (Sander Geonhvsms Limited)
as three sets of maps at a scale of 1:10 560, show-
ing (a) total magnetic field anomaly contours,
(b) contours of the normalised intensity of the

horizontal component of the VLF field, and

¢
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(c) stacked profiles of the normalised in-phase
and out-of-phase values of the vertical component
of the VLF field. The geophysical data are
superimposed on a subdued topographic base.
Photographic reductions of the maps have been
made to a scale of 1:25 000, and single-sheet
compilations of the contoured magnetic and
VLF data at a scale of 1:50 000. All data and maps
are deposited with the Applied Geophysics Unit
of IGS and are available for inspection by arrange-
ment with the Head of Unit. Dyeline copies of all
maps are available.

Results

The aeromagnetic map shows a large number of
anomalies of which the more prominent are in
most cases of geological origin. Many of the
anomalies are considered structurally significant,
and some of these are clearly related to the distribu-
tion of certain of the mineral deposits of the area.

The airborne VLF profile and contour maps
both show many anomalies. However, artificial
and topographic effects contribute to the anomaly
pattern and significant anomalies of geological
origin are not readily discernible.

The flight records of the radiometric data were
inspected during the course of the survey, but no
significant anomalies were evident and these data
have not been compiled into map form.

Magnetic interpretation

The aeromagnetic maps were compared with geo-
logical maps at the same scale, to segregate the
anomalies into those attributable to known geo-
logical features and those indicating the presence
of previously unrecorded features. The topographic
base to the maps afforded ready identification of
those anomalies caused by man-made sources such
as road and railway bridges and agricultural
installations (e.g. silos, steel-framed barns). In some
localities, manual re-contouring of the data was
necessary because of the bias of the automated
system.

VLF—EM interpretation

Comparison of the VLF—EM data with geological
maps showed little correlation between the two.
However, the topographic base to the VLF contour
maps prompted recognition of a frequent correla-
tion between the courses of streams and thc axcs
of linear ‘lows’ in the in-phase horizontal
component, particularly in the western part of the
survey area. This suggested a strong topographic
influence on the VLF data, and this was confirmed
by comparison with Ordnance Survey maps at the
1:25 000 scale, on which the contour intervals of
5 m provides excellent control of the local topo-
graphy. Several anomalies of interest were evident
in areas of lesser relief, suggesting the possible
presence of geological conductors, but comparison
with local electricity distribution line maps showed
that these anomalies could be attributed to the
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effects of local 11 kV power lines.

Report

A detailed account of the airborne survey,
including instrumentation, survey procedure, data
processing and presentation is provided by Evans
and Cornwell (1981). The survey results are
examined and the significant anomalies identified
and discussed.

GROUND SURVEYS

Ground geophysical surveys were commenced in
the south Northumberland area prior to the air-
borne survey, with several test traverses using the
magnetic and VLF—EM methods over the known
mineral veins of the Langley Barony and Settling-
stones mines.

Further ground surveys, normally limited to
isolated traverses, were carried out concurrently
with the airborne survey, as a number of well-
defined anomalies were apparent on the in-flight
records, and it was considered desirable to check
these at the earliest opportunity to assess the
significance of their surface expression. The data
are not presented or discussed here, as the signifi-
cant airborne anomalies were all subsequently
covered by more detailed ground surveys.

Following preliminary interpretation of the
compiled airborne survey maps, priority was given
to follow-up of several anomalies (all magnetic)
which were considered attractive exploration
targets and which were also further examined by
geochemical soil sampling. Four areas, totalling
approximately 6.5 km? were examined in this
way, and subsequently drilling was carried out in
one of the four areas, Newbrough. The original
geophysical survey here was supplemented with a
closer grid of more detailed traverses.

The geophysical programme was extended to
investigate several other airborne magnetic
anomalies, which were not considered to justify
the detailed, integrated coverage applied to the
four areas referred to above. Of this additional
geophysical work, this report covers only those
sites where the data have a direct bearing on
possible mineralisation, or structure closely related
to mineralisation. At several sites the geophysical
surveys were used to invéstigate featurcs of
structural interest only (though possibly of interest
to any broader examination of the controls to
mincralisation in the region). It is intended to
describe this work in a separate report. Figure 35
shows the area within which are the surveys
described in the present report.

Ground geophysical surveys were mainly
limited to the follow-up of aeromagnetic anomalies,
though a few airborne VLF—EM anomalies were
checked by ground VLF traverses, in most cases
during the course of the airborne survey. None of
the anomalies seen on the airborne VLF maps is
considered to indicate economic mineralisation.
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However, some VLF measurements were made at
some of the sites of magnetic surveys described
in the present report, to determine whether any
of the probable fault structures under investigation
were detectable by this method. The incidence of
any anomalies would provide an appreciation of
the effectiveness of the airborne VLF method for
locating such VLF anomalies as are detectable on
the ground.

No electrical surveys (e.g. IP, resistivity) were
carried out, since witherite, a common constituent
of recorded orebodies would not be expected to
provide any detectable electrical response. Also,
the very variable drift thicknesses would have
hindered satisfactory interpretation of electrical
survey data, a problem which would not affect
the magnetic method in its use for locating faults
in the Whin Sill.

A proton precession magnetometer was used
for the ground magnetic surveys, measuring the
earth’s total magnetic field. Measurements were
made along traverses, generally at intervals of
10 m, and were repeatable usually to * 1nT.
Values recorded were corrected to an arbitrary

datum for each area, so as to remove the effects
of diurnal which

fLiliiiiaa vvaialii

determined hv

variation acierminea oy

was
Qiikaliiy vao

taking approximately hourly readings at the
selected datum station. The variation was usually
fairly small (maximum ~10 nT/hour), there being
no evidence of magnetic storm activity, and was
assumed to be linear over the intervals between
udLuI‘l‘l Stalloi] ‘l‘éauulgs Ai’ly’ €ITOTS resultlng Irom
this assumption will be small in relation to the
magnitude of most of the anomalies observed.

A Geonics EM-16 instrument was used for
ground VLF surveys, measuring the in-phase and
out-of-phase components of the VLF field of a
selected transmitting station. For the surveys
described (except Settlingstones), the instrument
was tuned to the station at Maine, USA (NAA,
17.8 kHz), this station being qu1tab1v located for
mvestlgatlon of the approx1rnately east-west
magnetic features. At Settlingstones the Oswestry
transmitter was used (GBZ, 19.6 kHz).

Topographic control was easily maintained
from the features on the Ordnance Survey
1:10 000 or 1:10 560 scale maps. Traverses were
laid out with tape and compass.

Three of the sites selected for the ground
surveys covered magnetic anomalies within 5 km
of the Settlingstones mine and were examined by
combined geophysical and geochemical methods.

The gencral area was of prime interest for three
recasons:

1 there is a clear correlation between the axis of
the principal aeromagnetic anomaly and the fault
systcm occupied by the Settlingstones—Stonecroft
veins (Figure 36);

ii the magnetic anomalics extend beyond the
limits of the mine workings;

iii there is potential for the discovery of economic
mineral deposits.
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Melkridge

The aeromagnetic anomaly extending north-west
from the village of Melkridge is of interest because
its nature and setting are comparable in some
respects to the anomalies investigated in the
Settlingstones area. The geophysical survey was
carried out along eight parallel traverse lines,
ranging in length from 500 m to 800 m, spaced at
100 m intervals. Magnetic measurements were
made on each traverse at 10 m intervals throughout,
VLF—EM measurements were also made, initially
at 10m spacing (traverse 200 W) but at 20m
intervals thereafter. There was no evidence of any
artificial features in the area which could have
affected the results from either method.

The magnetic results are shown in profile form
in Figure 37. The magnetic readings have been
reduced to a datum of 48802 nT at 100S on
traverse 700 W. The magnetic anomaly is clearly
seen on all traverses, though on traverse 200 W it
is less well defined. Background values are notably
uniform. The anomaly is considered to be due to a
Tertiary dyke, as the profiles are comparable with
others across the Tertiary dyke at Bingfield [NY
9772] (Frost and Holliday, 1980). Day (1970)

Tort Ae-1 +ha Dies
reports &Xposure of Tertiary u'yL{CS in the River

Irthing [NY 6515 7020] and in the Tipalt Burn
250 yards west of Low Tipalt. The former is
reported to strike SE, thus aligning approximately
with the latter exposure and with the anomaly at
Melkridge. A series of traverses measured (Figure
38) to test this possible continuity shows
comparable negative magnetic anomalies with
amplitudes ranging from ~10 nT to ~150 nT. The
presence of two anomalies on traverses 2 and 7
suggests an en-echelon group rather than a single
dyke, and this would account for the presence of
dolerite (mapped as a dyke) in a stream section
some 750 m to the west of the Melkridge anomaly
(Figure 38). Small quantities of sulphides are seen
in limestones adjacent to this latter exposure.
No previous reference has been made to any
possible correlation between mineralisation and the
Tertiary intrusion.

The VLF—EM profiles show only weak east-
west features, reflecting the strike of the
scdimentary rocks.

Settlingstones
A series of test geophysical traverses was conduct-
ed across the known mineral veins in the area
around Settlingstones and Langley Barony prior
to the airborne survey, in order to assess any
anomalies associated with the known geological
features. The results of this work were of use in
considering the suitability of the area for airborne
exploration. Magnetic and VLF—EM measurements
were made along seven traverses totalling 15 km,
at intervals of 25 m.

The magnetic profiles are shown in Figure 39.
The magnetic values are corrected to an arbitrary
ba

value
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Figure 36. Aeromagnetic contour map: Settlingstones Mine and surrounding area
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Figure 37. Total magnetic field profiles at Melkridge
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mterest:

i A clearly-defined low occurs over the Settling-
stones Vein. The Whin Sill is known to be down-
faulted to the southeast along the vein, by an

estimated 25—30 m in the vicinity of traverses 1
and 2 where the depth to t‘ie top of the sill on the
upthrow side is estimated to be 115 and 150 m

respectively (Dunham, 1949). Model anomalies
derived as part of the interpretation of the
Newbrough data show that the anomalies observed
over the Settlingstones Vein are approximately
consistent w1tn the known displacement of the sill

aiong the vein.
ii The known position of the Langley Barony
Vein is reflected in the shape of the profiles on

traverses 5, 6 and 7.

iii The profiles for traverses 5, 6 and 7 each show
a broad low to the northwest of the Langley
alxgnment with

the low o‘ve‘x the Settlingstones Vein. However,
on traverse 4, which crosses the unmined ground
between the two veins, the relatively undisturbed

profile gives no mdlcatlon of any link
the respective lows. Dunham (1949) reports that
the Settlingstones Vein is terminated against a
northwest cross-course. This is consistent with the

. A ~tat 1 - e iy [, PSR
magnetic data, although a more closely spaced
series of traverses would be required to

demonstrate this more clearly.

iv Traverses 1, 2, 4 and 5 cross the line of the
Grindon Hill fault as indicated on the Bellingham
geological map. This fault is indicated as having a
down-throw to the southeast of perhaps 50 m.

s on the Luucspuuu-
indication from the alrborne data (Evans and
Cornwell, 1981) that this fault does not exist.
v The course of the Haydon Fell Vein appears

to be reflected in the magnetic profiles, coincident
with the centre of a low on traverses 1 and 3

though Dunham (1949) reports that this
occupies a fault of only 6 m throw it is possib!e
that it represents a more su b tantial feature in the

Whin Sill, which is estimated to be at a depth of
almost 200 m in this area.

vi The VLF—EM data, although much affected
by artificial anomalles, show a well defined
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conductor and is probably due to a shale band
rather than a mineralised feature. There is no
indication of a conductor on the line of the
magnetic anomaly obscrved over the Settlingstones
AV TS
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Brown Moor

The magnetic anomaly at Brown Moor ([NY 843
695], Figurc 36) is of interest because its position
and orientation indicate that its causec may be an
extension of the WNW—ESE structure along which
Vein is  emplaced. The

o

3]

continuity of the anomaly over some 2km is
clearly seen in Figure 36, and was investigated by
means of sixteen traverses spaced 125 m apart, and
Im most cases 800m 1n length (Figure 40).
Magnetic measurements were made at intervals of

10 i on all fraverceg and VLF—EM measurements
LU M1 O5l 411 TYaver dSUD, alill V Jul vl 1lltadulTilivliiw
were made at intervals of 20m on alternate

traverses 250 W — 1000 E and on each of the four
easternmost traverses. Four additional traverses
were measured, by the magnetic method only, to
the southwest of the principal traverse grid near to
Grindon Farm, to cover a suos1c11ary broad

base value of 48871 nT at Station 0 on traverse 0.
The very disturbed pattern of several of the
profiles precludes satisfactory contouring of the
data for the area as a whole. However, a series of

Vacira? o nuvidomt ~Alaca +4 +tha mid rnnintd ~Af annh
1U WY DD CVIULIIL ClUdL Lu i1 uu.u.'l)uuu. Ul Lauil
traverse. These are identified in ‘igure 41 by shad-

ing those portions of the profiles below the
arb1trary line of 48800 nT, demonstratmg that a
nominal 48800 nT contour would outline a
negative anomaly extending over the length of the

survey area, brancmng 1nto a dOUDlC feature at the
Py _‘I 'I" o o e +L
tn

It is difficult to suggest a source for the
anomaly. Quantitative interpretation is not
p0551ble because of the gradually changmg nature
variety of other features

e M m o fao a2 Lo WATLI QT Il i o
111 ClONC PIU I lLy LO IL. 111C VVll.ll. O1lL lb L, O1
Clese tQ surface across the area: the strone short-

suriacc across L arca, tic siiong Snoiv

wavelength anomalies at the northern ends of
traverses 125 W to 500 E are typical of data
recorded over outcrops of the sill (compare
Torney’s Fell and Quarry House areas, described
below). There are, however no surface features to

o, ~F
maiy \JUlll})dllbUll O1

anom Q]\Y on

aiiilialy (9291

frlra]

traverse 375 W with the strongly asymmetrical
anomaly on traverse 125 E indicates some change
in the source, though its persistence and almost
straight course across the area are well defined.
It is unfortunately not possible to test any link
‘l,.-..’

Uw

Woidsirnns +ha P |
puLiwocll Le a.uuuuuy aiil

ann{-‘rrnff Q| n

‘7P1n with
because of the 275 kV power line whlch crosses
the important area east of traverse 1500 E
(Figure 40).

The VLF—EM data provide no clue as to the

source of the magnetic anomaly. In-phase
anomalies were observed on all traverses mcasured
and on traverses west of 1000 E the amplitudes of

these cxceed * 20% in several instances. However,
these anomalies are clearly a topographic effect as
the profiles correlate closely with the change in
ground slope on cach traverse.



64

—"70

Grindon
c—

— 800w

00y,

86318

Shieid-on-the
-Wall Dam

Grindon Hill 8

Fig. 40 Location map for geophysical traverses at Brown Moor

J

500 m

?

scale

Park Dam

z




T S
g75E ) MW/\/\/\A\\/\

123 1375E /:-

0100200m”,,\/\/_\/~’\/\

scales 1500E W <7 \/

Figure 41. Total magnetic field profiles at Brown Moor

Hatching denotes principal negative anomaly with observations below 48800nT

54



qq

Fig. 42 Location map for geophysical traverses at Newbrough and Torney’s Fell
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Torney’s Fell

The airborne magnetic anomaly in the Torney’s
Fell area ([NY 874 698], Figure 36) is of interest
because the axis of the eastern part of the anomaly
is approximately coincident with a vein which has

,,,,,, < rd ad 21 TATL

DCCH WOTKC(] for DaIYICS at ine ﬂOI'lZOl'l OI UlC Whin
QI]]

Sill The ogenlnoical man indicatee a caniectiira
.

The geological map indicates a conjectura
WSW extension to this vein, to link it to theJeastern
limit of the Stonecroft Main Vein some 1.6 km
distant. However, the airborne magnetic contours
indicate that the structure carrying the vein at
Torney’s Fell turns to a more E—W line, and
continues until it reaches the outcrop of the sill.

Twenty traverses were measured across the
area of of interest (Figure 42). Magnetic measure-
ments were made at intervals of 10m on all
traverses, and VLF—EM measurements were made
at intervals of 20m on all traverses. Traverse
lengths and spacings varied considerably because
of the need to avoid crossing certain fields which
were under crop.

The magnetic profiles for traverses west of
1300 W are shown in Figure 43. Those for the
remaining traverses to the east show no anomalies.
As at Settlingstones, very strong anomalies occur
in part of the area, and satisfactory contouring of
the data is not possible. However, it is apparent
the profiles that a magnetic low can be
traced across the area, its course indicating that
it is the surface expression of the feature observed
from the airborne data. This ‘low’ is well defined
and, while its axis is seen to coincide with the
known vein east of Torney’s Fell, further west it
clearly diverges from the course of the conjectural
vein, assuming an E—W trend. There is no magnetic
evidence to support a structural link between the
vein at Torney’s Fell with the Stonecroft Main
Vein.

The VLF—EM profiles show no features
indicative of a conductor on the line of the
magnetic low.

—
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The survey at Newbrough covered the easternmost
part of a negative magnetic anomaly [NY 869
686] of total length ~5 km, the axis being closely
coincident with the course of, successively, the
Settlingstones Vein, the Stonecroft Main Vein, and
the Stonecroft Sun Vein. The persistence of the
anomaly eastwards towards Newbrough is shown in
Figure 36.

Fourteen traverses were measured across the
area (Figure 42), irregularly spaced in the east
because of crops, and spaced approximately
100 m apart in the west. The approximate average
traverse length was 800 m. Magnetic measurements
were made at intervals of 10 m on all traverses,
and VLF—EM measurements were made at
intervals of 20m on alternative traverses {rom
800 W to 250 E.

The magnetic profiles are shown in Figure
44. The data are reduced to a base value of

(&4

cn

48784 nT at Station 350 N on traverse 0. The
magnetic ‘low’ is clearly seen on all traverses west
of 100 E, and reaches a maximum amplitude of
approximately 150 nT between traverses 400 W
and 700 W. There are many sources of artificial

nor Zuit‘:s l 1 tn€ area Uc.u(.,ca, water plpcs dana
+anbc\ “\nf f]'u: Pffprfc of thece are limited nnr‘
Lai K\D’ [P A= 9 LiL wALVOULYD i VEiAVvON (228 Addriaver

readily identifiable locally, and therefore omitted
from the profiles in the figure.

The VLF—EM data are much affected by
artificial sources — an 11 kV power line runs across
the area, above and below ground, linking Greyside
and Thornton Tower Farms. The undisturbed
portions of the profiles show no significant
variation in either in-phase or out-of-phase values,
and there is no indication of an EM conductor on
the line of the magnetic anomaly.

It is known from the account by Dunham
(1949) that the Stonecroft Sun Vein occupies a
normal fault with a downthrow to the south of
approximately 30 m. Geophysical modelling, using
reported values for the depth of the Whin Sill and
for its thickness and magnetisation, showed that
the anomaly observed over the vein near Greyside
Farm could be satisfactorily accounted for by the
known structure. The extension of the anomaly in
the Newbrough area appears to be a continuation
of the approximately symmetrical ‘low’ observed
over the Sun Vein. Interpretation of the anomaly
was based, therefore, on the assumption that
its cause is an extension of the known fault
but with some changes in the depth and thickness
of the sill and the throw of the fault to account for
the increased amplitude and wavelength of the
anomaly east of the known limit of the Sun Vein.
Modelling was based on an average profile, derived
from the profiles for traverses 400 W, 500 W and
600 W, as these are notably similar.

This initial interpretation showed that the
observed anomaly could be accounted for by
assuming an increase in the throw of the fault to
80 m, an increase in the depth to the top of the sill

aon the iinthraw cide to 100 m and an increace in
il L1l MVLIILUV' DiULv Vv oAavvuv lll, CLLIIVA ALl MMIVivAovw i1

the thickness of the sill.to 60 m. Furthermore, it
was observed that the model anomaly could be
more closely fitted to the observed anomaly by
assuming some horizontal separation of the
respective portions of the sill. This would be
equivalent to assuming a southerly hade to the
fault, or assuming some alteration (and demagnet-
isation) of the sill adjacent to the fault, or a
combination of these factors. Figure 45a shows
how the symmetry of an anomaly due to a
southerly downthrow fault is changed according
to the width of an assumed zone of alteration
either side of the fault. The results from drilling
boreholes 1 and 2 showed that the initial inter-
pretation was in error, and suggested that the
anomaly was due to a broader zone of displacement
and alteration of the sill at rather shallower depth.
A re-interpretation of the magnetic data (Figure
45b) was used to site boreholes 3 and 4.
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Figure 44. Total magnetic field profiles at Newbrough
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Quarry House

At Quarry House a lead vein (Figure 35) has been
worked over a distance of perhaps 200 m at the
level of the Whin Sill, here only a few metres below
surface. Four east-west magnetic traverses were
measured across the vein to determine whether a
magnetic feature was coincident with the vein, as
at Settlingstones. Three further north-south
magnetic traverses were measured to determine the
surface expression of an east-west negative
anomaly seen on the aeromagnetic map. The
magnetic profiles from both sets of traverses are
much disturbed by short wavelength anomalies of
amplitudes up to 400 nT over, and close to, the
outcrop of the Whin Sill, though it is clear that
there is no recognisable magnetic feature over the
vein. VLF—EM profiles on the east-west traverses
give no indication of a conductor on the line of the
vein. The apparent aeromagnetic low cannot be
recognised from the north-south magnetic profiles.
It appears, as at Brown Moor, that the aero-
magnetic method, removed from the source of
high-frequency anomalies, is better able to define
anomalies at, or close to, the outcrop of the Whin
Sill than ground survey.

Thornbrough

At Thornbrough, lead was worked from a vein
(Figure 35) in the Thornbrough Limestone, some
400 m above the Whin Sill. It is reported (Smith,
1923) that a basaltic intrusion occupies the fault
carrying the vein, and a series of magnetic traverses
was measured to determine the nature of this
intrusion. Siting of the traverses was restricted by
roads, a railway line, the River Tyne, forestry
plantations and many fields under crop. However,
anomalies observed at several locations between
[NY 965 617] and [NZ 024 664] indicate that the
intrusion is a Whin dyke. The trend of the dyke
suggests that it is continuous with intrusions
indicated at [NY 899 555] and .,[NY 910 567]
(1:50 000 Geological Map sheet 19, Hexham).
Further west, in Allendale, the Esp Vein lies on the
same alignment. This is a further indication of the
association between mineralisation and extensive
NE-trending structures.

DRILLING

From a consideration of the data obtained from
both the geological and geophysical investigations,
it was concluded that drilling was the only means
of obtaining confirmatory information from depth.
Two of the areas which had been soil sampled,
Brown Moor and Newbrough, were potential drill
targets but logistical considerations and the
evidence of a magnetic low along the line of a
possible extension of a worked mineralised vein
(Sun Vein), identified Newbrough as the prime
target.
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Table 7 Details of boreholes at Newbrough

Azimuth True Inclina- Recovery Deviation
depth tion (%)

1 345 252.07m 60° 88 348°—65°

2 344 195.68 m 75° 75.6 349°_75°

3 344 100.58 m 60° 68.5 not tested

4 344 15057 m 80° 81.3 not tested

The objective of the drilling was to investigate
the structure in the Whin Sill, which was indicated
from the geophysical data to lie some 100 m below
land surface, and particularly, to study the extent
of any possible alteration of the dolerite.

Site accessibility determined the actual
location of the four boreholes in an area just to the
north of Back Lane Wood. Drilling was by the IGS
JKS 3800 rig which has sufficient capacity (maxi-
mum 300 m) to reach the target zone, estimated
to be between 100 and 200 m. Computer model-
ling of the geophysical data had indicated that a
fault affecting the Whin Sill was a possible cause
of the magnetic anomaly, and the drill programme
was designed to test this hypothesis.

Figure 46 shows the location of the two sites
from each of which two holes were drilled. Details
of the holes are shown in Table 7. All of the holes
were commenced in BQ (36.5 mm core) and
completed to final depth at the reduced AQ (28
mm) core size.

The instability of the borehole walls, due to a
considerable depth of weathering (particularly of
the argillaceous sediments) precluded the use of
down-the-hole probes to measure in situ geo-
physical properties. However, magnetic suscept-
ability measurements were made in the laboratory
on Whin Sill core obtained from the four holes
and were compared with values for unaltered
Whin Sill obtained on core from a hole at Throckley

[NZ 160676] from a depth of 504.75 m—
541.93 m.

The core was examined in the laboratory,
and from these observations the logs were

constructed (Figures 47—50). Sections of core
which displayed alteration and/or visible mineral-
isation were split and crushed for analysis by XRF.
Eighteen elements, Ce, Ba, Sb, Sn, Pb, Zn, Cu, Ca,
Ni, Fe, Mn, Ti, Ag, U, Rb, Sr, Zr and Mo were
determined and are listed at the end of Appendix 4.

Figure 51 shows the relationships between the
four boreholes and the proposed correlation
between the main lithological units. It also shows
the approximate dip of the bedding planes in the
sedimentary part of the succession as deduced
from the recovered core. A general southerly
direction of dip has been assumed for the inter-
pretation, in accord with the published geological
maps of the immediate area. (Frost and Holliday,
1980).

The geological succession shows broadly similar
features in each borehole, consisting of alternating



N e N S N PN Ny S INT L N s S TININ I TSN S
A T T AN RV AT I B
RN :v7\/\7>\/l~\’ NN ‘—/-,\/\\/l\\/r,/r~l~ NSRS IS |
\’\/‘\/l|l_\:-|“7/\>\ /\_,\ AN ’\’_I_/’l\\‘//—\ N <~ \/\7;L\\\,\/,\ A ,JLBMJ
D T R TN TR VLA SN VA XAV <
\/‘\rl/\/":‘: ) L\_I YDA -\"\I/\’:\’/\’\,\)\/'\/QD(‘—‘,\I\/\\\ DA y /'\/ ‘/\/\\/ ] /
TN L SIS N N L S G S T N e ~n-l,\—,:/\~<,\l Vv
A= N N~ SN AR - = RN N
",‘/.\‘/\1’1,1\/\!'\5\‘/\\,,\\1/‘_r’\—-\,/\/\_\ /\\,' Pl PP ENA /
AS Tyt P P o T G
-'/\/JI\_'\\.\: \,\_,T:/\"\l\:l.,\/f_‘//\/\\//:/\L»/\,\,/ - _————— ALY /
AN N S F T AL A VAR ¢ e ~<
SO S s SN S VS Ay ~ —
N R ERAT S AN NAY AL / Z_
A IR A AN \‘I—,\\,\,\\L\l < / )
N I/,:L\;/z\‘\,\\/\/“ — /
ARG DA A
‘/\’“/\/\:\\5 /<Y UBWL / P
N EE Y AR < P Ve g _ /
NASU Y. - -~ ~ W~
AAQUARIA 7/ ~ PR —
Na DT s - =
N4 - — s
[EES VRS rd - 7,
VIINT // \' \ o
Nl D~ P
. - \N s
P\ -~
3 s /
?\ /’/ /
G - /
Q - /7,
A - - _
S ~_ -
< - / EL /
S —_ j/ / —
N ==~ /
= /
N — /
~ -
== /7
2 - /
. /7
Greyside /
~. /4/
~ — i
=~ PR /7/ LI JEL Eelwell Limestone
1 /
X / /B K .
i a i(;ne T SW Shotto Wood Limestone
[
Newbrough s Wood
9 s
Lodge 77 CTIJUBWL  Upper Bath House Wood Lst
\// / \‘, \
// // \/‘\,\\14
- - / . .
— - vy daD Whin Sill
f// - F_,\/\‘:
- 7
- ol
e .
— c— Fault
——— Line of magnetic anomaly
HEXHAMe *NEWCASTLE _ .
NEWBROUG 12 - Drill sites
17, \
05 1km . .
- ? I J Figure 46. Locations of Newbrough boreholes




ppm Ba ppm Pb ppm Rb ppm Sr ppm Zn

L. 1500
- 200
L 300
0
50
- 100
= 150
0
- 500
- 1000
. 1500
0
- 1000

L 1500

(]

(@]

METRES  FEET o ®
280 - A

20

Magnetic S| units

300
Susceptibility x10°

100

o
o @ & 153 -3
L 1 1 1

00

_ 350 o'V 1Yo TSt
110 . 8

120

400 -

130 —— '3,

450730,
140

150
5001 "

7 < e
-+ I_/I :/‘—\I\ T P (A _;\1\:-\7\’»\\>/:l\|\,_ ]
~“, NS S AR DN SN IS TS - M
’ ’ - ;- - 2 - ="\ - ~
SN s e AL T PRSI s
. NN o ey P NNy, v\/_\/\-/—l .
-‘/s",\l\',l’l,\"’ eI - PR R Y M
SR VRPN R Y \:\\l,\l/‘,‘\—\,\—’_' H H
LUANN v NN s s Y [N - -
AP A - PNl NN S v~ R HH H
- \I\’\-\/\I\,\-,~(.\“\\/~/\/_\,"—,~/\| =
- \ - i P4 PRS I - \ -~ -~ N e
NI s s I T IN I  ve 2, u
< r
Upper  cojwell
Daliabank

—» 3973
—71 /23680
— Li tone

550 —

160

Dominantly
Mudstone
71, A1 whin
JINAY KT
NANN B

Newbrough Borehole No 1.

v significant
veining

Figure 47. Element distributions and magnetic susceptibility measurements for
Newbrough borehole 1



%9

Newbrough borehole 2

Newbrough Borehole No 2.

ppm Ba ppm Pb
b o) o)
g 8 3 8 & g
METRES FEET = © o - = © =
300 o 1 1 _Jd 1 L J
- T L T _;
1 1
) — 1 8
X
100 155
\#L SN v §§
1 ,|\'/<\,’, ;\\/ 8
350Xy,
RN
110 :\I, :»/’\/_l‘\_
SI2Y
P/ ORNAY
7 \\/\‘?_I_ \ :‘
120 IR
a0 7Y
-, 7
NIINATIN
SO —~7858
130_——‘r\:‘/’:/\\\’l’\ \% /
<~V NINZ, 0 4
WA —>935
00 \\\;\ I\
450 =\ Ill.; ’\l//\_'
AT \‘\ \ S 3376
140 oy
A -— 11800
]
T T sa
T I oM
0 "8
15
500
160
550 ~
170
c
i<}
- — T L
180 == §
600
Figure 48. Element distributions and magnetic susceptibility measurements for

ppm Rb ppm Sr
Q
o}
s 8 8., 8§ & &
1 A J L I ]
—177

ppm Zn

00
- 1000

— 6585

(o]

Magnetic
Susceptibility

> o
e «

Q
™

St uni
x 10°

)



ppm Ba ppmPb ppm Rb ppm Sr ppm Zn Magnetic
METRES FEET o o § Susceptibility
u o 3o 8 o 8 o 2 = O 3
250 1 1 o Q
o « <
80 2802 \ )
R4
- S
I L - g,g {
T A [::]
NS (PR o
——f\ N T 7]
ETTE RATERSIING
-, V'~ "‘
SO RIADEANE
,,\ AR I"l:
? ?

Newbrough Borehole No 3

Figure 49. Element distributions and magnetic susceptibility measurements for
Newbrough borehole 3

64

S| units
x1073

)



me mm mm |
NS SN SN AR NS GBS U U SN DD S W A uE N SR N e

METRES  FEET

250 = ppg Ba o ppm Pb ppm Rb ppm Sro ppm Zn
o o) Q Q o Q Q [}
- o] (=3 o =}
s . & 8 - 8 8 8 o 8 8 o 8 8 B g 8 B
T 3 1 L L 1 1 s = © e e
I - I - 5 | 'l A 'R L ']
3 ;
o Magnetic SI units)
300 - Susceptibility \ x 1073
=
I o & ¢
— 58 ;
100 . &2 I T—
soryd B
'\\1\"1\’ i
350 12U
A 7 ~u
VIR P
o e
\"l\:“,\/,(,
_‘ 4 ‘\,I\I’ h
\/I\ ,\’\r‘:\/\' V — 850
RYSAYRN:
120 ——-—-—:\‘,' \—l\:\:\ :/:.
400217 N
p TN \'.I\’
BTN
R ‘\". ~
130 ——— :\'.‘:\'; R
Y '\'I\_ \" \:
RO
- ’\\’\I'\/ ’\' .
450 - \.:’,‘\",‘:' .
AR TANSIN
140 : aé l
— i gﬂ
—t'®
Q
150

500 ~

Newbrough Borehole No 4.

Figure 50. Element distributions and magnetic susceptibility measurements for
Newbrough borehole 4

99



shales or mudstones and sandstones, with
important limestone units. It is the latter which
are of major significance in the correlation from
borehole to borehole.

Boreholes 1 and 2 passed through 4 main lime-
stone units above the Whin Sill, identified as the
Shotto Wood, Bath-lHouse Wood, Colwell and Dalla-
bank limestones. The sediments intersected
beneath the Sill differ from those overlying it in
that the proportion of arenaceous material is
higher and that of the mudstone and carbonate
facies lower. Boreholes 1 and 2 probably inter-
sected the local equivalents of the Haughton and
Barrasford Limestones beneath the Whin Sill
and borehole 1 also intersected the Oxford Lime-
stone.

Sections of core were selected for chemical
analysis and the results are illustrated in Figures

- 47--50. These results, together with comparable

Whin Sill analyses, are also given in Table 8.
With the exception of Ba and Rb, alteration of
the quartz dolerite at Newbrough has led to a
depletion in trace elements.

Different facies occurring as bands can readily
be identified within the Whin Sill, in addition to
the zones of alteration, but for clarity these have
been omitted in Figures 45—48. The altered zones
correspond well with the low magnetic suscept-
ibility values shown on these figures. Greater detail
of the lithological and chemical variations in the
Whin Sill from the Newbrough investigation are to
be discussed elsewhere.

Most of the core submitted for analysis had
been taken from the Whin Sill but sections of
visibly mineralised sedimentary rocks were also
analysed. Material selected from the Whin Sill
included samples of each of the identifiable facies
of the intrusion. In each case bulk samples
representative of 1m lengths of core were
submitted for analysis. Vein material was not
included in the bulk samples but was submitted
for analysis separately. The plots of all the analyses
show quite clearly that the highest values of Pb,
Zn and Ba are in the Whin Sill. Copper values
almost without exception, are low, the lowest
values occurring in the more altered sections of the
Whin Sill (chemical depletion due to the hydro-
thermal alteration of the Whin Sill, as reported by
Ineson, 1972).

A close correlation is noted between the values
of Sr and lithology, a plateau of low Sr values
identifying the Whin, in contrast to the higher,
though somewhat erratic, levels recorded from the
sediments both from above and below the Sill.

High Rb values (in excess of 75 ppm) occur in
marginal facies at the top and base of the Sill in
boreholes 1 and 4. In borehole 2, values in the
lower half of the Sill, covering a zone some 30 m
wide, are similarly high, frequently in excess of
100 ppm. In all these instances the high Rb
correlates closely with zones of alteration in the
Sill.
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Similarly, the distribution of metals, Pb, Zn
and Ba is seen to have a generally close spatial
association with the zones of alteration noted
during the visual examination of the core.

It is possible to examine some of the chemical
differences between the fresh intrusion and the
altered facies by reference to the analysis of that
part of the Whin obtained from borehole 3. In this,
the range of values recorded for Ba, Pb, Zn and Cu
from the four samples of unaltered dolerite are
comparable with the levels obtained from samples
of the Throckley borehole core (Table 8).

The geochemical data and the magnetic
susceptibility logs from each hole are indicated
in Figures 47—50 from which the relationships
between altered Whin Sill (identified by the lower
susceptibility values) and the metal element values
can be seen. The higher values for Ba, Pb and Zn
in the Whin generally occur in the alteration zones.
In borehole 1 the highest values for Pb and Zn in
the Whin occur at the margins of the sill, while Ba,
with values in excess of background, has peak
values towards the centre (the highest recorded

. values for Pb and Zn — 0.7% and 0.39% — are from

the sediments immediately beneath the sill).

In borehole 2 there is more intense alteration
of the dolerite to ‘White Whin’. The lower half of
the sill has a noticeably lower susceptibility and is
also enriched in metals, particularly Ba, one sample
at the base of the intrusion giving values in excess
of 1.1% Ba and 0.5% Zn. Isolated, relatively high
values for these elements also occur in the sedi-
ments beneath the sill. Lead is not enriched in the
sill in borehole 2 but several values to a maximum
of 350 ppm are recorded in the sediments below.

Values from the Whin in borehole 3 show it to
be of ‘normal’ type.

Borehole 4 is in many respects similar to
borehole 1, with distinct zones of alteration
identifiable by low susceptibility and increased
metal values. Peak values for Pb and Zn occur in
the alteration =zones, 849 and 2415ppm
respectively.

A number of thin sections have been examined
of the Whin Sill to investigate the mineralogy of
the altered and unaltered lithologies (Haslam,
1981, 1982). In the altered quartz dolerite the
most significant changes are to be seen in the
sericitisation of the plagioclases and the alteration
of the clino- and orthopyroxenes, to total destruc-
tion in some examples. Ilmenite, a common
constituent of the fresh quartz dolerite, shows
variable degrees of alteration to leucoxene and, in
some instances, to goethite. Pyrite as platelets,
discrete particles and veinlets is a relatively
common constituent of all phases of the dolerite.
In the altered dolerite the matrix contains variable
amounts of secondary carbonates, of which calcite
i1s the most readily identifiable, together with
disseminated pyrite, iron oxides and some inter-
stitial quartz. Ore minerals are difficult to
determine in thin sections of the altered rocks.
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Table 8 Some trace element data for samples of unaltered and altered Whin Sill

Whin sample *n Zn Ba Pb Sr Rb Cu
(concentrations in ppm) ‘

! Unaltered Whin Sill 53 129 380 4.5 389 - 59

Unaltered Whin Sill from

Newbrough boreholes 31 186 676 19 427 28 68

Altered Whin Sﬂ fro

Newbrough boreholes AQ £ 704 10 O0A /0 27

INEW D ougi DOICNOICS e £9) 00 (4 4 i1y L& OJ Si

2Unaltered Whin Sill

from Settlingstones 150 145 870 17 495 20 68

2 Altered Whin Sill

from Settlingstones 80 4410 8700 i5 320 92 55

*n = number of different sam mples used to calculate mean

1 Samples collected fro outcro p between Haltwhistle [371 566] and Great Swinburn {393 575]

2 Ineson (1972)
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only occasionally recognised. The analyses of the to the south, using radon and soil air were un-

core, however, 1nd1cate high values of Zn and Ba successful.

which suggests that mineral phases containing these
elements exist in the fabric of the rock.
The factors controumg the distribution of the

White Whin facies in the four boreholes are not
vwiité Viini 1acies in tn€ 1our poréenoles are not
evident from the data available. An alteration
evident th data available., An alteration

o the Sill has been developed to a varying
degree but the amount of White Whin observed in
the mass of the sill is not constant, considerable
variation being observed between boreholes. The

of a]teration, compared with only about 5% of the
sill in borehole 4.

The structure deduced from the drilling
provides no clear evidence that the mineralisation
and alteration are related dlrectly to the taultmg
from the evmence (displacement

alteratlon and that of mlnerahsatlon increase away
from the zone of disruption and it may be
s1gmt1cant that the Whin at the bottom of borehole

1 f'd 1 7

3 is relatively fresh (apart from the thin upper

gnirfaore altaratian) and inmineralicad Tha acidamn
SUILALT dllbidiiUll) afitl wiiiniicranst,. 11t eviacncc
would seem to indicate that the solutions

responsible for the alteration and mineralisation
originated via an unidentified pathway somewhere
to the south. An open fracture a short distance
south of borehole 2, although possibly the main
passageway for fluids, would remain unidentified
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At this location, it is suggested, the identified
faults may have acted more as a barrier to the
progress of migrating fluids than a passageway; and

[P I . SR o SR IR P S R ~
ince llgldlll 8 Iu1as Ime y h Ve gainea aCCEsSs 410ng
the came nlane ac that fallawed hy the intrmician
Liiv Odlriv tllul.l\' Ao LiiaL ivaUYYVGAL WU LAlL 1iiliaDiv/is
itself

The evidence from the mines at Stonecroft
and Greyside, approximately 1 km WNW of the
drilling sites, indicates that there the mineralisation
and alteration are closely associated with a fault

structure which provided the access route for the
migrating fluids
llllslallll’\ LALAINAD.

There is some indication that the fault

structure at Newbrough is beginning to die out.
A displacement of 27.4m at Greyside Mine, on
the same structure, compares with a figure of
approximately 19.8 m, indicated by the arunng
l1he decrease i tn€ amou

The investigations undertaken in the Northumber-
1.1 e o b bLowa hishlichtad +tha wyalue of
ana irougn 1navc Iigiligiiica ¢ vaiuc Of

geochemical techniques.

The pattern of linear magnetic features
identified from the airborne survey data has shown
a broad correlation with known faulting, and by
extrapolation has provided new information on



/S -y am W
| - . oS .

this aspect of structure. This correlation is of
particular interest where the magnetic features
show a close relationship to fault zones which are
mineralised, notably in the area to the north-east
of Haydon Bridge. Extensions to these magnetic
features naturally suggest the possibility of
extension to the mineralisation. This has been
tested in one area by core drilling with results that
offer some encouragement to the investigation of
similar magnetic features elsewhere as a means of
discovering hidden orebodies.

Reconnaissance  geochemical investigations
successfuly identified the known areas of mineralis-
ation. Interpretation of the barium data has been
particularly useful in the identification of
mineralisation. In the Ewesley area the panned
concentrates, and to a lesser degree the stream
sediments, contain anomalous levels of Ba which
led to a limited follow-up soil survey.

Geochemical soil sampling in other areas over-
lying geophysical anomalies showed only low
values for the metals determined but geochemical
patterns, although poorly developed, were shown
to have a recognisable relationship with geo-
physical data. Data from a control area overlying
the Settlingstones vein also showed relatively low
values, which seems to indicate that, in this region
generally, the thickness of glacial material inhibits
the migration of the commonly sought elements
into the upper parts of the soil profile. Samples
from a few sites taken with a power auger at
deeper levels show some enhancement of peak
values from which it would seem that, particularly
in areas of drift cover, this method would allow
easier identification of geochemical trends.

It is concluded that data available from this
region do not indicate extensive areas of mineralis-
ation. However, the anomalous data from the pan
concentrates in the Ewesley Fell area and the sub-
sequent soil geochemical data show that there is
in this area some barium mineralisation. Examina-
tion of the rock outcrops of the area (almost
entirely sandstones) indicates that some baryte
occurs in the form of thin veins and coatings on
joint surfaces.

This investigation has also indicated possible
extensions to other known vein systems from both
geochemical and geophysical techniques. For
example high values in stream sediment data may
be indicative of a southwesterly continuation of
the Morralec vein system and the geophysical
(magnetic) evidence shows a linear anomaly
extending the strike of the Fallowfield veins.

The cause of at least some of the linear
magnetic ‘lows’ is still not completely resolved.
At Newbrough faulting and alteration of the Whin
Sill causes the low; the presence of associated
mineralisation shows that other lows must present
potential targets for exploration. In the absence of
other remote techniques, either geochemical or
geophysical, capable of defining more precisely the
nature of these features, their exploration will
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depend upon core drilling programmes. It is
recommended that those linear ' geophysical
features that trend either NE—SW (equivalent to
the Settlingstones mineralisation direction) or
those approximately WNW should be given priority
in any future exploration.
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APPENDIX 1

GEOCHEMICAL SAMPLING METHODS

Stream sediments

Sediment samples were collected by the method described
by Plant (1971) using the minimum of water in the sieving
process so that finer material was not lost. Care was taken
not to sample ‘bank-fall’ material. The sediments were
placed in high wet-strength, metal-free Kraft paper bags
and a standard IGS field data sheet was completed for each
site. Drying of the sediment was completed in an oven and
the sediment was then seived to minus 100 BSI mesh
prior to chemical analysis.

Panned concentrates

When enough material was available at a sediment sampling
site approximately 2 to 3 kg of sediment was collected and
panned by the classical gold panning technique to produce
about 30 g of concentrate. This material was prepared for
chemical analysis using the method described by Leake
and Aucott (1973).

Soils

Soils were collected by hand auger from depths between
0.5 and 1.0 m, which in all cases was considered to be
beneath the humus-rich levels in the soil profile. Sampling
grids were set out on a regular pattern; the precise spacing
between lines and sample points varied from area to area
and was dependent upon local conditions. The soils were
collected in high wet-strength, metal-free Kraft paper bags
and then oven dried. Following disaggregation in a mortar,
samples were sieved to -80 mesh BSI prior to chemical
analysis.

Deep till samples

These samples were collected from a small number of the
soil sample sites using a petrol powered auger (Cobra
Drill). The samples were treated in a similar manner to the
soil samples, and the analyses obtained were used to
investigate the relative merits of the deep samples and
those obtained using shallow hand auger techniques.
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APPENDIX 2

METHODS OF CHEMICAL ANALYSIS

The stream sediment and panned concentrate samples and
the soils from the Ewesley area were analysed at the IGS
chemical laboratories in Gray’s Inn Road, London. The
soils and deep till samples from the other five areas were
analysed at the commercial laboratory of Mather Research
Limited, Rothbury.

Cu, Pb, Zn and Ag were determined on the sediment
samples by AAS following a hot nitric acid extraction.
Ba was determined on these samples by XRF. The panned
concentrates were also analysed by XRF for the following
elements: Ce, Ba, Sb, Sn, Pb, Zn, Cu, Ca, Ni, Fe, Mn,
Ti, U, Sr, Zr and Mo. The soils and deep till samples were
analysed for Pb, Zn, Fe, Mn and Sr by AAS techniques
following a hot perchloric acid extraction. Ba was also
determined by AAS following total dissolution of barium
sulphate,



APPENDIX 3

TABLE OF ANOMALOUS PANNED CONCENTRATE
SAMPLES

Listed below are those panned concentrate samples in
which one or more of the elements, Ba, Pb, Zn or Cu are
found to occur in anomalous concentration (indicated by
X’ in the table).

The anomaly thresholds are:

Barium 66 670 ppm

Lead 1250 ppm

Zinc 2100 ppm

Copper 140 ppm .

Two types of contamination are indicated in the table.
Where the anomaly is thought to be associated with man-
made contamination the sample number is underlined.
Those anomalies found near disused mining localities are
shown by an underlined grid reference.

Sample No. Ba Pb Zn Cu Grid reference

HBP 595 X X X X 38108 56059
HBP 1120 X X X 40000 58451
HBP 505 X X X 38264 56590
HBP 514 X X X 3864056812
HBP 522 X X X 38702 56808
HBP 586 X X X 3873056757
HBP 599 X X X 38229 56504
HBP 883 X X X 39360 56708
HBP 546 X X 3711055960
HBP 549 X X 37853 56072
HBP 577 X X 38638 56894
HBP 579 X X 37902 56359
HBP 589 X X 38551 56855
HBP 766 X X 36727 56777
HBP 1081 X X 36317 55952
HBP 1149 X X 39730 58358
HBP 1275 X X 40370 58736
HBP 1282 X X 40967 59104
HBP 1430 X X 39244 58000
HBP 1681 X X 41174 60365
HBP 1713 X X 42507 61685
HBP 1860 X X 42340 61308
HBP 2123 X X 37921 60650
34 1886 X X 34890 57399
34 2068 X X 34966 57672
34 2217 X X 34125 56932
HBP 1160 X X 36516 55974
HBP 527 X 37381 56240
HBP 536 X 3775056039
HBP 539 X 3747056690
HBP 540 X 38618 56440
HBP 543 X 37468 56309
HBP 547 X 38322 56248
HBP 551 X 3774156073
HBP 559 X 3799056100
HBP 565 X 37705 56334
HBP 566 X 37858 56273
HBP 569 X 3823056573
HBP 585 X 37207 55940
HBP 630 X 37211 56868
HBP 631 X 38641 57386
HBP 669 X 37158 57084
HBP 696 X 3863056627
HBP 713 X 39800 55991

Sample No.

HBP 717
HBP 771
HBP 817
HBP 822
HBP 835
HBP 840
HBP 858
HBP 874
HBP 903
HBP 905

HBP 935
HBP 942

HBP 946
HBP 947
HBP 954
HBP 987

HBP 991
HBP 1086
HBP 1093
HBP 1122
HBP 1142
HBP 1147
HBP 1177
HBP 1210
HBP 1211
HBP 1225
HBP 1240
HBP 1250
HBP 1251
HBP 1276
HBP 1279
HBP 1288
HBP 1300
HBP 1307
HBP 1308
HBP 1318
HBP 1320
HBP 1339
HBP 1390
HBP 1399
HBP 1417
HBP 1444
HBP 1454
HBP 1462
HBP 1473
HBP 1482
HBP 1508
HBP 1512
HBP 1514
HBP 1533
HBP 1537
HBP 1559
HBP 1570
HBP 1580
. HBP 1594
HBP 1603
HBP 1692~
HBP 1714
HBP 1726
HBP 1746

T R I Kook X

KoK oKX

Grid reference

37585 57170
37228 57191
3921257172
39190 56352
37983 56254
39420 56589
37943 56255
39349 56623
36647 56167
39870 56814
39848 56009
39550 55982
36607 57109
35953 56829
36257 56485
36480 56881
35932 56660
35859 56217
36495 56098
39760 58708
40230 58777
40025 58443
40340 57861
40680 58724
40893 59215
40914 59162
40677 59110
40999 59052
39595 58854
40540 59089
40820 59240
40990 58531
40627 59140
40291 59734
40850 59829
40416 59072
40520 59590
40470 59672
40290 59731
40101 59300
41110 58970
41262 59792
41222 59713
41370 58777
41334 59806
40004 59560
41482 59368
41118 59865
41969 59380
40300 60270
40838 59430
40642 60503
39720 60818
40085 60843
40383 59950
39870 59900
40241 60531
41595 60633
41714 60330
41723 60604



Sample No.

HBP 1767

HBP 1775

HBP 1780
HBP 1781
HBP 1784
HBP 1819
HBP 1847
HBP 1861
HBP 1882

HBP 2016

HBP 2029

HBP 2061

HBP 2158
HBP 2161
HBP 2174
HBP 2203
HBP 2232
HBP 2242
HBP 2280
HBP 2379
HBP 2426
HBP 2491
HBP 2623
HBP 2679
HBP 2750
34 1838
34 1869
34 1896
34 2022
34 2044
34 2080
34 2090
34 2055
34 2071
BF 5565
34 1871

Ba

Pb

Zn

KoK KKK KX "o PP KRR o]

>

Eo I I

KRR KKK

Grid reference

41332 59888
42127 60696
42021 60260
41731 60665
41464 60299
42350 61327
41938 61090
42255 61820
41800 61388
38763 60053
38790 60402
38948 59700
37920 60647
37979 60598
38758 59111
39009 58517
39314 60654
38194 60310
38430 58405
37567 60428
36904 58432
37917 59787
37731 58640
37180 58890
36208 58201
35876 57705
34963 57603
3577057670
3628057380
3627057571
36457 57619
36032 57038
34590 57470
34487 57595
37339 64781
35063 57848

73
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CARD INPUTY FORMAY
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C.C,JOHNSON 1CS KEYWORTH PAG) 0INOVEI
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CARD INPUT FORMA?
BOREHOLE RUMBER CERTUM CALCIUM 1RON W TITANIUM  RUBIDIUN H 1IN
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DATA DESCRIPIION
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DAIA D!SCRIPI!ON
FuLE THe
NO., OF FIELDS 1 20

CARD INPUT FORMAY

R R N L L R R T R R R e AmesEmssrreEs ssmsmsamans LY

(3F10.2,04,4F10,2/0F10.,2/0F10.2)
SAMENUME  EASTING NORTHING  PROJCODL  CLP
FIELD LENGTH
------ :;--;.l l [} ] ae l L X ] [ X] l LX) e l
FIELD TYPE
H A ]
UPPER LINIY
342299.00 4254000  $2420.00 4
LowER LIM]T
500,00  I870.00 322,90  He
ABSENT DATA VALUE
.1.00 1.00
DICTIONARY "SEGMENT lo:u IFIER
CYP XRF  CAP XRF  NIP XRF  FEP XRF MNP
FIELD LENGTH
.i ------- :: . a8 l .e LY} ’ e (X l
FlELD TYpe
F F f F f
UPPER LINIT
1994,00  177210,00 210.00  289050,00
LOWER L ui
,10 40,00 .10 1700.00
ABSEN? oArA VALUE
1,00 1,00 -1.00
DICIIONAR" s:cuzn IDENTIFLER

---------------------------

tPAODANEP N, ENGLAND CONCEMTRATE DAlA
NO, OF RECORDS

1 1880
XRF BAP XRF £1 14
e ae TN
F F
1864.00  484490,00
0.10 13.00
<1.00 +1.00
XRF IIP KRF uer
o ey TR TN
f F
1310.00 99700.00
20.00 260.00
+1.00 -1.00

WORDS PER RECORD

XRF SKP

120,00

0.20

-1.00

e

' 20
B4 O UL . LS
TR TEETH! vwoawx
F F
4752,00 27207,00 16392,
0.10 0.10 1.00
-1.00 -1.00 -1.00
WL R
LI TENTHE! YT
f F
1200.00 13340.00 15.00
0.20 50.20 0.20
-1.00 -1.00 -1.00



0INOVEI

Paé)

C.C.JONNSON 1GY KEYWORTH



PAGE )¢

SILVER
. o -1, -1,

"BRASYGBE™ " ubuily R tNg  coreet
" 312??:. . g). 20. 50, ?

NAKE TEMPFILE



9

d
<
-
o
TP O e O ol (N O W O C O G W D v e - - - O
L N b W e WIS = W - - -— L N <. Eal -
= - — -—
=
G
L
=
~—
Tt O PNTAD WP T e B P C D © et OO O O P TS O e R WA B eGP O P G O T P o O Nt
— N O i WO N e N e eofyea ~ - - — - — ey —
—L
-~
-~ -
xx
-y
—
-t
Wl
S e s e o S Tt m et et e e e e e aea it eaea e e
TEOONS T F O W e ellD ety P PP A SD & 2D B T DDA B ol D W AMINAE T AL G T DD o P i
Tad - P — - s ~ ~ ————
L.
~-a
<o
I
-
-
-
o
R T - l’l‘)Z.‘&‘.!”2""”"2"33‘2"&(’}“’7’2'
OO WS W e p POV PR T ey vl W ARV O P AT ISV T TSP WO W OB TV
N NGO W W I e W PV o e vemrnw Ll L S - ~ L T N O
~—— — —— -—
-~
=
-
-
-
W OB NP O e S e O NN A B O @ PO W PV s VAN G WO Py S o P et e
DOV T A cm B i OF e PP B TP el T AT o PV vl oot P pa @ g P VD
— - P e VNP TCem e —_— ~ - -— "y e
O 4ad - —
-
-
-
~
NN WD T " OO — ~as
X B Al - — -~
ekt e e > PN P A PP P BB el Ahaind
A = W WD ont TG BT o S T, e = PN s DM raC e N e W
g - -— - — —y > -ty < ~e ~e Lo L o T W D
— — - -— - -—
=
L d
=]
x
<
D e O o e e e e e 5 8 % % = o o e et e e o o e et b et em e
STV Y O e W D PLCD W PPN OO s 7 0 o P ot ol e i il & 3
D PN W A DD O e G G T O T B W Dol oS 47 et DD I D e D P O % P ) GRS D T
At X - - i T o L - e e

<

-

- - bl o ‘2'5"08’209"5;; o
=AD" -»e-aw i W PSP W Lp P GO NP AL O
W el s P e G VA i3 ol N P L o il Lt W WO P L W PO TIPS B D T L RO O N D

[~ ot - &
S‘.‘.3‘,“‘3,""“"",“‘_‘J“‘_‘“‘v;““"“‘.‘l‘lu TR ONE W AW T

CRn‘"zu,oz},‘Z"? ol bt i YD D O O e W
VRO W W W W W W WA
]

gllgg}lﬂb 3

PROJC

A 00 D @ N~ O -
”HNM‘\“u“N"N"“N""""""N"“”N“"""““"""""“"“""“"““"""“N"“"""N"

tIRIN



dnd
=
-
o
.........................................................
OOer . PO an iy PO P L ST O WD S A el P 1 OW
= - - - L -] e - —r— W — - v
-— -— - — — ——
-——
- 8
&
x
-—
~—

.........................................................
Nlllls.l)l--lnml“cll}l8“5053”"‘600-’7’2”7 Gt > W PND
—tad Coem ety . e e o O o o e - N - Ve ——— N e - emee M
bt 3

~

e

Tx

-t

i

L

S e e e g T e e e
-~ . WAL W S P TN B MWD O (NALC ot W CUN W O WD I e, 2 e P el G P e S
s - ~ - ~ o P e - e o~ -
s -

-

~o

ey

.

.

<

w

fr )] I..!I‘qlsz-‘.,g’s’so“‘ai.”jlﬂo”of.s-nl. ~ -reen
e ~ e e A i - futy WD e, - — o
e XN TS Ly PG et Ny ey Py —— o~ - -

e - - -—
~

L]

-y

~

-

H_r~onnvreaNnerr e wo e
DOV P N D WSO WD W PO
- - -

‘.gc‘z"!‘l. N I o P D P hendaie £ e Lg to 0 - SV SVETLNY
o

—— -— - e w ~ w e - P -
[ - —
O nd
-
-
T D RS R S R I I I T I
L Aot <> ot - e o— O o g
LD el AR A O O P e O T P WO W o~ Ot - ~ Pl 80 oY
s CR VP P P, WF uf W - O ¥ W ——f - 8O3 Fe
LI D PN O o TN e B W APV B o —r oy -~ el et
[ LA .~ B M — [ e & cmtnw T AN e WS T ——w g
—a — - = - ~
=
Sad
w
-
=g
P T B i T i T I T S
X -t - N 7 o > Ch W AP
g O - - N ~
Sl IS P BN W VP O PV e W TH DT~ O 2 - - - D KB W e P O
o Py
wngg v Sy ek i bt 4LV P A Sy e e Sl g
-l
ax
-
<
[
.......................................................
L A - -l o WA el A~ e
- g 1"’2%""."21’ N O w P podintndh i iunt ok - 35 ol
ity VD W - I PP D W WP iy B ORI A FNHD W e D WO

L

—

=

b

e S T T T L T

c*‘-’ol:“’glglz’-’o;"z’-;lzjl27"0‘2”-’2"5‘.’0‘2
oiod ~p o P d e . de-dodbl 2 Ny

x et N~ N N~ NI s OO PN~ e -

-— ..

"

-

-

(=]

x

-r

m—tlnd

_—<

-

-

2

~ o0
ETXIXTXTIXXTX “”N"”"N“"H"HH“HNNNH"""RHH"N”N“H""""""”H""N“"""“uu

NOR”



PALY

PV N W W D I o O P MO T PN e PV IO W OB N ol T s P et 3 P O W P P O S et O W S e
Tt e —r - -—

—y - Dt P e Neew D
-— - ~ — o~
—~—— -
=
-
-
=
—_
-~
L VT PP O T N P p WSO o O GRS W AD BB W P Y P oD P e P O e AND C3 ™ W BB S 00 O
gl N s g - - ~ — — ————— - et smee O —
Lot 4
-~
S
X
-
—
-
~
AF 2t T s = 4o s e ke s e mamaeee s ar s s e s e omoae s e s e omee .o aaee oo
ZEOMNOVMD O —ers W W oW WY T OO DO~ WIS W B LI P T 0V O AD B sl o Cals B C G P oo 2l P C T2 P oD
< Lad ——— -y — — PG emer - -— W= V= N L ] ——
b - - e —
~a -
L34
Bd
O
a
<
~
O Ot Bt BN WAD NN IP € N6 s W D D ~ - WD N DD LIPS OO W I T P~
Nf-.l)oo,..?‘025;’705‘0,\!"0-5;“’07‘025‘.-0’:’-’%‘clli".l
e L emem PN WO W O T PV O e emOIWADIWO PN B Ot D
oma - - - -
-~
=
-
-
e
X _ sl or v~ ag - WAALTS cnB I W NS WAt cm i P13 an SF PP D S I N OnDS ©
DOW TN T T CAS Mt W NI DN O mnes e O e WSO  ctil PR BN e B T e
—— PNl ot et s — WL -— - O r—en ¥ e - - -
O hat - ~ - e
et
=
-
-~
[y 3 ' P O W O WA P OIS s PO DO~ P O P P L o
WD W O T~ VP AN B I P er D W PSP Pt NPT o WS AT e NP CB P (B ¥ Deind o
el AN et W P et L es WD WII WD emon AN e W el NP PVIINAEIN T TN W WO B P P o e £ G e
A AW P s D P DN ~ "™ e — ~ -—c ~N L d il O - o Lad
K ey L ~ o - B - - L]
——
=
-
o
x
(=4
LIED = = = v ® + = 2 2 . o m e e e e s e e e as e aee s e ae e m s e eae e oo
T et © W ST D I PN O e WPt et FALINS D O S O €3 W W W AR P OB
D@D W IO B W E NS NS T W P O NI G v P e (e G5 P € A 0D B P £ S D P B 20
wXo - .- AL WD P~ P W CAPY L O o T O PV - > ~
= -re - ~
N“szil WA OO W AN O WA W R AN Y WS L U TN AR A W Ol A WS Y ol
-
axz
-
<
-
-< il N W OO NO SO i DO P O P NS O B A OO e O 8
= E G e D - O PNy Wl PP £ s PR SO O = 5 T S — T Vo=
e WA DB AN N R O 2 L WVCID Wl 0= Pl O CF 0 P T 17 S o) W ol Y P s D WA

PO D S o
O N N T AT T AT TR T PO T P NPT AT T PPN U T W F LA T PPN T W P F o o o
e
-t
«

b
x S * . M S e mo4 e s s e s eme e e e s oas s o mmhe e om s e s s e s me e s an ... oo
IO Sl W A L Ot DB P D A D e NV 0~ Y W WP DD e € T Wl P 0 8O PP W B e G4 P o APl P G C e

- ~ hdianlont e T o talel L L £ & -2 &2 2V ol e

e O T80 8045 ED 60 4 B 80 15 &3 & M e, D U3 B D LD K. ' B2 00 ~3 it o B > G G £3
m B e L o S at = =P = Sl e e e e LAXTZTEXEIXZIXXTIX

z




- ) R ia WO em O PGy e L Ty AN DANE T AED me P e e O PN W e O
- - - ——— ] - W e — Lt
—

N%”O”J‘.SI'&‘J’”"AI"‘ O »I”"O’A“""‘O"S"’l‘g" o P
~ - ~ “te w-

St Ol T N N cmemfeeee _anea e P g -
=l -—
o
L
=x
-
-
i
b
P i AT T T T T T L T T R
'Rf!‘.l.52‘!‘).)‘222\:2"7.-;21’2‘5‘22‘ WA WA LOG W (D COND W e O o T NS AT GO P
v - = - - e —ryar —— ~ PN ~ -~ -
B
b
[
]
)
a.
=
>
I T i g T TR T T T T T T T T T
W Wi, O NN, PN €S A ol ~-: ©
ELIOD .~ Dl .‘2’;‘2‘;’22‘?’ IO W AB TPV o A\ P P o il N - ™
T el W B E N I N O e - -_ o -~ — -~
—ry ~ -— -—
Lo d
=]
-
-
o
B ey D N P P oy - - o —— WD TNl W T D W P D A
Sowm WIS, P M Py eV Ot TRt WV el wouiet e g -— -~ D W
— e - - P
-t
-~ s
L]
-~
-
~
A i S I T IR T T T T T T
[y 2 e s weaw - - ] -
T 22 P PUED CAG A T B0 W Pl -r < Nl = T e D AP AlD W N €A 3 P e P WD
et el 2 - s ~No T WO A D O mdd el
- N M e " ON—AOD W N N A B W —tve By ~even
=3 -— — -— - R s ] Lol
—
»
o
"y
-
<>
O A O e el B B ot ey e S % % % % e e 4 e et e u e e e e e e
b ad - AN WPLED A S0 WV A WD TS DD P ORD PR
" w OIS e Oy - NI o i W AT AT BB P P PPN VD
_u",‘s‘zzlgﬂt‘g“5‘2“‘75“.’2’2020"’23)2-°’55
F v e et
nnn‘ggsgl a2 Y L
g 3
ax
nc
<
[
LD W PP S OIS OGN — D - F Cour B omeat MV PNG T O O E
A I A e N O P vt O PGB i i O WU AN W VP S NS SIS W W P i v DS
gl il ot ind v e EDF - Vot WAL APPSO WG WO N W ol Ml €3 W W A e,
= Y —d - o P G P P G P
- P PV I T P e v T M L ALV P P A e
e,
A st
w
P
b
i
S T TR T T I L T S
DS NN W WS T O O rrbed 5‘2’-’-".1-’0‘2]‘5‘0]!}‘3,
ol W W W WA W WAL DD .
k4 i o b e - et " i N -~ . ot It o]
= oL - ada | W hd A4 Lok o b Al b ba S0 3
LTS
-
L]
423
ix
-
atnd
=o
L=
s
N
Do
e

-, a -
uW =xXrN -"""""“N“-"""Iu”"""uﬂ""”""“”"“""""””""""N"""""H"N"""""”"
=



20

PAGL

——— ~N— - —rre -— - -— —— -— N —Nrn e Sew — e - -
—
L
o
iy
-
-
Lo
BF T S m v omoms e e s4eaema k= oamtoasae s s om e e me e eee s erarseeeeem.ea o
R VAR D O S R AT W N TS 0D W P Pt L W D A 4 O B D 1D T AW e O T o T
et o~ - L - - — P - — Lah
& - - -—
-
D
- o
o
a.
<
v
O Beeww AN W O S vt S D WD G P W TSP I S S O oo N~ O
T < VT W RN T W LYY 1P P o 4 e D € W W T I WO
TP recsaaln B N e VO P NS e - 152 et Bre —ew « T
~—
Lol
=
-
-
-
= TINN SOOI P e 05 P DEERD WO e B 0 o Dl NP W W e VD G- OD A I €0 1 D 1 P D T P e P O
DO wecscrasfes @ PO —O-OP ———temt o - Yo P e CPENI o~ - o w——g
—— — ————
BChd
-~
-
-~
-~
NFEAOBONFNONOY PSP Pl s » e N -
WD NI P O e W T W W DU O OIS W BT P O 05 DS s aa i~ 3 VDO 63 O O . - DD G S
TTONO—OWRAhE BN I e P e G NI e IV O i B e e DO A I T PO e e e Co v A
AT O CSat  aw PP e ———— — o Yo~ TOME e — W
ac e -— o ey ~ — - —rd o - -~
—an -
=
L
=3
3
.
CIED = v = m v 2w s e et e s s a s seee e me e s e e e e et s s e s s ... eaeeane.eo oo
NS AN O W YD e £33 A WA P W WSO B O e O WL W ORE ~ W IV O T W WS ey
D=l OGP et PN W P ) Bl W IO ot e W WA oGP - T P e G O
M"l o~ Bl T W ANEPAD T TP P W G e PGNPl P P 2 et e o s PUATHPVINRY, .~ - = €5 e
- - o~ PO L™ -
LD Sl Saf Madar 4 " b Wi Yl ANl el o b i) TS
-
L
a
<
-
LT P MDA - o eI St Pt -
-2 - Pl N VO P N B e e e - T > -t ———
- Yl e B B O I W DA Lt SO ol WD EVCS D W P WY~ P o
QA G £ D45 S D € 4D I 48 T - e £ -~
D - PP PR PPN PPN S M O e e
-
-l
<
—
x
-t
ALt e T s e s s s e s e 4 messasas e e+ e st e e e e e mm s ete e ... oo
LN T WL PO W DD TN O s WAL 0D O € ot O 0 W Sl P G €3 e O 4 W A P G A O or . PN O 4 P S A
ey NOEN P TP P W W W W R W W W O O o D i B P P P P
e
-— N e L NN 1 a2l ol O SN aaa Pata laa [aty Dl f ot T T L ' OO T
w2
-z
-
=
=z
-
D oed
=+t
"4
P=1%3
x>
=20
Xoc
—c o pup oy P O i 3. O owos propep.

i
X I X T I XTI IIXIXITTTXXXIXLEIXX. A L L N T T I T XX TN XTI L TEITXX



H|

i

(<]

-r

a

N —— O w e L= N e O TN~ 3 P O € CH D T 9 F500 M0 M o

x ~ -~ v —a - Do e D -
= ~ - —

—

=

-~

'S

=

—

= O PG TS WP P T S W A B ATND P Pl o P T o T 4 - ~

—— T ot ot et et et o — L] —— i Y o — o ——— - . a g N O v o o
—

©

o

>

-t

—

e

in

D O o e e e T = F = = % o o = o a s e m e e et e e e e e e e e
SEMO NI B BN €t W O WD WOV o P e O S T s Fod T AN« IO N AN W r T IE N P M
Tl -— T ——tOOd e TN Eadadalal P —r - - Endad TR TS P
. -—

-,

=c

-

-

[

<

=2

A AT e e Tttt e s s e s e et aea4eaaeaa e e
2 T eew ol [l gl i VO P e N O i - -
nﬂCA.t”’g\”h.l.\i,\az,’"‘;l’g’ WO WL PNV INDAD R A Pl
—_— WY W B PRI W . W B = -— T N S o

—— ~ -— -— -—

~

(=)

-
L

—
= L W AL 40 ad V. e -

DHEIE Trs et A P P e O e — . O - - N e -re Alvemom MY DO N
— ”~ -— -— N -

ot

-

-
-

~

Bt B, T o= Sem e T — o~ -— —y - T WD
A -~ -y - -
—on
x
Al
©
=
<
it~ g i ST e T T L S T T T
TS D ILAD W OO OO O D P N~ P g VD P O g VA P WPl B W D LY e
o Pour . VYW GBI, O Y o VAT P P s B P D P O D e O
) I L Pl ulVods Sngdn YD W oo A I i WP W - N~
x - - - P - > .
T AP Lo o g Ladil At T T P S W v b a2t AV Y )
- >
-
-
<
-
TABPNER S P - - Vi AT
* T BN . o > > W - o =tV
o R I (N N DO P W PN e P T O ol I G P £ o e o e =PI IO W O
L=t - - o - g
o e " e " e e PR P LV v e et
-t
0 o
<
—
=
-
u-.l-’Io).j‘2‘?’-’0‘23‘2’-’0‘23‘27.’0‘&‘" > b i - —
-~ . e - e
= ] it - N IO T N s o dehddudind
N il a2 e NP P 1 4 N P P O P - N hddaa Lo L NN naids Lo Lo bo T o0 Lt
s
-
=
=
b4
-
st
L= =]
-]
=
5=
=
—L MO nsn 26 85 o v
NI X I I XX I T X I XX rrrYrrrXorcoerr ey P S S A T T
b=
=z



1.6,%, 6 EXEC/G-UTILZGXEROX ON FILE TEMFZILE
[ EXEXT Y] LEOB BB s AR R RSP RRRARARAORRRORR R I RRRRRROARANARA 2L RRRNARRRNARIRD Y
C.C.JONNSON 1GS KEYWORIN PAG) 03NOVaI
DATA DESCRIPTION
FILE TiiLe VTEMPEILE
NO. OF FLELDS ' ] NO. OF RECORDS t 1880 WORDS PER RECORD ’
CARD INPUY FORMAT
PROJCODE NUBER EASTING RN cALCIUM TRON s TITANIUM SR
FELB LERe iR Tt e . rvraaes
[ ] ' [ [} ) | [§ ] [} ] l “n (K] l e (X ] | . A ! 4 [} ] | [N ] [ R ] " " " (K]
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DATA DESCRIPIION

..............

FILE TITLE VIEMPFILE
NO. OF FIELDS v 20 NO. OF RECORDS v 1080 WORDS PER RESORD . 20
CARD INPUT FORMAL
(3F10.2,A4.4F10,2/8F10.2/9F10.2)
SANPNUMS  EASTING NORTHING ~ PROJCODE  CEP XAF  BAP XAF  SOP XRF  SNP XRf  POP ARF NP XAF
FIELD LERGTH
-.....;;.‘;; [ X] e l LX) he l L] (1] " an ' LY ] ah l L 2] LX) l (X ] LX) l ar (X ] l ”e -~y
FIEwD Type
T ; F A F f F f F !
urreR Limit
tou@'zzf’ 00 42540.00  62428.00 4 1064,00  4344%0.00 204.00 4752.00  27287,00  163%).00
TTUTTT600.00  39870.00 55068.00 KB 0.10 12.00 0.10 0.10 0.10 1.00
ADSERT DATA VALUE
1,0 .1.00 -1,00 .1.00 -1.00 -1,00 -1.00 -1.00 -1.00
DICTIONART SEGMENT 1068711 1¢R
CUP XRF  CAP XAF  NIP XAF  FEP XAF NP XAF  TIP XA UP XRF  SAP XAF  IRP XRF  MOP XNf
FIELD LENGTH ) :
.‘....'.‘.;; (N ] [ 2] l [ X ] L] l [ X ) LR , e LK} ' an LK ] ‘ "e a8 l as ah l [X ] e ' ae ae
FIELD TYPE
F f F ; ¢ f F f f
UPPER LIMIT
199400 177210.00 210,00  289050.00 1316.00  99700.00 120.00 120000 13340,00 15.00
Lower LiMj
40.00 0.10 1700.00 20.00 260,00 0.20 0.20 50,00 0,20
ABSENT oAfA VALUE
.00 -1.00 .1.00 -1.00 -1.00 -1,00 -1.00 -1.00 .1.00
DICIIONARY Stoment 1BENTIR ER
G-EXEC/GIRAN/GIRANG ON FILE TEMPFILE
Il.l........'....'I..I'Il....".".-l..II'l.ll.l."lllllllllll.l.i..
€5: J0HNsON 163 KEYwoLTH PAGY 03NOVE!
S8 COMMANDS LISTED IN SYSTEM JOURNAL

MAKE WORKFILE

MAKE TEMPFILE

€.C.JONNSON 16¢ KtTW?RIH
ANY RECORDS LISTED BELOW MAVE OUPLICATE KEYS AND WAVE NOT BEEN COPIED 10 oufputl

FAG) QINOVS)
FILE



1.6.5. G-EXEC/G-UTIL/GXEPOX ON FILE TEMPFILE
WONGOURVRNGERISEURRERABLINERNRRENONIOROEOIRIGRGERRONEINORIUORNRRROEEOROOEROGOIRRTY
¢.C.JONNSON 1GS KEYWORTH 13 0INOVEL
DATA DESCRIPTION
FILE TITLE VTEMPF ILE
NO. OF FICLDS Y NO. OF RECORDS L1080 WORDS PER RECORD & 10
CARD INPUT FORMA!
PROJCODE NUMBER EASTING NORTHING BARITUM LEAD 2ING COPPLR NICKLL 1IN
FIELO LENGTH e
...... ;:l..;; [ K] L] I L X ] ae l an LY} ‘ L] [ ] ) l [X] e l L X ] [} ] ‘ e (X ] ‘ LN LX) l ae s
Fiewo Tyee
F f F f F F F F

UPPER LIMIT

) 342299, 42540, 62470, 484490, 2287, 16392. 1994, 210, 4052,
LOWER LIMIT

500. 9070, 55060, ", 0. 1. 0. 0. 0.

-1 1. -1, -1 -1. -1, -1.

...........................
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1.6.5. G-EXEC/G-UTTL/GXEROX ON FI(E TEMPFILE
PRGOS SONBRRASI BRI RNRERRRAB RGPV RRRRARARNEORRGNENBARRRIRREPRRIANRRAIRNYS
C.C.JOHNSON 1GS KEYWORTH 13 03M0Vel
DATA DESCRIPTION
FILE THILE LTEMPF ILE
NO. OF FIELDS P10 NO. OF RECORDS v WORDS PER RECORD ¢ 10
CARD INPUT FORMAT
BOREHOLE NUMBER DEPTHI DEPINZ JARIUM LEAD 2INC COPPER RICKEL R
FIELO LENGTH ’ T
.......... :. ae an ! .a [ X ) l [N ) a8 ‘ [ X ) an I LX] . l (X} e ' [N ] L 1] l [ 2] ae l (N ] *p
tlewo Tyee
T f ¢ F f f f ¥ f
UPPER LIMIY
"""""" 2426, 1%, 1. 11000, 19, 6585, 255, 14, 2.
LoweR ™ 280
1. 2000. 1. ". . 0. 1. 1. 1. 9.
ADSENT DATA vaLut
.1, -, .1, -1. -1, .1 .. .1,

-----------------------------



PAGL

L T T T T,
.....\.2255'705.",00’2‘5‘..“
[ = — .
=
-

x
-

=

x

=

.IWIN TP ES o X

o Lad i i ¥ L L o P A

e - et ————

-

And

[~1%]

=

-

v

z

=

s - ST I I R T T T

o N -

— e
o

bt 4

"

~

-—

b TR I T T T,
- -~ ~
=B PPN D NE N oo WAL o
W e P e - - -
MI=TS PP N P B BB P P o P P
pes - ~onem
Xe

e d

L

b

L,
AT I T T
bl P B e el

b4 i hlhdihnd »
- "’7”’7”7.’"-‘.’-
uﬂm‘:":’5‘:}5“":’5‘!55"’5
R"

O

—
.'.Irr.’-l-l.lr.l".’r"".’.f.'
- oo b p=

=

“r

A S SR RYY)

0INOVE)

2i6)

MAKE WORKFILE

MAKE TENPFULE

EaH?E"AiSE‘ E?é"é% uwf HAVE GUPLICATE KEYS AND NAVE uof‘ﬂm corieo 10 ouuut'?'m'"



-
=&
-
-
[ T T T T T T T T
Zanme - P P G 0 WV P PN DT SO WAl W W W A Pl i P W AL
ml-l o -— —— — —-— —
-
—
x=
-
>
m
=PV e DO N SB AW e G P - > B et el
DA Cd NP EPPAINID fWW e ot Lot gl
- -— TE et —oen - e P —ee P P e —r
-
™
e
x
-
=
2
ot S S T T T T T T T T T
T Cn ~ ~ iy
iy daded RPN VPR 2N OGP PR PO W Wil O W st N
UG WA ea i T T T S hodagell COrYr
WS e WA TN o ot rd P P P oAl WP P P P
vo h
-
-
R
o
—
I g P T T T T I T T T T T
A L, -~ Sty el gt ey d
- - W C> O LI O el - Daf hon
It - it e T il
- P P P P 7 P P P P S8 -UD Sl g S5 B B P S P o o o ~——— ——
LE, - ~ e paant e Lot o
-
b
L%
©
o
e P g T A T T T T T S T T
il b - - o - of
P LAl W e W A - O W Y i
“!m “““““ A AN A AN AN W W W b 2 At Tt P P TR SR S S ST S ST NP
-
ol
-
-<
—
e
(=2 =]
b=
P
-_——
o>
—r

[

e e et e e s e e e e o e o ot e e e A Ak B e e e e, e it e A e e et o e

b ot oo e e e e i, e e . e e

CHEM
J



9

Ll
a
-
L
P TR I Tt e e
-l
>
Ed
»
I O W N OO O OO O u S O . oo O vl OO WD P e
o S s ) 3
a
-
o
o
coo O o
e i~ NV PV R T B o W PR et W W ol PPN W A0 e B A Pt T D W Pl P P
LS - S 1 s o NI P e P e v - batad Roto Tt Tl T T
-— -
~

Lo € e O b
0’25‘"’2’”“‘!"-2‘33‘2“5‘;'5 ""’5“‘5\“‘.92'}"“‘
‘ ‘.‘ l ll ll

-t

A NS PN £ o e NN T P O O TP AL WOED et e SN
DIV IS Wt O8O 40 A NP A IS DTN W 13 O 0 T O D o ot B BB BB £ 10 5 G T e s e TN I e PN D T 2
m.‘,z;’zsl.ﬂ,sg’z‘,’,S";"3“,’5‘2"2;”'-‘-§2’

- -~

-tl
e
—

bapmn il 7 PG W e P o B W CRAPAD WAL T A Bl C LA OGP DD P o3 Pt P P D F) O WF LN O A DO IPe e Py TP S
O Pl ot P O O G W D P P P ™

" e DS Fe O S P P B € ;6 B Y IE 0 TP 25 AL €S B A P T S B B~
swggl’ssg‘ e e T O A T UL St Wi SR Sr -t ol
-l

(=]

-

-

L T T R T T T T T T T
LI O W NS 2O OO TS O T W TP 4 e PGP

QXwr-armew (-2

g W el PP 3 e T D PN e L N B, L
> Prlpag W

FEVLPAPN T WA W W PVE W W PN W WIS W VT AT 0 P W W W W P PRI A W RONES U W PO N SV WP O W g W A
[ o

S A I WVl PPN e W ol I

=
b
=
-~
.........................................................
AL B s P W D B I v P P » Ll il o e Sl e G I OB OGP W P BB CF P PN Wl d P -0
oy o~ PP Lok oats Al g TN W W W W AW T OO B DDl P
=z
-
=
&

RLAN

e
-0
20
D
=
—>
acas
ora‘aaans."-'"""""“-".B'l"'-u' = e = |
T T “"“"“”""“""““""H”HN"N"NNN"NHH"N""H"N"N""“"N“H""""ﬂ"""““




-t
b
-
-
.........................................................
=3 co ’
tad
>
—
w
.........................................................
«wan ONO OO BN N v o O W
lad et Py e ) o .l “w - re " - » ——
[ -
a
=3
o
.........................................................
A0 P O P of - o ” O ‘"‘5-5’09"’°°”"5"’zal
= o) P I O N = Lal ] -— - — e o - Ny e O -
d ~ o~ — Wt -
"~

' 1. ":\‘Qu..\..l
22‘]571«57-’2‘-29’5)21 TIPS 0B W B W2 G WAL W F O i 5 W e =0l N 13 10 O o g
- ——w — -~ - - -—

d —

L

(IN PPH)

.........................................................

ﬂ’0"‘57‘1532354.‘515‘-20'\:"7‘5"77“’7’0’2]2“4’0"".,‘
50‘251.-‘"22,l‘l\:"?"]’gl"2‘2’"5"76!320’-5.‘7 P i By ¥
rer -

SIS P 4‘32‘235"‘25‘344‘.’.&0-53;55,’12‘"‘
e - -— - — - - o
pers
A=
o>
[
"
R D o o e e e et S T 8 & = et it s e e e aa e e .
EC O UNG S P B S B OB OO O W I B N W WO P OO O W W WO OOWw
—~ 4:\‘“"72’,&-'2&7.‘r”z-s;,z’ol,"so‘o“l4]‘72‘
TP ISP e NN W O R LRt PV T TS ) D ' o~ * - ORI O
» - O B P P 4 P AL P B L D RUE P BB DD P BB
snrlll WA RO - el L B i bt A e alSarsul Las ol ol al
=7
=3
e
-
I A I B oo o e T T T = = 2 = = = o o & % 4 aam e mesann e aee e
-y~ WO e s PP D WL om B3 W ek B O O L O P DO O
ono"lvl‘.Illlun.n.:"02"’.".‘°’-77‘4‘4‘.‘--}5|’-lggizs"."-,n"
TB S IO W DO PN B BTV PV N O ) PGB D g P Bt b o NP S5 W P 4B W O
——— B » I ue > O W PAALLID PN D O
154’3),’1’”’.1”,,’;’4"’3"."”4””")“’,;"";J,,u);‘
[
—tt
=
ot
™
-~
.........................................................
"R.l’.ﬂ2-0“5"0’2‘2-0!}.‘"2“""’02"7% N
NS DT LTI N ) W W T W W O i -

s (o <

AR 0D N0 -uS M) 4R 38 0 60 2B o S0 I = el ] 40 5 65 454D 453 0 1D 40 60 80 6
"N"NN"“NH"““"HN”"”"“”"”"“"”N”""NN"““"“"N“"“H“N”"“"““"NH"”

ug“ojmfumo



21

R
o
-
L S
« - ) < ——
-
>
—
ww
nos&gosooozoiggoosvoso50“gsosososooosall o Sodia - el -2
-— N - rore P
-~
-
A=
-
PO
O OO D e W P > P W N O o T e ~
Ko rtcnt  wmes  Odes ot o W o [ o) - - "o fomn  FePePiw Ny Lt o
-~
OGO o oo
g".\co;’,’u”‘242;?4;55“55‘2"‘5""542)"‘3-"".‘5’0'
- - Ll - ———
-t
O
=
e
L
x
P
N e D T T T T T TP s s s a8 s s s b oaeome s e s e e 8 s saem s as e e et ... e
= - - w GRPAD P P D P P € AT T A PV W W 0D P O A D W W e © BB A W Pgad e
% B 7 ) st P G Ol B o et P, - F N W u i~ o YD
"J“."-\a’z",“””’s"2‘«‘.5‘-“‘.\-2“’5‘2‘5’z.lt.-\clalo‘.’..‘il"vl
= -
a3
1 ]
-3
-
"
TR o+ 2 2 ¢ =t e st e e eaedae s s w s e 4 s s e s e e s as ke e e et e e aee e
It et tntnd Mo <. - W B B b
tl‘-"l‘\‘;o---zsz"2‘0.’2“&%2"”5‘ et b
X W an P OO W L

WA PP W PO P P W GO

-~ Py Py prigeny -
swsz‘g‘%? BB vl o st a2t WD e o D AND WD W
-
<
L)
-
L T T T T T T T T T T
LD O = P PO N bing 3 hgrieyd
DN’,,S’z‘”"’-l’;og\lol’sg‘u”"u'il e OO Py
— o [t " g b i
o5 * S ADI D B P - P~~~
- W L . » e g - T -
g
—r
b ]
-t
=
L
T AL NS B P s P Wl P i - o Pl W WS T o> of -
P e P P P P " L o Sl T VTN P
Ll ] w—
- 3 " N Pereratie d ol a2yl L | N Aoy aa ¢ i
-
-4
=
=
=3
—
=
e
-o
zo
=1
=
-0
o ar
O 05K 6 5 60 5540 10450 50 6 £ 0 0 6D M e 0 M0 00 i 0 llllrnli!

= "N"""""“N""n"NHHN"""""""N“H“N“"HN“H"Nh""”"""“""""“"“"“"""



20

el
Ltd
-
[

.........................................................
-t < <>
-d
>
-

o

.........................................................
®Nn O o v - ow ownowno PRV N wownooo
frepsbi bt - ~
G
-
<
-

.........................................................
e == -~ oo -~ e 5 & s o4 — b=
LS e ~erare o B e T T Y ¥ e | nd "SI I 1 s g
~

.........................................................

Ll
D"‘J‘S‘s“‘,“5‘55"-,4“’2"2,"‘,"5’1““’,"““‘5’)’
- - -

~

E

e

L

=

L P e it T T TR T T T T T T
W ”> l1%‘“!“O’S,‘T‘-o,.‘j"‘"j-l:"O’,os”

WP DU O A WD PP N —r - PRI G B P B G~ OGP

i1555256,,45“,4"-55“"2‘-‘"2“’3"“‘15‘5-5“‘55l‘55‘53

a8

oyl

b O

=

o

[

s

B O O Ot e el T = st = m a m et e aaaee e

ot 4 AR P W P O P O WOt AP P 0% s G5 e e 5 s W © s -5 GME P P 80

12 e PRI LAV ED £V W P e P P2 €D W WD TAC VIO P e S N O AW D B e P 9 O
i"’5’|‘°‘727,‘2‘03"‘2’2’,2‘5”,"““-’0’0-”’2”“2””’2

- o L -~ PEECP PSSP O OTOONRD
5”“5‘5‘55‘555 EAD BB BB WSS iy Lo o Bl W haedadd de 2o T W oV 2V I RN
=x

=3

[T

g

IO O I O oot e e e T T T % % = = e % e ma it i a e e e
Alﬂ“f)oo."’o‘w”-. » WU T DI P g RS € s
L A L d il 2 AT P P 3 ket D B P W P 4 B AP W P

.llo..l5-7,,01..‘2).'277.‘20.4!‘2'”0“‘.’225‘2532,4!41’3‘,’7--”3"
4 - - o d 4 Jat N -
llS”’j]””‘l””]? et e L al g U Lalal el gt Y ¥ V. >

954 haandand o o lon ]
€I -

.........................................................

Mﬂl’“"t’-l,"‘2’.’0"“7 -’al\‘"5"-’°“‘"5‘7-.’°|‘2)‘Z7-’°‘
WO O B N DS P P P07 P, P Py oy QW ww ““5555555’55“2“;‘"’

L NS . =] N e lal v

=l S L LT T T Y Yy vy Ll d il AR ) 50 G D R S 1040 4D 50 65 55 00 B K
= H“N"""“”H”N“"HH"“"H""H""N"““““"“"NH"“"”"""““N”N"”“““"“N““




»

...
S
-
E 9

P S R S R I T T T T
ad

>

=

e

'uososossosogco°§5°°n°oooooosoososososﬁl" o sl -t

o

-

<

Pt

................... PG OCC00C0000LUCO00e000C0 ' O0GE00000000

LON BNE NS AN o € 05 P 18t O €0 00 ot €3 nr ° ATl
- TN e Pt om  aw . o~ e — e S a—— Pt
~

-
-t
=
-
-
x
BE [Pl T T T I TR T L T T
w,a‘l-ogz,oll”‘,"" TP ol W e g P P -
" WA NS . AR = P~ WA WUV W WD PO F P W e BT DV O P D O o P
= S UL NP W W LY N NP D v N D VO P
e -—
ad
Rw
-
o
-t
-
B e O e e T e 2 o % ot e e et e i a e e e e,
o St etadrda w5 O — B W o e itteadd
Nl g - -"S‘sz'gzog,’,’g‘z‘.‘1{.325]"‘27”"
X W WOV PUP D W W A A D~ W B SO -~ aa
P P P P ~ o~ PP P P P Pl o~ PP P P P P -
Lol T TP ee ~ e
<
-2
=
-
-
LB O P s € el o e e T T S T T S e et e e s e e et e e e e e
L LD OO P e & At L~
oXx i P e AW DO I DD O T 0 10D
’.“",‘.‘..”.”2”0”"' e
lé"‘gla‘ss‘gt..)l.-l.‘Stal.la‘-...5‘54““‘3‘2&4555‘35““55&
P diia gt atal S Puy St alalel L - . Tt .
G -
——
n
-
=
<
.........................................................
Nl-zlg‘l."2"“’9'2"27-81)46 N Ll > P PP B P e
PAPN W W e P P P e P o er
pry—d Py -~ reingruligy
-
‘W‘l‘l.lll“‘l.““.l“““ll““ll.“l“.““‘l““““““l“l
DN - - Lt Lt - YIRLPLI P LT SR P P LIS OV P N P e e
x
-y
-
=
bl
-
b 13
2>
=T
-—
a e




J2

tad
EE )
-y
LS
O B T S I T I I I T I SRR
-
>
-
(]
OO N DI VIO OONDNONNINY VRO NNINNOOODONNOOMOOODD
— ——TZETESEeove =2
L
-9
<
o
e RTINS
Mlﬂ47695‘6IZZIAO15320.1..-.91974529]0]9.“..257l?.tliﬂlt.v?l&ﬂ..rb?u
e NenfoNS aArmenTvN —t pacmtiind
~

.........................................................

- XN el L alal ol e bl '””’7l"”i""’l’z“,o-O’\‘g’oso
- e i atd rl

KL O NG B P oo DOV O O O O (D O I

Py

P P P P P P P P P ) P Pra. P Poa P
sus‘l.-552‘45gzszggsgzgtg‘gssgsgsgg

=X

o

L

-

P D S S T S S % T T s s s s e mee e oes e m s s e e T s e ae e e am s e soens ... mo. oo
~ e "o R D P T el 8 e 30N D e LD LB O F - - &
AP OGP P e BB PO - e -~

I l -"’,’7-2’1“-27
l.‘c’."n‘"l“t‘.‘oa‘-'z"-"'-"l'”".”-‘,5"‘52”.“,-5,0’0-’
S ol e o —rhad’ > A WAL WD W W W AT W W WD W W
AS",J,".,”,"”‘,g“",‘,’,")1’“”‘)””””:’3””’3’)
]

=
Nt
=
o
........................................................
Nll.!l-!il.n“s-..lc-‘"ls,la’.;’l‘&v,onl,l-.’-“'nr il A P B o PN SN
el O £ w2t PPN O3 N O PPN W W o Ly i ddnding
«" g - - - - - - - -
- e N J a PN P ™ g -
'N WA WWR T XE W GT TGN
Lalalal, > ~
=]
xz
-
P
o
¥ tad
&
bd
20
==
~—ry
3.3
O i 08500 5.8 0 al a8 & - W W W AW AW W W W WA VY AW T WA

= "”"“"HN"N"““"“h"“H""""NHU!"““"N“NNN"”H’J’J’\J””’J””’],J



H

-t
b
-
&
WP WD O -~ -~ iiaindhdie At 2l a0 . 2 g e o.\..lszlﬁv‘.sqlo‘l!‘
E W cetNw ™ - O~ FArelD W e e - N e P
— e Ll L d
~—
=
B
-
x
p=3
-
j- JPPECAPCY P N A P Gl A W B O -
—— —— o e —-— — g g — — — Lal -
Last 1
-
Qe
=x
-
—
L4
s
AP S T T T e T e s e s a4 e s aa e e s e ae e e moeoseaas e e s me e e e ms et
-8 wee oo O o TOOONNT S W B o
i ey Lt el — e N s N PP e e Peew L -
R Ad ~ -
-0,
«“O
Lt
&
-
o
«
T T S T T St T st mvesseeoveesa e e et s et s stk a e ene s
[ 2“\.‘!5‘2’24 - o A o s ~
LS anw L T e OB NPOW R e DN NS VHD W P AP s P
= e 2 N — - ,Il' OVt e o o e ——ry - - ~
P - e - - P
~ -
(=]
-
L4
-
S D T T T T T S S v e e e s 2smcoseoessas ek m s e w ks e s e e s e s e e ...
B A=t trrore L A
Sa = - R et o ~ v ety ‘2‘252 —w  fefefuT
— e N~ B e G o~ - -— —-w -—
B ~ - 1' -~
- -~
-
-
-
~
Lot Lag - - » -
et w W e w OO v P -y o —
Y L ddir-amain it il g Dl M el St e i i iy4 > - oud
-a o ——— o ~N o~ N ~N O v P P e N - -
- - -~ -— -— — - - o— -
-—an -
x
-t
o
xz
<
APEI @2 = v 2 v m v e s e e = e 4w e a4 s s v e e % e omme s aae s e e a e s e e ase e
zo o s e o
o =™ DIVt S T AP N (N T D W T > o~ L > il PN o 18 N e N W e 6D
0 T W a8 PN W LD ED VW — > D ~-
o bt PP D il P B > P ’7”"”2"‘2‘””‘
e M A A AN A A AN A AN WD
<O
ax
-
<o
-~
TP F 4 e 2 e e e s e e s e s s e e e e s e e e st a e st s ke e s e ¢ o s e e e s e s
LD PALOB T W OO

lvN‘éz\o’s.oo"“..‘1253‘°”‘3‘5“"l"“-"ﬁl’..-’l"‘“i&t
e o NP W PN W P ing
C2os G5 -INOS T O P 0 DO WP D BB PP PP B B P o e P O S0 i ity "o -

MR PPV ‘.‘.‘lﬂ-‘gsssz““‘:‘”,l’"’---'---’,
*mw
-—g

0 40 80 o D 80 8 045 10 40 5D A0 S 60 SE
” "HH"H""""'"H"N“”""""H""""“HHN"""H"N""““N”"""“N"H""NN""“N“

z




4

-t
o
-
-
.........................................................
GO OB O of NO W OMY OV Floe et WA T O O W PANOS T O S
x - ” o~ - - Lalad ol ~N o~ —rew - ™S
-—
—~—
b 3
.
[
=
~
NI““.’.\-IO.’«S"..I‘-‘O”.\.‘--(oologz"nl”\“..-ll’”"lgsoz"g’-o
— - - — - —_ - N ——r —— P — - YT
Lot
<
e
z=x
-
-
e
E
I o = 2 % s e s s 2 v e s e e s s> ma e e e e s senm s e ee e e as et ...
— o d nd g A § - y P~ oD PO BN O T MO e MO~ O
} ey ~ o - - Wty — — -~ - ——
- -— —
~&,
~Oo
P
-
.~
<
L
o 1ll"‘55.’57-“.‘"""2’2.55","0.0cl"l"’\'%oz‘-i-‘
T = ) WP G W WV~ - WP S AP T N CPAD TN P N b e e P G F S
—_— 7y N oMY ORY ® Nt BNV e MW N Py ot o
e - -— ~ - -—
~
-
o
-
[
-—
R g TR T R T R T R T T T
T NOW s N ONN AN e O A OB NS B OB - -~ - -
So N - T Ut AW e O NS e P Pt O W e
. N o ~N™ - ~ ~Nm -
s
- o
-
-
-<
-~
[ g N P S -~ el —d -
D~ VP~ PO T PD B AT ST N - L
Pt U W PVt P NN B MO PP W w -t W PP AD D IO Ca e P
-a e - e o WM W - -~
oL o - -~
-~
x
at
=
x
=]
BIEF = = > * + 2 e & = 2 s s s s B e s s s ee s ae e m v e e se e e e s e e me e
Nl,"’z”‘oﬁlozoooooo,,”.’ gl ot e L L e PN P~
?N‘..“l)‘q‘,“l‘l‘zg\oz_‘l i o CND PP P T 0T W O WO OIS P e
povt ~ O o -4 - o dypinping -
x ot > WD P P NP ALFw P P DS P P P P P o P P P P P
XA NN L TV TV VO L VY Al S A
-0
ax
-
<
o
.........................................................
OO NNBONT O ONANINANO ST OB’ T M~ T gl
— b d LD ot W WY SR P AT B W P e 5D 1D O D M e L O O W
AP vt o B G ED PO O W ot et P LD VD ED P 1 IR AP PPN o W PN P, ~~p - ~5
- L o b P P s
53’1""a””’”),,’,,,””’3,’,1 Lol L g A
it
-l
o
—
=
i
H =S s T R s e sS4 e e coea e e essee s et s s ee e s s m e s oamamm s e oo aeoe. e
ADECAN I I DO W WP 2 e O B B P et PR D 3 et W P D O G ot WA P € AW VB B €t EN Pl P B B 05 S A P B O e
Lol PRSP PR PP W W W W W T o o A A ) it oo
N“’-”-”.,’71’,’7’7-}‘!’77””"}’?"!v""-lll!l-ll..sl.i-rl.? ~ -
—_
w
-

MDD I 45 10 4R 0 A0 S0 4 6 4D 6D &5 £8 T &5
“""”“N“"“H"H"N"N"“”HNH“H""H"““""N"""NN"""N"“"“"NN""”H"Mn””

on it »



16

-t
o
-c
a
.........................................................
[ad st ety T 2 "o T~ |STOM, - WD 2 el W v P E O P om0 oo P P
EM = NG e -t D - . e ™ S . -0 =t e - -
— L e — -
—~o
b 3
-
LS
x
~
.........................................................

L B O W PN Bt P P A P O F e G W P NP W GG P S W AN WO O e - 2v )
—t—d N TEPAB PP W P S N O e W W N O o > L LT . T T
Tl

=
C3 e
==
-
—
[
E
LI " =2 T v S 4 seesme e s e s a4 s kv s moa s ke a4 s n e e e e ... oeeo e s
il D WP i bt il L o o O B NP P -t N S PN W PN O NN O IO
e L ot - 1 N N~ 1 P B WSV P sl P W W el
] ~ -— - .3

- —
b od
e d
-
-~
o
o

T S T T Y P T e - a T s 4e e e sacsr st e m e s e s ae s e e e s ne et me.e..snnn. .
A PPN SN W Py W W Y O Pyl s TV D LIS B o A O W P D 17 D Pl WD
NC’O‘..l-\:cl:lo“’zt.-‘_500’-71..2.!1,,‘0’;5’9-,95"2’-’2’-"’7’zlu
— = Firefgosomiy WD FOANNNTNGN TC S N Nty P o Afes W N eseseuiy
o— -

"~
(=
-
[
-

TS S T T T T e T e e e asmeseom e e e ks vt e s meaeae e ee e
“ P~ e WA I e SO VRN NPT BB P OW T PAI S OT NN P w
DIt ENOND: 2O W AW Ao P P S T D P O e i Do Lol hedndii Ak g
— —— -— - —— W vewies ~ D ~e —_— N ——  emtems AP -—
E <] LT -—
L
-
-
-
~
e~ nd Wi NI W OO TN I TN O -
0l D M B LN D e A SO S O P S W A W WD W = SO IO
= O B R N PG W DA NP W o W - S AP~
ALEE e e O o Oemeald P PSSV — IV O WD W~ O o~
- - W . ~ ~e Y T, - [rp—— sy
- .-
x
-
[
x
o
WHB o @ = e m s e s e s e s e e s s e s s s e e e e e e s e e ..o e
xw i A DU O PG LW Wl S BN O P WL N VO Ow
Do AP Gt P W e oW €D PP W 2 A W WGP IB TN O LN S
- e e e WP WA DD oV W W AUPLB VD O 3 NI Wl O O O e W o 8 PP s
o
= e g D, L o ot - P BB BB DB BB BB DB DL ANDD
-
L 3 4
(3
o
k)

LRI DG B O P O S o W e S LA PO P N O T WAD WAL W O v ) 15 W {71 O3 @R B o W O P 5 P DS O
o T PUNPVINS W P g B fu- O PG T W ' ‘l‘i‘

— - -
Als"0.,2°5"’2z;g-,‘osz.l‘o“o-; WD NS W P PRSPt i s OO -

p|l Illll
bt dataiat id b Lol S L AL Lt 2 D2 2R TR D i e pu e et sk gt htiuinpuinpnuiif oy
Pl

.........................................................

e v PN W W W W W WA
= PP P P P P e P B P PP B P P s e P P o P e P P P P P P P P B P P B P P B P B . P P P P
—

w

-

-

o

=

-

—tnd

<o

[l

au

b =l

>0

xrac

?
1]

- -
I I I X I X EIrXXXTLIXEXEXTXIX R T EXIXINIXILTTTXITLTX

NORT



17

PAGE

AAD T PLPANIL P P WO Y LA O P £ W W W P PGB PP W i

Ow e — — L k-
B D Warwere LAY T DR R - — PO AN PV en D fee W = D
= -— — o~ -— ~

o
D
xx
-l
Py
-l
P4
AP S T T T S v @ s e e = s s v mm e omoa e a4 ome et s s s me s s m s e ks e e s am .. .
= WAD P C Tl e P P B P D - - NS W W W W o l) W o P ) et O
T B W et P g ot e @ P oD ) s el W - L 20 b bt — I o -
- — - — - —
-G,
-
o
-
-
o
L=
I T T R T T T T T
L2 PPN GG OB T W W P P e - VDS P WO P e P )
OO < d I ”» PPN P 3 O e B s G P PP el ovn et e O W
— S~ TN NI T W NS G me W a1 s e o P A v e Pt PIPN P o W P * ™ -—
PP -— -— -~
~
o
-
-
—
E == -~ - >~ AT G SR A P ol Ll Ly
UDI‘“l’s‘a“"z’,"l’:‘..‘..llunl‘ll"ll\-"l)-oz"."ll?‘ AU OGO P e
—— e etem et B D eeunry —rrry —— —— el —— e P ene — "
At - ~
et
-
-
-
—
P OO OB Mmew - G
[ - ] > I et i ol b ded Dd O w
3 G P T a8 CB D VI o ol * > bt Ly o Vi A P S P
D - W PN coufiemes WP Pretenas B PUOPY et DN e ra et - PV e
B ol e e -— ~ - "~ - - ~ - - »~ v
—an
=
~
e d
x
<o
CFEP © v 7 T - 2 @ s a2 s maee s e e s s e e e e s e e m e m e oas et e e s m e e s an s aeae s
I A B 30O P\ W S O G I G P el W P P O I P A P i O - ot
[ el - > P ‘el W W P
Ll T ONEPAT AP W P N A PP Sl W wmt Gl P nl VW O S PO O W P o AP Sttt -y
Freooae. A A Ao e AT P ST T ST S PPy
- O
ax
-
<o
-
.........................................................
LD LT P = D WD TS L P71 T PP B ol S P 1S Pl ot s P O B P O, e ew >~
bt 4 o == PP W D OO P W BN O PO

"> e
o OO e ot =l WP C FL AP AINS W P i PV C3 P monls W OO I o~

-t

Corid
AR P P P P S o P s e P P P P S P P PP B P P e P P o e
b= 1
oy

e S5 0 3 S0 40 80 S 40 65 S48 45 65 45 40 4 45 5 55 55 0 6D 65 £ & & g
a NN”N"“N"“"N"“H"""H“""“"“"”""“N"H""“"”"""“NN"“N"H"H"N"""HN

<
=




29

-
>
3
L
OO PO o NO W re l\-’l‘g"‘ ~ow
x - - - -_— - w e
—_—
=
Q.
-
x
~
NI.‘-lsilli"||1-.l5‘-2--‘7‘2)""n\l-)‘"q"-"ig.“\."s“’;‘(‘lu“l‘
— Lo -y - — "~ - L) —i
—1
=
O
xx
-
b
L
i3
I TS T S "t s s s e e s e ee s e - soame e ossoamoes s e n s s moe o asenomae et s eeemnes ..
— O Py et S Shdiha o T ‘-1{.‘0.‘.‘.270’\1!’
Evad - - -~ e - - . — L ]
O
.
«<o
]
Q.
L
o
o
o > —d W ANID BB W €D i e CIATAI P D P P s W DA D = iAW PAD DD C W
vl Lo > et o iy o e O W
= W e PPN —efy N~ —— -~ -— - o - B Pe NES Nt
P ~ -—
~
(-]
-
[
-
X w—pwmr e d ‘l’\"n‘";“alzg-‘?’ o 1 [0 ¥ T
S0 © wan —r— - -— - —y T 2 — N~ -
———
L]
Rl
-
-~
-
—
AT AV T PO oW, -~ WO P e o -
DB N ~ v L -
b=t D W e B O ne )"l -~ N e ew NS ~ NI O me
- - - - ——
o - -—
fad ]
x
-t
o
x
o
DL o = o © 2 ¢ € 4 4 4 e 2 8 s e e e s e e et e e s s a2 m e n s e e e e e e s e e
X OO VB W A s N W LD O N PP P W B P
e P O 7T O v - P A e W G O O o il -
“"‘1 o N O OGN W SPGB S N W ol o ~
- e
N”I o - bl pa o) > VAN 1 MO O WND WD S o
-
ax
-
o
™
------- O % 4 4 4 4 s 4 e e & 4w e e e s e s e s w s s e s e s st s e m e s e e e e e
- e - - o - - e
- e o'y Phobdy Pty . Pty e
- -~ or~ N - D -~ e w— NED PO PPN O W G ot P DA e
Tenenm - LS Lot 4 - N T T A D=t e PPNV W W PV PN W W
et
i
-
—
=
-t
P T TR T I T I T T T T T T T T Y
L i " » NI T O NIAT DI B OOt Ay W A P BB D N T AV ED B vt VN TP WD P a5 O
PPN W T T ittt
N"””””"'”" "~ Lo
~ > v ~ " NPy
‘N
o
=
-
—ond
—0o
-
L i
b 3
>0
=a
- 35 M 0.0 93 00 @ 0 P e oy Jrapprg—, -

=x H""""“N"H""““"“"““"”NaHN"N“"VH""“"M“NNH""H"“.ﬂ”"""“"""”""

NOR



28

-t
[

-

L

.........................................................
N‘O!Joﬂl' P C =y - - WO MNO P DO o W WY OOV ) P OD
—

-—

——

o

[

a

xz

~—
"I“n‘l,-szs..’2520:221”°‘.||,"l-‘.“l‘n"l"‘sz‘z‘a‘sg’”52"
—— - — ——— -— e

—

[

o

z=x

-

-

L4

4
LI = o T St s % e s s 4 s eee e s c e w et e e e s ae e s eneonneenene e
- PP e e aaba ke Ao ot Tt Bl TV L 2 Y PPy - PO

b2 - - - = - - P

) ~

~-&,

L =d

-t

-

.

<

©

Y Tl S T S Tt T % e s s nm s e et eeame s me e = some e s m e s e e eaeaeeae e
o ‘.".”2‘-‘7:1’"-0-’0"‘2‘-"‘.°z’g""°;’2‘"“.",zo’7’
EOPMC PN et P e N P e A raa VO S v P g — N ol W D DO
— - ~~ ——— W e M N O ——— - —— PN —aiNg

P

-~

-

(=

-

-

-

S S S S S S S T T4 e "o auee e s e s ussmae e e e e s s e e ueaesoe s aeeeenneeeoe .
W OFNMNT OO N T =M PAO T RN DD > T W OO O~
2> L lad — - N et e < - - Gee e o W
— [

ac
- i

-

-

-t

—~

Lala Lol Lala ] L o WAt P W P WD D WD T e P ot P S DN O NG
rnoafienld W > N WA Py N Peatyou W NS Pen NG on
- & - ™ —>
- -—

—
x
™3
s
x
o
QIR+ @ 2 P o = 2 e s E ks e e s s e sk s s st e s e e e e nome s e s ee e se e
LN W O D, » NI W D P o el B P W D Yahren it
o - NV W O D - W ALEE P P GD D W) 6 W AN O e P W A O W P o O W S o
1 3T B AV P ~ ey P > i A NW AT N
= o O 1D > . e -
4 4 St T I TP e . s - ke o WAL D, das ol ol
<O
aXx
-
o
-
.........................................................
LD et ~o - AW s L A o s
> O - W~ W PR TN P P P O B oo g
L P W WA I D WD P et N ot W CPPNS ED BD IW - Dl o AT NOMO ™
o= Par P — i dped b b o e i » » DBl
VT P VPR PLFARMLO MGV I N A W PPV W PV PUL P APV PP L W W LA Y P W PV AL P
-l
el d
o
=
™
I I T T T T T AR 4 e e I T T L T T T T
a‘,"0"".’0':‘2’.0"‘27,°l2"2,.°123‘2',°'2,‘.z-"\"
>0 o~~~ " N OO N O P P
o P P S-S ¥ VR S o~ e P P P P B P P P P o P B P o P P P o e P P
I-m,..‘.‘z).z._‘zzz-‘zzz)-?l NN I PN N N O P N O ~
w
-lx

g
N"H“““""“"N"""HN""“N""“"N"NN“N"NH"“"N"“"”"N“""""H"H"NN"P

HORIREILEREM !



!

PAGE

........................................................

...................................

nem o -122‘1“'0‘1&'"2"

(o O™
"l-’o“’,z’O‘ﬁl‘ T - o i >
b Toial d W D o I‘l”.zggz,S“gs‘z" of Lo ~ 4
Srmen -— e
———
=
(=4
3
-
Mh et P2 v c " e e s % st e s e s s s 4 e et se s s s e s e e et s st e eseene e
= AN FEED D ) WAl O O W 7 W oD P O PNt D P N oS0 o O
Nm"‘.zz-‘zi‘l‘z.}l‘-o,’" d Sl g T e T2
- e - -
=
2
b4
-
s
Wm 2SS P S 4 S s e s o s s - % e s s e s s s e s e m e st s e s ms e s s s e ee .
—
Lot W O N~ - NN PO
S D W e ot - ) WD Ol S oncetrediaditnd
-l - O A PR W ey bodeind A O -y
) == PN o P D P ea W 01 W EONT P L - - L AL Y o
- - - -— -t - -
x
-
[
=
-
= g R T T T T T
o o
>IN o PLOND S W O W > o P AP W B W P D P O -~
b Socnh T - D et D WUIND L) s P - -
Q)= — "l"‘s -—— —— o mat™y — -~ -y —— o - ” —
T - -
-
]
-
-
>
-—
CILF < = » ¢ ¢ T ¢ 2T e s e e a4 s s e e e am s s s s e s 4 m e e e e s e e ae e e
- "~ D W W~
L S A~ s:z."io‘.“"lv"znl-l{lcl P C W n W W o WP~
C"""‘5’s“ v . RIS e O PO P NS ORGSO W ey
= AL WA A D a AP o e ulu o O g Safeas e o ol
[ ed
-
[l
-t
B S S T T S T s e s sce et e s se s e e s e s n e s m e e e e r st o seeeeaean
- 2 Pewr W ED AT S o >~
A IV D DO NG TE N T PO P ot T P ol 45 © W D P17 T O P il Pe oD W e W A BB P O e o IO
I s P D PPl T Sond B WS NB O Pl
ik PRI LN AT W - o - - W W W PPN O W P PSPV
g
T s
<o
L]
=
BE ¢ 7 % e T e + % 2 9 e a s s s e s e s s s s se e 4t s e moa e e ae s ae s s e s aa e neeme e
A e OB IN A B O PV SV O s W of - OO i -
X st P > W W W W W AN AS DD -~ ~o~o-
- &
LS ]
=>
-<r
<o
-
-
-
-t
[~1=]
<
-t
-y
“O
-

“H“N“"""“H"""““””""“H"""“"""N"NH"""“"""H“"“"""““"N"“"""“H

CHEM
p



¢

PAGEL

.........................................................

.........

— - ”- -ty — -—
——
=z
o
-
>~
MB s s s s s m 2 e % e s 4 m e =k s s s s e s ee e e m s e amau s et e e e
o - - ~ TIPS AP AN U 2 N W W D O i W Lo PO P &
N*-ﬂ’ll&)-‘.‘z.__.-s'l’Z’S‘lg'z‘sz\".l‘z’-”"‘22""2“‘.‘5”‘.;"
- e  —mee -— -— - -
=
>
=
-
-—
SR S S Y S S S T R M s e s e s e e ea s a4 m e e e e e s asme e e et
-—
zw o - ol W ot PLEBOS P o W e C P
A e W L~ >~ ~ > S
WP PSS o ~ ol -~ et W WA O W O AP DL OND
VRSB TN WA IR S OO NN OO P B o S e L W o W P - W A W PVEE LD W el D
- - - - - -— - ——
x
-
o
x
-
T = ¢ S T S 2t st s e amse e s e e e e mas e e s st e e e weee e
L d
nwo"o---‘”z‘-s-‘-‘5.2‘-2““.‘-’"-‘0-97‘0;75-5‘22“3‘1
I o st et PN NGB P S W O e W D PO o) T T s b £l at ol oA L F-2v .2 T L J
(=25 Tt I - N 0 eses - - Tt eoPuen N o) =t o= oo ~
[
— g
<
-
=
>
PILP = & ° ¢ " o T % s e e 5 a4 s e e kv e e m s e e s et e e e e e st a 4t e et e e o
-t 2 - - N~ L et ~Oww - v
o D i e O NS b VW FP WD WO W D CCP NS SIS VD WAL BB WVID O PP P s 9 O D W
D E et s W P W P o o AP D W EDED F o PO PED PN e W GG D P
=P e Por-be-dy < - P - BB o B P B BB D e BB P DB D >
Sl e Ll »f ha el b Ae At Al " Lt Y bk dd hd At Ao Al AL 3
-0
et
-
-
-
Bw D T " Y St T T e s s e e s v e s s e e s s s e e s s e e e e e s ese s e mse e s e e
- LD O & - - ™ EN P
'N‘!’”g“,ggz‘o‘o",“’.‘,‘-’°5-°Slg.‘z.°-","7“0“"
mls;';-‘l‘s,zz,l‘ NS W O PP D OO W N O
- ey > PaPhifar-ary
ek I Ll L PAPA IO PV - Sl T2 - -
o=
Ll
L=
o
o
WP " S T S 2 e s 24 msme e s e s e s e me s s s e s e s mome e s ae e se s ae e aeeae ..
WEAET I 08O M w N hd WAND P B It PAAD © e CUPVB P O W W P €3 oo N W B BN PV S O P P W P O
iy o e A A A ot BB ~ -
- Lk an an ol ol o8 o of Las ol o8 o T 25 ¥ ) Ll o Lok ol o L ad an 4 Lol ol of ot od ot o
LS
=3
-y
o
-
-t
-
Bl
(-1~
b
D bd
-3
L
—C
e coscacasar: - — ll

M “NN"N"““Mﬁ.““"““H""“"N""NNNN”H".""M""""""“"N“"”H“H"“"”"“""““

A 4



w
o>
-
[
.........................................................
RZSQI-I.’:".l“4“‘-52'255““"“5"7’1‘ ~w - e >
~ —— -
w
-
n
-
L
st P T T T T T T T T
et e P D) G N D - - ™ W Pt - i Pl
Ew——aw N~ - e O PP YD P P G e A et D A BB e 8D o) P
W'-l.v-\a‘"l’ll"’l&O‘\"q‘-‘l&:é’"".\-‘s ;l’l’“'&- D O TIPS P P
™ e e YW e N -»
——
——
=
<
(.3
-
WA 2 s F T T s %t e s s e aa s e e e e me e ma e s s e ae e aasrar .o, e.eaeeneeen
<>
L3 PN P P A W W - — W P e
Gl PP W P N P AT P e W AV Il WINPT B PN e NP N e e PP Laia tate ol L0 BIESL 4.0
- — o M e Oeedew -
=
-
Pt
x
-
—
M, ST T S P T S TS 44 mseae s se u a4k ms s s s e e e e e st mrosee.as .
-
E OB i S U L~ — VPPN
ey Lo i P - - St W bttt
Tl B OO G ™y W B ~p Al > el -~ vl -
VR A Ol P W OEER F oh 0 Ve Wt W W WO EW o BB PIW —t T ewP it omen ) e am
- —ry T e e reresew ~
x
-
=
=
-
. lllllllllllllllllllllllllllllllllllllllllllllllllllllllll
k3
=D e O i DR W VW 2O W W O W T DA o O D LN W Pl W P
x o - - ‘llll’-‘z‘ P ey PO Pdom “‘71"5-1‘-
bt ane 2ol R0l ~ — - - -
- s b -—
——
hd
-
k]
>
-—
EILP ¢ % 2 = = ¢ = 2 2 . o c e s s e s s e s et s e e s ae e as e s e as e ...,
-t P D G PO PLER = - < .i’OﬂnV".".lO b ot T T T
A LD O il W - i ~pr WD PLOT AT Por P P LC0 D T B P Pl e B
X0 A IS P i WD s PP O T L d "‘72”‘2’0""2’2’%
A BB BB Pt B BB IS B B AU B A BB AN BB A B T A DA B DD D DD, WD A
-ad
~z
s
g
.........................................................
‘?8‘,O-vbz‘lo.‘.s°4"|l2.1’.l--‘°"s°°-"’°"’ o e
i JE WV R WD O AT NS
l”ll-’”-‘lu“g - -~ 1-35,’3,‘22-277.‘2‘°|‘2‘

"S““‘““‘.‘“.““““‘-“,””,”’SJ;’,;J‘V,JJ’””,”’]J
]

..............................
AL~ O Y, i VW O PN WD R I SO W AP P B e O % W AT T B 0 O o Y W o P B G o
g g - -

b 1 ~r ~

e mm prpag.




1

-
<«
-
L
g W anen - el
- - ~e - o~ N
-
-~
=
[y
-
LI - c > s e e s e e e s s e s ae e .o e e 4 2 e s 4 e s e e s e e e e e s s e e
> PGS W P otnld T O P~ > W ol ~F W
N‘ol’z”“S”ggg’g‘.,‘os“f’!’loooz‘
B ere o Y N PNV B B OV WD et W N oml? W L et RS W et n g mad
=t - - - - - -
——
——
=z
<o
-
—
WB 2 T T S e v e S s s m . e a4 s o s s smeem e s s ou o om s s aee s e e s s e e e e aae e
x AN M O MmN S TN W ot oo P T AP afire  =af W W F P~ = D P oS s OGN o O P
-
b ]
=
=
-t
-
MR T T T S T T S S t s & 44 e e sasmoease s s s e s a s moaaa s s e e e s eeareaeamn.
-—
N‘.\-”-‘,‘-‘o“zz;‘Iu’-"ol\l‘g""‘o.‘.’ll‘Si;“gll‘.-lﬂ-
- PP P~ VU VO AL W D S e P W ol W e CP L G P o PSS W LD O W O oD P 0D W
Ao B O-td - ol - o
Wemes  MEee NGO e W IV WA e W P e T WO N Y - Lo sl 20T ¥ USR]
[
=
-
=
x
-
H. lllllllllllllllllllllllllllllllllllllllllllllllllllllllll
e el P GO W ot W DD T - o ~p O W W
TLomet oD NG =t B o NP P B P PP P O WP P P O WO P D P s G a ™, ot Ve w
ow - ~ - - =~ ——
e
——
>
=
=]
pe=i
QIEP = 2 = © o o 2 e 4 0 9 . m s e e s s s s s as e e s s s e e s w4 eas e s e e s s ms ae s eaae e,
e ~ .y W U e P ED U OGS - O e < >
- el W W P - Bndrained Aebheitpdl Snind AP W O @ NDrS oD ™ e
&d X PN O ot o) BN O [ bddd - i
Y S A A AN A A A A A S AN 225
-
-
-
-
o
e i " T S T T S % s " 4 e s 4 c e e s 4 e e s e e e s ee s m s e e e e e s e a e e e
‘“‘4 o . AL D PUED =0 COVS P © P DI PP B P & O A 'b“
- - - ol - - - S
Mi‘.’zg‘z;z"l‘;;" > > e b ~r or w @ a0
i 4F " » “ AW PPV L ha g ” L ha all L o L L g S
P
b 4]
o
™3
o
Gl " 2 S 2 s e 4 e o e s s 4 e a4 e e s s e s a e e s ae s e s a e e mms e eeae e aanee e
TN T A BT G PC e PP W D P G O C w=t NN TS D ™ 0 o TR WD P D B 0t N W AP O G © e Ol P O O
b nlnddintntnd et oo
-
& N Nl L g a aia 2ol
«<Xx
<o
S
-
-—
- bnd
on
o
-
-y
WO
—
Bo. oo -

Prrey P
bt "”""”"NN""““H"“""NH""N"MN“""“""n"NHH“H"""HH"H"H”N”"H"“"“N



3

-t
L
-r
L
~oeoww - W AT W T DD N T WP W P G U PLCI UGS T W i PP oD PN D 5 oD ol
- - - - g - - >t - -
v
-
x
s
o
M = = ¢ e v 2 o 2 e e x e s e 4 s e e a s e s e et e e e e s s s mae e e aaee e ...
—_
- - e - "‘!‘-g‘z;"-izogs,"-\! - -
_ Eoe-wme —n vy WP Pt AP P A LN i P PN Y s o B G5 P € P DD P P
o PUOP e Pl ol sl s Pt g o P e ' L IR Lo -
S - -
—
——
x
<
o
-—
W m S T S T T St 4 e e e e me o s s e e s e s as m s e me s a s st e ae e s e e
o -, AB U - - ~ -
NMlz’ N W e -~ i el £ o1, ] - A csem
- -— -
=
>
—
-4
-
-—
S T T T T S S T T T % 4 s asmsa %4 ae e e s e e e e e s e s s s s e e ommse . seena e
-—
B ~D sy P~ PP b - b
= o - —r~ - DD O o
o B € PO W ~ —— s’ o™ A "»e
Ve P CIAP I o P s T O P WP W o - - - A - Pree W W
P —— - -— -— -— - -— e e
=
-
o
x
-
.ﬂ .........................................................
- o - D T s W A P P PG ED @AV oo i
= o O W 1 PSP P W NP o
O Y - > - ~e AP vl wn TP PP b ] -
0 ~ - T - -~ ~ Lt L T )
—— —
L
-
=
>
-
GILB = = @ o 2 o+ 4 o e e s s te e e e e e a4 sm e s e et e e s e s s e e e e ee .. s e e
-t IS o e T O Y W P A e D A DLy
- O D s 1V CD 0o T DD W ot PAUED LI D WA PAID T F D
C"-,“”‘42’°‘J""“.."‘z;‘z,za,szll.gzz“.”’o‘c”
~ ey =l ~
,”I o add 2 ol ot oLt T, TR W A AW R WA e S AR AN A e
-»
~E
-
-
-t
W= ¢+ F 2 4 e % e s e e e e a4t e e ms e s e m e e s n s aae e oae e S e e e e e
- O of “»C. ™ S A 2N O B G D A o -~ e
L 3 Ll das "~ S S dand NP 9 TGN TP N
'lsz'o,.‘"-"‘..’,';’°',""i LAl oo~
LD WA WA NN T N - WUV W AV N W W W S SOOI W WA T W W
-tV e Lalalal ol ol T T ¥ ¥ L Lol L Ll -
D=t
Ew

hond WD o’ P ED G C3 0 PGV W VDO D P OO N LW WS PO oms PO WYUD P GBS LD s PG P Al
-y - -

L=

“~r

o

(™3

xace-

&

<Is

-
“‘-‘““““““‘““““““““““““““““““.“‘

- e

o

-~

-

-




Jo

A
[
-<
-
OO0 OC oo
halaly Do drat ton e e Lo s 4 ~ L b ——— N L alal Laahe f Laa Dol ¥ 1o Tom o2 o€ oY
[ 3 -— - - -—
v
-
=
o
-
P = o v c c c s s = e e e e e s ke e s s s e e m e 4 s h e e i moae et 4t e aen ..
e Y, i i W BN W ool G W B G W P ED O W P P e PN AW S e D W D Ol P O TP o B PN O
= P~ - A a ad J l‘!.l‘lg""“‘l‘,‘z"”’sl'\‘"
B - o W arrt ANt 0 W ol st NS PEIINY W mt et s 1) et s W . e W 0 P P e ot e
e — ~ e - o~
——
———
x
o
I3
-
M) o s S F c S % e s s s 44>t e s e mtecsam s et e e e s awas e m e me e masnne ... oa
S OB B —E YOV NS MU NI S BN I DO NI T OB OO T OW W Tl T B i Pt D o s o
X s v -— e PAPesaaf Mee owldoton W osen ™~ ww LR Lo d el b 2Vt )
- - ~ — P
E 3
>
—
=
-
—
S I T T S T T S S s % % 4 4 e s s ts s ese e e e s er s e eene e eesreeeaaeeeenae .
- oo
BV = P W @ WP VNG OL P T i et Vi~ A B~
) s W W [ Ly P T ER PV OANE WD O IR P O T
ool P~ N W T D o ~ o i - et OB O
VienfNMNetos WP oa 4 e o~ ” Sww Ll - -~
-h -—
=z
-
=
x
-
M o c T S T st s %2 at as e s e asas s e e e e e e ee m s s e e e e s e ae
o
= 3OO O P - - v r CR W O N 1 W O W PN O W P W e
A e - D v w I e an Loel - D W WD W Pl P P P s W W P C WV O
L-153 ol = - - tad - - ™~ ™ W -
L T - e -—
— —
o
k3
>
-
CPED ¢ v & 4 o ¢ 2 2 2 2 e e s e s s s e e 0 s s s e s e e s s s nm e e sn e s e e e e anaeeeooo. .
S EPPSONS A PV PP s et P P D PV SR W O e o £ e OF O O 88 O PV N
Al“""‘i”zz’"’;og‘ o™ - b D A P DA P ot P 8B O P
G XEw O~ e - - ~ > Es e O 1N o O = P PO P W o= @ PO P 08 W W P 20
.~ ~ o P~~~
— A > DN NS PN S AR IS WS TN WD SV D MO W S
no
~x
.\.
Aad
B S S T P T St b 2t s ssse e e aeon e s a e e s om e e s s aa e nee s e ae e
BV ” > ou > NG == LB P ED W O - N
5 KB CIW B PP Pl P e G N O < -rde -~ - O - o
=y - e~y ~ NPT ONT RO NT D ve YOG W I e BB WO P BB P 8D

of ) - - -
[S’,”:"’"-‘;a”""”";",,,,""‘,",‘;,’3"'”,,);’
g

4
o
vy
L=
L — SIS I AT Tt T T T T T T T T
EE AL CP s PG W P G0 B a4 T N P e N W P of W W N D e W ALAD G - O e PN W SO
x PN OO I W W W - -~
- - - - -
[ aaad O S £ ¢ N o la addeihda dada Lot Bt Tty ot
=] WA CRTRNCECTEN
=X Lalataal ot ot ot o et o e T T ot
<>
S
-
—
-l
o0
<>
-ty
-y
>
Hamommas o =

ol b i b b s A 2 2 2
e N I X X I I X I T I T X XX I EIT XIS T I LTI Ly VTN L P P



'

PAGE

Mo

UM (IN PPM)

L dnidand. i "\‘5"""223-” - AP TED D> O OG5 B B W IO TS O

4 A das ta ol d - bl i l’Sl-l"l’O’o.”‘"oog“oz-J
Al - L - g Lol adade Ao Lo B, 1

ND WOLYBD

1"‘.‘0)""221" > e £ - ¥ TV o
MUlz".ll"\t.‘l‘) Pran v DO NG WWNNOS e W e o~ -
—— - — - -

b O D s - ~ r

CNS-‘;-Q-)-‘I-.I.S-’”Q .I“”Q‘ﬂ-"“\l"!l’!ll‘“ " - >
——a -~ -

)'séssssg.’l‘gil o af

<%

S Ll BN W W N A e A a a o

-
[
s
An!’osz'"-l.‘.lbﬂ o - B W PO W Ol Y A
T DI NTD T O ~ WM PVE W PO PN O
'Nllll.l’l.zclzz‘lglo. O PLPAS BN PL O St P O PPN D PG Poa ST

[s"1..4’“""’J"l‘"“’““)““‘.’4’)‘.““"“““"“"“‘

an,‘z’ozlz’,'2"2-’01’-,153‘.2-’ - - TN o
e o Abind P “““-‘52 Ll al
LD 0 o et s et s gt it vt v wm N P NG D PN e ad NP e Pe e r NP P Pt

—
R =
- NNN“MHNN""N"”HHH“NNNHNHNNHHNH P s S S - A s T T T T T s




-
(L
-
o
TR et e O MO AN W AN D e W A e W O W N T OO O O o - v 1
R —
(=
~%
=
&,
-
=
-~
=
D BN e e N T O VS - WO o T 8D P O O T PV W oo Pl e al) OF P G P G
xec - VPV WY & - " >~ o DD VIO D W P
e RPN S OINEIP T ™ IPA N Neefien WPy T Wee o Pufgem et cefdemesesen  Phee
~
-
p=1
R
D S T S T s st e e et se s ee e eomeanene ane e tene e e e aee e ne e
xB o
-« s s —y - ——— [ —— iy - - —
E ¥4
=t
—r
=
=g
<
"
pes
P e s D S T M T 4 s s s e s s ssme s e e ee s s an e s e e s m e e aeae e
OOt N T D WDV G P PO P wu © PP O tals 1o wTor e
= - -
=N =
D
——
=X
-l g
-
>
-
B g el S T T S T S S e & % e e e e sc s anaeomms s e e ae e ne e s eean ...
N.O“’I’OS’Z""-‘"\;’0“‘5."0’°‘.-‘5’5°7“°§--‘"°l"20"alc
WU POV VB P B @I AN WV iN PR PURON  fomml 1 I a i PP (o6 PUNPUIAN P~ —
— o -— - ~ — -— -
— —
il
v
-t
-
B o 4 r s 0 c e e s e u e se s s e s me e e e s e e s em s e mesme se e oeaere e ...
AL B W € W PO OO A P PR P W el S P (e € O P VD W T 2 A g g € W W ASAED P SOl o
Lt SN W AN P D B W T CH DA S TB N P . TN OAB P B =i B W T W UVEND WD O PP P S I9D W 05 S0 v
W -~ - PP~ AP P W Nt W W P - - > N
-~ Papns ~a o - ~ -
— M I YW S el YT A
L
hat” 4
w
s
T g S 1 T T S T T P % 2 e e e e e s s s e st e e mas e e et e s e s e on.m..em oo
- o - L i o> L3t W SN PV P P PND O NN D O O
P s WS il e g W et P € et £ GB-OF W P s P 85 B b
Ml‘. Py wHN ~ Nl i i 0.d B OP P o AP W ) e O
E”"‘A..l“N:Jw“”“’“«")!}""‘1:"‘.’NJ"\:“‘J".‘14”114‘"““’
Bt
Xk
=4
o
(=]
(PP T T T T T T T T T T
F 1 _Llady - Lo Joatta N WS P 0 IO e P RS P D P O P W B P O P P T D P - O
- g ada lalal ol o NETS W W W W W W W W W O BSOS P
-
[ =
- e
<
-
-
-—
Ed
Oy
b
-3
-y
O
—ar

Hea Saomacs 080, P as 0 3D S 90 00 1. 55 i a3 a0 =

-m """NNH"""N“""”"“""N""““"""N”vﬂ““""“"“NN“N"H"""N"“"H"H""NN"
“




21

-
(<]
-
[N
........................................................
oo ~ - —
s
-
=
o
a
z
=t
-~
N oo
= ~ e WD N CFUNA P Pl F 5D % Pl W e P P e O U0 W W G W A OGO D T e oD SO O
e -, - AU L G A G e P D O P F S ~e N W D e O T
W A TCOS e NONT A @ T Notes =W OMNWIAY  cafimat e - e e
o - -
-
>
—
b=
=
D e e D T T T T T st s e e e s e e e aeae s et e e e et e e e e e e
xH
D = emes - —— - . - - - - - e p——
-—
=X
Dt
—
=4
<
b
-
—
bt = ST T T T TR T T T T R T T T T T
x. & C> nof O oo>ow
"4 -— -— -
b 28
- —
——
ZzX
-
-«
>
-
P e e e ne e et e AT T R T T T T
ERONS B K -l N O P OD IS O™ W I O ¥ ED A O AP B B D A P P P 0B AN D et @D D P e
O D P Ut conL I P, oo B e W P D P NS W WD o 4 W P W P it e B EN P OV O e PV AP TN S P e
e P — g - -
—
-
e
-
ot S ST T T T T T T T
RN‘.‘-‘v“2-2.9.‘"’.‘77247‘9-‘2°2-"7°.|‘--’.""”"2-‘25‘2”
NP~ 5 o » o - ot D e
X s P DA T e W o P o W
o il W Lohe o ad Al 4 ~Pof b d o e o oF b B d
oo
—x
-
L
e B e g 2 T T S S 4w e s s s s s = s s e aaas e s e e s e e k... m e e e
A“.J...qu\‘l‘ WOV NS P e o APND PAED WS S5 WA ES O W o8 VW 4t e S 4N
& TS T wr~ > ~r — -
"'l“z’z“-z"l‘z;ll“ Bl L d ,“l"””‘l’l DO et PP NNO W O
- e e sl Ea e e e VPP P e e o S
et
T
<
(Y]
o
e S 0 T St T S Tt P44 e s e ae s e e e m e e e s s e eea st ot e ...
WR‘I - - DO O =t C4 N W AN P D U DD ow O I W WD P M O C v UV AW P B O © 1m0 f P T o8 o> P B e
P P - - ~ R b W N P O PRI Ladhi i
S G 0 e s e e it 0t s et w1n8 . ettt £ £ P P £ P N PN INH O NN O PN P 008 0 TN N O N T O O g N b
PNt » NG PN OF 1 1 N P N P O NN NP P ok Laa ey
_«<T
o
-~
-
-
-
oo
o
-t
-~y
—_o
—

P
HB

A 0 D 45 €D D &) £ 8D 4D 4D 15 45 €0 40 &5 &G &€ <4 G D 0 04 LD EF L S080 M3 2 7 15 £ 45 20 40 4D 2 80 . 4D 40, 80 55 — UD€ D AL W a0 8D
XY I X XX XXX L ETXEL LT XLIXTTE R e . e R T T

CHEM



20

d
L
-y
o
omm o < PSS LMD O TOBOO
=
-~
x
-
a
z
~
B COOO OO G a el " T T P T T T St e e e st e e e aeeameceesanenaeae s
> Ve W FVCE wa U ol W AN B AP I B W I ) O st O P PO O B O P BB e O
RO PN AT W PO NN — M O WL PO O, -~ »
~eue . BEWOT AN T BNt DI ol VTt W NP et raa BT n B et Py
(=3 -— - — - -
P
>
-
<
=
e S T T T Tt Tt e e s+ e st e e nnta e ae e et e eeaaeeaeaee e ..
EJFooooDD
A D e -— - —— —— -— ———— -— - N es e —
—
==z
=
—
x>
L=
o
-
—
P e S I = 2 ¥ ® % 2 s e e e s ae v et me e e eaaan e e e aae et eeaeeeee ..
=z N O WO et O e O OO OIS O Py e o T e
b4 s -— - e
b 3
Se
——
X
-
o
>
B e g 5 " T T s =tk s e e 4 4 8 s e s ossmeaasn e e e e s aana e e
EJOT AW TP O I AONS B PN WDt D N e AT O T DV O W OO PN O ool F e OO W P
SNV TNB OB ENA (8 = T BTN T AN T e NS s IO C B | Fh iy vl N
Mo tdtd == - — - - e e - ~e - PN em s
—ar
e
k- {%]
-g
ot gt T T T T T T T T T S
RN“so‘l1‘!‘70005&:“'l(-o,‘gog‘i’zz-'z-‘zs."1'32034‘-1’5
W S A ED ALY R DB S WMV W vt e P e o W Y o G e B AP W Th et O
Uxw N =D S WA P D PP T APV - - v o
BB A D AN A e Surdwne St N brtvibe it
o
-
L
-t
e B ey T S T T % T S s e % 4 e s 4 e e ks s e e e ea e omee n o ee st e aee e acee .
- LB i R W DAL I D RGP P B PO W T PO O W O T P O
TP g -~ MO I P N O IR PP P PP W ot 05 D 1 PP F D D et P ot
== G NN P BB TS 2 B D O B B PO e BB T EB A B il 3 P W O e i b
o= D D WD G D OB T B3 P D D o @2 0~
VI Lalat et PR ANV P P L et et Tot - gy L
Dt
a2
o
~
(=
S T S I T T T T T T s 4 e e aueeet e e e 4 s s se et ma e m e e aee e
Nlol.)."5‘3’0’427"0!.‘"5’-’01.‘"5‘7-°l23‘27-’°|’3‘....(I-u“..f.'
F= NN O PN P O O P I P P P VW W R W W W T OO D NI D DD P P o Pou.
-
PW.‘Z.‘.‘?!Z.‘:Z?? T L NP OGN O P PN O N O O O ~ NN TN T P O 0 NP P N N N P
xx
o
L
-
-
i d
oL
<
o rs
-
WO
—a
am ooo P P P p—— D D 0 D 05 D0 0 ) T ) 0 4 4O € S A oy

-
XTI XXX TIXLITXEITEITTRITL ﬂ”"""”"”"“"““"”"”"NN"”"“"”N"”“"”““I\



33

-t
=
-
-
o o) "~ow - O e T De
— -
s
-
=
[N
[
4
P
-
3 oo < >
D - - ~ - - - -~
IO ==l W PN e O e e P ) ~ - S o w3 P WP s 0 s O ol o
[ - — - ~
o
-
=
—
o
E ]
D e e e e e 2 S 2 = % % 8 4 s e e e aeaemaeaeaa e e e e e et e e ..
=3 OO UOOOOOOOROD
- -—
=x
D
-
o
©
o
-
o e e 2 2 S % " " * % e s e % e 4 saee e e s e e e e m e e e e e e e
Eew OOw of o da ot » - DI O WO NI O MNY O L OODOOW LD -
O o= - — = - .
b 3
p—=—
——
zx
- g
-
>
i T g T ST TR T T T T T
N o D D o I U PP ED v O BB e €3 9D N O Pt - o Cu PAPNPAL o NP P PP P e
MU||’). TUENEUNE e AT o e OISO O N N T AAOEY PRV ety o
—
i
F4nd
-
»
=
D e e s S T S T T s 4 e = m s 4t e e 4t aemmen e s e e ma s aae e m e
LB T OMENT N NN Or w -~ -~
st P P P o -~ - o e —— PO W P T PP W et PP s P BB N+
A3 X W Pt W P O S PV s O PP SRS WP T P~ P il P ol -
P P P bang il ~ b i PPN P P P
bt ad Lol VS TV IV N0 ST Rl e el o o
oo
~Z
s
[
—_— e e s s e e T S S S T % s s %e s a e . esmeaeomew s e e e m e eene s s s o.a
DO D OIS B ED O P —d > D P P el - -
- X O~ M - - — - - PV = P i et P e D O PUED P
Tl O A2 5 A P D N TP I W W P D PP O G D -~ —— g
T WA WP B o W W, o WAV W AT W W W W W WA W W W W WY W T ww
A VLI UL P L) PSR PP P P L P Lo L
“peak
-t
<
-~
L3
S P TR TR T T T T T T T T
NRKJ--.T"“&"O‘A‘;’0‘2’5-0‘2"SIU’.,O"‘ > > -
X bl o Bl >~ i NN O A P P P P D D P
- - g ot d
L % g e d hd N PO N P i d gl Ny
“4‘““4“4“‘_“4“‘.‘44“‘_"‘“-‘l.““ﬂ““““‘“‘.l“
- X aialal et ot ot o8 ¥ W h Ly L L o
o
-
-
-—
e id
o0
<
-
-
[
——ry
MP"““".“‘.‘““““.“““‘.‘“‘l‘.‘“““““"““““‘
Pl alalal t o VoV Vo “ AL Py e .
x
~

(AR R AN NNENY)

[BLIg )

FACY

€. JOHNSOR 16$ K Rin
gug-cguuAnos l?SV%EWYN SYSTEM JOURNIL

MAKE WORKTILE

MAKE TEMPFILE

PAe) O?NOVOX
HAVE DUPLICATE KEYS AND HAVE NOT BEEN COPLED 10 OUtrbLY FILE

RIH
t

t

&



n

-~
<
-
a
MG O OOt SN O N D O e Ot O O wm LD o T e o]
-
=
-
=
-
o
x
~—
.........................................................
-]
D BT OMHMTBBACOD P Pt atrn ot " S50 O W B I A B A W AV B > > <
b 4 - - W cerefl WA PR e YT e WO ONS Y
st ~ ~
o
-
>
-
b~d
=
D e O e et e S Tt 5 % T % % s s st aae e e xseme s aee e e eeene e
b4 3
-
x
-t
—ac
D
<
<
o
—
o e o e ettt 2 2 7 = % % € e 4 4 4 v e e e e 4s sk a e e s e ateeaeeee.eeae
T e P > e~ O — - ~
— - -t —
=%
D
——
xx
-t g
-
>
-
e o S S T Tt T e 4 s s s e mmeceee e e et e s e e eane e
NW’S-‘\' - -~ e~ L tnd P P e W D B - ol
m PO R s Pd el ¢ =t PNV =t e PP Nl e 1 N~ e W e W
—
—
ot
Xy
-
D e S S T T T T et f e v e e s se s 4 e e s oam e e e meaa ... .
X eaon % o > SO P AT T T D T o=t WD e Sl e P 0
Lt == GO AR e PP P P Ao A T - %W D OSSP B et oft WD P o W PP O
I P D W WD PN N W W > o= NW O T O OB PP o W B B 8 W AN O e W N W e
S PN PP P P B P P P P P P P P S P P o P P Pl e P P 5o P P P P ol P £om P P o P P S P Pt -~
bt L2l ol T, WS A A AN A WA WA A A A AT Sl et T T WSS SN o e at ol ot el ot et e
o
-z
-
o
[
R P e e S 2 " 3 ® 8 % 2 4 o 4 s 2t s s s s s e et ae e e aaen e e ...
-cn o O W D e an N PNS PN N O N NI OO NN T OOOO W
G NT OWNT AP N .~ 2o O - >~ ot
- - NAVER W W DO e NP AN W LI R O P Pl e
T OO T W WD 0 B BAINE T WD WV S o D B AL B BD g
" L aTa Tt IV P L P M LU PV P N R L A P L PV
U
Eiad
o
o
[
A B e e S % " " ® 2 % 2 e 5 o 8 a2 st e e e eme e s s e e e ek s e ...
T B O CF o N T D W W~ TS P G OS2 s LT WD P O W NS P 5 O W ANB P P O e N  F
& - by gy oo ot NN - VW W W W W T A
g et OO0 OOTDOOC
LS g

“““-“‘.‘“““““““““““““4“““““‘““““‘
Lalalalal ol ot ol ot oL T ot T ¥ S N Y ST P Tt g - el alatelal alalalal ol T o ey o ]




-
hd
-
-~
.........................................................
e o P O - ulit‘0‘57‘0,“-7-"00”2“’00’-&‘0“5".20
422"."!“‘2‘5“nvlp-l‘;.‘“)”Io‘e-l“ltioz‘-ls‘g’z‘z“‘.“’
- o d . VO TN AW T Y Y Y YT Y T W W™ N e W -
W ew et -
.........................................................
- - - el WIS WA N P - e WA T oD 5w 8D WP O PG PO P~
“‘ s LTty Tl Vot L Jv WiV A Rttt gty TWwww B W VST
- -
>
-—
x
......................... ®+ e s = e e s e e e s s s s v e e s
AEND AP o P P W W PN e e PV O W OW W . AW WIS -
sty hmakinddt e A dt il D S B L DR A S-S ot A -t S i Al tinbig NP et o A dats 1
o
o
L =4
w
bl 4 St el e W O N o PUERIS N W ol O oS NS T B v~
D@ A T A oy - o e TN WO ceme AND
x < o~ Lo d NPT L g v g Lo P -— o -
— - - — e -
~
- SPNOE Illv.22’3"2000"7’8’2‘022‘";-2“'7’52’2
DWAANT Pt —tot B A e W e OB W VB - — —P e P M W e e ey
- - ~ N - ~ o~ — N - —
L]
—
w
P
-~
-

---------------------------------------------------------

s
IW‘S"S.‘I‘S 2.‘5’1‘-30 Al S it 2o S A BB P B e O ¥ P W PO DL >
B D P WA AW D P Y e W W WAL O P P D, -~

MDD N P M P G WS P o0 BB T D O P B e 20 15 S5 O o e 1. Fans P e - "
I 4 -—— — - -— - -— ———
-
-»
x
w
x
e e O P et ST T S % ® s s e e s e eeeaee s e nes e e et e
-~ AT VD P D B 0 O s PV il N a7 W A ' fNred e
om. Lo o CRFLA T W T T ONN DN NN TN ININE ™ = 5 P B BB AN 7
~—
-
R ard
o
-t
L=
=
ak
ME + m s s e e e e st e e e e e.e LRI I T T T R S “ e e u e e e
O ABNE T T UND o~ O o O U U G O W G5 B e o P T w " —
= NN NPVPLE W T T W OV N OGP @5 OB NN
e
B
D
=11

.........................................................
O e VT USSP P D P O o IR, W D EDEN O e NI W 2B P G5 O e NP P
[ 3 it PN TSI T TOO000000

Lo NN RPN OO N 30 PO 0 O N PN




2

PAGE

................... .
07"2"..,’0‘8“’""‘ A O DU D D BTV AT e I W PO O
g’:l’-:‘i‘,z’o"’s":2:’0”"‘52‘0.“65’6“‘;1“

AL P W GG P oo oW OGO e TNt W AW PN PN WD O W A A,

-

b wwwwre e
Ve - -ty - ot
.......................................................
= I P W AN WO O e O P WO L DA N P P e O D C RN IB WL TN e W DB P T D Ben e
L ““l-‘-‘"\‘t"o.‘zs,‘v““' Lealo BEETCREE S BIE £.1 £ ¥ SErary Lol ¥ A1 WV TV V-1 V. 0wy
pv3 D ] ——
“~r
—
=
AL AW - el L " L-3 | s
Sl PG00 O3 W0 P W (1Y = W O o P2 o w - N AN DD W WO o O 2 e s S BT G D SO
- - ~ P ™
B
b=
~
r~S oW e -~ ©O W OW D o
Dmw v re NSO ANS o e -
L et O o PN o W cn e —~ - - P G G O
— —p e And ~
~
.........................................................
Pl W €O » Lol J - - e NG WD 2 TN G sy SN
= L4 Radadd BN o1, 1o 2 - OW == o=y - WOFPNS O AT W P e
- - - -— — ~ o AN
L)
——
-
-—
—
-
N et et S T Tttt e e s e m o we e saae e s s e e et e e e
4t NG W e BB D w U SN D W AP T W B e WP WA PN s o P AT
- ey W oo CVPAER W W W e ) M0 W i -
—anfe TG - W T Y NV P PrsrD. wloafrals
- —e P eefe O N - ~ = - ———
n - -
-»
x
—
-
=
R TR T T T T T T T T T T T
- .".‘z.lo’-nl“‘u‘"‘zov‘07‘5"2"'-‘2’.’“""l-‘!“‘oz,zO‘
N YCCTCCr - v >~ - S
ox
-—
-
Ll
-t
-
o
=
Ed
B e — t P 2 S P T % v e 4 s s s s e tm 4 aense s e e e an . e e e e
<o ~ow DD gdbud i B A ™y ~g A P D CP I N W D I e 1 P W AA D P G eI
L lad b b b & £t ot T ! .
= e st ot o e et et P st
T
]
ied
<D
-
£
T T T T IR T T T R T T T T
[ 3 T - i P of W APAS T G5 D e S D
- TN OS P10 P VO P O
o 4 o A ddo el e e o A o 4
- W R NN NNN NN NN N NSy NP P PO NP PP 09 Pt “ e L
Lot 4
)
-
>
-
-
e . e e S " T Tt e e e e e e e s e seae s e e e et e m e e e e
- ad . > ~ o . - al iadanab St b b b & 4 & L 4 & o £ 8 2 2
<
e
-
wrac
—_—
Ero
-4
x





