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ABSTRACT 

A gravity survey in an area involving portions 

of the Quetico and Shebandowan subprovinces of the 

Superior structural province resulted in the establish- 

ment of 350 new gravity stations in addition to 50 

previously established stations. 

For the purposes of this study the bedrock was 

divided into 4 major units including the metavolcanic 

rocks* metasedimentary rocks, assorted gneissic rocks 

and a group of intrusive igneous bodies. 

Based on gravity modeling of these principal 

units, the following subsurface structure results. The 

metavolcanic rocks vary in depth extent from 6 km to 

12 km and typically occupy a trough-shaped structure 

flanked by a domical feature of granitoid gneisses to 

the south. To the north of the metavolcanic unit, the 

metasedimentary rocks form a basin-like structure of 

variable depth extent. The contact between these two 

units is modeled as dipping steeply southward. 

The Quetico granitoid gneisses to the north of 

the metasedimentary unit form a southward dipping wedge 

which extends to depths of 10 km in the model structure 

profiles. These gneisses are modeled as being underlain 



by a denser substratum representative of more basic 

gneiss and amphibolite. The basal surface of this 

unit is gently convex upward, and the unit as a whole 

thickens toward the north and dips toward the south 

in a tapered wedge extending to a depth of 10 km. 

This unit is inclined slightly from east to west, and 

is exposed at the present erosion surface in the 

eastern portion of the study area only. 

A number of quartz monzonite plutons have been 

emplaced near the northern portion of the metasedimentary 

unit and outcrops above the southern most edge of the 

dense substratum underlying the Quetico gneisses. 

A tectonic model put forward synthesizes the 

available information regarding Archean crustal 

evolution and the data from this study. The proposed 

model consists of a basin-like structure (Quetico 

subprovince) which received sedimentary and volcanic 

debris from a mature volcanoplutonic terrane to the 

north (Wabigoon subprovince). Additional sedimentation 

into the basin was provided from the less mature 

volcanoplutonic terrane to the south (Shebandowan 

subprovince). Subsequent deformation accompanied by 

high grade metamorphism resulted in a general upwarping 

of the basin, producing the structures now observed in 

this part of the Quetico subprovince. 
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INTRODUCTION 

In 1980, a gravity study was undertaken in the 

area north and west of Thunder Bay, Ontario. During 

1980 and 1981, 350 new gravity stations were established 

between 89° and 90° longitude and 48°20' and 49° latitude. 

Access to the region was gained via Highways 11-17, 527, 

102, 589 as well as numerous north-south and east-west 

trending secondary roads, and the shoreline of Dog Lake. 

The study area encompasses portions of the Wabigoon, 

Quetico and Shebandowan (Wawa) subprovince of the Superior 

Province of the Canadian Shield (Figure 1). 

The aims of this study were threefold. The 

first objective was to collect the gravity data required 

to produce a detailed Bouguer gravity map of the study 

area. The second objective was to use computer modeling 

techniques as an aid to develop model subsurface structures 

of the various geological units based on the available 

geological and geophysical data. The third objective 

was to synthesize the results of the modeling procedure 

with currently available information from a number of 

sources regarding the tectonic development of the Archean 

crust in this part of the Superior province. 

The Earth Physics Branch of the Department of 

Energy, Mines and Resources has published a regional 
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3. 

Bouguer gravity map series which includes coverage of 

this area (Figure 3). The general geology of the area 

is summarized on the Ontario Department of Mines Geology 

Compilation Map Series. The Ontario Department of Mines 

(presently the Ontario Geological Survey) has also 

published aeromagnetic maps of the region which provide 

coverage of the study area (Figure 6). A comparison of 

these sources of information demonstrates a generally 

good correspondence between the regional geology and the 

patterns of the regional geophysics. 

The new gravity data collected during this 

study is combined with 50 gravity stations previously 

established in the area to compile a more detailed 

Bouguer gravity map of the area (Figure 4). These data, 

combined with the observed geology, density sampling and 

the aeromagnetic anomaly patterns, form the basis for 

the development and testing of model structures of the 

principal rock units recognized. 

The usefulness of the gravity method as an aid 

to interpreting crustal structures in the Archean terrane 

has been demonstrated by a number of workers in a variety 

of situations. Brisbin and Green (1980) employed the 

gravity method to support a model of the Aulneau batholith 

of western Ontario extending to an average depth of 7 km., 

with a two pronged root structure extending to depths of 
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11 and 12 km. respectively. Adjacent mafic to ultramafic 

rocks were shown to not exceed 3 km. in thickness. 

Szewczyk and West (1976) used gravity modeling to 

demonstrate that while the Basket Lake intrusion near 

Ignace, Ontario extends to a depth of 8 km., the somewhat 

similar nearby Indian Lake intrusion is a thin sheet-like 

structure of only 2 km. in thickness. Adjacent metavolcanic 

units were modeled as varying from 3.2 km. to 7.7 km. in 

depth extent. Gupta, Thurston and Dusanowskyj (1982) 

tested a number of gravity models in their discussion of 

the constraints upon the development of metavolcanic and 

granitic structures in the Birch-Uchi greenstone belt 

of northern Ontario. Of 8 different model structures 

considered, based on both geophysical and various 

geological considerations they propose a shallow 5 km. 

depth extent for the metavolcanic units, which have 

apparently been affected by magmatic stoping processes. 

This study will consider the subsurface 

configuration of the principal geological units in the 

area, which include the Shebandowan metavolcanic rocks, 

adjacent metasedimentary rocks, a number of small 

Plutonic bodies and the gneissic rocks of the Quetico 

Belt. The resultant model structures will then be 

considered within the framework of several recent 

developments in the problem of Archean tectonism in 
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this part of the Superior province. Specifically, the 

Superior Geotraverse Project has provided a wealth of 

information about the structure, metamorphism and 

geophysics across the alternating subprovince belts of 

the western Superior province. Several workers including 

Tarling (1980) and West and Maraschel (1979, 1980) have 

explored the prevailing physical conditions and mechanics 

of tectonism during the Archean. This study will attempt 

to incorporate these concepts into a sequence of tectonic 

evolution which might result in the structural configuration 

suggested by the gravity models. 

The gravity models which form the basis of the 

postulated tectonic development of the area are generally 

consistant with the volcanic-plutonic pattern suggested 

by West (1980) for the evolution of the Archean greenstone 

terranes and the adjacent metasedimentary gneiss belts. 

The proposed tectonic model is also consistant with the 

available geochronological data in that it supposes the 

Wabigoon Belt was at a more mature stage in the volcanic- 

plutonic cycle than the Shebandowan to the south during 

the initial development of the intervening Quetico belt. 

While it is recognized that there are undeniable 

ambiguities inherent in such broad schematic evolutionary 

models, it is felt that some attempt to synthesize the 

available geological evidence with the new geophysical 

data of this study is warranted. 
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GENERAL GEOLOGY 

The study area covers in part three sub- 

provinces of the Superior Province as recognized by 

Stockwell (1970). The area to the north is characterized 

by rocks of the Wabigoon Belt, and the area to the south 

is typified by rocks of the Shebandowan - Wawa Belt. The 

central portion of the area is underlain by rocks of the 

Quetico Belt (Figure 1). 

The general geology of the area is outlined on 

Ontario Department of Mines Geological Compilation Map 

2065 (Pye and Fenwick, 1965). The most detailed published 

map and account of the geology within the area is that by 

MacDonald (1939). The general geology of the study area 

is presented in Figure 2. 

For the purposes of the gravity study, it was 

expedient to divide the rocks into four major categories. 

These include the metavolcanic rocks, metasedimentary 

rocks, a variety of granitic rocks and a mixed group of 

gneisses and migmatites. Virtually all of the volcanic 

and sedimentary rocks in the area have been metamorphosed 

to some extent, typically greenschist facies. Henceforth 

for convenience the prefix "meta" will usually be dropped. 

The dominant geological feature common to all 

but the intrusive granitic rocks is a ubiquitous east-west 

penetrative planar tectonic fabric which is expressed 
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differently in the various rock types. It appears as 

a cleavage, schistosity or gneissosity and is apparently 

the product of major tectonic events which affected the 

area in the Archean. Proterozoic rocks in the area are 

generally undeformed apart from some local faulting and 

gentle tilting, 

THE METAVOLCANIC ROCKS 

The Archean volcanic rocks of the area, commonly 

referred to as greenstones, consist of massive pillowed 

flows and pyroclastic strata. Compositions range from 

mafic to felsic in nature. The basaltic to andesitic 

compositions appear to be the most common of the volcanic 

suite (MacDonald, 1939). They exhibit a steeply dipping 

east-west cleavage and are typically chloritized, produc- 

ing their characteristic dark green colour. Some exposures 

of these rocks show pillow structures which are generally 

deformed and elongated in an east-west direction. Where 

volcanic stratification can also be recognized, some pillows 

allow local top-directton determination. 

The more felsic units are composed primarily of 

rhyolite and rhyolite porphyries (MacDonald, 1939). These 

felsic rocks are typically massive with a fine grained to 

cherty appearance. The porphyries have a similar ground- 

mass with quartz or feldspar phenocrysts, or both. A few 

exposures of the porphyriticrhyolitedisplay flow banding 

(MacDonald, 1939). 



Minor pyroclastic and fragmental rocks are 

associated primarily with the felsic units, although 

9. 

some basic agglomerate and tuff of andesitic association 

are reported by MacDonald (1939). Massive to stratified 

tuffs are generally felsic in nature and typically 

metamorphosed to a chlorite schist. These rocks are 

commonly accompanied by minor iron formation and chert 

layers (MacDonald, 1939). 

Some chemical analyses of volcanic rocks near 

the extreme southwest corner of the area were performed 

by Shegelski (1980). He reports that in the Shebandowan 

Lake area, a suite of basaltic rocks outlines a typical 

island arc tholeiitic trend, and a chemically distinct 

suite of more silica-rich rocks outlines a calc-alkaline 

trend. A number of the latter group are rich in potassium 

and are considered by Shegelski (1980) to be members of 

a Shoshonite sequence. The relationship between this group 

of rocks and the main greenstone sequence has not yet been 

conclusively determined. 

METASEDIMENTARY ROCKS 

The main body of sedimentary rocks is exposed 

in a zone which parallels to the north the volcanic rocks. 

The principal type of sedimentary rocks in the area is a 

pelitic schist. These schists are typically fine grained 

wackes to mudstones usually deposited as laminated to 

thinly bedded turbidite sequences. These turbidites often 
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display graded bedding which enable younging directions 

to be determined. Schistosity is typically well 

developed by the preferred alicment of biotite or clay 

minerals. The schistosity generalliy parallels the 

bedding planes, which strike east to east northeast 

with steep to vertical dips. 

In the vicinity of the Trout Lake and Barnum 

Lake quartz monzonite plutons, the bedding and 

schistosity of the intruded sedimentary rocks are 

conformable with the circular to elliptical intrusive 

contact outlines. The schistosity appears to become 

more intense northward away from the volcanic rocks to 

the south. This effect is most pronounced toward the 

interface with the Quetico Belt gneisses and migmatites, 

although primary sedimentary features are generalljy 

preserved in many exposures. 

Several bodies of mixed coarse clastic sediments 

are found primarily within the volcanic units in the 

south central portion of the area, and their origin and 

structural and stratigraphic significance is not yet 

understood. They consist of conglomeratic, arkosic and 

greywacke rocks, and are generally poorly stratified. 

Fragments within conglomeratic pebbles are clearly granitic 

in origin but their source has yet to be determined. 

In the extreme southwest portion of the area, 



a unit of very fine grained and uniformly stratified 

slates is exposed along Hwy 11-17 near Shabaqua Corners. 

A similar unit is exposed just north of Kakabeka Falls 

between granitoid gneisses to the south and the volcanic 

rocks to the north. These rocks are clearly less 

intensely metamorphosed and deformed than the main body 

of turbidites. 

GRANITIC INTRUSIVE ROCKS 

A number of bodies of granitic rocks intrude 

the volcanic and sedimentary units of the area. Two 

masses of medium grained pink biotite-hornblende granite 

intrude the sedimentary and volcanic rocks in the eastern 

section of the map area. A mass of medium to coarse 

grained pink to red hornblende granite, herein called 

the Kivikoski Granite, intrudes the metavolcanic rocks 

of the south central portion of the map area. 

The area near the contact zone between the 

sedimentary rocks to the south and the migmatized gneisses 

of the Quetico Belt to the north is the site of a zone 

intruded by a number of granitic plutonic bodies. Kehlenbeck 

(1977) reports chemical analyses of rocks collected from the 

Barnum Lake and Trout Lake plutons (the latter by personal 

communication) which occupy a central position in this 

zone. Both bodies are classified as porphyritic quartz 

monzonite, and display a classic porphyritic texture of 
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large euhedral megacrysts (1-2 cm) of microcline 

feldspar set in a medium grained groundmass of quartz 

dioritic composition. 

The Whitelily Lake Pluton, exposed along Hwy. 

527 to the east of Barnum Lake, appears to be similar 

to the Trout and Barnum plutons but has not been mapped 

in detail. The regional aeromagnetic map (Figure 6) 

clearly shows the above plutons as well defined positive 

anomalies of circular to elliptical outline. Similar 

but not as well defined anomalies to the west of Trout 

Lake suggest the presence of other intrusive bodies, 

some evidence for which can be noted in a few exposures 

along Hwy. 17 and the Silver Falls road due south of 

Dog Lake. 

RQCKS OF THE QUETTCO BELT 

By far the most complex rocks of the study area 

both lithologically and structurallyare those within the 

Quetico Gneiss Belt. For the purposes of this discussion, 

these rocks exclude those greywacke turbidites to the 

south which are typically of lower metamorphic grade, but 

are often included within the loosely defined boundaries 

of the Quetico Belt (eg. Pirie and Mackasey, 1978). 

Rocks of the Quetico Belt include a heterogeneous 

group of migmatites, granitic and sedimentary gneisses and 
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a variety of minor constituents including myIonites 

amphibolites and pegmatites. The rocks are typically 

severely deformed and metamorphosed to upper amphibolite 

and locally granulitefacies. Because of their heterogeneity 

and deformation, it is often difficult to delineate 

specific lithologic units within these rocks. 

The most common rocks throughout the Quetico 

Belt in this area are pink to grey coloured quartzofelds- 

pathic biotite gneisses. They vary from an equigranular 

massive texture to a more layered appearance depending on 

the degree of mineral segregation. Locally these gneisses 

form zones of migmatite resulting from varying degrees of 

partial melting. The migmatite typically is well 

separated into a light coloured granitic fraction, the 

leucosome (or neosome) and a darker and more dense fraction 

interpreted as the paleosome, as defined by Winkler (1976). 

It has been proposed that the leucosome of the migmatite 

was produced by partial melting of the gneiss, while the 

paleosome, commonly referred to as biotite schist, 

represents the remaining unmelted fraction. (Winkler, 1976). 

Gneisses in a zone along the southern perimeter of the 

Quetico Belt in this area have been extensively migmatized 

and provide a sharp contrast to the generally well preserved 

sedimentary rocks to the south. This effect is most 

pronounced immediately to the north of the Trout Lake and 
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and Barnum Lake Plutons, where a body of leucocratio 

migmatite is exposed in a zone parallel to the Hawkeye 

Lake Fault. Throughout the western and central parts 

of the Quetico Belt in this area, the gneisses and 

migmatites appear to be composed of equal fractions of 

leucocratic and biotite schist components. Toward the 

north and east of the map area, the gneisses and 

migmatites become more impoverished in leucosome and 

exposures of biotite schists are more extensive. In 

the northeast portion of the area, exposures of basic 

rocks are more common than elsewhere in the area. 

Layers of amphibolite and mafic-rich gneisses have been 

recognized which follow the regional trend of steep 

dips and east-west strike. These layers have been 

related by Urquhart and West (1975) to sharp linear 

aeromagnetic anomalies in that area. The possible 

significance of this association will be considered in 

greater detail in a later section. 

Cataclastic rocks and myIonites are 

exposed in a zone a pprox i ma tely 1 km. in v/idth which 

trends east-west through the Quetico Belt across the map 

area (Figure 2). This area of cataclasis is interpreted 

as the eastward extension of the Quetico fault system. 
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STRUCTURE AND METAMQRPHISM 

The rocks in the study area display a 

ubiquitous penetrative schistosity that strikes east 

to east northeast and possesses steep to vertical dips. 

This fabric appears to reflect the dominant deformation 

that has affected this area. 

The volcanic rocks provide the least amount 

of information about the regional structure, owing 

principally to their macroscopic homogeneity. Mapping 

to date has not provided enough detail to outline the 

various layers of any mafic to felsic flow sequences. 

The few recognizable pillow structures and limited 

layering information indicate top directions both to 

the north and south. Unfortunately not enough exposures 

of this kind have been found to outline any recognizable 

fold structures. 

Based on detailed field studies, Kehlenbeck 

(in prep.) has outlined at least two distinct episodes 

of folding in a sequence of sedimentary rocks in the 

vicinity of Hazelwood Lake. Measurements of bedding, 

cleavage and recording of younging directions from graded 

beds made it possible to delineate the deformationa1 

history there. 

Kehlenbeck (in prep.) reports that these 

sedimentary strata were first folded about gently 
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plunging fold axes resulting in open upright folds 

with north-south striking axial surfaces. The Fi 

structures were refolded about a subvertical fold axis 

contained in east-west striking axial surfaces, 

producing an axial planar cleavage. The refolded 

folds were subsequently subjected to a homogeneous 

strain which resulted in the local development of 

kink folds (Kehlenbeck in prep.). 

Several workers consider the main deposition 

of sediments adjacent to the Quetico subprovince to 

have been contemporaneous with the volcanism in the 

Shebandowan-Wawa subprovince (Pirie and Mackasey, 1978). 

In this area, axial planar cleavage related to the 

tight east-west folding in the sedimentary rocks is 

continuous into the adjacent volcanic rocks, but no 

similar fold structures have yet been identified within 

these units. 

Structures within the Quetico gneiss and 

migmatite terrane are at least as complex as those in 

the lower grade sediments to the south. Small scale 

ptygmatic and intrafolial folds are common within the 

gneisses, and the migmatites usually display a "marble- 

cake" appearance related to the effects of partial 

melting. The paucity of distinctive lithologic units 
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makes the indentification of larger scale folds 

difficult. Lehto (1975) and Clendining (1981) have 

outlined major fold structures in two localities within 

the Quetico Belt in the area. Both structures are 

reported to be folded about east-west axial surfaces 

with steep dips, with fold axes which plunge at shallow 

angles of between 15° - 30° to the east-northeast and 

wes t-sou thwes t. 

The most obvious structural features within 

the Quetico subprovince are a number of major faults, 

including the Quetico fault system. Several invest- 

igators consider the main motion on the Quetico fault 

to have been right lateral (Schwerdtner et al, 1979). 

The magnitude of the apparent transcurrent motion or 

any vertical displacement has not been determined owing 

to the consistent lack of crosscutting relationships of 

identifiable marker horizons. 

The Hawkeye Lake fault is readily visible on 

aerial photographs as a deep topographic gash, now 

partly filled by Hawkeye Lake and feeder streams. There 

is also an apparent aeromagnetic lineament associated 

with the fault (Figure 6), but no distinctive fault zone 

textures are seen in the wallrock such as the myIonite 

related to the Quetico fault. The Hawkeye fault acts as 

a northern border to a zone of extensive partial melting 



18. 

that is most pronounced south of Hawkeye Lake in the 

One Island to Two Island Lake area. 

Lehto (1975) has described a pair of minor 

faults which strike north-northwest from the western 

terminus of the Hawkeye Lake. This subparallel pair 

of faults diverge to the north, and the apparent km. 

of horizontal motion has displaced the intervening 

block of bedrock to the north-northwest. 

The volcanic rocks and the more southerly 

layers of sedimentary rock have been regionally 

metamorphosed to at least greenschist facies. There 

is a subtle northward increase in the metamorphic 

grade and texture visible in the sedimentary sequence. 

Rocks nearest the volcanic unit still display graded 

bedding of clay-rich pelites. Towards the north, the 

clay minerals are replaced by biotite, and the graded 

bedding becomes texturally reversed by the growth of 

coarse garnets in the former fine grained "tops" of 

the graded beds. Near the contact zone between the 

sedimentary rocks and the gneisses of the Ouetico Belt, 

minor quartz veinlets appear interlaminated with the 

schistose sediments. 

This gradual increase in metamorphic grade 

northward in the sedimentary rocks is brought to a sharp 

truncation in a narrow zone of several hundred meters 
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width across which one encounters the much higher grade 

and more severely deformed gneisses and migmatites which 

typify the Quetico subprovince. 

Metamorphic mineral assemblages in the 

quartzofeldspathic gneisses and more basic rocks within 

the Quetico Belt suggest that upper amphibolite and 

occasionally granulite facies grade conditions affected 

the rocks presently exposed. Pirie and Mackasey (1978) 

have documented an axis effect based on the patterns of 

metamorphic assemblages they perceived at several 

localities along the length of the Quetico Belt. They 

have outlined a general scheme which finds the highest 

metamorphic grades toward the centre of the belt. 

Grades decrease towards the periphery which includes 

the metasedimentary units in their model. This pattern 

appears to operate in a general way in this area, as 

documented by Perry (1976). Local fluctuations from 

the pattern across the belt are probably related to 

the present structural disposition of the area. 

Kehlenbeck (1976) has detailed the facies 

changes and lithologies of the gneisses and schists that 

form the northern boundary zone of the Quetico Belt. The 

zone is characterized by Kehlenbeck as a complex front of 

increasing metamorphic grade southward from the volcanic 

and sedimentary assemblages typical of the Wagiboon Belt 
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into the rocks of the Quetico Belt. This transition 

appears to have been complicated by multiphase 

deformation and heating accompanied by partial melt- 

ing indicative of a possible increase in geothermal 

gradients southward (Kehlenbeck, 1976). 



THE GRAVITY STUDY 

During the 1980 and 1981 field seasons, 

350 new gravity stations were established (Figure 5), 

All readings were taken with a Scintrex CG-2 

Prospecting Gravimeter, with a calibration constant 

of 0.10846 mGals per division. 

The majority of the station elevations were 

determined by automatic levelling from available 

Ministry of Transportation and Communication geodetic 

benchmarks. Closed loops revealed elevations were 

accurate to ^0.75 meters over distances up to 12 km. 

For 90 stations, the elevations were directly available 

at benchmarks surveyed by the M.T.C. or the Geodetic 

Survey of Canada along Highways 11-17, 102, 527, 589 

and 591 (Figure 5). In less accessible locations, 

elevations were determined by barometry, using a Taylor 

recording barograph at a base station for pressure drift 

corrections. The elevations determined in this manner 

are repeatable to within —1.5 meters. 

The effect of gravimeter drift was controlled 

by the repetition of base station readings at four hour 

intervals. Standard data correction techniques were 

employed to reduce the data to a sea level datum (Telford 

et al.,1976). A free air correction of 0.09406 mGal/ft. 
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and a Bouguer correction of -0.03400 mGal/ft. were 

used based on the generally accepted upper crustal 

density value of 2.67 gm/cm^ (Gibb, 1968). The low 

topographic relief of the region obviated the 

application of terrain corrections. 

The station interval along the roads and 

lakes worked is typically 1 km., but varies from a 

minimum of 0.5 km. to a maximum of 3.5 km. The wider 

station spacing is typical of the stations established 

at M.T.C. benchmarks along Hwy. 11-17, 102 and 527 

(Figure 5). 

Innes (1960) reported on approximately 55 

previously established gravity stations in the vicinity 

of Thunder Bay. Three of these stations are included 

in the network of gravity base stations established by 

the Earth Physics Branch of the Department of Energy, 

Mines and Resources. These stations, described by Innes 

(1960) as located at the Port Arthur Baptist Church and 

the C.P.R. dock (in the north ward of Thunder Bay), and 

Lakehead Airport (in the south ward of Thunder Bay) were 

used as stations in a calibration loop to confirm the 

precision of the gravimeter dial calibration constant. 

Fifty of the stations described by Innes (1960) are included 

along with the 350 new stations of this study to produce a 

Bouguer anomaly map of the area (Figure 4 and 5). 

The base station at the Baptist Church (located 

at the corner of Red River Road and Algoma Street in 
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Thunder Bay's north ward) was used to establish a 

loop jf secondary base stations at benchmarks 

strategically located throughout the study area. The 

initial value of observed gravity reported by Innes 

(1960) for the Baptist Church station was 980,823.3 

mGals, with a Bouguer anomaly value of -74.8 mGals. 

These values v/ere based on the 1 930 International 

Geodetic Association formula for the theoretical 

value of gravity at sea level. The 1930 calculation 

for = 978.049 (1+0.0052884 sin^e - 0.0000059 sin^e) 

where e is the station latitude. 

Recent Earth Physics Branch computer listings 

give an adopted value of 980,807.0 mGals for the 

observed value of gravity at the Baptist Church station, 

and a Bouguer anomaly of -81,3 mGals. These values 

are based on the more recent 1967 Geodetic Reference 

System formula for theoretical sea level gravity given 

by 

G, = 978.031846 (1+0.005278895 sin^e + 0.000023462 sin^e). 

A correction is also applied to bring the 

original national base station network into agreement 

with the 1971 International Gravity Standardization Met. 

This adjustment, the Potsdam correction, has an average 

value of -14.7 mGals. A complete summary of the new 

international gravity base station network was published 

by Wool lard ( 1 979 ). 
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Theoretical sea level values of gravity for 

this area calculated by the 1967 GRS formula differ 

from the 1930 IGA values by -9.6 mGals at 48 degrees 

latitude to -9.4 mGals at 49 degrees. The present 

survey has used the older system adopted by 

Innes (1960) so that the resultant Bouger anomaly 

map would closely conform to values recorded on the 

regional Gravity Map Series published by the Earth 

Physics Branch of the E.M.R. Comparing values on 

Gravity Map no. 83 for this area with the recent 

computer listing of Bouguera noma 1y values for those 

stations shows that a simple correction of -6.1 mGals 

applied to the map values combines the Potsdam 

correction and new latitude corrections and will bring 

them into good agreement with the new gravity system. 

This correction can be applied locally with an accuracy 

of io.1 mGa 1 . 

Station locations were plotted on 1:50,000 

scale topographic maps, with a plotting accuracy of 

-0.001 degrees of latitude. This is equivalent to a 

maximum error in gravity determination of -0.1 mGals. 

Errors in gravity values due to inaccuracy of elevations 

are typically less than -0.2 mGals. Repeated readings 

at specific stations yielded values which varied no more 

than io.1 mGal. The cumulative maximum error for any 

station is considered to be less than 0.8 mGal, and is 
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probably less than 0.5 mGal at those stations 

established at M.T.C. benchmarks. All error estimates 

are relative to the assumed value of gravity at the 

Baptist Church base station, which is rated on the 

E.M.R. computer listings of gravity station data as 

accurate to 1 mGal. 

DESCRIPTION OF THE REGIONAL BOCGUER ANOMALY FIELD 

Before discussing the more detailed local 

gravity anomaly field (Figure 4) a review of patterns 

revealed on the regional gravity map Is valuable. 

A portion of the E.M.R. GraviiyMap Series No. 83 

(Figure 3) shows several major gravitational features. 

Two centres of relatively high anomaly values occur 

near Lac des Mi lies Lac and in the area between 

Shebandowan Lake and the townsite of Kaministikwia. 

Both of these anomalies appear to be associated with 

extensive exposures of primarily metavolcanic rocks. 

To the south and southwest of the Shebandowan- 

Kaministikwia anomaly, a broad east-west linear zone 

of relatively low gravityanomaly values is associated 

with exposures of granitoid gneisses. Typical values 

in and near Thunder Bay of -75 mGals extend westward 

parallel to the southern border of the study area. To 

the southwest of the Shebandowan-Kaministikwia anomaly. 
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this pattern develops into an anomaly of elliptical 

outline. Values in the centre of this anomalous 

area decrease to less than -90 mGal (Figure 3). 

A trend of low gravitational values extends 

to the west and east-southeast of the Dog Lake area, 

and is associated with the gneissic rocks of the 

Quetico Belt. Values in this zone are typically 

between -65 mGal and -70 mGal, with a small anomaly 

of elliptical outline with values less than -70 mGal 

located in the One Island - Two Island Lakes area. 

The broad zone of low values extends westward where it 

narrows between the Lac des Milles Lac and Shebandowan- 

Kaministikwia anomalies. This pattern appears to 

correspond to the narrowing of the Quetico Belt between 

the Wabigoon Belt and the Shebandowan Belt. To the 

north and northeast of the Dog Lake area, gravity values 

increase in an area characterized by metavolcanic and 

metasedimentary rocks of the Wabigoon subprovince 

(Figure 3) . 

DESCRIPTION OF THE LOCAL BOUGUER ANOMALY FIELD 

Figure 4 shows the Bouguer a noma 1y field outlined 

by the 350 new gravitystations established during this 

study and the 50 stations previously established in the 

area. In general, there appears to be a good correlation 
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between the gravitya noma 1y pattern (Figure 4) and the 

observed geology (Figure 2). 

The highest values of gravityoccur in the 

southwestern portion of the study area underlain by 

volcanic rocks of the Shebandowan subprovince. This 

anomaly, which is centered near the junction of Hwys. 

11 and 17 with values as high as -47 mGal, extends to 

the west toward Shebandowan Lake and east to where it 

appears to terminate south and east of the Kivikoski 

Granite. 

A second centre of relative gravity highs 

is located in the southeast section of the area, which 

is also underlain by volcanic rocks. The values outlining 

this anomaly are a maximum at -57 mGal. The volcanic 

rocks collected from this area appear from specific 

gravity measurements to be generally less dense than those 

apparently responsible for the Shebandowan-Kaministikwia 

anomaly. Although the volcanic rocks appear as a 

continuous belt from the western anomaly through to the 

east in surface exposure, the gravity anomaly pattern 

indicates a break between the two centres related either 

to a subsurface density contrast, the Kivikoski Granite 

or both . 

The most significant gravity low on the Bouguer 

anomaly map (Figure 4) is centered over the Trout Lake 



Pluton and extends northward into an area underlain by 

leucocratic migmatite and gneiss. This anomalous 

area typified by values of -70 mGal to -75 mGals is 

terminated to the north by the Hawkeye Lake fault 

(Figure 2, 4). One interesting feature is a small 

"lobe" of low gravity values which is directly 

associated with a wedge of rocks displaced to the 

northwest along the minor fault pair on the south 

shore of Dog Lake. 

Smaller gravity lows are associated with the 

Barnum Lake Pluton and Whitelily Lake Pluton, with 

values typically between -70 mGal and -73 mGal over 

these bodies. 

The two major faults in the area are both 

par tia 1 ly coincident with somewha t steeper gravity gradients 

than those over surrounding areas. In the eastern portion 

of the area, near Hwy. 527, values of -70 mGals over a 

zone of migmatization increase sharply to the north in 

the vicinity of the confluence of the Hawkeye Lake fault 

and the Quetico fault zone. As these faults diverge to 

the west, the steeper gradients remain associated with 

the Quetico fault only as far as Dog Lake. The anomaly 

pattern in the area of Dog Lake is relatively flat over 

the Quetico fault, while to the west near Hyw. 17, an 

east-west linear zone of low values of -70 mGal appears 
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associated with the Quetico fault zone. Clearly the 

character of the anomaly associated with the Quetico 

fault changes from east to west. Gradients of gravity 

are steep across the Hawkeye Lake fault which strikes 

along the northern boundary of the lov/ anomaly to the 

north of the Trout Lake Pluton. This pattern also 

appears to terminate at the southeast corner of Dog 

Lake (Figure 4). 

To the north of the Quetico fault zone, values 

of gravity increase, particularly in the area northeast 

of Dog Lake. Values in this areaclimb to -56 mGal, in 

apparent association with the increased occurrence of 

more basic gneisses and amphibolite. This broad anomaly 

pattern narrows and subsides to the west, with values 

between -65 mGal and -70 mGal. 

The general anomaly pattern shows a subtle 

"trough" of relatively low values which extends east to 

west as far as Dog Lake along the interface between 

recognizable sedimentary rocks and strongly migmatized 

gneisses. This zone of low values between -68 mGal and 

-70 mGal veers gently to the northwest in the vyestern 

section of the study area, and appears to connect with 

the linear 1 ov/ associated with the Quetico fault near 

Hwy. 17 as previously described. 

Immediately to the south of this linear low, a 



subtle parting of the gravity contours a 1ong Hwy. 17 

just north of the exposures of sedimentary rocks 

creates a small plateau of values of -”62 mGal. This 

area is underlain at the surface by the leucccratic 

gneisses and migmatites typical of the southern portion 

of the Quetico Belt, This pattern suggests that some- 

what denser rocks than those exposed at the surface may 

possibly extend northward beneath the southern boundary 

of the Quetico gneisses in this localized area. 

The pattern of gravity values over several of 

the granitic intrusive bodies other than the porphyritic 

quartz monzonite plutons provides some suggestion as 

to their subsurface extent. The largest body of granitic 

rocks is exposed in the eastern section of the study area, 

and values of gravity along Hwy. 527 across this body show 

little or no apparent deflection due to this body. This 

exposure of granite narrows somewhat about 6 km. to the 

west of Hwy. 527, and values of gravity decrease more 

noticeably over the granitic mass in this area centered 

just southeast of Hazelwood Lake (Figure 2, 4). 

The anomaly pattern related to the Kivikoski 

Granite to the south of the Trout Lake Pluton appears to 

create a break between the areas of higher values associated 

with volcanic rocks to the east and west. The relatively 

low gravity values associated with this body of granite 
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decrease to a minimum of less than -70 mGal, centered 

in an area 2 km. north of the exposure of granite. 

This may suggest a possible northward dip of this body. 

THE AEROMAGNETIC ANOMALY PATTERN 

The aeromagnetic anomaly pattern (Figure 6) 

shows a high degree of correlation with the trends 

observable on the Bouguer a noma 1y map (Figure 4). The 

most intense magnetic response is in the southwest 

section of the area which is typified by exposures of 

volcanic rocks which contain scattered exposures of 

iron formation. The latter locally enhance the 

typically high magnetic susceptibility of the basic 

volcanic rocks. The magnetic anomaly over the volcanic 

rocks in the more easterly section of the area is more 

subdued, a further indication of the relative paucity 

of more basic compositions in these rocks. 

The Whitelily Lake, Barnum Lake and Trout Lake 

plutons (from east to west) are each clearly outlined by 

circular to elliptical anomalies. There is also a subtle 

decrease westward of the intensity of these anomalies. 

To the west of the Trout Lake Pluton, rather vague 

outlines of similar anomalies suggest the presence of 

Plutonic bodies that either have not been recognized 

as such or are not exposed at the present level of erosion. 

The anomalies of this kind to the extreme west of the 

area are located in the same area in which the "trough" 
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of gravity lows associated with partial melting and 

migmatizati0n are located. With respect to the anomaly 

due west of Trout Lake, localized exposures of granitic 

material intruding the sedimentary rocks and deviations 

from the east-west bedding strike in this area suggest 

the nearby presence of possible intrusive rocks. 

To the north of the main zones of plutons, 

the magnetic contour lines parallel the Hawkeye Lake 

and Quetico faults. Like the pattern of gravity, this 

trend is only well developed east of Dog Lake and 

becomes more irregular toward the west. In the eastern 

half of the area north of the Quetico fault zone, there 

is an area of east-west trending linear magnetic 

anomalies. These long, narrow anomalies are located in 

the same area that the layers of basic gneiss and 

amphibolite are exposed interlayered with the gneisses, 

migmatites and biotite schist more typical of the Quetico 

Belt. Urquhart and West (1975) eliminated the possibility 

that these anomalies are due to dyke swarms that reach 

the surface, and modeled the anomalies in this area as 

due to vertical sheets of varying width (in the hundreds 

of feet) and rather high susceptibilities, measured in the 

-4 range up to 23 x 10 emu. 

This zone of linear anomalies extends to the 
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east out of the mapped area for a distance of 10-15 km. 

and similarly subsides toward the west in the vicinity 

of Dog Lake. This pattern intensifies again to some 

extend west of Dog Lake in the same area that the 

pattern of gravity contours narrow between the low 

associated with the Quetico fault zone to the south 

and a low in the northwest corner of the area. The 

latter low appears to be related to intrusive rocks 

in the area of Muskeg Lake (Figure 3). 
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DENSITY STUDIES 

During the course of this gravity study, 194 

rock samples were collected for specific gravity 

measurements. A Nettler balance was adapted to measure the 

dry weight of samples in air and their saturated weight 

in distilled water. The specific gravity is given by 

spec. grav. = wt. in air/(wt. in air - wt. in water). 

+ 3 
The results are considered to be reliable to —0.01 gm/cm . 

Four principal rock types were considered, with the 

results summarized in Figure 7. 

The porphyritic quartz monzonites were collected 

from the Trout Lake and Barnum Lake Plutons. Thirty-seven 
3 

samples produced a range of density values from 2.60 gm/cm 

3 3 
to 2.75 gm/cm , with an average of 2.66 gm/cm . The 

density values from each of the plutons separately also 
3 

had averages of 2.66 gm/cm , and were therefore grouped 

together. The denser samples were typically those taken 

from near the periphery of the intrusions, while the lighter 

samples were collected from the central part of the Trout 
3 

Lake Pluton. The average value of 2.66 gm/cm was used 

in the modeling of these bodies. 

The metasedimentary rocks were collected from 

outcrops throughout the area. Twenty-four samples weighed 

3 
exhibit a sharp peak at 2.75 grn/cm , with the distribution 

skewed slightly toward the denser samples. The average 
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3 
value of 2.76 gm/cm was used for modeling. Nineteen 

samples of "Coutchiching mica schist" collected by Innes 

(1960) from the Thunder Bay to Rainy Lake area showed 

3 
an average of 2.75 gm/cm . One hundred and sixty-two 

samples of metasedimentary rocks from Manitoba studied 

by Gibb (1968) had an average of 2.76 gm/cm^, as did 

similar metasedimentary rocks from the Sturgeon Lake 

area (Dusanowskyj et al. , 1 975 ). 

Samples of metavolcanic rocks were collected 

from outcrops throughout their exposure in the area. 

Forty-two samples were determined with a very wide range 

3 3 of values from 2.64 gm/cm to 3.06 gm/cm . The majority 

3 3 of the samples were between 2.70 gm/cm and 2.80 gm/cm , 

which is typical for andesitic compositions. The 

calculated average of 2.78 gm/cm is probably not 

representative of a typical greenstone belt assemblage. 

Innes (1960) determined an average of 2.96 gm/cm for 84 

samples of "Keewatin greenstones", which were apparently 

mostly basaltic in composition. Gibb (1968) sampled 51 

Precambrian greenstone volcanic rocks and arrived at an 

average of 2.85 gm/cm . Dusanowskyj et al., (1975) 

weighed some 450 samples from the metavolcanic exposures 
3 

around Sturgeon Lake and found an average of 2.91 gm/cm , 
3 

with some 306 mafic samples averaging 2.95 gm/cm . 

Szewczyk and West (1976) sampled 27 metavolcanic 
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DENSITY DISTRIBUTION HISTOGRAMS 

A. PORPHYRITIC QUARTZ MONZONITE 
37 SAMPLES - AVERAGE DENSITY = 2.66 gm/cm^ 

B. METASEDIMENTARY ROCKS 
24 SAMPLES - AVERAGE DENSITY = 2.76 gm/cm^ 

FIG. 7A) and B) Frequency Distribution of Sample Densities 
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DENSITY DISTRIBUTION HISTOGRAMS 

C. METAVOLCANIC ROCKS 
42 SAMPLES - AVERAGE DENSITY = 2.78 gm/cm^ 

D. MIGMATITE and GNEISS 

11 

10 

9 

6 

5 

2 

0 

86 SAMPLES - AVERAGE DENSITY = 2.68 gm/cm^ 

LEUCOSOME - 42 SAMPLES 
- AVERAGE = 2.63 gm/cm^ 

MELANOSOME - 44 SAMPLES 
- AVERAGE = 2.74 gm/cnn^ 

2,56 2,61 2 66 2.71 2,76 2,81 

Sample Density (gm/cm^) 

FIG. 7C) and D) Frequency Distribution of Sample Densities 
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rocks from the Ignace area, and found a strongly 

b1 modal density distribution, with peaks at approximately 

3 3 2.78 gm/cm and 3.0 gm/cm , with an overall average of 
3 

2.87 gm/cm . Considering the wide range of values and 

their bimodal distribution, Szewczyk and West (1976) 

concluded that their average density was somewhat 

unrepresentative of an overall formational density, and 

chose to use Gibb's (1968) 2.85 gm/cm as a model 

density. 

This study appears to have sampled mainly rocks 

which would be typical of the less dense peak of the 

bi modal pattern found by Szewczyk and West (1976), with 

3 
only 8 samples of 42 denser than 2.85 gm/cm . It appears 

that the sampling of the metavolcanic rocks along 

exposures on Hwy. 11-17 and 102 has inadvertently followed 

the east-west strike of more andesitic to felsic layers, 

and resulted in a bias in the density distribution. 

Sampling across strike in other areas revealed a more 

representative range of density values. Considering the 

apparent abundance of denser samples recovered by Innes 

(1960) from the same metavolcanic units, an average density 

of 2.85 gm/cm as determined by Gibb (1968) was used for 

the modeling of the volcanic structures in the western part 

of the area. In the eastern part of the area, there is less 

3 
evidence of more basic rocks, and a density of 2.80 gm/cm 
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was employed in the modeling procedure. 

Eighty-six samples of migmatite and gneiss 

were obtained from outcrops within the accepted boundaries 

of the Quetico Belt in this area. A strong bimodal density 

distribution is revealed for this diversified group of 

rocks. Every attempt was made to sample both the 

leucocratic and biotite schist components in proportion 

to their apparent exposure in outcrop. As a result, 

roughly equal numbers of the leucocratic and biotite 

schist samples were collected. An average density of 

3 
2.68 gm/cm was found for all samples. An average of 

3 
2.63 gm/cm characterizes 42 samples of the more leucocratic 

3 
rocks with densities less than 2.68 gm/cm , and an average 

3 
of 2.74 gm/cm was found for 44 samples, mostly biotite 

3 
schist, denser than 2.68 gm/cm (loosely referred to as 

"melanosome" in Figure 7D). 

Szewczyk and West (1976) obtained an average of 
3 

2.68 gm/cm for 108 samples of gneiss and migmatite from 

the Ignace area, which cover the same general range of 

density values but do not exhibit the same bimodal 

distribution. This pattern appears to reflect the scale 

of segregation of leucosome and paleosome of the migmatites 

considered by this study. While the segregation is on a 

scale large enough to collect hand samples of each component, 

it is not broad enough to warrant any attempt at modeling 
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the two components as distinct lithologic units. It is 

on this basis that the overall average density of 
3 

2.68 gm/cm is used to model the gneisses and migmatites 

exposed at the surface'throughout the Quetico Belt. 

Five samples of basic gneiss and amphibolite 

were collected from the east-central part of the Quetico 

Belt in the map area. The basic gneiss samples had an 
3 

average density of 2.79 gm/cm and the amphibolites a 
3 

density of 3.00 gm/cm . 
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MODELING METHODS AND RESULTS 

Models of the subsurface distribution of 

the various rock units previously discussed were 

generated based on the observed surficial geology, the 

measured density data and the gravity anomaly pattern 

determined by this survey. To this end, two computer 

programs were utilized to compute gravity values for 

model subsurface structures and to compare those model 

values with the observed values. 

A three-dimensioned program based on an 

algorithm written by Y. Lamontagne was kindly provided 

by Dr. Gordon West of the University of Toronto. This 

program defines model structures as stacks of vertically 

sided prisms or horizontal sheets of polygonal outlines. The 

thickness, depth and density of each prism is uniquely 

assigned, and the position of each prism is outlined by 

the definition of the vertices of its polygonal plan. 

A second program is an interactive E^^-dimens ional 

inversion scheme originally written by John Snow and 

available in its present form from the Earth Science 

Laboratory of the University of Utah Research Institute. 

This routine defines model structures as vertical cross 

sections of polygonal plan. The 2%-dimensional 

designation comes from the ability to uniquely define 

the strike length into and out of the cross sectional 

plane of each polygon in the model. The search and 
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inversion capabilities of the program are made 

possible by the input of parameters which define the 

degree of manipulation of the vert ice coordinates 

and/or density desired. 

The modeling technique in general began 

by defining a crude 3 dimensional model that followed 

the surface geology as closely as feasible, and 

densities were assigned to the modeled rock units 

based on the results of the density studies and some 

reasonable assumptions. The background density employed 
3 

for the modeling was 2.68 gm/cm , which is the average 

density of the granitoid gneisses along the southern 

border of the study area and the gneisses and migmatites 

exposed throughout the Quetico Belt. The model volcanic 

3 units to the west have a cap layer of density 2.80 gm/cm , 

which is close to the measured average of these rocks, 

but are underlain by a substructure with a density of 
3 

2.85 gm/cm which is assumed to be a more tyoical value 

representative of greenstone sequences. The volcanic 

units to the east have been modeled with a density of 
3 

2.80 gm/cm as there is much less evidence of more 

basic compositions there to justify the higher assumed 
3 

value of 2.85 gm/cm . 

The zone of leucocratic migmatite north of 

the Trout Lake and Barnum Lake Pluto ns is modeled with 
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3 
a density of 2.64 gm/cm , and granitic units are 

3 
variously modeled with densities of 2.63 gm/cm and 

3 
2.65 gm/cm . The sedimentary rock units and the 

porphyritic quartz monzonite plutons are modeled 

3 3 with densities of 2.76 gm/cm and 2.66 gm/cm 

respectively. 

The other assumption made concerning density 

distribution is that the gneiss and migmatite exposed 

in portions of the Quetico Belt are underlain by a 
3 

unit with density greater than 2.68 gm/cm . This 

assumption is based on the exposure of basic gneiss 

and amphibolite in the northern and eastern part of 

the map area, and the continuation of gravity and 

magnetic patternsrel a ted to these limited exposures 

toward the western part of the Quetico Belt. The 

measured density value of several samples of basic 

3 
gneiss have an average of 2.79 gm/cm , while samples 

3 
of amphibolite have a value of 3.00 gm/cm . Gibb (1968) 

3 
measured an average of 2.79 gm/cm for 260 basic 

sedimentary gneissic samples. Including some of the 

denser amphibolites within this unit, an overall 

3 
formational density of 2.80 gm/cm was assigned to this 

unit. 

The modeling procedure was initiated by the 

application of the 3-D program to simplified block 
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models. After several attempts, a configuration 

was found that generated values which crudely simulated 

the observed anomaly trends. The 2^g-D program was then 

utilized to refine this model along six critical 

profiles (Figure 4, 8, 9). The general east-west 

strike of the regional structures allowed the 

exploitation of north-south cross sectional profiles 

to simulate the 3-dimensional structure in 2J^-di mens ions 

with a reasonable degree of reliability, (see Appendix B) 

The search and inversion capabilities optionally 

available with the Ih D program were utilized only to a 

limited extent. Search parameters are necessary to 

control the manipulation of each individual vert ice of 

each polygon within the model, and often the selection 

of values for these critical parameters was rather time 

consuming. The limited data editing functions of the 

program itself are also somewhat primitive in comparison 

with the system file editor capabilities available on 

the DEC VAX 11 computer on which all computations were 

performed. It v;as found that the model data file could 

be manually edited much faster with the VAX-11 editor. 

The program was then used to calculate the forward 

problem in 2^^-d i men s i o n s , and the results examined. A 

complete cut-and-try cycle of editing and computation 

could be performed in fifteen to thirty minutes depend- 
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ing on the complexity of the model. The cut-and-try 

method has the advantage in this case of keeping 

geological "sense" in the control of the investigator 

as opposed to the automatic model manipulation 

generated by the inversion and search algorithms. 

The Marquardt inversion algorithm in general requires 

a good model fit to start with or computational 

stability problems arise. 

The resultant 2^-D model structures and 

comparative profiles of the observed and computed 

gravity values are summarized in Figures 8 and 9. 

The computed values of gravityfor the model structures 

presented can be seen to agree well with the profiles 

of the new gravity data. The modeled structures were 

configured to reduce the discrepancy between the 

computed and observed values to within the range of 

error expected in the observed data, 0.8 mGal. All 

model structures were constructed based on the exposure 

of the various rock units at the surface and the 

assumption that there is no variation in density for 

the model units with depth. This assumption does not 

apply in the case of the volcanic unit in the western 

portion of the area as previously described. The model 

structures represent the lateral and depth extent of 

the density constrasts between the various rock units 
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FIG. 8A - Observed and 2V2 - D Model Gravity Profiles 
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FIG. 8B and C - Observed and 2V2 - D Model Gravity Profiles 
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represented. It must be considered that a variety 

of configurations of these density contrasts could 

produce similar computed results. It is the 

responsibility of the investigator to develop 

geologically reasonable models from the many solutions 

p 0 s s i b 1 e . 

The density contrast representative of the 

volcanic unit is modeled as a basinal or keel-like 

structure which typically extends to depths of between 

6 and 10 km. on profiles B-B' to F-F' (Figure 8). The 

sharp keel-shaped structure modeled on profile A-A' 

is shown extending to a depth of 13 km, and still does 

not adequately reproducethe peak gravity values observed. 
3 

Local layers of rock denser than 2.85 gm/cm may be 

responsible for the narrow peak along this profile. 

The generally synformal shape of the model 

volcanic structure in cross-section is flanked to the 

south by a broad domical structure considered to be 

representative of the granitoid gneisses exposed along 

the southern border of the map area. To the north of 

the volcanic structure, the density contrast 

representative of the greywacke turbidite metasedimentary 

rock unit is modeled as outlining a basin-like structure of 

variable depth extent. The modeled sedimentary structure 
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is shown as deepening somewhat in some cases away from the 

adjacent volcanic unit, producing a domical appearance to 
3 

the background rock unit of density 2.68 gm/cm which 

is shown as underlying the volcanic and sedimentary 

structures depicted. 

Where in immediate juxtaposition, the contact 

between the model volcanic and sedimentary structures 

appears to be steeply dipping toward the south. The 

model sedimentary units vary considerably in depth extent 

from profile to profile, ranging from 3 km. to 8 km. 

The model sedimentary unit appears to shallow to the 

east from profile A-A* to C-C' along the northern flank 

of the volcanic structure in the west half of the area. 

This sedimentary structure also appears to shallow to the 

east from profile D-D' to F-F' along the flank of the 

more easterly model volcanic unit. Along profile A-A', 

the density contrast representative of the sedimentary 

unit is depicted as extending 10 km. to the north beneath 
3 

a thin tapered layer of rock of density 2.68 gm/cm 

considered here to represent the gneisses and migmatites 

of the Quetico Belt. 

On all the profile cross-sections, the model 

sedimentary unit is flanked to the north by a thick 
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south dipping wedge-shaped structure representative 

of the gneiss and migmatite. This wedge-shaped 

structure is modeled as an arcuate zone convex to the 

south. This unit is shown as located on profile A-A' 

(Figure 8) between kilometer 40 and 45, and is 

depicted as swinging south on profiles B-B' and 

C-C' to kilometer 28 to 30. The wedge-shaped 

structure then appears to be located more toward 

the north again through D-D' to F-F', where the 

somewhat shallower dipping structure is located 

between kilometer 36 to 45. On profiles D-D' and 

E-E', part of this "gneissic" wedge is modeled as a 

less dense unit (2.64 cm/gm ) representative of the 

zone of leucocratic migmatite, shown between kilometer 

29 and 34. 

Profiles D-D' and E-E' also are shown with 

a number of structures representative of intrusive 

granitic rocks. A 7 km. deep plug of rock of density 
3 

2.63 gm/cm is modeled as occupying a central position 

within an domical structure of the unit of density 

3 2.68 gm/cm , here considered to represent granitoid 

gneiss. Where exposed at the surface between kilometer 

12 and 14 on D-D', this model granitic plug is considered 

to represent the Kivikoski granite. The extent of this 
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unit in cross-section was suggested by the gravity 

low to the north of the granitic exposure shown on 

profile D-D' (Figure 8) and on the Bouguer gravity 

map (Figure 4). The result of the modeling procedure 

in this profile section shows a relatively thin unit 

representative of the volcanic rock of density 
3 

2.85 gm/cm underlain between kilometer 14 and 18 by 

the granitic plug. A somewhat similar but less 

extensive unit representative of granitic rock is 

shown on profile E-E', modeled as separating the 

volcanic and sedimentary units between kilometer 19 

and 21. This granitic unit shown on E-E' is continuous 

with the thin sheet of granite modeled on profile F-F' 

between kilometer 19 and 24. 

The Trout Lake Pluton is modeled in cross- 

section on profile D-D' between kilometer 22 and 29. 

This unit of density 2,66 gm/cm is representative of 

the quartz monzonite porphyry, shown as overlying to 

some extent the enveloping model sedimentary unit. 

This pluton is also shown as being bordered to the north 

by the model unit of leucocratio migmatite. While 

the contact is depicted as dipping steeply to the south, 

the low density contrast between the two units prevents 

a clear resolution of the orientation of this interface. 
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A steep to vertical contact is considered the most 

reasonable arrangement based on the steep dip of the 

sedimentary bedding planes near the contact and the 

aeromagnetic anomaly pattern (Figure 6). 

The Barnum Lake Pluton is represented on 

profile E-E ' between kilometer 28 and 31 as a 6 km. 
3 

deep plug with a density of 2.66 gm/cm . This 

porphyritic quartz monzonite unit is modeled as 

enveloped to the north and south by sedimentary units, 

to a depth of 2 km. on the south flank and 4 km. on the 

north flank. 

The gneiss and migmatite of the Quetico Belt 

represented by the unit of density 2.68 gm/cm is shown 

on all profiles as being underlain by a model unit of 
3 

density 2.80 gm/cm . This unit is intended to represent 

a zone dominated by basic gneiss and amphibolite but not 

necessarily exclusive of less dense granitoid gneiss. 

In general, this unit is modeled to be very close to the 

surface in the east along profile F-F' and inclined at 

a shallow angle toward the west. The unit typically is 

modeled as more sharply inclined to the south and tapering 

to a truncated edge which defines the base of the wedge- 

shaped unit representative of gneiss and migmatite as 

previously described. 
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The basal surface of the modeled dense sub- 

stratum is typically gently convex upward, and the unit 

as a whole appears to thicken toward the north 

particularly along the more easterly profile sections. 

On several profiles, D-D' and E-E' in particular, the 

dense layer is modeled as having been dislocated along 

steeply dipping planes. Such apparent vertical dis- 

placements, suggested by the increase of the gradient 

along several of the gravity profiles located at 33 km. 

and 40 km. coincide with the exposure at the surface of 

the Hawkeye Lake and Quetico faults respectively. Sharp 

changes in the angle of the southward dip of this unit 

on profiles A-A' and F-F' also coincide with the 

position of the Quetico fault. Based on the model 

results and the gravity profile pattern, no effect of 

apparent fault related displacement is shown on profiles 

B-B' and C-C' . 

The structures suggested by the 2J^-d imens i onal 

modeling program were tested with the 3-dimensional 

program. Forty-nine prisms of varying density, thickness 

and polygonal outline were arranged to simulate the 

cross-sectional structure along the various profile planes 

suggested by the 2^-D models. The configuration of the 

3-D polygonal prism model, while necessarily simplified 

in comparison, reproduces the anomaly pattern of observed 

gravity reasonable closely in the same profile planes 

utilized in the 2%-D program. 
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The fit of the computed data based on the 

3-D program is not able to achieve the same degree 

of statistical fit as the more easily manipulated 

2k-D model sections, but seldom deviates more than 

2 to 3 mGals in the areas of poorest fit. Without 

regard to sign the average difference between the 

observed data and the data computed for the 3-dimensional 

model is 0.9 mGal, which is considered acceptable in 

consideration of the expected error range of up to 

0.8 mGal for the observed gravity values. The poorest 

average profile fit is +1.4 mGal while the most 

successful profile fit is -0.1 mGal. (see Appendix B) 

The 3-D model structures, while difficult 

to illustrate meaningfully, generally confirm the 

structural trends outlined by the model profiles from 

the 2%-D program (Figure 9). One point of interest 

that is difficult to resolve in 2k-D is the relationship 

between the Trout Lake and Barnum Lake, Plutons. While 

the gravityoattern suggests a possible subsurface 

connection between the two, the aeromagnetic data and 

the 3-dimensional models of these units suggest they 

are separate bodies, but share a common base within 

the model wedge of leucocratic migmatite to the north. 

The 3-dimensional model of the Trout Lake 
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Pluton generally confirms the north-south cross- 

sectional plan suggested by the 2%-dimensiona1 model. 

In an east-west profile cross-section, the pluton is 

modeled with steeply inward dipping contacts. The 

Barnum Lake Pluton is modeled as a tapering plug with 

a steep inclination toward the west to a depth of 

approximately 5 km., in good agreement v/ith the 2%- 

dimensional model and a magnetic study of the body 

(Cheadle, 1980). 

The Whitelily Pluton just to the east of 

profile section F-F' (Figure 8, 9) is modeled as a 

simple prism of 4 km. depth which closely reproduces 

the anomaly perturbation associated with that body. 

Similar gravity perturbations along profiles A-A' 

and C-C' also appear to be related to similar intrusive 

bodies, as suggested by the aeromagnetic anomaly pattern 

(Figure 6). While no attempt was made tomodel these 

units either in 2h-D or 3-D, the domical structure of 
3 

density 2.68 gm/cm underlying the model sedimentary 

unit in profile A-A' at 30 km. coincides closely with 

the suspected plutonic body in that location. 
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DISCUSSION AND INTERPRETATION 

The model structures suggested by the 

observed geology and the gravity and aeromagnetic 

anomaly patterns will be considered in terms of 

modern theories of Archean crustal evolution 

(Figures 8, 9, 10). 

In general, the model profiles share a 

common pattern. A domical structure of granitoid 

rocks along the southern border of the area abutts 

a trough or keel structure of volcanic rocks. A basin-like 

structure of sedimentary rocks adjacent to the volcanic 

unit deepens away from the volcanic trough and is 

truncated on its northern boundary by a thick south- 

dipping wedge of granitoid gneisses and migmatites. 

This wedge of gneiss and migmatite is underlain by a 

layer predominantly composed of dense basic gneiss and 

amphibolite. An apparent series of small plutons 

originating from the base of the migmatite wedge and 

the southern edge of the basic layer intrude upward 

through the northern edge of the sedimentary unit. The 

basic substratum is always thinnest along its southern 

edge, and variably thickens and/or domes upward toward 

the north. This layer also appears gently inclined 

toward the west (Figures 8, 9). 
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Theories regarding crustal evolution abound, 

and are summarized in a number of publications 

(Windley, 1977; Condie, 1981). Several recent papers 

have dealt with the evolution of the physical conditions 

which ultimately control the mechanics of Archean 

tectonic activity. 

Tarling (1980) has proposed a model of 

lithospheric evolution based on postulated changes in 

geothermal gradients, mantle convection rates and 

their effects on the tectonic regimes prevalent during 

geological time. Tarling has characterized the Archean 

as a period during which rapid mantle convection and 

high radioactive heat flux produced geothermal 

gradients considerably steeper than those known presently. 

Initially, a thin primitive lithosphere somewhat similar 

to modern oceanic lithosphere hosted a small area of 

proto-continental blocks. During the Archean between 

3.8 b.y. and 2,5 b.y., Tarling proposes that the two 

dominant Archean crustal rock types, greenstone volcanics 

and granitoid gneisses were emplaced as a slowly ccoTing 

and thickening oceanic lithosphere resulted in segregation 

of lithospheric components by partial melting at increasing 

depths beneath subduct ion sites. 

Initially, the angle of subduction of the thin 
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(30 km.) oceanic lithosphere beneath early volcanic 

arcs was shallow, and dehydration and partial melting 

at depths of approximately 100 km. produced generally 

sodic differentiates of granodiorite. Tarling suggests 

that as the subducting lithosphere thickened to 40 km, 

the depth of complete dehydration would increase to 

200 km, at which depth more potassic melts would be 

produced. He also proposes that as these proto-continental 

blocks thickened, isostatic compensation over large 

distances would be able to support greater accumulations 

of sediment which presumably would be rich in heat 

producing elements such as K, Th and U. 

Tarling suggests that by the end of the Archean 

2.7 - 2.5 b.y ago subduct ion was extended to depths of 300 

km beneath a thickening continental lithosphere as the 

isopeistic level deepened. He proposes that the end of 

the Archean was marked by the stabilization of amphibolites 

at the base of the continental crust. The release of 

water and other volatiles from this widespread phase 

change would result in the accumulation of granitic 

material rich in radiogenic elements in the upper crust. 

Tarling also proposes that the depletion of volatiles 

would increase the solidus temperature of the continental 

block, and quickly increase its rigidity in comparison 



66. 

with oceanic lithosphere. The continental lithosphere 

would thicken rapidly from 50 km, to over 200km., and 

end the rapid horizontal tectonism of the Archean in 

favour of more enhanced vertical tectonism and 

granitic diapirism which characterizes the Proterozoic 

period of continental stability (Tarling, 1980). 

West (1980) has proposed a similar model 

for crustal evolution during the Archean based in part 

on finite element modeling of the formation of observed 

greenstone synform-granitoid gneiss dome structures 

(West and Mareschal, 1979; Mareschal and West, 1980). 

West (1980) described in some detail the 

mechanisms by which the Archean continental crustal 

features developed in an environment of high heat flow 

and locally copious volcanism. West proposes that as 

successive layers of volcanic rocks and associated 

supracrusta1s become buried, they would undergo partial 

melting resulting in shallow granitic bodies and a 

deeper mafic residuum. Continued burial would lead to 

melting of this residuum at a depth of approximately 50 

km. producing a tonal i tic magma and an ultramafic residue. 

The granitoid magma would rise to form an intermediate 

crustal layer while the ultramafic material would in part 

return to the mantle convection cycle (West, 1980). 

West has shown that local effusive volcanism 

onto this developing granitoid crust would create a 



thermal blanketing effect and an unstable density 

and viscosity contrast between the volcanic material 

and the underlying granitoid layer. West and 

Mareschal (1979, 1980) used thermal constraints 

and finite element modeling techniques to explore the 

possible mechanical results of such an arrangement 

under a variety of postulated geothermal gradients 

and viscosity conditions. The results tended to be 

generally insensitive to changes in the initial 

parameters suggesting a possible explanation for the 

similarity of Archean structures which must have 

developed over a broad time interval and variable 

local conditions. 

In West and Mareschal 's model study, an 

initial perturbation at the volcanic-granitoid interface 

would evolve slowly until the radioactive heat flux 

generated in the granitoid layer and trapped by the thick 

cool volcanic blanket would cause softening in the 

substratum. The viscosity difference combined with the 

density inversion would cause the volcanic material to 

begin to sink at the site of the initial perturbation, 

forming a synformal trough flanked by upwelling 

orthogneissic dome structures. They suggest that the 

doming exerts some lateral compression which contributes 

to a vertical elongation which develops in the trough- 

like volcanic structure. They also propose that 
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geothermal gradients would be depressed in the 

vicinity of the infolding volcanic pile. 

West (1980) proposes that this mechanism 

could eventually ingest the volcanic material by 

complete diapiric overturn, which would trigger 

another cycle of partial melting and further thickening 

of the continental lithosphere and concentration of 

radiogenic elements near the surface. Volcanism, 

ingestion and partial melting could proceed in cycles 

as long as the temperature and pressure conditions 

postulated for the Archean crust persisted. Eventually, 

the decrease of crustal geothermal gradients and the 

events described by Tarling (1980) at the beginning of 

the Proterozoic would diminish the capacity of the crust 

to sustain the gravity driven ingestion of greenstone 

volcanic material. Greenstone style volcanism itself 

seems to have diminished sharply after the Archean, 

possibly due to the increased angle of subduction of a 

thin oceanic lithosphere beneath the greatly thickened 

continental lithosphere (Tarling, 1980). 

It is apparent from the model cross-sections 

(Figures 8, 9) that the volcanic structures and adjacent 

granitoid gneisses in the study area conform well with 

the form predicted by the West-Mareschal model. Lateral 

compression and synformal infolding between the upwelling 
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gneissic domes would contribute to the strong east- 

west striking and near vertical foliation apparent 

in the volcanic and adjacent rocks. The depression 

of geothermal gradients near the volcanic keels 

predicted by their model would also adequately explain 

the pattern of increasing metamorphism away from the 

volcanic unit in this area. 

A principal result of the evolution of 

continental crust as envisaged by both West (1980) 

and Tarling (1980) is the accumulation of radiogenic 

granitophile elements near the surface and the increased 

ability of the thickening crust to support significant 

thicknesses of sediment rich in those elements. West 

(1980), Condie (1980) and others (Goodwin, 1977) consider 

the gneiss and migmatite belts of the Superior province 

to have been basins which received the sedimentary 

material eroded during adjacent continental crustal 

emergence. Allis and Garland (1979) recorded heat flow 

measurements within the Quetico Belt and other locations 

throughout the Superior province. Their results showed 

anomalously high heat flow and relatively high K and Th 

contents in the rocks of the Quetico Belt. 

While Condie (1981) considers that the high 

grade linear belts were such basins, he points out that 

one difficulty with such a concept is the apparently 
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great depth of burial implied by metamorphtc mineral 

assemblages now exposed. Condie (1981) invokes 

several possible schemes including underplating and 

upcurrents of mantle convection to explain the 

phenomenon. West's (1980) model suggests a somewhat 

simpler explanation that seems to agree well with the 

structures implied by the gravity models. West 

describes the results of a thick accumulation of 

sediments on an Archean crust. A thermal blanketing 

effect could again develop but because of the diminished 

density inversion, diapiric overturn would not necessarily 

occur as it would in the case of volcanic material. Only 

if the pile were thick enough that metamorphism converted 

the base of the pile to a dense substratum of basic gneiss 

would any degree of diapirism take place. 

West (1980) postulates that the Quetico Belt 

and its counterparts elsewhere in the Superior province, 

(i.e. English River Belt) may have developed in basins, 

possibly rift related, that developed prior to a volcanic- 

plutonic cycle of cratonization . Sedimentation from the 

emergent era tonic block or belt would fill the basin and 

in approximately 30 m.y. crustal softening beneath the 

pile, uplift and compressive cratonization stresses would 

result in the observed gneiss-migmatite belt (West, 1980). 



There is some suggestion from radiometric 

age determination and paleomagnetic drift data that 

the alternating high-grade and low-grade belt pattern 

in the Superior province progressed chronologically 

from north to south, such that the Wabigoon Belt may 

be somewhat older than the Shebandowan Belt (Goodwin, 

1976; Dunlop, 1979). In this case, the Wabigoon 

volcanic-plutonic terrane would be the initial source 

of material into a marginal basin to the south. The 

basin would be floored by lavas and greywacke 

turbidite sequences. As the cycle of gneissic 

diapirism and plutonism described by West (1980) 

proceeded to the north, the sediments would become 

progressively more quartzofeldspathic in nature and 

rich in granitophile radiogenic elements (Figure 10). 

Dunlop (1979) has suggested that based on 

paleomagnetic models, the Shebandowan-Wawa Belt may 

have been emplaced after the Wabigoon Belt. Consider 

this second developing cratonic arc approaching from 

the south, shedding a second cycle ofturbidite sediments 

into the basin. Thermal anisotropy in these laminated 

sediments would partially trap heat generated in the 

underlying (and interlayered) quartzofeldspathic pile. 

The lavas and turbidites at the base of the pile would 

have been metamorphosed to amphibolites and basic gneiss 
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and biotite schist. This pile as a whole would 

contribute to thermal softening of the underlying 

granitoid crust as described by West (1980). Thermal 

gradients through the basin would be artificially 

steepened while in the adjacent volcanic terrane 

they would be decreased, providing for the pattern 

of metamorphism noted. 

Heating and softening in both the basement 

gneiss and the sedimentary basin would develop in a 

regime of north-south compressive stresses. Without 

a significant density contrast to perpetuate downsagging, 

partial melting, tight folding and diapric uplift 

possibly accompanied by nappe style tectonics would 

result in the formation of the metasedimentary-gneiss- 

mi gmatite belt observed. 

Several features of the observed geology and 

geophysics help support this hypothesis. The predominantly 

granitic gneisses and migmatites that are exposed 

throughout the OueticoBelt are unlikely to have evolved 

solely from the greywacke turbidite sequences which flank 

the belt. Allis and Garland (1979) found that the rocks 

richest in K, Th and U are located in the Quetico Belt 

and parts of the Wabigoon Belt to the north, where 

extensive outcropping of granitic rock is exposed, 

suggesting a possible source for the quartzofeldspathic 
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SHEBANDOWAN QUETICO WABIGOON 

A. Developing Volcanic Arcs - Greenstone volcanism in Wabigoon and 
Shebandowan areas, Wabigoon system more advanced; thicker volcanic pile, 
plutonism, greywacke sedimentation into intervening basin. 

infolding 
granitic .volcanic 
plutons I trough__ 

B. Developing Sedimentary Basin - As cycle of cratonization in Wabigoon 

provides more quartzofeldspathic sediments from north, more advanced 
development of Shebandowan system supplies greywacke turbidites into 
downsagging basin; metamorphism begins at base of pile, volcanics 
amphibolites. 

C. Development of Gneiss-Migmatite Belt. - Intervening basin heats up 
while flanking volcanic troughs remain cool; compression from lateral 
accretion of Shebandowan system; partial melting and tight folding of 

" QF sediments & greywackes to form complex of gneiss, migmatite and 
pelitic schists; late stage plutonism along southern interface of 
migmatite and turbidite -> porphyritic quartz monzonite plutons. 

FIG.10 Postulated Sequence of Tectonic Development 
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sediments now exposed as granitic gneiss within 

the Quetico Belt. 

The layers of amphibolite and basic gneiss 

that form the dense substratum of the belt of 

migmatite and gneiss tends to thicken somewhat toward 

the north, while it dips and thins sharply toward 

the south. Kehlenbeck (1976) has described a 

gradational metamorphic interface between the Quetico 

Belt rocks and the Wabigoon Belt rocks to the north. 

In contrast, the transition between the Quetico Belt 

rocks and lower grade turbidite sediments to the south 

is sharper, and corresponds spatially with the 

truncation of the southern edge of the basic layer which 

underlies the gneisses and migmatites. This arrangement 

suggests that the substratum and possibly the bulk of the 

original sedimentation into the basin were more intimately 

related to the Wabigoon Belt cycle of cratonization and 

that the later turbidite sedimentation and compressional 

stresses were related to the subsequent lateral accretion 

of the Shebandowan-Wawa terrane. 

At some stage of deposition into the original 

basin, the quartzofeldspathic sediments considered to 

have originated in the north would become interlayered 

with the clay-rich turbidites being shed from the south. 



75. 

Granitic gneisses and migmatites are interlayered 

with layers of mica schists within the Quetico Belt 

presently, and this arrangement is considered to 

represent the metamorphosed equivalent of the former 

interlayering. It is postulated that eventually 

greywacke turbidites related to an active cycle of 

eratonization and volcanism in the Shebandowan Belt 

would bury the sagging basin. If these sediments 

are considered as a cap to the basinal sediments, 

present patterns of exposure within the Quetico, 

which suggest somewhat lower grade keels of preserved 

pelitic schists, would be consistent with the style 

of second order diapirism postulated as a mechanism 

of uplift operative in high grade Archean terranes 

(Schwerdtner et al, 1979). 

The Quetico fault and the Hawkeye Lake fault 

appear to have exploited the structures suggested by 

the gravity modeling. In the case of the Hawkeye 

Lake fault, it forms an apparent northern border to a 

zone of extensive partial melting. This area would 

represent the zone of maximum mixing of the wet clay- 

rich turbidites and the quartzofeldspathic sediments, 

providing H^O and other volatiles to support melting 

at relatively low temperatures. Thick remnants of dark 

biotite schist within the migmatized area possibly 
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reflecting a primary stratigraphic change between 

the greywacke turbidites and more quartzofe1dspathic 

material are more predominant toward the north near 

the Hawkeye Lake fault zone. The interface between 

the relatively weak zone of biotite schist and the 

more crystalline gneisses to the north would provide 

a convenient plane on which vertical displacements 

suggested by the gravity model could occur without 

requiring significant brittle failure. 

The Quetico fault zone is identified by its 

cataclastic and mylonitic textures, and is consistent 

with the concept that the main motion on the fault 

system postdates the principal metamorphic and 

deformation events (Schwerdtner et al, 1979). A 

difficulty arises in that the large transcurrent 

motions ascribed to the fault system do not appear to 

have obviously affected the dense substratum of the 

Quetico Belt, which is transected on profiles B-B' 

to E-E'. Apparent vertical displacements on the fault 

are found only on profiles D-D' and E-E', which could 

be ascribed to a scissor style motion. On profiles 

A-A' and F-F', the fault plane appears to coincide with 

the southward dip and truncation of the dense layer. 

A possible solution to the problem is that displacements 

on the fault in its present state were not as great as 
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suggested by some authors (Dunlop, 1979) but rather 

formed in an environment of oblique compressiona1 

stress as suggested by Schwerdtner et al (1979). 

This stress is accommodated by the structural grain 

already in place and thus exploits the most suitable 

path or plane of least resistance provided by the 

available structures. The timing of the main fault 

motion may have been such that only late stage 

tectonic adjustments were accommodated by the present 

fault system and that these adjustments migrated along 

the system as required by the overall tectonic regime. 

This scheme does not rule out major transcurrent 

displacements occurring along the fault line before 

the last cycle of cratonization and final accretion 

were completed. 
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CONCLUSIONS 

Three hundred and fifty new gravity stations 

have been established. Based on these values and the 

values of 50 gravity stations previously established 

by the Earth Physics Branch of E.M.R. a new Bouguer 

gravity map of the study area has been constructed 

(Figure 4). New stations established at or near the 

sites of the previously occupied stations have values 

in good agreement with the earlier recorded values, 

typically within 1.0 mGal. The new stations themselves 

are expected to be reliable to within 0.8 mGals based on 

estimates of errors. 

Based on measurements of specific gravity of 

194 selected rock samples, representative densities have 

been determined for the major rock units recognized for 

the purposes of this study. Two and one half and three 

dimensional gravity modeling programs were utilized to 

test various subsurface configurations of the density 

contrasts which represent the major rock units (Figures 

8, 9). 

The model structures suggested by the pattern 

of Bouguergravity have been related to several aspects 

of theoretical concepts of tectonic evolution which may 

have affected this area. Scale material modeling by 
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Ramberg (1967) and finite element numerical modeling 

by West and Mareschal (1979, 1980) have suggested the 

mechanical results of a dense layer of material 

(representative of volcanic rock) overlying a layer 

of less dense material (representative of granitoid 

rock). The underlying material is shown to upwell 

diapirically into antiformal structures which flank 

an infolded or ingested trough of the denser material. 

The model structures of this study representative of 

the volcanic rock units and surrounding granitoid 

rocks conform closely to this structural arrangement. 

Several other elements suggested by the model 

structures of this study may reflect aspects of the 

tectonic history of the area. Most worker presently 

recognize the Quetico Belt as a high grade metasedimentary 

belt. Several workers also suggest that the east-west 

linear subprovince belt pattern of the Superior Province 

developed progressive1y from north to south, so that 

the Wabigoon volcanic-plutonic belt to the north of the 

Quetico gneiss belt may have been formed somewhat earlier 

than the Shebandowan subprovince to the south (Goodwin, 

1976; Dunlop, 1979). The pattern of gravity, observed 

geology and the aeromagnetic anomalies suggests a layer 

of rocks more dense than the typical quartzofeldspathic 
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gneiss and migmatite underlies those rocks in the 

northern portion of the Quetico Belt adjacent to the 

Wabigoon Belt. This layer has been modeled as 

dipping southward and becoming truncated beneath the 

apparent interface between the high grade gneisses 

typical of the Quetico Belt and the lower grade 

metasedimentary rocks to the south. While exposures 

of biotite schist appear to be high grade equivalents 

of greywack turbidite, the more quartzofeldspathic 

gneisses within the high grade terrane of the Quetico 

Belt appear to be of a more granitoid parentage. 

The apparent arrangement of the various rock 

units is outlined by the model structures presented. 

The dense substratum representative of amphibolite and 

basic gneisses of probable volcanic origin appear to 

be associated with a cycle of volcanism to the north, 

while the apparently overlying quartzofeldspathic 

gneisses represent high grade metasediments associated 

with the subsequent cycle of plutonism. The turbidite 

sedimentary rocks and the higher grade biotite schists 

may represent the products of a cycle of sedimentation 

associated with volcanism within what is now the 

Shebandowan Belt to the south. 

The proposed model of tectonic evolution is 



based on the results of the gravity derived model 

structures and a synthesis of current concepts 

regarding the development of observed patterns of 

geology within this area of the Superior Province. 

The Quetico Belt is assumed to represent a sedimentary 

basin initially offshore to the south relative to a 

developing craton comprising the Wabigoon Belt and the 

other subprovinces to the north. This downsagging 

basin is postulated to have evolved into what might 

resemble an interarc basin as the developing volcanic 

terrane now represented by the Shebandowan Belt was 

accreted laterally and possible obliquely from the 

south. The subsequent horizontal compression is 

possibly responsible for the pervasive east-west 

planar tectonic fabric and pattern of deformation noted 

throughout the area. 

Geothermal gradients in the vicinity of the 

model volcanic troughs within the Shebandown Belt may 

have potentially been depressed by the apparent 

infolding of cold volcanic material. Geothermal 

gradients within the proposed sedimentary basin to the 

north may have been considerably steeper, in part due 

to the concentration of radiogenic elements within the 

quartzofeldspathic sediments. This northward steepening 

of thermal gradients would help explain the pattern of 
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metamorphism from the low grade metavolcanic rocks 

in the south of the study area toward the center of 

the Quetico Belt, where metamorphic grades are 

generally highest. High heat flow within the proposed 

basin and the apparent regional compression contributed 

to a general softening, diapirism, partial melting 

and upwarping, resulting in the complex features 

presently exposed in what is now referred to as the 

Quetico Belt. 
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APPENDIX A 

TABLE OF GRAVITY STATION DATA 



84 

+j 
<U S- 

-O o 
13 C 
4-0 
•I- CO 
4-> 

fO 
—1 + 

CO 
o 
LO 

o 
CVl 
LO 

CO 
CO 
LO 

C\J 
LO 
LO 

O LO 
CO 

LO LO 

LO 
CTl 
LO 

CO 
o 
LO 

CO 
CM 
LO 

o 

LO 

r^ 
LO 
LO 

LO 

LO 

oo CO 
cn o CM 
LO r^ 

o 
00 

S~- >5 
O) 1— 
Z5 fO LO 

CO E i— 
13 O ro 
O Cl CD 

OQ <C E 

LO CO LO CM CO CM LO CO CM 

o 
LO 

LO CO 
LO LO 

I I 
LO 

CM 
LO LO LO 

I 

LO 
LO 

I 
LO 

00 
LO 

I 

CO 
LO LO 

t 

LO 
LO 

I 

CO 
LO 

O 

I 

fO 
CD 

O 
O 
o 

-O 
dJ 
s- 
Z3 
CO •' 

n3 O 
CD CO 
E CO 

CO LO LO CO CM 

LO 
CO 
CO 

o 
CO 
CO 

CO 
CO 
00 

CO 
00 

CO 
00 
00 

00 
CO 
CO 

00 
00 
00 

CO 
CO 
CO 

CO 
CO 
CO 

CO 
CO 
00 

CO 
00 
00 

CO 
CO 
CO 

Ln 
CO 
CO 

CO 
CO 

LT) 

a-> 
00 

CD 4- 

cn 

I— rc 
03 CI3 
O E 

o 
o 
o 

o 
CO 
CO 

CM 
LO 

LO LO CO CO CM 

LO 

co 

LO 
■=d- 
CO co 

CO 

CT) 

O CM 
LO LO 
CO CO 

CO 
LO 
CO 

LO 
CO 

LO 
LO 
CO 

LO 
CO 

00 
LO 
CO 

o 
LO 
CO 

CM 
LO 
CO 

CM 

CO 
LO 
CO 

LO 
CO 

CD + 
CO 
CIJ 

4-> • 

4- CO 

• CU 
> > 
CU o 

P— JO 
LU (T3 

s- 
CU 

CO 

TD 
n3 
O 

Dc: 

s- 
CU 
> 

CO CO LO CM CM CO CO CO CO 

CM 
CO 
CO 

LO 
CM CO 

LO 
CM 
CM 

LO 
CO 
CM 

CO 

CO 

LO 
CO 
LO 

LO CM 

LO 
LO 
LO 

CO 
CO 
■vt* 

o 
LO 
LO 

CO 
>=d- 

LO 

LO 
CO 
CO 

c 
o 

•r— • 

4-> O 
n3 ^ 

4-> 
CO 

DC 

CU 
U 
zz 
£_ 
Q. 

CO 

o 
Q_ 
CO 

CO CO CM CO 



s
ta

ti
o

n
 

E
le

v
.(

ft
. 

G 
T

h
e
o
re

ti
c
a
l 

G 
m

e
a

su
re

d
 

B
o
u
g
u
e
r 

L
a
ti
tu

d
e

 
N

o
. 

a
b

o
ve
 

S
.L

.)
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

+ 
9
8
0
,0

0
0
 

m
G

a
ls
 

A
n

o
m

a
ly
 

+ 
4

8
° 

n
o

rt
h

 
m

G
al

 s
 

85 

r^LOoocooocvir^coLooooounor^oor^ 

oounr^cooi— co^MDvor^oooojcoLnuD 
r^r^i^r^oococx)oocooocxDcocr>criCDcriCTi 

00 

LOcor^'jD^'^'^j-'.Dcvjo^i— c\Jr>..<^vot^oo 

cnvoooi— cT>cor^Ln<.o<jDr^r^v£>r^r^<X)LO 
v£>uo<>o<.DLOLnLOLOLOLnLnLOLnLnLnLOLO 

I I I I I I I I I I I I I I I I I 

— ooi— OLnocvjojcncvjLOCNJ 

voou-)OOc\J>vj-r^Oi— Oi— co'^’^d-uocoi— 
cr>000i— 1— I— 0vj0sjoj0sjojc\jc\jouc\jco 
CO CTi CTi CTi CTi CTi CTi CTi CTi CriCTiCTiCTiCTiCncriCr) 

CTiLOi— uoLO«=d->5d-r-.c\i':^-i— ■sd-cnrococMLO 

Lnr^cr>Oi— oj'^unr^r^cocTioosJooLnt^ 

vovouDt^r^i^r^r^r^r^r^r^oooooooooo 
cr>a^cy>o^o^o^cDCTicy>cr)Crtcr>o^cr>cricr»cr> 

oo uo CO UD 00 CD 00 uo uo 

C\J 

■=d- 
uo 

CD 

uo 
00 
uo 

CO 
UD 

uo 

uo 
CO 
uo 

OJ 

uo 

o 
UD 
U) 

UD 

UO 
•=1- 
U) 

OO 
CM 

OO 
CTI 

■=d- 

CM 

UO 

CO 

UD 
UO 

OO 
CM 

UO 

OO (DO 
(VO (DO CDO 

UO 

UO UD OO 

Q_ 

t/0 

o 
CM 

CM 

CM 
CO 
CM CM 

UO 

CM 
UD 
CM CM 

OO (DO O I— 
CM CM CO (VO 



st
a
ti

o
n
 

E
le

v
.(

ft
. 

G 
T

h
e
o
re

ti
c
a
l 

G 
m

ea
su

re
d
 

B
ou

gu
er
 

L
a
ti

tu
d
e

 
N

o.
 

ab
ov

e 
S

.L
. 

+ 
9
8
0
,0

0
0
 

m
G

al
s 

+ 
9

8
0

,0
0

0
 

m
G

al
s 

A
no

m
al

y 
+ 

48
^ 

n
o

rt
h

 
m

G
a 

1 s
 

86 

ro 
00 
cr> 

CO 

cvi 
CD 
CD o 

o 
CD 
-vi- 

o 
ro 
o 

ro 

o o o 

■5d- 
CD CD 

O 
00 
00 

o 
00 

C\1 

00 

CO 
uo 
00 

o 
LD 
00 

o 

CO 
OsJ 

00 
OvJ 
00 

CO 

CO 

CD VO 

CO CO 
LO LO LO 

I I I 

LO 
I 

00 VO LT) 
^ 

I I I 

lO C\J 

o 

I 

I— 00 
VO 

I I 

VO 
VO 

I 

00 
VO 

I 

VO 
VO 

VO VO 
VO VO 

I I 

o 

CO 
CD 

"d- 
co 
CD 

CO 
CD 

CD o 

o 

CD 

LO 
"d- 
CD 

CD 

CD 
LO 
CD 

LO 

CO 
o 
CD 

VO 
o 
CD 

00 

CO 
o 
CD 

VO 00 

CD 
o 
CD 

VO 
O 
CD 

o 
CD 

o 
CD 

VO 

VO 
o 
CD 

CD LO 

CO O 
CO 00 CD 
CD CD CD 

VO 

CXI 
CD 
CD 

CO 
CD 
CD 

LO 
CD 
CD 

CO 

VO 
CD 
CD 

CM 
O 

00 

CD 

CO 

CD CD 

CD 

VO 

CD 

LO 

CD 

CO 

CD 

CO 

CD 

CM 

CD 

00 

VO LO CO 
VO CD 

LO 

00 
LO 
LO 

o 
CO 
LO 

LO CD 

CM 00 
VO CM 
LO LO 

S- 
<u 

CO 

o 
JD 

CD 00 

CO r— 
LO 
LO LO 

LO 

LO 

CM 
LO 
LO 

CM 
O 
VO 

CD 
LO 

CO 

oo 
LO 

CO 
LO 
VO 

CM 
CO 
D_ 
CO 

CO 
CO CO 

LO 
CO 

VO 
CO CO 

CO 
CO 

o 

Cl— CMco^LOcor^co 



s
ta

ti
o
n
 

E
lv

.(
ft

. 
G 

T
h

e
o

re
ti

c
a
l 

G 
m

ea
su

re
d
 

B
o
u
p
u
er
 

L
a
ti

tu
d
e

 
N

o.
 

ab
o
v
e 

S
.L

.)
 

+ 
9
8
0
,0

0
0
 

m
G

al
s 

+ 
9
8
0
,0

0
0
 

m
G

al
s 

A
no

m
al

y 
+ 

4
8
° 

n
o
rt

h
 

m
G

a 
1 

s 
L

J9
 

1
6

7
7

.3
 

9
7

1
.3
 

9
0

3
.8
 

-6
7

.5
 

4
8
°.

7
9
8

 

87 

ro uD o 
CX) UD LO 

CNJ 
cn 

CNJ 
CTi 
CO CO 

CO 
LO 
CO 

CO 
CO 
CO 

CO o 
o 
CO 

o 

LO 
CO 
LO 

CO 

LO LO 
CO 
LO 

LO 
LO 

CO 

LO 

00 
CO 

oocNji— cxjcoi— r^cocncoLOLOOcoi— LOOO 

cr>ocx)r^Locvic'ji— cocoi— co^crii— Oi— oo 
COr^COCOCOCOCOCOLOLOLO'vJ-'=a'l-OLOLOLO 

I I I I I I I I I I I I I I I I I 

ONr^oocNj'=j-co'^cri^rooc\ir^co>5d-ooo 

I— cocor^cocooOLOLOcor^i— (XJCMCJ^OOOLO 

0CT>CTiCTicr»c3NcnaNCT)cy>cjN000cr)0CT>c3^ 
Cr>C0C0C0CX)C0C0C0C0C000C5NCDC7^00CriCO00 

OLOOCOCOCTiLOCOOCVJCOl^OJCOOi— LOCO 

ocxDr^coooi— ooot^LOcocNjCNji— i— ocr>oo 
r^COCOCOCOCOCOLOLOLOLOLOLOLOLOLO'^J-'S^ 
<3N CT) CT) CTl CT> CTl CT> C3N CTi CT) CJN ON C3N C5N CT) C7N ON C3N 

cr> oo oo oo C3N oo cn 00 o CNJ (ON 

oo 
CO 

CO 
CO 

00 
o 

CO 
<0N 

LO oo 

o 
o 
■sd" 

CO 
CXD 
oo 

CO 
CNJ 

LO 
o CNJ 

ro 
LO 

CO 
cn 
CNJ 

CO 
cn 
CNJ 

oo 
cn cn 
r— O 

(X) cn o 
CNJ 

1— CNJ 
CNJ CNJ 

oo LO 
CNJ CNJ CNJ 

CO 
CNJ CNJ 



s
ta

ti
o
n
 

E
le

v
.(

ft
. 

G 
T

h
e
o
re

ti
c
a
l 

G 
m

e
a

s
u

re
d
 

B
o

u
g

u
e

r 
L

a
ti
tu

d
e

 
N

o
. 

a
b

o
v
e
 

S
.L

. 
+ 

9
8

0
,0

0
0
 

m
G

a
ls
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

A
n
o
m

a
ly
 

+ 
4
8
°
n
o
rt

h
 

m
G

a 
1 

s 

88 

LO 

LO 

LO 

CO 
LO 

CO 

CO 
LO 

C\J 

C\J 

LO LO 

LO 

O 
LO 

00 LO CO oo 
00 LO 

'd" 

o 
00 

o 
00 
LO LO 

00 00 OJ LO CTi <T> 00 00 00 

LO 
"d- 
LO 

I 
LO 

I 

OJ 

LO 
I 

LO 
I 

o 
LO 

I 

C\J 
LO 

I 

LO 
LO 

LO 

LO 
I I 

CO 

I 

CTi 

LO 
LO 

I 
LO 

I 

CO 

CO 
cn 
00 

CO 

00 

LO 

00 
00 

00 
00 

00 
00 

00 
00 

oo 
00 

00 00 
1^ 
00 00 

LO 

LD 

00 
00 
00 

CO 

00 

LO LO CM LO CM 

00 

cn CTi 
■=d- 
cn 

LO 

<3^ 

cn 

cn 

LO 

CTi CT> CT> CT> 

CO 

CT> 

O 

CT> 

00 LO 

LO LO 

CTi 

LO CO crv LO 00 LO 00 

LO LO 
CTi •sj- 
O I— 

00 
LO 
LO 

LO 

o 
LO 

CO 

LO 

CO 

LO O 
LO CM 

r— O 
LO 

00 

LO LO 

CT) CM 
CO LO 

(/) 

O) 

s. 
<u 

CO 

00 
CM 

■^3 

cn 
CM CO 

CM 

CO 

CO 
CO CO 

LO 

CO 

LO 

CO CO 

cn 
CO 

CO 

o 
s- 

CM CO 

1
4

5
7

.6
 

9
5
1
.6
 

8
8

3
.2
 

-6
8
.4
 

.5
7

7
 



s
ta

ti
o
n
 

E
le

v
.(

ft
. 

G
T

h
e
o

re
ti

c
a
l 

G 
m

ea
su

re
d
 

B
o
u
g
u
er
 

L
a
ti

tu
d
e

 
N

o.
 

ab
o
v
e 

S
.L

.)
 

+ 
9

8
0

,0
0

0
 

m
G

al
s 

+ 
9

8
0

,0
0

0
 

m
G

al
s 

A
no

m
al

y 
+ 

4
8

° 
n

o
rt

h
 

m
G

a 
1 

s 

T
5 

1
4
4
4
.1
 

9
5

1
.8
 

8
8
2
.3
 

-6
9
.5
 

4
8

°.
5

7
9

 

89 

00 
LT) 

OO 
CO 
LD 

CO 

Ln 

CO 

LO LO 
CO 
LO 

'Cj- 
cr> 
LO 

CO 
o 
LO 

o 

LD 

LO 

LO 

CTl CVJ 
CNJ 
LO 

OJ 
C\J 
LO 

o 
CNJ 
LO 

CO 
CNJ 
LO 

LO 
CNJ 
LO 

CO 
CNJ 
LO 

CNJ LO CO CO LO CNJ 

O O 00 
LD 

I I I 
LO LD 

I 

LO 
I 

o 

I 

o CNJ CNJ CNJ CNJ CO CO 

I 
I— 

I I I 

r^LOOcoocTiOi— >^ocor^r^C3NLO<T>o 

I— I— CO'd-'^i-'^rOCOCNJCOCNJCNJCNJi— I— I— CNJ 
cococooocococooooooocococooocococo 
cocooococococococooooocooococococo 

CTi CNJ cn LO LO LO r-^ cr> 

I— CNJ 
LO LO 
CON CON 

LO 
CON 

LO 
CON 

LO 
CON 

CNJ 
LO 
CON 

CO 
LO 
CON 

CO 
LO 
CON 

LO 
CON 

LO 
LO 
CON 

LO 
LO 
CON 

LO 
LO 
CON 

LO 
LO 
CON 

LO 
LO 
CON 

LO LO LO 
LO LO LO 
CON CON CON 

CNJ CON CO CO 

CON ro 
CON CON CO 
CO CO CO 

CO 
CO 

CNJ 
CON 
CNJ 

CON 
CON 
CNJ 

o 
CNJ 
CO CO 

CNJ 

CO 

LO 

CO 

CO 
CO ■=d- 

LO 
CO 

CO 
CO 
CO 

CO 
LO 
CO 

t— CO CNJ 
CON LO LO 
CO ^ LO 

LD I— CON LO 00 CON o 
CNJ 

CNJ CO 
CNJ CNJ CNJ 

LO 
CNJ CNJ 



s
ta

ti
o

n
 

E
le

v
.(

ft
. 

G 
T

h
e

o
re

ti
c
a

l 
G 

m
e
a
s
u
re

d
 

B
o

u
g

u
e

r 
L
a
ti
tu

d
e

 
N

o
. 

a
b

o
ve
 

S
.L

.)
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

A
n

o
m

a
ly
 

+ 
4

8
^ 

n
o

rt
h

 
m

G
a 

1 
s 

90 

O CXI 

OU 

CXJ 

UD 

00 
(XJ 

UD 
CO 
VO 

CO 

00 
tn 

CXJ 

cn 
LO 

LD 

CT^ 
LO 

LO 

cn 
LO 

CT) 

LO 
CO 
LO 

CXJ 

CT> 
LO 

CD 

O 
LO 

CO 

CO 
LO 

OX 

CO 

LO 

CO 

LO 

00 

LO 

o 
CO 

CXI LO CXI CXJ LO LD 00 CTi LO CO CXJ LO 

O o 

I I I 

CXJ 

I 

CXI LO 

LO 
t 

LO 

LO 
I 

1^ 

LO 
I 

CO 
LD 

I 

00 
LD 

I 

CJ> (OX CD 

LO LD LO 
I I I 

OCXICO-^OCOi— COCOi— OLOLO<;d-CO(OXi— CO 

«5d-^'=j-^cxjcxji— 1— Oi— LDLOLOLor^r^ooco 
cococococococooooocococooococooocooo 
cooocococooococooooocococococococooo 

CXJOOLOLOl— '^a-LOCOXCXJCXIOOLOCOXCOXLOi— LOCD 

'^>=d-LOLOLOLocxjcxjcocoi— cxjcxjcoLor^r^r^ 
LOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLO 

CJXCOXCOXCTlCDCDCOXCOXCDCOXCOXCOXCOXOXCDCTXCOXCOX 

CXJ <D CO (OX 

CXJ CO 

LO 

CO CO CO 
00 
CO 

CXI 
LO 

CO 
(OX 

LO 

(OX 

CO 

CvJ cox 
CO 

CO 
LO 

"Li- LO LO 

CO 
CXJ 
LO 

CXI 

CO 
LO LO 

00 
CXJ 

(OX o I— 

CXI CO CO 

CXJ 

CO 

CO 

CO 

•vj- 

co 
LO 

CO CO 
oo 
CO 

CO LO 

^ ■=:d" 

LO oo (OX 



s
ta

ti
o

n
 

E
le

v
.(

ft
. 

G 
T

h
e

o
re

ti
c
a

l 
G 

m
e
a
s
u
re

d
 

B
o

u
g

u
e

r 
L
a
ti
tu

d
e

 
N

o
. 

a
b

o
ve
 

S
.L

.)
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

A
n

o
m

a
ly
 

+ 
4

8
° 

n
o

rt
h

 
m

G
al
 s

 

T
5

0
 

1
5
6
4
.8
 

9
5

8
.2
 

8
8

8
.3
 

-6
9
.9
 

4
8

0
.6

5
1

 

91 

ro 
LO 

CO 
LD 

CT) 

1X> 

Ln 
Ln 

UD 
LO 

LO 

LD 
LO 

LO 

CO 
LO 
LO 

LO 
LO 

LO 
LO 

LO 

LO 
LO 

LO 
LO 

CTi 

LO 
LO 

LO 

LO 

LO 

LO 

LO LO 

CO 

LO 

LOcoLocoaDOc\jLO^Lo>^LO'=j-':d-r^LOoo 

<TiCT>cocT>criOcrioooooocr>cricr>cr>cricricr> 
LOLOLOLOLOI— LOLOLOLOLDLOLOLOLOLOLO 

I I I I I I I I I I I I I I I I I 

ooLO^cocTir-^1— cnooo^CNJCOi— oo 

OOCriOCTiCOCOOOi— I— OCTICTICXDCXDOOOO 

oooocnoocococr>o^cricr>cnoocococx5oooo 
OOCOOOOOOOCOOOODOOCOOOCOCOOOOOOOOO 

CO CTi LO CO LO cr> LO CO LO 00 

CO CO 00 
LO LO LO 

CTi CT) CT) 

CO 
LO 
CT) 

00 
LO 
CT 

CO 
LO 

CT) 

CT) 
LO 

CT) 

CT) 
LO 

CT) 

CT) 
LO 

CT) 

CT) 

LO 

CT) 

CD 
LO 

CD 

CO 
LO 

CD 

CO 
LO 

CD 

CO 
LO 

CD 
LO 

CD 

LO 

CD 

LO 

CD 

CD CO CD LD CO CO CD 

O 
CO CD CD 

CM 
LO 

LO 
o 
LD 

OJ 

CD 
LO 

LO 

CO 
LO 

C\J 
LO 

LO 

LO 

LD 

■=d- 
C\J 

LO 

LD 
CD 

LO 
CO 
LO 

'=T 

OJ 

LD 

CO 
CVI 

LD 

LO 

LO 

LO 

LD 
CO 
LD 

CM 
LO 

CO 
LO LO 

LO 

LO 
LD 

LO LO 
CO 
LO 

CD 

LO 
o 
LD 

CM 

LD 

CO 

LD 
•=d" 
LD 

LO 

LD 

LD 

LD LD 

64
7 



92 

-M 
S- 

<u o 
-a c 
13 OO'^CO'^OsJOCOLOCXJOi— CTiUDCNJ^ 

+-0 '^^rocoLnt^O'XJoooooocorO'^criO 
•I— CO (X)VO)<X><X)U0<«DVDt>O(>OUDUD(X)'JDLnUD 
+J ............... 
fO o 

—I + CO 

o 
<JD 

<U r- 
13 fC to 
D>EI— or^>^c3^<ntDcr)CNjc\jr—lootDOi— toi— 
rsofC 
oc:cDOOr^r^tooooor^'^'^'^roro«:i-Oi— OJCNJ 

cQCEtotototDtDtotor^r^r^r^r^r^r^r^r^r^ 
I i I I I I I I I I I I I I I I i 

to 

rO 
CJ3 

T3 
CD O 
S- O 
Z50 CTiCT>tDCO'=d-^OOtDCOi— tOLOr^OO'^tOCTi 
(/)« ................. 
too cncTicncncnoi— C\JC\JC\JC\JCY^COCXJCNJI— o 
cDoo cocooooococDcr>cx)cooocococx3oooooooo 
Ecn C3000000000COCOCX)00CO00COCX)C!0COCX500 

CI3 + 

to 

I— fO 

CO CJ3 
o E 

-(-> o 
CD O 
S- o 
o »< 
CD O 
^ CO 
I— cr> 

cn 

to 
cn 

to 

to 
CD 

to 
CD 

CO 

to 
LO 
CD 

CO 
tn 
CD 

CD 
LO 
CD 

CD 
un 
CD 

to 
LO 
CD 

to 
LO 
CD 

to 
LO 
CD 

to 
LO 
CD 

LO 
CD 

LO 
CD 

CM 
LO 
CD 

LO 
CD 

CO 
LO 
CD 

CO 
LO 
CD 

CD + 

M- CO 

. CD 
> > 
CD O 

I— XJ 

LU ro 

CM 
CD 
LO 

to 

to 
LO 

CO 

to 
LO 

CO CD CO to 

ro 
CO 
to LO 

CO 
LO 

o 
o 
to 

CO 
LO 
LO LO 

LO 
LO 

o 
o 
LO 

to 
C50 
LO 

CO 
LO 

CO 
CO 

I— CM 
LO to 

o 

4->0 COCDOl— CMCO^LOtOr^COCDOi— CMCO^ 
co^ totor^r^r^r^r^r^r^D-.r^r^cococoooco 

■M I— 
to 

009 



s
ta

ti
o

n
 

E
le

v
.(

ft
. 

G 
T

h
e
o

re
ti

c
a
l 

G 
m

ea
su

re
d
 

B
o

u
g

u
er
 

L
a
ti

tu
d
e

 
N

o.
 

ab
o

v
e 

S
.L

.)
 

+ 
9
8
0
,0

0
0
 

m
G

al
s 

+ 
9
8
0
,0

0
0
 

m
G

al
s 

A
no

m
al

y 
+ 

4
8

^ 
n
o
rt

h
 

m
G

a 
1 

s 

93 

oocNji— r^oooor^i— LOOI— oocr»i— cj 
ooi— c\JcoojLnLnoor^r^Ln«d-'X)<x>Ln 

VO VO tJD (.o (X) VO VO 

o 
CO 

LDcOi— cvjr^i— o^CNJrocvjLoovor^'xi- 

csjcor^cocTiLOi— a^vocoooc\i-=d-oo'^'=d- 
r^r^vovovovor— vovovovor^r^r^r^r^ 

I I I I I I I I I I I I I I I I 

LOi— — r^r^cricvi'^i-cT> 

1— ovor^r^or^oo'^d-cvji— Lnrovo«=d-co 
cocxDcocococj^oococricyicTtcooocoooco 
C30000000CO00COCO00C0COC0C00000CO 

vovor^Loo^i— cor^cr>-vj-cT^c\jcnoOi— co 

roro^Lnvovococooocnoor^cria^cJO 
LOLOLOLOLOUnLOLOVOVOLOLOLOLOLni-n 
CT>C3^Cr>O^CT>O^CTtCT»O^CDCTtCT>CT)CT»CDCr> 

cr> LO CO CO CT) 

C3^ CT> 
LO lO O 
■vf vn LO LO 

o 
LO 
LO 

o 
LO 
VO VO 

LO O 
I— LO 
VO VO 

o 
CVJ 
VO 

LO 
cr> 
LO 

o 
LO 
LO 

o CTi CO 
VO VO 

■=d- ^ ^ 

LO 
CO 
h- 

VO 
CO OO 

CO 
00 

cr> 
CO 

o 
CT) cri 

C\J 
CT» 

CO 
CT> 

■=d- 
(T> 

LO VO 00 
CT> 

CD O 
<T> O 

1
4
7
2
.4
 

9
5
8
.4
 

8
8

3
.6
 

-7
4
.8
 

.6
5
3

 



s
ta

ti
o

n
 

E
le

v
.(

ft
. 

G 
T

h
e

o
re

ti
c
a

l 
G 

m
e

a
su

re
d
 

B
o
u
g
u
e
r 

L
a
ti
tu

d
e

 
N

o
. 

a
b

o
ve
 

S
.L

.)
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

A
n
o
m

a
ly
 

+ 
48

*^
 

n
o

rt
h

 
m

G
a 

1 
s 

94 

C\J LO oo 
00 cn 

uo LO 

OJ 

LO 

LO 
LO 
LO 

oo 
LO 
LO 

LO 

LO 
LO 

CO 

LO 
LO LO 

00 
C\J 
LO 

eg 

c\j 

LO 

LO 

LO 

o 
00 
LO 

00 
LO 
LO 

CO 

LO 

00 

LO 

00 

LO 

o 
00 

■^1-ogcrii— Loooi— LOCTIOI— r^cvii— coi— CNICM 

CMCOi— OOLOCOOOr^r^OOCNJLOLOOOOOJi— CO 
r^r^r^LOLOLOLOLOLOLor^r^r^i— 

I I I I I I I I I I I I I I II I I I 

oooi— LOLOo^ogo^-=g-i— ocTlLo^^«^^-l— 

LOOOOoo'^LOcNJcgcMi— >^o^c>jor^ooo^r^ 
oooocncooooooooooococor^oocnooooooco 
oooooooooooocooooocococooooooooooooo 

C\1 C\J LO oo LO LO 

cr> 
LO 
cr> 

I— CM 

LO LO 

cn 

o 
LO 

cr> 
LO 

cr> CTi 

O 
LO 
cr> 

o 
LO 

cr> 

o 
LO 
cr> 

CT) 

<T> 

LO 
LO 

CT> 

LO 
LO LO 

CTi 

o 
LO 
CT> 

CT> 
LO 

cn 

o 
LO 
cn 

o 
LO 
cn 

o 
LO 
cri 

O LO LO 

LO LO LO 
LO ^ 

O 

LO 

LO 

CM 

LO 

CO 

o 
o 
LO 

LO 
cn 
CO 

o LO 

LO 

LO LO 

LO 
LO 

O 

00 
'^1' 

LO 

CM 

■=d- 

O 

LO 

o o 
LO 

^ LO 

CM 

o 
CO 
o 

'5j‘ 
o 

LO 

o 
LO 
o o 

00 
o 

cn 
o 

CM CO LO LO CO Ol 



s
ta

ti
o

n
 

E
le

v
.(

ft
. 

G 
T

h
e
o
re

ti
c
a
l 

G 
m

e
a

su
re

d
 

B
o

u
g

u
e

r 
L
a
ti
tu

d
e

 
N

o
. 

a
b

o
ve
 

S
.L

.)
 

+ 
9
8
0
,0

0
0
 

m
G

a
ls
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

A
n

o
m

a
ly
 

+ 
4

8
° 

n
o
rt

h
 

m
G

al
 s

 

95 

1— CT) (X) 

O CO 00 
<>D 

CO 
LT) 

UO 

Ln 

uo 

o 
LO 

(X) 

UO CO 
CO 
<sD 

CO 
UO 

UO 

LO 

UO UO 

CO 
UO 

UO 

o 

UO 

o 
cr> 
LD 

o 
oo 
UO 

CO 
o 
LD 

CNJ 

C\J 
LO 

LO 

CO 
LO 

O 

00 

00 CTi CVJ LO UO LO 00 UO UO CNJ 00 

CO 
UO 

I 
1^ 

I 

cu 

I I 

CO CNJ 

I 

CO 

I 

CO LO ■=d- 

I 
UO 

CO 
UO 

I 

o 

I 

ON 

UO 

(Oo«^j-OsJLoc\JcriLOLor^<ONuO'=j-i— CNJI— CNJOOCO 

COOOLO'^'^LOLOLOUOLO^LOCOCO^LOOO 
coocoNcnoooocooocooooooooooococnr^r^r^ 
COCOOOOOOOCXDCX)OOCX)COOOOO C30COOOCOOOOO 

UO CON CO 

CNJ I— 

UO UO 
CON CON 

UO 
CON 

CO 
UO 
CON 

CO 
LO 

CON 

CO 
LO 

CON 

LO 
CON 

LO 

CON 

CON 
LO 

CON 

o 
UO 
CON 

o 
UO 
CON 

CON 
LO 

CON 

CON 
LO 
CON 

CNJ 
LO 

CON 
UO 
CON 

LO 

CON 

UO 

"=:t‘ 
CON CON 

LO 
CNJ 

o 
o 
LO 

o 
o 
LO 

o 
LO 

LO 

LO 

CON 

LO 

o 
CO 
LO 

o 
UO 
LO 

o 
LO 

LO 

o 
CNJ 

LO 

o 
o 
LO 

CZ5 

o 
LO 

o 
LO 

LO 

LO 

UO 

LO 

LO 

CNJ 

LO 

CO 
CO 

LO 

CO 

o 
UO 

CNJ 

o 
CON 
CNJ 

Oi— CNjco^LOuor-^cocoNOi— CNjco'^uor^oo 
CNJCNJCNJCNJCNJCNJCNJCNJCNJCNJCOCOCOCOCOCOCOCO 



s
ta

ti
o

n
 

E
le

v
.(

ft
. 

G 
T

h
e
o
re

ti
c
a
l 

G 
m

e
a
su

re
d
 

B
o

u
g

u
e

r 
L
a
ti
tu

d
e

 
N

o
. 

a
b

o
ve
 

S
.L

.)
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

A
n

o
m

a
ly
 

+ 
4

8
^ 

n
o

rt
h

 
m

G
al
 s

 

96 

LO CO -vf 
CO CO OO 
Ln uo Lo 

CO 

LO 

cr> 

Ln 

cr> 

LO 

UD 

OO 
LO 

CO 

CO 
lO LO 

LD 
LO 

LO 
LO 
LO 

LO 

LO 

CO 

CO 
LO 

C\J 
LO 

CT) cr> CO 
CT) LO 

LO LO 

o 
CO 

r^Locvji— Lor-^oOLOLn>sj-i— ococxjcoi— c\JCO 

r^r^CTicOLOr^co^>^^coi— OLOCNJCOLOLO 

LOLOLOLOLOLOLOLDLDLOLOLOLOLOr^LOLOLO 
I I I I I I I I I I I I I I I I I I 

LOLO^LOCOLOLOOr^LOCOOOOOOLOOOLO 

oocooool— cor^r^LOLor^LOi— ^LOC\J^ 
oooor^cocooooooocooocococooor^r^oooo 
oocooooocooooococococococooocooocooo 

00 LO 00 LO LO CO 

CD 

00 

"=:f 
CD CD 

CO 

CD 

CD 

CD 

CD 

CD 

CSJ 

LO 
CD 

CVJ 

LO 
CD 

LO 

CD 

O 
LO 
CD 

CD 

CD 

CO 

CD CD 

LO 

CD CD CJ) 

CTi 

CD 

O 
LO 

CD 

O LO O 

CD CO 00 
C\J 'Si* ^ 

LO 

LO 
O 
LO 

CO 

LO 

CO 

LO 

CVJ 

■=d- 

o o 

lO 

o 
CVJ 

LO 

O 

CO 
LO 

o 
CVJ 

o 
CO 

CO 

LO 

CO 

O LO LO 

LO 00 
I— CO 

CD 

CO 
o CVl CO 

<=d- 

LO LO 

'=d- 
CO CD o 

LO 

CVJ 
LO 

CO ■=d- LO 
LO LO LO 

LO 
LO 



st
a
ti

o
n
 

E
le

v
.(

ft
. 

G 
T

h
eo

re
ti

ca
l 

G 
m

ea
su

re
d 

B
ou

gu
er
 

L
at

it
u
d
e 

N
o.
 

ab
ov

e 
S

.L
.)
 

+ 
98

0,
00

0 
m

G
al

s 
+ 

98
0,

00
0 

m
G

al
s 

A
no

m
al

y 
+ 

48
° 

n
o

rt
h

 
m

Ga
 1 

s 

97 

cr> 

LO 
C\J to to 

o 
to 

o 
o 
to 

o 
cr> 
LO LO 

CO 
to 
LO 

LO 
LO 
LO 

to 

LO 

LO 
CO 
LO 

oo 
LO 

00 CXI <X) 
LO LO CO 

c-N 

o 
CO 

to to CTi to <X) cn to 

CO cn o 
to 

I I 

CO 
to 

I 

00 
to 

I 

to 
to 

LO 
to 

I 

00 
to 

I 

LO 
to 

I 

LO 
to 

I 

CO 
to 

I 

CXJ 
to 

CXJ 
to 

to 
to 

CO 
to 

to 00 co^ 
to to to 

I 1 I 

oo'^^cxicnr^cxjor^^’^LOcn'cd-ococoLo 

totoLotOLOtor^co'^d-^LOLOcocTi'^or^Lo 
oor^oooooooocooooococDOcxioor^ooa^cT) 
cx)cocx)oooocococooocx)cococx)cx5cn<o^oooo 

CO to CO CO 00 00 00 (XJ 

CTi 
LO 
<T> 

to 

cn 

to 
LO 
cn 

LO 
LO 
cr> 

LO 
CT) 

CO 
LO 
cr> 

CXJ 
LO 
CO^ 

LO 
cn 

o 
LO 

cr> 

cn 

CO 

cr> 
'=d- 
cn 

to "=d- 
cn 

to 

CD 
to 
CD 

P^ to 
to to 
CD CD 

LO 
to 
CD 

O 
P^ 

o 
CXJ 
CXJ 

o 
to 

LO 
LO 

OLOLOOLOLOOLOOOOLOOO 

'^LOOCOP^P^^COP^LOCO'^'^CD 

p^oocDOi— cxjco^Lotop^cocnOi— cxico^ 
LOLOLOtOtOtOtOtOtOtOtOtOtOP^P^P^P^P^ 

.7
28

 



s
t
a
t
i
o
n
 

E
l
e
v
.
(
f
t
.
 

G 
T
h
e
o
r
e
t
i
c
a
l
 

G 
m
e
a
s
u
r
e
d
 

B
o
u
g
u
e
r
 

L
a
t
i
t
u
d
e
 

N
o
.
 

a
b
o
v
e
 
S
.
L
.
)
 

+ 
9
8
0
,
0
0
0
 
m
G
a
l
s
 

+ 
9
8
0
,
0
0
0
 
m
G
a
l
s
 

A
n
o
m
a
l
y
 

+ 
4
8
°
 
n
o
r
t
h
 

m
G
a

 1
 s
 

98 

o 
oo 

O 

UD 
tn 

<<o 

O 00 oo 
o 00 
uo LD un 

o 
00 

cri 
CNI 
Ln 

o 
oo 

o 
o 
Ln 

oo 
00 

cn un LO 
LO CO 
■sd- 

c\j cr» 

•id" c\J 

I I 

o 

I 

LO 
UO 

I 

LO 

«=d- Ln LO 
LO LO LO 

I I I 

00 

CO 
LO 

I 

LO LO 

LO 
CT) 
■5^- 

I 

o 
Ln 

I 

cr> 
'^d- 

(xj Ln CD 
Ln Ln in 

I I I 

LO 
00 
00 

1^ 
00 
oo 

00 
CO 
00 

00 
00 
CO 

(D CD 

00 LO 
CO CO 
CO CO 

CO 
00 

oo LO 

CO 
CD 
00 

CD 
CO 

LO 
CD 
00 

CO 
CD 
00 

CO 
CD 
CO 

CD 
00 
00 

00 
00 

CD 

CO 

00 CD oo LO Ln LO 

O CD 00 
LO Ln LO 
CD CD CD 

Ln 
Ln 
CD 

CO C\J I— 
Ln Ln Ln 
CD CD CD 

CD CO CD 

CD 

Ln 

CD 
■^d" 
CD 

CO 

CD 

oo 

CD 
<=d- 
CD 

CD CO 
CO CO 
CD CD 

o Ln Ln 
CD in 
■=;J- ^ Ln 

in 

Ln 

in o 
-=cd- CO 
^ CO 

o 
o 
CO 

o 
CO 
dj 

S- 
0) 
CO 

oo 
CO 
CO CO 

CO 
CO 

Ln 
CD 
CNJ 

CD 
Ln 
CO 

CNJ 

«=d- 
CO 

CD oo 
LO «vd- 
r- O 

LO 

O'. 
LO 
O'. 

CO 
O'. 

CD 
O'. 

o 
CO CO 

fC 
.JKC 

OJ 
JO 
03 

CO 
CXI CO LO 00 



s
ta

ti
o
n
 

E
le

v
.(

ft
. 

G 
T

h
e
o

re
ti

c
a
l 

G 
m

ea
su

re
d
 

B
o
u
g
u
er
 

L
a
ti

tu
d
e

 
N

o.
 

ab
o

v
e 

S
.L

.)
 

+ 
9

8
0

,0
0

0
 

m
G

al
s 

+ 
9
8
0
,0

0
0
 

m
G

al
s 

A
no

m
al

y 
+ 

4
8

° 
n
o
rt

h
 

m
G

al
 s

 

99 

CSJ 
I— o 

o 
CO 

CO 
CO 
LO LO 

C\J 
LO 
LO 

o 
LO 
LO 

o 

LO 

cx: 

LO 

LO 
CO 
LO 

C\J 
cr> 
LO 

o 
o 
LO 

CO 
o 
LO 

CO 
CNJ 
LO 

CO 
CO 
LO 

CO 
LO 

LO LO 

o 
00 

CO 00 00 CO 

o 

I I 

o CO 
LO LO LO 

I I I 

LO 
LO 
LO 

I 

LO 
LO 

I 

LO 
LO LO 

1 
LO 

I 

LO 
LO 

LO 
LO 

I 

LO 
LO 

00 00 
LO LO 

I I 

00 
LO 

LO 00 LO CO 00 00 LO LO 

LO 
LO 
oo 

LO 
oo 

cn 
oo 
00 

CO 
oo 

LO 
00 
00 

LO 
00 
00 

oo 
00 

'=d- 
oo 
oo 

00 
00 

00 
oo 
CO 

00 
CO 
00 

00 
00 
00 

00 
oo 
CO 

cn 
00 
00 

00 
CO 
CO 

CTi 
00 
oo 

o 
CTi 
oo 

cn 

LO 
CO 
CTi 

cn 

LO 
CO 

LO LD cn LO LO 

cn 

00 

CD 

cn 

cn 

o 
LO 
cn 

o 
LO 
cn 

LO 
cn 

C\J 
LO 
cn 

CLJ 

LO 
cn 

CO 
LO 
cn 

LO 
cn 

LO 
cn 

LO 
LO 
CX) 

LO 
LO 
cn 

LO 
cn 

00 
LO 
cn 

(/) 

cu 

cn 

LO 
LO 
00 

S- 
cu 

CO 
LO o o 
CXI CO I— 

o o o 

o 
CXJ 
o 

o 
CO 
o 

o 
CO 
CD 

LO 
CO 
CD 

CD 
00 
o 

CD 
CO 
o 

LO 
CXJ 
o 

o 
CXI 
o 

LO 

o 

O LO LO 
LO CNJ CXJ 
o o o 

cn 
CO 

oo cn 



s
ta

ti
o

n
 

E
le

v
.(

ft
. 

G 
T

h
e
o
re

ti
c
a
l 

G 
m

e
a
s
u
re

d
 

B
o
u
g
u
e
r 

L
a
ti
tu

d
e

 
N

o
. 

a
b
o
v
e
 

S
.L

.)
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

A
n
o
m

a
ly
 

+ 
4

8
° 

n
o

rt
h

 
m

G
a 

1 
s 

1 00. 

o 
CTi o C\J 

o 
■=d- ro 

OD 

C\J Ln 
C\J 
CO 

oo o cr> 
Ln 

CO 

■=d- 
o Cvj 

CO I— 

o 
00 

LO^>0'^LO^^’!^^LncDCT>c^>cocrlOOCT>^t\c^l 

oor^r^r^r^r^LOLOLOLDLOLDLOLor^r^r^ 

LOLOLOLOLDLOLOLO<X)LOLDLDLOUDLDLOLO 
I I I I I I I I I I I I I I I I I 

LnLOVDCT)r^criOojcr>LOLn'=d-Lor^i— LO 

coLor^oor^r^ococxji— i— cr»cr>ooLOLO>^ 
o^cT>cr><Tio^crioooooc3^cr)CT>cr>crtcr> 
cocooooooooocncr>cncrtcr>oocooooooooo 

I— ocviLDr— ^cr>i— cocO'=:j-c\j<^i— ooun ............... . 
• coLnLDLOLnr^cT>cr>cor^LDLOLn'^cooy] 

LDVOLOVDLOLDLDLO^nLOLOLOLDLOLOLOLO 
o^CT>cr>cno^<T>cr>crjcriCT>cDCTicno^cr)cr)cr> 

CO 

cu 
s- 
O) 

oo 

LO CO CO 

00 CO 00 
CO CO CO 

00 
CO 

CVJ 
00 
CO 

C\J 
CO 
CO 

OJ 

CO 
CO 

00 
CO 

00 
CO 

00 
CO 

LD 

00 
CO 

00 
CO 

CO 

00 
CO 

CO 
CO 

I— OvJ CO 

00 00 00 
CO CO CO 

cu 

n3 

CJ) 
o I— c\ico*5i-LOLDr^cocr>o 
Q Q .— 

6
6

9
 



101 

+-> 

s- 

O) o 
-a c 
=3 OvjLOooOi— r^coi— 

+-0 r^oocT^r— ■=d-LOLOLn<r)LOoooji— OCMCOI— 
•I—CO uDUDvxsr^r^r^r^r^r^r^r^r^r^r^r^cooo 
+->'^ ................. 
n3 O 
—I + CO 

CU r— 

13 fO I/) 

cnEi— LOOi— 1— cnuDLn-^j-oocviouDr^oowDcoo^ 

O d CD >— CTiO300UD»X><^<X>^OU0C0r^00 00r^'^';^- 
QQ<CEr^^O<^V£3CD^O'.O'X)VD<.D'X)'.D'.O<.DtDlXDU0 

I I I I I I I I I I I I I I I I I 

Ul 

fO 

CD 

-o 
OJ O 

S- O 
130 CMoocTiocn^i— CNjcvior^cTiOOcn'^d-r^o {/)« ................. 
fCO cr>cvJCviocT)Oi— I— I— I— I— cD^ror^CT^r^ 

OJCO 00CT)C7^CT)CT>OOOOOCriCncriC3303OO 
ECT) oococoooooocno^o^cTioocococoooocr) 

CD + 

CO 

I— 03 

03 CD 

CJ E 

4-> 

CU 
s- 
o 
CU 

o 
o 
o 

o 
CO 
CD 

o 
CD 

CD 

CO 

CD 

CD 

C\J 

CD 

CD 

CD 

CD 

CO CD CD CO LO ID o 

CD 

CD 

CD 

CD 

CD 

CD 

CD 
CD 

CD 

CO 
CD 

CD 
CD 
CD 

LD 

CD 

CD 
CD 

CD 

CD 

CD 
CD 

CXJ 

CD 
CD 

LD 

CD 

CD CD 

CvJ 

CD 

CD + 

cf- cn 

. CD 
> > 
CU o 

I— _Q 

LU 03 

1— (XI 1— 

CO CO CO 
CO CO CO 

CO 

CO 
CO 

CO 
CO 

CO 

CO 
CO 

CCJ 

CO 
CO 

CO 
CO 

CO 
CO 

CO 
CO 

CO 
CO 

CO 

CO 
CO 

C\J 

CO 
CO 

CVI 
CO 
CO 

CO P— 

00 CO 
CO CO 

00 
CO 

c 

o 

4-> O 

(T3S: COCDOl— CvJCO^LDCDr^OOCDOi— OJCO^ 
-M I— I— C\JCXlC\lCXJCNJCvJCM<XJC\JC\JCOCOCOCOCO 
CO C3 



st
a
ti

o
n
 

E
le

v
.(

ft
. 

G 
T

h
eo

re
ti

ca
l 

G 
m

ea
su

re
d 

B
ou

gu
er
 

L
at

it
u
d
e 

N
o.
 

ab
ov

e 
S

.L
.)
 

+ 
98

0,
00

0 
m

G
al

s 
+ 

98
0,

00
0 

m
G

al
s 

A
no

m
al

y 
+ 

48
0 

n
o
rt

h
 

m
Ga

 1 
s 

102 

cn cn 
to CO 

UD 

CO 

<JD 
o 
CO 

uo 
cn 
r--. 

CTi 
cr^ 
CO 

CO 
CO 

o 
CO 

cn 
CO 
uo 

CO 
o 
CO 

CTi 
C\J 
CO 

Ln 
CO 

o 
CO 
■=d- 

00 
00 

LO 
o cn uo 
cn 00 00 

CO C\J 00 VO 00 CO <y^ 

VD oo o 
VO CD VO 

I I I 

o 
VO 

I 

o 
VO 

I 

o 
VO 

I 

VO 
CO 
VO 

I 

■=d- 
VO 

I 

o LO 
VO 

I 

LO 
VO 

I 

CO 
VO 

CNJ 
VO 

I 

o 
VO VO 

I 

CM 

CM 

<T, 

CTl 

o 

cn 

CM 

o 

cr> 

00 

CO 

CO 

CO 

VO 

o 

CO 

CO 

CO 

LO 

CO 

CM 
o 
CO 

CO 
o 
CO CO 

CO 
o 
CO 

o 
CO 

LO 
o 
CO 

o 
CO 
CO 

VO 
o 
CO 

CO 
o 
CO 

o 
CM 
CO 

LO 00 oo 

CO o 
VO 
CO CO 

CO 

CO 

CM 

CO CO CO 

o 

CO 

o 

CO 

CO 
VO 
CO 

VO 
CO CO 

■=d- 

CO 

VO 

CO 

CO 

CO 
CO 
CO 

o 
CO 
CO CO 

00 
CO 

CO 
CO 

00 
CO 

00 
CO 

00 
CO 

CM 
00 
CO 

00 
CO 

CM 
00 
CO 

CO 
CO 

00 
CO 

00 
CO 

CM 
CO 
CO 

CM 
CO 
CO 

00 
CO 

CO 
CO 
CO 

CO 
00 
CO 

00 
CO 

LO VO 
CO CO CO 
Q 

cocnoi— CMco^Lovor^ 
cocO'^'^>^'^'=d'^'^’=:l- 

00 crt o I— 
LO LO 



s
ta

ti
o
n
 

E
le

v
.(

ft
. 

G 
T

h
e
o
re

ti
c
a
l 

G 
m

e
a

su
re

d
 

B
o
u
g
u
e
r 

L
a
ti
tu

d
e

 
N

o 
a

b
o

ve
 

S
.L

.)
 

+ 
9
8
0
,0

0
0
 

m
G

a
ls
 

+ 
9

8
0

,0
0

0
 

m
G

a
ls
 

A
n

o
m

a
ly
 

+ 
4
8
0
 

n
o
rt

h
 

m
G

a 
1 

s 

103 

I— I— CO 
CXI 

cx) CO 

o 
CO 

c\j <XJ 

CO CO UD 

VO uo uo 
I I I 

o 

oo 
r— 

CTi 
o 
cn 

o 
cr> 

(XI 

LO CD O 

CT) CD 

^ CO 

00 CO CO 
cn m cn 

CXI CO 
LO LO 
Q 

'Ct- 
LO 



104. 

APPENDIX B 

THE COMPUTER PROGRAMS AND MODEL DATA OUTPUT 
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The 2%-D program utilized extensively in this 

study was originally based on several algorithms 

written by John Snow while a graduate student at the 

University of Utah. These algorithms formed the basis 

for the computation of the forward gravitational 

problem, the search function and the Marquardt inversion 

scheme. Because of the length of the GRAV2D listing, 

only a brief summary of its function will be given here. 

The model is defined by entering the density 

contrast and x and z coordinates which define the 

vertices of each polygon. The strike of each polygon 

in and out of the profile plane is also defined. The 

forward problem is the simple computation of the 

gravitational attraction over the model polygons along 

a specified profile. The measure of fit between the 

observed values and the computed values for each 

calculated value is determined at a specified station 

interval along the profile. This measure of fit, the 

objective function, is a sum of squares measure given by 

NStations p 
SSR(e) = E (Observed .-Computed 

i = 1 ^ ^ 

N S t a t p 
= S (o.-c.)‘^ 

1 = 1 

Simply put, the search function is utilized 
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to locate minima in the forward problem by changing the 

value of a specified parameter by a specified stop size 

and the forward problem is re-evaluated. If there is 

an improvement in the objective function, the stop 

size is doubled and the forward problem is again 

computed. If there is a worsening of the objective 

fit, the direction of the step changes in the particular 

parameter value is reversed and the objective function 

is again re-evaluated. 

The expression of the objective function in 

the general case of the search function is given by 

No.Polygon No.Sides(j) 

SO that 

k=l 

■^2 NPOLY NSIDES(j) 
SSR(0) = E (0. - E (j)j E 

1 - n j = l n=l 
^•jk) 

where c|)(j) is the density contrast of the jth polygon 

and represents the integral over one side of the 

jth polygon with respect to the ith s ta tion. In the 

case where only polygon vertices are changed, as was 

the case in this study, the objective function is 

expressed as 

^2 m 1 p 
SSR(Q) = E (0.-(A. + E cpj E 

rij ^ ^ j = l k = l 

where n^, represents the specified data window, and 
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Ai is the contribution of the fixed part of the model. 

The objective function is seen to change as those 1 

intergrads of the m polygons which change. 

Once a realistic minimum is found the 

Marquardt inversion algorithm can be used. Based on a 

linearization or derivative method, the theoretical 
T T o 3C^ 

anomaly cj can be given by = C^. + S 
m= 1 

where C? is an initial estimate of cT (typically derived 

by the search routine) and A0m are the parameters of 

the model to be changed. When the observed anomaly is 

substituted for cT, then 

G. = O.-C. = Z 
M 3C-: 

A6m 

The derivative with respect to changing vertices 

is expressed as 

SCj = C i ( X •] {< + A X ) - C i (^ j k ) 
3Xjk ■ AX 

for horizontal derivations, and 

8Ci _ Ci(Zjk + AX) - C^(Zj|<) 
3Zjk ■ AX 

for vertical derivatives. 

The inversion algorithm involves Jacobian 

matrix functions to solve for the partial derivations 

of the computed anomaly C-j at each station i with 
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respect to those parameters which are changed during 
^ r • 

the inversion modeling process, . Again, in this 
d «m 

study density (pj was typically held constant, and only 

d C • the derivatives with respect to the vertices — and 

8C- j'' — are involved. 

For a formalized analysis of the search and 

inversion techniques, which become detailed beyond the 

scope of this appendix, the reader is directed to the 

program documentation GRAV2D: An Interactive 2 

Dimensional Gravity Modeling Program by Carleen Nutter 

(1980). The following sample terminal session, like 

the brief outline of the program function above, is 

taken directly from the program documentation. While 

this sample terminal session and the following sample 

output from this study will adequately familiarize 

the user with the program, several points should be 

mentioned. While the VAX-II 780 system will very 

nearly reproduce the values listed by the sample terminal 

session, minor system differences between Lakehead 

University and the University of Utah result in a 

small variance in the roundoff error at the third or 

fourth decimal place of calculated values. It should 

be cautioned that because of the highly iterative 

nature of the search and inversion functions, this 

program can rapidly erode a student user's computer 
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time budget. A recent bulletin from the Earth Science 

Laboratory in Utah has pointed out that while the 

program professes a capability to handle models with 

topography, apparently only flat earth modeling should 

be computed with this program. Finally, at the time 

this author modified the GRAV2D program for implementation 

on the VAX-II 780 program, ancillary hardware for the 

various plotting options of the program did not exist. 

It is understood that plotting and graphics devices 

will eventually be available, and future user's are 

invited and encouraged to enable the plotting routines 

as their usefulness in this type of study are obvious. 
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SAMPLE TERMINAL SESSION #1 

The folloujing terminal session demonstrates the use of the 
program from initial model through the inversion process. It 
also demonstrates the INPUT, EDIT, EXECUTE, LIST, PLOT, and FMAIN 
functions. The terminal session is summari2ed in the following 
steps; 

STEP 1 - Station distances are stored in a file, IN-STATIONS. 
A theoretical model is stored in file IN-MODEL. 
A forujard problem will be calculated using the 
station distances and theoretical model to obtain 
theoretical gravity data. This data 
will be used as sample Field data in STEP 2. 

STEP 2 - Use theoretical data from STEP 1 as observed data 
in new problem. Perturb the theoretical model from 
STEP 1 to obtain an initial guess. Normally STEP 1 
would not be done, but actual field 
data would be used and the initial guess 
would be an attempt to describe the earth 
cross section where the data was obtained. 

STEP 3 - Compute a forward problem with the initial guess and 
observed gravity values to find the error. Obtain a 
plot (Fig. 1). 

STEP 4 - Do a ID direct search. Note the change in the error 
and get a plot of new model (Fig. 2). 

STEP 5 - Do an inversion. Note erfor and get a plot (Fig. 3). 

STEP 6 - Store the newest model and results on the merge file. 

A composite of the three plots is included for easier com- 
parison (Fig. 4). 

o 



ni. 

OK, SLIST IN-MODEL   

1 ! file containing model 
16, 5, 10. , 10. , 0 I data in format required 
-100.000,0.000,0,0 I by INPUT 
118. 500, 0. 000, 0, 0   
118. 500, 0. 010, 0, 0 
16. 25, 0. 01, 0, 0 
15. 5, 2. , 0, 0 
18. 5, 2. , 0, 0 
12. 0, 4. 75, 0, 0 
9. 5, 5. , 0, 0 
8. 50, 2. 92, 0, 0 
7. f7, 3. 0, 0, 0 
6. 5, . 125, 0, 0 
5. , . 25, 0, 0 
4. 5, 1. 42, O, O 
2. 5, 1. 5, 0, 0 
2. , . 01,0, 0 
-100. 0, . 01, 0, 0 
-100. O, . 00, 0, 0 

□K, SLIST IN-STATIONS 
THEORETICAL MODEL FROM SNOW 

1 
1 
90 
0. , 0. 0, 0. 
0. , 0. 2, 0. 
0. , 0. 4, 0. 
0. , 0. 6, 0. 

0. , 0. B, O. 
0. , 1. 0, 0. 

0. , 1. 2, 0. 

0. , 1. 4, O. 
0. , 1. 6, 0. 
0. , 1. B, 0. 
0. , 2. 0, O. 
0. , 2. 2, 0. 
0. , 2. 4, 0. 
0. , 2. 6, 0. 
0. , 2. 8, 0. 
0. , 3. 0, 0. 
0. , 3. 2, 0. 
0. , 3. 4, 0. 
0. , 3. 6, 0. 
0. , 3. 8, 0. 
0. , 4. 0, 0. 
0. , 4. 2, 0. 
0. , 4. 4, 0. 
0. , 4. 6, 0. 
0. , 4. 8, 0. 
0. , 5. 0, 0. 
0. , 5. 2, 0. 
0. , 5. 4, 0. 

file containing station 
data in format required 
by INPUT-observed gravity 
values are zeros 
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0. , 5. 6, 0. 
0. , 5. 8, 0. 
0. , 6. 0, 0. 

0. , 6. 2, 0. 
0. , 6. 4, 0. 
0. , 6. 6, 0. 

0. , 6. 8. 0. 

0. , 7. 0, 0. 
0. > 7. 2, 0. 
0. , 7. 4, 0. 
0. , 7. 6, 0. 
0. , 7. 8, O. 
0. . 8. 0, O. 
0. , 8 2i O. 
0. , a. 4, 0. 
0. $ 8. O. 
0. i 8. a, 0. 
0. , 9. 0, O. 
0. , 9. 2, 0. 
0. , 9. 4, O. 
0. , 9. 6. O. 
0. I 9. 8. 0. 
0. , 10. 0. 0. 
0. , 10. 2, 0. 
O. / 10. 4, 0. 
0. , 10. 6, 0. 
0. . 10. 8, 0. 
0. , 11. 0, 0. 
0. , 11. 2, 0. 
0. , 11. 4, 0. 
0. , 11. 6, 0. 
0. , 11. 8, 0. 

0. . 12. O, 0. 
0. I 12. 2i O. 
0. , 12. 4, 0. 
0. , 12. 6, O. 
0. , 12. O, 0. 
0. , 13. O, 0. 
0. , 13. 2, 0. 
0. I 13. 4, 0. 
0. , 13. 6, O. 
0. , 13. 8, 0. 
0. , 14. 0, O. 
0. , 14. 2> 0. 
0. , 14. 4, O. 
0. / 14. 6i O. 
0. i 14. 8, O. 
0. . 15. 0, O. 
0. . 15. 2, 0. 
0. . 15. 4, 0. 
0. . 15. 6, 0. 

0. , 15. 8> 0. 
0. , 16. 0. 0. 
0. , 16. 2, 0. 

o 
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0. , 16. 4, 0. 
0. / 16. b, 0. 
0. . 16. 8. 0. 
0. I 17. 0. 0. 
0. i 17. 2. 0. 
0. , 17. 4, 0. 
0. , 17. 6, 0. 
0. , 17. 8, 0. 
0. , 18. 0, 0. 

□K, GRAV2D 
TERMINL-DPTION # (I)= 0 

1 HARD COPY SO COLUMN 
2 TEKTRONIX 4014 
3 CRT 80 COLUMN 

TERMINL-OPTION # (I)^ 3 
GRAY2D MASTER •«•«-«• 

MASTER—OPTION # (I)= 2 
INPUT WORK FILE HEADER (80 CHAR. ) 
EXAMPLE OF TERMINAL SESSION 

DO YOU WANT TO INPUT STATION DATA FROM FILE? 
YEB 
INPUT FILENAME (16 CHAR) 
IN-STATIONS 
INPUT PROFILE ID. 
INPUT CODE FOR UNITS; 1 KILOMETERS 

2 = METERS 
3 = KILOFEET 

INPUT STATION NO. OR MATCH PT. 
INPUT NO. OF STATIONS 
INPUT OBS. GRAVITY, DIST. , ELEV. FOR 90 STATIONS 
DO YOU WANT TO INPUT MODEL DATA FROM FILE? 
YEB 
INPUT FILENAME (16 CHAR) 
IN-MODEL 
INPUT NO. OF POLYGONS 
FOR POLYGON 1 , INPUT; 
# OF SIDES(I), DENSITY CONTRAST, STRIKE OUT, STRIKE IN,DENSITY SEARCH #(I> 
FOR 17 VERTICES, INPUT; 
HORZ. COORD.,VERT. COORD..VERT. SEARCH #(I),HORZ. SEARCH #(I> 

DO YOU WANT TO INPUT SEARCH DATA FROM FILE? 
NO 
INPUT # ITERATIONS FOR INVERSION 
0 
INPUT TOTAL # OF VERTEX SEARCH DIRECTIONS 
0 
INPUT TOTAL # OF DENSITY CONTRAST SEARCH DIRS. 
0 
INPUT HOR. SCALE,VER. SCALE(CURVES),VER. SCALE(MODEL) 
3. 
30. 
1. 75 

enter program and input 
0 to obtain list of 
possible options 
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MASTER—OPTION # (I)^ 
XQT OPTION # (I)- = 

1 RETURN TO MAS'I 
2 XQT SEARCH 
3 XGT INVERSION 

0 
ER 

F-ORWARD PROBLEM 
STEP 1 

XQT OPTION # (I)- 2 
OUTPUT—OPTION 41 ( I) 

THE 

(I ) ^ 
A 

ri) 

TOTAL SUM OF SQUARES (SSR) 
0 SEARCHES LEFT 
XQT OPTION # 

MASTER—OPTION # (DE- 
LIST OPTION # 

WORK FILE HEADER; 
EXAMPLE OF TERMINAL SESSION 
DATE: 07/02/80 :L5; 12 
THE TOTAL SUM OF SQUARES IS 

LIST OPTION # (l)r- 
«- STATION DATA «• 

THEORETICAL MODEL FROM SNOW 
UNITS OF DISTANCE IS KILOM 
STATION # 
THE TOTAL 

104375. 641 

104375,641 

OR MATCH PT IS 
SUM OF SQUARES IS 

3 

104375. 641 
INPUT RANGE OF STATIONS TO DE PRINTED 
AS START INDEX; END INDEX 
0,0 WILL PRINT ALL 

0; 0 
Type <CFL> to 

Type 

iTATION 
1 
n 

3 
4 
5 
6 
7 
a 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
<CR: 

19 
20 
21 

continue 
DISTANCE 

TO STATION 
0. 000 
0. 200 
0. 400 
0. 600 
0, 000 
1 
1. 
1 
1. 
1 
n 

t O 

000 
200 
400 
600 
800 
000 

2. 200 
2. 400 
2. 600 
2. 000 
3. 000 
3. 200 
3. 400 

continue 
3. 600 
3, 800 
4, 000 
4. 200 
4, 400 

ELEVATION 
0. 000 
0. 000 
0. 000 
O. 000 
0. 000 
0. 000 
0. 000 
0. 000 
o. ooo 
O. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 

0. 000 
0. 000 
0. 000 
0. 000 
O. 000 

COMPUTED 
GRAVITY 

0. 000 
•0. 274 
-0, 633 

• 1. 029 
- 1. 497 
-2. 067 
•2. 770 
-3. 664 
”4. 854 
-•6. 562 
-9. 707 

-14. 024 
-16. 657 
18. 570 

- 20. 056 
-21. 173 
 22. 015 

-23. 
CLO , 

-23. 
 23. 

038 
256 
277 
OQl 
632 

ODSERVED 
GRAVITY 

O. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
O. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 

0. 000 
0. 000 
0. 000 
0. 000 
0. 000 

DIFFERENCE 
ODS-COMP 

O. 000 
0. 294 
0. 633 
1. 029 
1. 499 
2. 067 
2. 770 
3. 664 
4. 854 
6. 562 
9. 789 

14. 024 
16. 657 
18. 590 
20. 056 
21. 173 
22. 015 
22. 627 

23. 038 
23. 256 
23. 277 
23. 081 
22. 632 



25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

:CR: 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
5^1 
5 5 
5 6 
57 
58 
CR: 

59 
■f)0 
6 1 
62 
6 3 
64 
6 5 
66 
i. ■/ / 
68 
69 
70 
71 
72 
73 
74 
7 5 
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4. 600 
4. BOO 
5. 000 
5. 200 
5. 400 
5. 600 
5. 800 
6. 000 
6. 200 
6. 400 
6. 600 

000 
000 
200 
400 

6. 

7. 
7. 
7. 

continue 
7. 600 
7. 800 
8. 000 
8. 200 
8. 400 
8 600 
8. 800 
9. 000 
9. 200 
9. 400 
9. 600 
9. 000 

10. 000 
10. 200 
10, 400 
10. 600 
10. 300 
1 1 OOG 
1 1 200 
11.400 

c o n tin u e 
600 1 1. 

1 1 
12. 
12. 
12. 
12. 
12. 
13. 
13 
13. 
13 
13. 
1.4 
14. 
14. 
14. 
,L 4 

000 
000 
200 
400 
600 
800 
000 
200 
400 
600 
800 
000 
200 
4 00 
600 
300 

0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
O. 000 
0. 000 
0. 000 
O. 000 
0. 000 
O. 000 
0. 000 
0. 000 
O. 000 

0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0 000 
0. 000 
0. 000 
0 000 
O. 000 
O, 000 
0, 000 
0 000 
O. 000 
O. 000 
O. 000 

000 
0. 000 
0, 000 
0. 000 
o. 000 
0 000 
0. 000 
O 000 
0. 000 
0 000 
O. 000 
0. 000 
O. 000 
0. 000 
0. 000 
(.7 000 
0 000 

-21. 883 
-20. 796 
-19. 474 
-18. 411 

17. 937 
-17. 995 
-IS. 517 
-19. 510 
-21. 0/4 

23. 504 
-27. 095 
“30. 578 
-33. 522 
-36. 059 
-38. 283 

40. 
42. 
4 3 
44 
46. 
47 

48. 
49. 
50. 
50. 
51 
51. 
52. 
52. 
52 

-52. 
-52. 
•52. 

■ ‘52, 
-•52. 

-51. 
-51 . 
■ 50 
-49. 
•49, 
-48, 
-47 
-•46. 
--45. 
-44. 

■4 3. 
-42. 

252 

009 

5B;? 

992 

256 

387 

395 

2 83 

068 

743 

315 

706 

1 56 

423 

603 

680 

6 6 0 
545 
335 
031 

634 
14 7 
572 
912 
172 
355 
468 
517 
509 
448 
341 
180 

•40. 99J. 
•39. 742 
•38. 433 
■37. 047 
35 564 

O. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
O. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
O. 000 

0. 000 
O. 000 
0. 000 
O. 000 
O. 000 
0. 000 
0. 000 
O. 000 
O. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
O. 000 

0. 000 
O. 000 
Q. 000 
0. 000 
O. 000 
0. 000 
O. 000 
O. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 

21. 883 
20. 796 
19. 474 
18. 411 
17. 937 
17. 995 
18. 517 
19. 510 
21. 074 
23. 504 
27. 095 
30. 578 
33. 522 
36. 059 
38. 283 

40. 252 
42. 009 
43. 582 
44. 992 
46. 256 
47. 387 
48. 395 
49. 280 
50. 068 
50. 743 
51. 315 
51. 786 
52. 156 
52. 428 
52. 603 
52. 680 
52. 660 
52. 545 
52. 335 
52. 031 

51. 634 
51. 147 
50. 572 
49. 91P_> 
49. 172 
48. 355 
47. 468 
46. 517 
45. 509 
44. 448 
43. 34 1 
42. 188 
40. 991 
39. 742 
33. 433 
37. 047 
35. 564 



116. 

76 

77 

78 

TypeCCR> to 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 
89 

90 

LIST  

1 5. 000 

15. 200 
15. 400 

continue 
15. 600 

15. 800 

16. 000 

16. 200 
16. 400 

16. 600 

16. 800 

17. 000 

17. 200 
17. 400 

17. 600 

17. 800 

OPTION # ( I ) ■■ 

O. 000 

0. 000 
0. 000 

0. 000 
O. 000 

0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
O. 000 
0. 000 

4 

MODEL DATA «• 

POLYGON NO. 

X VERTICE 

-100. 000 
118. 

118. 

16. c-' c; 

15. 

13. 

12. 

9. 

8. 

7. 

6. 

5. 

4. 

500 

500 

Type <CR> 

500 

500 

000 
500 

500 

500 

500 

000 
500 

2. 500 

2. 000 
to coi'^tinue 

-100. 000 
-100. 000 

DENSITY 

STRIKE LENGTH 

SfRIKE LENGTH 

S5ARCH ND. •- 

Z VERTICE 

O. 000 

0. 000 
0. 010 
0. 010 
2. 000 
2. 000 
A. 7 50 

5. 000 

2. 920 

3. 000 

0. 125 

0. 250 

1. 420 

1. 500 

0. 010 

0. 010 
0. 000 

33. 955 0. 000 

32. 101 0. 000 
30. 196 0. 000 

27. 931 0. 000 

25. 2G6 0. 000 

■22 079 O. 000 

•17.705 0.000 

13. 204 0. 000 

10. 795 O. 000 

-9. 042 O. 000 

-7. 663 0. 000 

-6. 535 O. 000 

-5. 591 0. 000 

- 4. 785 0. 000 

-4. 090 0. 000 

■0. 50000 

1 10. 00000 
2 == 10. 00000 

O 

VERT. SEARCH NO. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

O 

0 

33. 955 
32. 181 
30. 196 

27. 931 
25. 286 
22. 079 
17. 785 
13. 204 
10. 795 

9. 042 
7. 663 
6. 535 
5. 591 
4. 785 
4. 090 

HOR. SEARCH NO. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
O 

0 
0 
0 

O 

0 

Type CCR1> to continue 

LIST OPTION # (1)=^ 5 

SEARCH DATA 

NO. OF ITERATIONS FOR INVERSION IS O 

TOTAL NO, OF VERTEX SEARCH DIRECTIONS IS 0 

TOTAL NO. OF DENSITY CONTRAST SEARCH DIRECTIONS IS 0 

LIST OPTION # (I)^- 6 

PLOT DATA ii- 

HORIZONTAL SCALE <UNITS/INCH) ■•= 3.00000 
VERTICAL SCALE FOR CURVES (MILL I GALS/INCH) == 30.00000 

VERTICAL SCALE FOR MODEL ( UNITS/1NCH) 1.75000 

LIST OPTION # (I)- 1 

MASTER —OPTION # (I ) ■= 3 

o 



#
 o

 #
 

117. 

FID IT- --OPTION # (I)- 3 
ESTAT OPTION 41 ( I ) ^- O 

1 RETURN TO EDIT OPTIONS 
2 EDIT PROFILE ID. 
3 EDIT UNITS OF DIST. 
4 EDIT SFATION tt/MATCH PT. 
5 EDIT NO. OF STATIONS 
6 EDIT D.I STANCES 
7 EDIT ELEVATIONS 
8 EDIT OBS. GRAVITY VALUES 

ESTAT OPTION # (I > 8 
CFIANGE-ODSERV 
0,OOOOOOE-01 
0.OOOOOOE-01 
0 OOOOOOE-01 
0,OOOOOOE-01 
0.OOOOOOE-01 
0.OOOOOOE-01 
0.OOOOOOE-01 
0 OOOOOOE-01 
0.OOOOOOE-01 
0.OOOOOOE-01 
0.OOOOOOE-01 
0 OOOOOOE-01 
0.OOOOOOE-01 
0.OOOOOOE-01 
0.OOOOOOE-01 
0.OOOOOOE-01 
0.OOOOOOE-Oi 
0- OOOOOOE-01 

PARAMETER # ( 
1 OLD = 

2 OLD = 
294 

# 3 OLD = 
-. 633 
# 4 OLD = 
-1. 029 
# 5 OLD = 
-1. 499 
# 6 OLD =- 
-2. 067 
# 7 OLD -■= 
-2. 77 
# 8 OLD - 
-3. 664 
44 9 OLD 
-4. 8S4 
# 10 OLD == 
-6. 062 
44 1 i OLD 

■9 789 

:D GRAVITY 
0. 000000E--01 
0.OOOOOOE-01 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0,OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Oi 
0.OOOOOOE-Ol 
0. OOOOOOE-Ol 
0.OOOOOOE-Ol 
0 OOOOOOE-Ol 
) = - 1 
0.OOOOOOE-Ol 

0,OOOOOOE-Ol 

0.OOOOOOE-Ol 

0.OOOOOOE-Ol 

0.OOOOOOE-Ol 

0.OOOOOOE-Ol 

0.OOOOOOE-Ol 

0.OOOOOOE-Ol 

0.OOOOOOE-Ol 

0.OOOOOOE-Ol 

0 OOOOOOE-Oj 

0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0. OOOOOOE -Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
O.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 

NEW 

NEW 

NEW = 

NEW = 

NEW 

NEW 

NEW 

NEW = 

NEW = 

NEW 

NEW 

0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Oi 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
O.OOOOOOE-Ol 
0 OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
O.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 

0.OOOOOOE-Ol 
O.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
O.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
O.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0.OOOOOOE-Ol 
0. OOOOOOE-Ol 
O. OOOOOOE-Ol 
O.OOOOOOE-Ol 
0.OOOOOOE-Ol 
O.OOOOOOE-Ol 
0.OOOOOOE-Ol 

STEP 2 
Change ovserved 
values from 0"s 
to previously 
calculated theo- 
ret ical values 

o 



# 
14. 

# 
-16. 
# 
-18. 
# 
-20. 

# 
-21. 

# 
— D'~i cCc- . 

# 
C-C. . 

# 
-23. 
# 
-23. 
# 
-23. 
# 
-23. 
# 
“22. 

# 
-21. 

# 
-20. 

# 
-19. 
# 
-10. 

# 
-17. 

 17. 
# 
- 18. 
# 
-19. 

# 
-21 
# 
-23. 

-27. 
# 
-30. 
# 
-33. 

-36. 
# 
-38. 

12 
024 
13 
657 
14 
590 
15 
056 
16 
173 
17 
015 
18 
627 
19 
038 
20 
256 
21 
277 
22 
081 
23 
632 
24 
883 
25 
796 
26 
474 
27 
411 
28 
937 
29 
995 
30 
517 
31 
510 
32 
074 
33 
504 
34 
095 
35 
578 
36 

37 
059 
38 
2.83 

OLD = 0 OOOOOOE-Ol NEW 

OLD = 0. OOOOOOE-Ol NEW 

OLD = 0.OOOOOOE-Ol NEW 

OLD = 0. OOOOOOE-Ol NEW 

OLD = O.OOOOOOE-Ol NEW 

OLD 0. OOOOOOE-OJ MEW 

OLD ^ O OOOOOOE-Ol NEW 

OLD := 0. OOOOOOE-Ol NEW 

OLD 0. OOOOOOE-Ol NEW 

OLD 0. OOOOOOE-Ol NEW 

OLD 0. OOOOOOE-Ol NEW 

OLD = 0. OOOOOOE-Ol NEW 

OLD =■- 0. OOOOOOE-Ol NEW 

OLD =-' 0. OOOOOOE-Ol NEW 

OLD = 0. OOOOOOE-Ol NEW 

OLD = 0. OOOOOOE-Ol NEW 

OLD == 0. OOOOOOE-Ol NEW 

OLD ^ 0. OOOOOOE-Oi NEW 

OLD 0. OOOOOOE-Ol NEW 

OLD = 0. OOOOOOE-Oi NEW 

OLD = 0. OOOOOOE-Ol NEW 

OLD 0. OOOOOOE-Ol NEW 

OLD = 0. OOOOOOE-OJ NEW 

OLD = 0. OOOOOOE-Ol NEW 

OLD = 0. OOOOOOE-Ol NEW 

OLD = 0. OOOOOOE-Ol NEW 

OLD = O. OOOOOOE-Ol NEW 



# 39 OLD = 
“40. 252 
# 40 OLD = 
-42. 009 
# 41 OLD = 
“43. 582 
# 42 OLD = 
-44. 992 
# 43 OLD 
-46. 256 
# 44 OLD = 
“47. 387 
# 4 5 OLD 
-48. 395 
# 46 OLD = 
-49. 288 
# 47 OLD = 
-50. 068 
# 48 OLD = 
-50. 743 
# 49 OLD = 
-51. 315 
# 50 OLD = 
-51. 786 
# 51 OLD = 
-52. 156 
# 52 OLD = 
-52. 428 
# 53 OLD == 
-52. 603 
# 54 OLD = 
-52. 680 
n 55 OLD 
-52. 66 
# 56 OLD = 
-52. 545 
# 57 OLD === 
-52. 335 
# 58 OLD = 
-52. 031 
# 59 OLD 
-51. 634 
# 60 OLD = 
-51. 147 
# 61 OLD 
-50. 572 
# 62 OLD = 
-49. 912 
# 63 OLD 
-49. 172 
# 64 OLD 
-48. 355 
# 65 OLD 
-47 468 

0.OOOOOOE-01 

0. OOOOOOE-0.1 

0.OOOOOOE-01 

0.OOOOOOE-01 

0. OOOOOOE-0.1 

0. OOOOOOE-01 

0. OOOOOOE-01 

0. OOOOOOE-OJ. 

O. OOOOOOE-OJ. 

O. OOOOOOE-OJ 

0. OOOOOOE -01 

0. OOOOOOE-OJ. 

0. OOOOOOE-OJ. 

0. OOOOOOE-OJ 

0. OOOOOOE-OJ 

0. OOOOOOE-OJ 

0. OOOOOOE-OJ 

0. OOOOOOE-0.1. 

0.OOOOOOE-OJ 

0.OOOOOOE-OJ 

0.OOOOOOE-OJ 

0.OOOOOOE-Ol 

0.OOOOOOE-OJ 

0. OOOOOOE-OJ. 

0.OOOOOOE-OJ 

0.OOOOOOE-OJ 

0.OOOOOOE-Ol 

MEW 

NEW 

NEW 

NEW 

MEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 

NEW 



# 66 OLD = 0. OOOOOOE-0.1 NEW 
-46. 517 
# 67 OLD == O. OOOOOOE-0.1. NEW 
-4r?. 509 
# 68 OLD = 0. OOOOOOE-01 NEW 
-44, 448 
# 69 OLD 0. OOOOOOE-01 NEW 
-43. 34.1 
# 70 OLD 0. OOOOOOE-01 NEW 
-42. 188 
# 71 OLD 0. OOOOOOE-0.1. NEW 
- 40, 99 .t 
# 72 OLD 0. OOOOOOE-O.I NEW 
-39. 742 
# 73 OLD = 0. OOOOOOE-Ol NEW 
”38. 433 
# 74 OLD 0 OOOOOOE-Ol NEW 
-37. 047 
# 75 OLD -- 0. OOOOOOE-Ol NEW 
-35. 564 
# 76 OLD = 0. OOOOOOE-Ol MEW 
-33. 955 
# 77 OLD = 0. OOOOOOE-Ol NEW 
-32. 181 
# 78 OLD = 0. OOOOOOE-Ol NEW 
-30. 196 
# 79 OLD 0, OOOOOOE-Ol NEW 
-27. 931 
# 80 OLD ^ 0. OOOOOOE-Ol MEW 
-25. 286 
# 01 OLD - 0. OOOOOOE-Ol NEW 
-22. 079 
# B2 OLD 0. OOOOOOE-Ol NEW 
-17. 785 
# 83 OLD = 0. OOOOOOE-Ol NEW 
-13. 204 
# 84 OLD 0. OOOOOOE-Ol NEW 
-10. 795 
# 85 OLD 0. OOOOOOE-Ol MEW 
-9. 042 
# 86 OLD 0. OOOOOOE-Ol NEW 
-7. 663 
# 87 OLD = 0. OOOOOOE-Ol NEW 
-6. 535 
# 88 OLD ^ O. OOOOOOE-Ol NEW 
-5. 591 
# 89 OLD =• 0. OOOOOOE-Ol NEW 
-4. 785 
# 90 OLD = 0. OOOOOOE-Ol NEW 
-4. 090 

ESTAT ■—OPTION # ( I ) 
EDIT OPTION # (I)- 1 

HAS THE WORK FILE CHANGED? 
Y 



121 . 

MASTER—OPTION # (I)= 4 
LIST OPTION # (I)^- 3 

* STATION DATA 
THEORETICAL MODEL FROM SNOW 
UNITS OF DISTANCE IS KILOM 
STATION # OR MATCH PT IS 1 
THE TOTAL SUM OF SQUARES IS 
INPUT RANGE OF STATIONS TO BE PR 
AS START INDEX, END INDEX 
0,0 WILL PRINT ALL 

0, 0 
to continue 

DISTANCE 
TO STATION 

0. 000 

104375. 641 
INTED 

Type <CR> 

STATION 
1 
n 
Cl. 

3 
4 
5 
6 
7 
a 
9 

10 
J 1 
12 
13 
14 
1 5 
16 
17 
15 

T p e -C C R ■ > t o 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

Type<CR> to 

0. 200 
0. 400 
0. 600 
0. BOO 
1. 000 
1. 200 
1. 400 
1. 600 
1. 800 
2. 000 
2. 200 
2. 400 
2. 600 
2. 800 
3. 000 
3. 200 
3. 400 

continue 
3. 600 
3, 800 
4. 000 
4. 200 
4. 400 
4. 600 
4. 800 
5. 000 
5. 200 
5. 400 
5. 600 
5. 800 
6. 000 
6. 200 
6. 400 
6. 600 

800 
000 
200 
400 

6 
7. 
7. 
7, 

continue 

ELEVATION 
0. 000 
0. 000 
0. 000 
0. 000 
0, 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
O. 000 
0. 000 
O. 000 
0. 000 
O. 000 
O. 000 

0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 

COMPUTED 
GRAVITY 

0. 000 
-0. 294 
-0. 

-1. 

"■1. 

-2. 

-3. 
”4. 
~6. 

-9. 
-14. 
-16. 
-18. 

633 
029 
499 
067 
770 
664 
854 
562 
789 
024 
657 
590 

-20. 056 
-21. 173 
•22. 015 
-22. 627 

-23. 
-23. 
•23. 
•23. 
-22. 

-21. 

20. 

•19. 
-18. 
-17. 
-17. 
-18. 
•19. 
•21. 
-23. 
-27. 
•30. 
•33. 
•36. 
■38. 

030 
256 
27/ 
OSl 
632 
883 
796 
474 
411 
937 
995 
517 
510 
074 
504 
095 
570 
522 
059 
283 

OBSERVED 
GRAVITY 

0. 000 
-0. 294 
-0. 633 
-1. 029 
-1. 499 
-2. 067 
•2. 770 
-3. 664 
-4. 854 
-6. 562 
-9. 789 
-14. 024 
-16. 657 
-18. 590 
-20. 056 
-21. 173 
-22. 015 
-22. 627 

-23. 038 
-23. 256 
-23. 277 

081 
632 
883 

-20. 796 
-19. 474 
-18. 411 
-17. 937 
“17. 995 
-18. 517 

-23, 
-22, 

-21. 

-19. 

-21. 
“23. 
-27. 
-30. 
-33. 
-36. 

510 
074 
504 
095 
578 
522 
059 

•30. 283 

DIFFERENCE 
OBS-COMP 

0. 000 
0. 294 
0. 633 
1. 029 
1. 499 
2. 067 
2. 770 
3. 664 
4. 854 
6. 562 
9. 789 

14. 024 
16. 657 
18. 590 
20. 056 
21. 173 
22. 015 
22. 627 

23. 038 
23. 256 
23. 277 
23. OSl 
22. 632 
21. 883 
20. 796 
19. 474 
18. 411 
17. 937 
17. 995 
18. 517 
19. 510 
21. 074 
23. 504 
27. 095 
30. 578 
33. 522 
36. 059 
38. 283 

o 



122. 

39 
40 
41 
42 
43 
44 
45 
46 
47 
40 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

Ty p e<CR> 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

TypeCCR> 
79 
80 
81 
82 
03 
84 
85 
86 
87 
88 
89 
90 

7. 600 
7. 800 
8 000 
8. 200 
8. 400 
a. 600 
8. 800 
9. 000 
9. 200 
9. 400 
9. 600 
9. 800 

10. 000 
10. 200 
10. 400 
10. 600 
10, 800 
11. 000 
11. 200 
11. 400 

to continue 
11. 
11. 
12. 

12. 

12. 
12. 

12. 

600 
800 
000 
200 
400 
600 
800 

13. 000 
13. 200 

400 
600 
800 
000 

200 
400 

t □ 

13. 
13. 
13. 
14. 
14. 
14. 
14. 600 
14. 800 
15. 000 
1 5. 200 
15. 400 

continue 
15. 600 
15. 
16. 
16. 
16. 
16. 
16. 

800 
000 
200 
400 
600 
800 

17. 000 
17. 200 
17. 400 
17. 600 
17. 800 

O. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 

0. 000 
0, 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
O. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 

0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
0. 000 
O. 000 
0. 000 
0. 000 
O. 000 

- 40. 252 
-•42. 009 
-43. 582 
-44. 992 
-46. 256 
-47. 38/ 
-4 8. 395 
-49. 2BG 
-50. 060 
-50. 743 
•51. 315 
-51. 786 
-52. 156 

52. 428 
52. 
52. 
52. 
52. 
52. 

603 
680 
660 
545 
335 
031 

-51. 634 
-51. 147 
- 50. 572 
-49. 912 
-49. 172 
-48. 355 
-47. 468 
-46. 517 
•45. 509 
-44. 448 
-43. 34 J 
-42. 180 
-40. 991 
-39. 742 
-38. 433 
-37. 047 
-35. 564 
■33. 955 
■32. 181 
■30. 196 

27. 931 
25. 286 
-22. 079 
17, 785 

•13. 204 
10. 795 
-9. 042 
-7. 663 
-6. 535 
-5. 591 
-4. 785 
-4. 090 

-40. 252 
-42. 009 
“43. 582 
-44. 992 
-46. 256 
-47. 387 
-48. 395 
-49. 288 
-50. 068 
-50. 743 
-51. 315 
-51. 786 
-52. 156 
-.so 

52. 
so 

428 
603 
680 

-52. 660 
“52. 545 
-52. 335 
-52. 031 

-51. 634 
-51.147 
-50. 572 
-49. 912 
-49. 172 
-48. 355 
-47. 468 
-46. 517 
-45. 509 
-44. 448 

-43. 341 
-42. 188 
-40. 991 
-39. 74? 
-38. 433 
•37. 047 
-35. 564 
-33. 955 
-32. 181 
-30. 196 

-27. 931 
-25. 286 
-22. 079 
-17. 705 
-13. 204 
-10. 795 
-9. 042 
-/. 663 
-6. 535 
-5. 591 
-4. 785 
-4. 090 

40. 252 
42. 009 
43. 582 
44. 992 
46. 256 
47. 387 
48. 395 
49. 280 
50. 068 
50. 743 
51. 315 
51. 786 
52. 156 
52. 428 
52. 603 
52. 680 
52. 660 
52. 545 
52. 335 
52. 031 

51. 634 
51. 147 
50. 572 
49. 912 
49. 172 
48. 355 
47. 468 
46. 517 
45. 509 
44. 448 
43. 341 
42. 188 
40. 991 
39. 742 
38. 433 
37. 047 
35. 564 
33. 955 
32. 181 
30. 196 

27. 931 
25. 286 
22. 079 
17. 785 
13. 204 
10. 795 
9. 042 
7. 663 
6. 535 
5. 591 
4. 785 
4. 090 

o 
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LIST OP'IION # (I)- 1 
MASTER—OPTION # ( I ) •= 3 

EDIT OPTION # (I0 
1 RETURN TO MASTER OPTIONS 
2 EDIT WORK FILE HEADER 
3 EDIT STATION DATA 
4 EDIT MODEL DATA 
5 EDIT SEARCH/INVERSN DATA 
6 EDIT PLOT DATA 

EDIT OPT ION # (I 4 
EMODEL—OPTION # (1)=^ 0 

1 RETURN TO EDIT OPTIONS 
2 EDIT MO. OF POLYGON 
3 EDIT tt OF SIDES OF POLY 
^ EDIT DENSITY CONTRASTS 
D EDIT STRIKE LENGTH OUT 
6 EDIT ’STRIKE LENGTH IN 
7 EDIT HOR. COORDINATES 
8 EDIT VERT. COORDINATES 

EMODEL—OPTION 4 (I)= 
CHANGE-HORZ. COORDINATES 

i change model i 
! to initial guess I 

-l.OOOOOOE 02 1. 185000E 02. 1. 185000E 02 1.625000E 01 1.550000E 01 
1. 350000E 01 1. 200000E 01 9. 500000E 00 8. 500000E 00 7. 500000E 00 
6. 500000E 00 5. OOOOOOE 00 4. 500000E 00 2. 500000E 00 2. OOOOOOE 00 

-l.OOOOOOE 02-1.OOOOOOE 02 
CHANGE, ADD, DELETE OR RETURN7CHANGE 
PARAMETER # (I,J)=^-1,-1 
# 1 
-JOO. 
# 1 
1 18. 5 
# 1 
1 10. 5 
# 1 
16. 75 
# 1 
15. 75 
# 1 
12. 5 
# 1 
1 1. 25 
# 1 
9. 5 
# 1 
8. 5 
# 1 
7. 25 
# 1 
6. 37 
# 1 
5. 

1 NEW 

3 

4 

5 

6 

OLD =•-—1. OOOOOOE 02 

OLD == 1. 185000E 02 NEW 

OLD 1. 185000E 02 NEW 

OLD ---- 1. 625000E 01 

OLD 1. 550000E 01 

OLD 1. 350000E 01 

7 OLD 1. 200000E 01 

8 OLD - 9. 500000E 00 NEW 

9 OLD 0. 500000E 00 NEW 

10 OLD -- 7. 500000E 00 NEW = 

OLD 6. 500000E 00 NEW 

OLD - 5. OOOOOOE 00 NEW 

1 1 

12 

NEW 

NEW 

NEW 

NEW 

o 
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# 
4. 
# 

1 13 OLD = 4. 500000E 00 NEIAI 

1 14 OLD = 2. 500000E 00 NEW 

1 15 OLD = 2. OOOOOOE 00 NEW 

16 OLD ::^-l. OOOOOOE 02 NEW 

17 OLD =-—l. OOOOOOE 02 NEW 

iZ, . 

# 
1. D 
# 1 
“100. 

# 1 
“100. 

-1. OOOOOOE 02 1. 185000E 02 1, IBDOOOE 
1.250000E 01 1. 125000E 01 9. 500000E 
6. 370000E 00 5. OOOOOOE 00 4. OOOOOOE 

“1 OOOOOOE 02-1.OOOOOOE 02 
CHANGEiADD.DELETE OR RETURN7RETURN 

EMODEL—OPTION # (I)- B 
CHANGE-VERT. COORDINATES 

0. OOOOOOE-01 0. OOOOOOE-Ol 1. OOOOOOE 
2. OOOOOOE 00 4. 750000E 00 5. OOOOOOE 
1.250000E-01 2. 500000E-01 1.420000E 
l.OOOOOOE-02 0. OOOOOOE-Ol 

CHANGE,ADD,DELETE OR RETURN7CHANGE 
PARAMETER # (I,J):^“1,“1 
# 1 1 OLD = 0. OOOOOOE-Ol NEW 
O. 

2 OLD - 0. OOOOOOE-Ol NEW # 
0. 

# 
# 
It 
1. 25 
# 
1. 25 

4. 

# 
4, 
# 
2. 

# 

02 
00 
00 

1.675000E 01 1. 575000E 01 
8. OOOOOOE 00 7. 250000E 00 
2. OOOOOOE 00 1. OOOOOOE 00 

■02 
00 
00 

l.OOOOOOE-02 2. OOOOOOE 00 
2. 920000E 00 3. OOOOOOE 00 
1.500000E 00 l.OOOOOOE-02 

1 2 

1 3 OLD = 1. OOOOOOE-02 NEW 
1 4 OLD 1.000000E-02 NEW 
1 5 OLD ^ 2. OOOOOOE 00 NEW 

1 6 OLD === 2. OOOOOOE 00 NEW 

1 7 OLD 4. 750000E 00 NEW = 

1 Q OLD =- 5. OOOOOOE 00 NEW 

1 9 OLD 2. 920000E 00 NEW =- 

1 10 OLD = 3. OOOOOOE 00 NEW 

# 
# 
# 
2. 

# 

C- . 

# 
# 
# 
0. 

11 OLD = 1.250000E-01 NEW 
12 OLD - 2. 500000E-01 NEW 
13 OLD -- 1.420000E 00' NEW 

14 OLD 1. 500000E 00 NEW 

1 5 OLD -- 1. OOOOOOE-02 NEW 
16 OLD 1.000000E-02 NEW 
17 OLD = 0. OOOOOOE-Ol NEW 

0. OOOOOOE-Ol 0. OOOOOOE-Ol 1. OOOOOOE-02 
1.250000E 00 4. OOOOOOE 00 4. OOOOOOE 00 
1.250000E-01 2. 500000E-01 2.OOOOOOE 00 

1.OOOOOOE-02 
2.OOOOOOE 00 
2. OOOOOOE, 00 

250000E 00 
OOOOOOE 00 
OOOOOOE-02 

o 
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l.OOOOOOE-02 0. OOOOOOE-OI 
CHANGE,ADD, DELETE OR RETURN7RETURN 

EMODEL—OPTION # (1)=-- 0 
1 RETURN TO EDIT OPTIONS 
2 EDIT MO. OF POLYGON 
3 EDIT OF SIDES OF POLY. 
4 EDIT DENSITY CONTRASTS 
5 EDIT STRIKE LENGTH OUT 
6 EDIT STRIKE LENGTH IN 
7 EDIT HOR. COORDINATES 
8 EDIT VERT. COORDINATES 

EMODEL—OPTION # (I )1 
EDIT OPTION # (I)- O 

1 RETURN TO MASTER OPTIONS 
2 EDIT WORK FILE HEADER 
3 EDIT STATION DATA 
4 EDIT MODEL DATA 
5 EDIT SEARCH/INVERSN DATA 
6 EDIT PLOT DATA 

EDIT OPTION # (I)- 5 
ESEARCH-OPTION « (I)^ 0 

1 RETURN TO EDIT OPTIONS 
2 EDIT # OF ITERATIONS 
3 EDIT # OF VERTEX SEARCH DIR. 
4 EDIT # OF DENSITY SEARCH DIR 
5 EDIT DENSITY SEARCH #S 
6 EDIT VERT. SEARCH #S(VERTEX) 
7 EDIT HORZ. SEARCH #S(VERTEX) 
B EDIT TOLERANCES F"OR SEARCH 
9 EDIT STEP SIZES FOR SEARCH 

ESEARCH-OPTION # ( I ) ^- 2 
CHANGE-# ITERATIONS 
OLD= 0 NEW=- 
4 

ESEARCH-OPTION # ( I ) =• 3 
CHANGE-# VERTX SEARCH DIR. B 
OLD== 0 NEW=- 
7 

ESEARCH-OPTION # (1)=-^ 6 
CHANGE-VERT. SEARCH #S 

0 0 0 
0 0 C) 
0 0 0 
0 0 

CHANGE,ADD,DELETE OR RETURN7CHANGE 
PARAMETER # (I,J)=-1,-1 
# 1 .1 OLD 0 NEW 
0 
# 1 2 OLD O NEW 
0 
# 1 3 OLD - 0 NEW 

0 
0 
0 

0 
0 
0 

o 
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0 
# 
0 
# 
6 
# 
6 
# 
3 
# 
3 
# 
3 
# 
3 
# 
0 
# 
0 
# 
1 
# 
1 
# 
0 
# 
0 
# 
0 

4 OLD ^ 

5 GL D ^ 

6 OLD ^ 

7 OLD 

0 OLD 

9 OLD 

10 OLD 

11 OLD - 

12 OLD =- 

13 OLD = 

14 OLD = 

ID OLD 

16 OLD ^ 

17 OLD =- 

0 
6 
0 
O 

0 
3 
0 
0 

0 NEW 

0 NEW =•- 

0 NEW --- 

0 NEW 

0 NEW 

0 NEW 

0 NEW - 

0 NEW 

0 MEW 

0 NEW =--- 

0 NEW 

0 NEW - 

0 NEW 

0 NEW 

0 
3 
J. 

CHANGE,ADD,DELETE OR RETURN7RETURN 
ESEARCH-OPTION # (1)=- 7 

CHANGE-HORZ. SEARCH #S 
0 0 0 
0 0 0 
0 0 0 
O O 

CHANGE,ADD,DELETE OR RETURN7CHANGE 
PARAMETER # <I,J)=~1,-1 
# 
0 
# 
0 
# 
O 
# 
7 
# 
7 
# 
7 

1 OL D =• 

2 OLD 

3 OI..D ^ 

4 OLD ^ 

5 OL D 

6 OLD 

0 NEW 

0 NEW 

0 NEW 

0 NEW 

0 NEW 

0 NEW ■" 

0 
0 
0 

6 
3 
0 

O 
0 
0 

o 
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# 
5 
# 
A 
# 
4 
# 
0 
# 
0 
# 
0 
# 
o 
# 
2 
# 
2 
# 
0 
# 
0 

1 7 OLD ^ 

1 a OLD = 

i 9 OLD 

1 10 OLD - 

1 11 OLD 

1 12 OLD ^ 

1 13 OLD 

1 14 OLD 

1 15 OLD =- 

1 16 OLD 

1 17 OLD 

O 
7 
O 
0 

0 NEW - 

0 NEW 

0 NEW 

O NEW == 

O NEW - 

0 NEW •- 

O NEW 

O MEW 

0 NEW 

0 NEW 

0 NEW 

CHANGE,ADD,DELETE 
PARAMETER # ( I, J ) 
# 1 6 OLD = 
5 

0 
5 
0 
O 

CHANGE, ADD, DELETE 
ESEARCH 

1 
o 
CL. 

3 
4 
5 
6 
7 
8 
9 

O O 
5 A 
O 0 
0 

OR RETURN?CHANGE 
1, 6 

7 NEW = 

7 
4 
2 

7 
0 

change incorrectly 
typed number 

0 0 7 
5 4 4 
0 0 2 
0 

OR RETURN7RETURN 
-OPTION # (I)- O 

RETURN TO EDIT OPTIONS 
EDIT # OF ITERATIONS 
EDIT « OF VERTEX SEARCH DIR. 

# OF DENSITY SEARCH DIR 

7 
O 
2 

EDIT 
EDIT 
EDIT 
EDIT 
EDIT 
EDIT 

DENSITY SEARCH #S 
VERT. SEARCH #S(VERTEX) 
HORZ. SEARCH #S(VERTEX) 
TOLERANCES FOR SEARCH 
STEP SIZES FOR SEARCH 

ESEARCH-OPTION 1! (1)=^- 8 
CHANGE-TOLERANCES 

0 OOOOOOE-01 0. OOOOOOE-OJ O. OOOOOOE-01 0. OOOOOOE-01 0. OOOOOOE-01 
0 OOOOOOE-Ol 0. OOOOOOE-01 

PARAMETER # (I)=-l 
# 1 OLD = 0. OOOOOOE-Ol NEW 
1. 

# 2 OLD = 0. OOOOOOE-Ol NEW == 

o 
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OLD 0. OOOOOOE:-OJ NEW ~ 

OLD = 0. OOOOOOE-01 NEW 

OLD = 0. OOOOOOE-Ol NEW 

OLD = 0. OOOOOOE-OJ NEW 

1. 

# 
1. 

# 
1. 

# I 
1. 

# < 
1. 

# 
1. 

ESEARCH-OPTIDN # (I):- 9 
CHANGE-STEP SIZES 

0. OOOOOOE-01 O. OOOOOOE-01 0. OOOOOOE-01 0. OOOOOOE-01 0. OOOOOOE-01 
0. OOOOOOE-01 0. OOOOOOE-01 

PARAMETER # (I)=-l 

OLD 0. OOOOOOE-01 NEW 

OLD - 
OLD = 
OLD = 
OLD = 
OLD = 
OLD 
OLD = 

0. OOOOOOE-OJ. 
O. OOOOOOE-01 
0.OOPOOOE-01 
O. OOOOOOE-01 
0. OOOOOOE-Ol 

HAS 

0. OOOOOOE-Ol 
0. OOOOOOE-Ol 

ESEARCH-OPTION # 
EDIT OPTION # (I)“^ 

THE WORK FILE CHANGED? 

NEW 
NEW 
NEW 
NEW 
NEW 
NEW 
NEW 
( I ) = 

1 

MASTER—OPTION # ( I ) 
LIST OPTION # 

^ MODEL DATA * 
POLYGON MO. 1 

X VERTICE 
-100. 000 

118. 500 
1 10. 500 

16. 750 
15. 7 50 

T tj p e C C R1 

Type <.C1T. 

12. 
1 .1 

9. 
8. 

7. 
6. 

5. 
4. 
'T 

500 
250 
500 
500 
250 
370 
000 
000 
000 

1. 500 
t o c o n 11 n u e 

- iOO. 000 
- 100. 000 

to r. ont;inoo 

4 
( I) nr /| 

DENSITY 
STRIKE LENGTH 
STRIKE LENGTH 
SEARCH NO. ^ 
Z VERTICE 

0. 000 
0. 000 
0. 010 
0. 010 
1, 250 
1. 250 
4. 000 
4. 000 
2 000 
2. 000 
0. 125 
0. 25(.) 
2. 000 
2. 000 
0. 010 

0, 010 
O, 000 

-O. 50(.K)0 
1 10. 00000 
2 10. 00000 

0 
VERT. SEARCH NO. 

0 
0 
0 
0 
6 
6 
3 
3 
3 
3 
0 
0 
1 
1 
0 

0 
0 

HOR. SEARCH NO. 
O 
0 
O 
7 
7 
5 
5 
A 
A 
0 
O 
0 
0 
-) 

o 



5 LIST OPTION # (I)^- 
^ SEARCH DATA 

NO. OF ITERATIONS FOR INVERSION IS A 
TOTAL NO. OF VERTEX SEARCH DIRECTIONS IS 7 
TOTAL NO. OF DENSITY CONTRAST SEARCH DIRECTIONS I 

Type <CR> to continue 
TOLERANCE 

1 1.00000 
2 1.00000 
3 1. 00000 
4 1.00000 
D 1.00000 
6 1. 00000 
7 1.00000 

L.IST OPTION # (I)- 1 
MASTER—OPTION # (I)= 3 

EDIT OPTION # (I)- 5 
ESEARCH-OPTION « (I) 

CHANGE-# VERTX SEARCH DIR.B 
OLD=^ 7 NFW= 
0 

STEP SIZE 
0. r?DOOO 
0. PDOOO 
0. 2D000 
0. P5000 
0. 3D000 
0. 3D000 
0. 2D000 

3 

ESEARCH-OPTION # ( I ) 
EDIT OPTION # (I)- 1 

HAS THE WORK FILE CHANGED? 
Y 

MASTER—OPTION # (I)= 5 I STEP 3 I 
XQT OPTION # (I)- 2   

OUTPUT—OPTION +i (I)-= 1 
THE TOTAL SUM OF SQUARES (SSR) - 8203.779 

O SEARCHES LEFT 
XQT OPTION # (I)- 1 

MASTER—OPTION # <I)= 7 
PLOT OPTION # (I)^- 0 

1 RETURN TO MASTER OPlIONS 
2 PLOT CURRENT MODEL 
3 PLOT MULTIPLE SAVED MODELS 

PLOT OPTION # (I)rr 2 
-x^CURRENT MODEL PLOT>^- 

DEVICE—OPTION # ( I ) ^- 0 
1 TEKTRONIX GRAPHICS PLOT 
2 STATOS PL.DT 
3 UUCC CALCOMP PLOT 

DEVICE—OPTION # < I ) 
# OF VECTORS:^- 2364 

PLOT OPTION # (I):- 1 

MASTER—OPTION # (I)= 3 
EDIT OPTION # (I)^- 5 

ESEARCH-OPTION # <I)^ 
CHANGE-# VERTX SEARCH DIR. S 
Ol.D^-^ 0 NPW^-' 

2 

3 
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ESEARCH-OPTION # (I )--• 
EDIT OPTION # (I)-- 1 

HAS THE WORK FILE CHANGED'? 
N 

MASTER—OPTION # (I)= 5 
XGT OPTION # <I)^= 2 

OUTPUT—OPTION # (I)^- 1 
THE TOTAL SUM OF SQUARES (SSR) ^ 

0 SEARCHES LEFT 
THE TOTAL SUM OF SQUARES (SSR) 

6 SEARCHES LEFT 
THE TOTAL SUM OF SQUARES (SSR) 

5 SEARCHES LEFT 
THE TOTAL SUM OF SQUARES (SSR) 

4 SEARCHES LEFT 
THE TOTAL SUM OF SQUARES (SSR) =- 

3 SEARCHES LEFT 
THE TOTAL SUM OF SQUARES (SSR) =•“= 

2 SEARCHES LEFT 
THE TOTAL SUM OF SQUARES (SSR) 

1 SEARCHES LEFT 
THE TOTAL SUM OF SQUARES (SSR) :-•= 

0 SEARCHES LEFT 
DO YOU WANT THIS SAVED? 
YEB 

XQT OPTION # (I)^- 1 
MASTER—OPTION # (I)= 7 

PLOT OPTION # (I)^^ 2 
^CURRENT MODEL PLOT* 

DEVICE—OPTION # (I)-> 2 
# OF VECTORS= 2362 

PLOT OPTION # (I)=- 1 
MASTER—OPTION # (I)= 5 

XQT OPTION # (D- 0 
1 RETURN TO MASTER 
2 XQT SEARCH 
3 XQT INVERSION 

I S'fEP 4 ! 

8283. 779 

6935, 303 

6008. 625 

2553. 403 

2250. 706 

992. 981 

1026. 183 

908. 666 

1 STEP 5 I 

XQT OPTION # (I)rr 
OUTPUT—OPTION # 

THE TOTAL SUM OF SQUARES IS 
4 ITERATIONS LEFT 

THE TOTAL SUM OF SQUARES IS 
3 ITERATIONS LEFT 

THE TOTAL SUM OF SQUARES IS 
2 ITERATIONS LEFT 

THE TOTAL SUM OF SQUARES IS 
1 ITERATIONS LEFT 

THE TOTAL SUM OF SQUARES IB 
0 ITERATIONS LEFT 

DO YOU WANT THIS SAVED? 
YEB 

3 
( I )- I 

908. 664 

48. 659 

24. 613 

17. 496 

17. 164 

o 
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X«T OPTION # (I)-- 
MASTER—OPTION # (I)= 6 

•M-FILE MAINTENENCE^t 
FMAIN OPTION # (1)=-- 2 

TEST FILES FOR DEBUGGING G2HSER 
^SUBFILE# 1 
SOUTH LINE - HILL AIRFORCE BASE 
HILL AIRFORCE BASE SOUTH LINE 

^SUBFILE4< 2 
NORTH LINE - HILL AIRFORCE BASE 
HILL AIRFORCE BASE NORTH LINE 
■>^SUBFILE# 3 

TEST OF RONS FILE 
DALTAZOR L~3 1ST CUT 
^SUBFILE# 4 

! STEP 6 ! 

WITH D. P. 

WITH D. P. 

EXAMPLE ONE 
HILL AIRFORCE BASE SOUTH LINE 

■^SUBFILE# 5 
TEST OF AUTOMATIC SEARCH ON THEORETICAL MODEL 
THEORETICAL MODEL FROM SNOW 

Type <CR> to continue 
^SUBFILE# 6 
TEST OF INVERSION ON THEORETICAL MODEL AFTER SEARCH 
THEORETICAL MODEL FROM SNOW 
^SUBFILE# 7 

M2 INV 
LINE M2 GRAV 

FMAIN OPTION # (I)^- 0 
1 RETURN TO MASTER PROGRAM 
2 LIST MERGED FILE DIRECTORY 
3 SAVE WORK FILE ON MERGED FILE 
4 RESTORE WORK FILE FROM MERGED FILE 
5 DELETE AND PACK MERGED FILE 
6 INITIALIZE MERGE FIl. E 
7 SEND MERGE FILE CONTENTS TO PRINTER 

FMAIN OPTION # (I)^- 3 
^SAVE WORK FILE* 
WORK FILE SAVED AS SUBFILE# 8 

FMAIN OPTION # <I>- 1 
MASTER —OPTION # (I)= 7 

PLOT OPTION #(!)=- 2 
^CURRENT MODEL PLOT* 

DEVICE—OPTION # ( I )-- 
# OF VECTORS^ 2293 

PLOT OPTION # (I)^- 1 
MASTER—OPTION # (I)= 1 

o 
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OK, T 

OK, COMO 

No t e-w- 

8^1 J. O'07 
“END 

rime <3ince LOGIN 

c' h r 3 
8 m i n 
0 m i 11 

48 min. 
1 i s (' c . 
27 sec;. 

o i- 
o f 
of 

connect 
CK'U time 
d i c i /O 

A p p r o X b T' e a k d o m n 

8 r !:i P 3 ( f o r uj a r (J p r‘ o b 1 e m ) - 
STEP 4 (search) 
STEP '5 (inversion) ~ 

Time since LOGIN 1 
explained beloui I 

t i me 

t i m e 

.17 sec. CPU t.ime 
.18^7 sec. CPU time 
180 sec. CIKJ time 

o 
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SAMPLE TERMINAL SESSION #2 

This terminal session uses a multiple-polygon 
model. 

o 



138. 

OK, T 
4'06 0'2Q 

□K, SLIST STATIONS. SOUTH 
HILL SOUTH LINE 

1 
26 
IbO 
“1. 16, . lb, 0. 0 
“1. 90, . 30, 0. 0 
-3. 17, . 61,0. 0 
-4. 56, 91,0. 0 
-5. 91,1. 23, 0. 0 
”6. 40, 1. 37, 0. O 
-6. 88, 1. 52, 0. 0 
-7. 83, 1. 33, 0. O 
-8. 59, 2. 13, 0. 0 
-•9. 01, 2. 29, 0. 0 
-9. 41, 2. 44, 0. 0 
-10. 22, 2. 74, 0. 0 
-11. 03, 3. 05, 0. 0 
-11. 42, 3. 20, 0. 0 
-12. 07, 3. 50, 0. 0 
-12. 50, 3. 81,0. 0 
-12. 76, 4. 12, 0. 0 
“12. 81, 4. 27, 0. 0 
- 12. 03, 4. 57, 0. 0 
-12. 71,4. 88, 0. 0 
-12. 47, 5. 18, 0. O 
-12. 22, 5. 49, 0. 0 
-11. 83, 5. 79, 0. O 
-11. 49, 6. 10, 0. 0 
-11. 27, 6. 40, 0. 0 
-10. 99, 6. 71, 0. 0 
-11. 00, 7. 01, 0. 0 
“10. 96, 7. 16, 0. O 
-10. 95, 7. 31,0. 0 
-11.01,7. 62, 0. 0 
-1 1. 27, 7. 93, 0. 0 
-11. 51,8. 23, O. O 
-11. 70, 8. 53, 0. 0 
-11. 82, 8. 84, 0. 0 
-11. 97, B. 99, 0. 0 
-11. 91, 9. 14, 0. 0 
-11.91,9. 30, 0. 0 
-11. 82. 9. 60, 0. 0 
-11. 78, 7, 75, 0. 0 
-11. 75, 9. 91,0. 0 
-11. 79, 10. 21, 0. 0 
-11. 09, 10. 52, 0. 0 
-12. 07, 10. 67, 0. 0 
-12. 49, 10. 97, 0. 0 
-12. 83, 11. 12, 0. 0 
-13. 34, 11. 28, 0. 0 
-13. 53, 11. 43, 0. 0 

o 
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“14. 38, 11 
-14. 85, 11 
“15. 31, 12 
-15. 81, 12 
- 16. 35, 12 
“16. 88, 12 
“17. 22, 12 
“17. 99, 12. 
“18. 63, 12. 
“19. 25, 13. 
“19. 91, 13. 
“20. 60, 13. 
“21. 26, 13. 
-21. 94, 13. 
“22. 59, 13. 
-23. 28, 14. 
-23. 96, 14. 
-24. 68, 14. 
-25. 30, 14. 
-26. 01, 14. 
“26. 84, 14. 
“27. 39, 14. 
-28. 02, 15. 
“28. 55, 15. 
-29. 15, 15. 
-29. 67, 15. 
-30. 23, 15. 
“30. 76. 15. 
“31. 18, 16. 
“31. 68, 16. 
-32. 06, 16. 
“32. 46, 16. 
“32. 83, 16. 
-33. 15, 16. 
“33. 47, 16. 
“33. 78, 17. 
“34. 00, 17. 
-34. 26, 17. 
“34. 48, 17. 
“34. 65, 17. 
-34. 78, 17. 
“34 86, 17. 
“34 , 97, 18. 

-35. 03, 18. 
-35. 03, 18. 
“35. 11, 18. 
“35. 08, 18. 
“34. 93, 18. 
-34. 94, 19. 
-34. 84, 19. 
“34. 77. 19. 
“34. 68, 19. 
- 34. 54, 19. 
“34. 34, 19. 

. 74, 0. 0 

. 89, 0. 0 

. 04, 0. 0 

. 19, 0. 0 
34, 0. 0 
50, 0. 0 
65, 0. 0 
80, 0. 0 
95, 0. 0 
11,0. 0 
26, 0. 0 
41.0. 0 
56, 0. 0 
72, 0. 0 
87, 0. O 
02, O. 0 
17, 0, 0 
33, 0. 0 
48, 0. O 
63, 0. 0 
78, 0. 0 
93, 0. 0 
09, 0. 0 
24, O. 0 
39, 0. 0 
54, 0. 0 
70, 0. 0 
85, 0. O 
00, 0. 0 
15, 0. O 
31.0. 0 
46, 0. 0 
61, 0. 0 
76, 0. 0 
92, 0. 0 
07, 0. 0 
22, 0. 0 
37, 0. 0 
53, 0. O 
60, 0. 0 
03, 0. 0 
90, 0. 0 
14, 0. 0 
29, 0. 0 
44.0. 0 
59, 0. 0 
74, 0. 0 
90, 0. 0 
05, 0. 0 
20, 0. 0 
36, 0. 0 
51, 0. 0 
66, 0, 0 
01.0. 0 

o 
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“34. 23, 19. 96, 0. 0 
-34. 14, 20. 12, 0. 0 
-33. 96, 20. 27, 0. O 
-33. 77, 20. 42, 0. 0 
-33. 45, 20. 57, 0. 0 
-33. 00, 20. 73, 0. 0 
-32. 74, 20. 88, 0. 0 
-32. 51,21. 03, 0. 0 
-32. 16, 21. 28, 0. 0 
“31. 94, 21.49, 0. 0 
-31. 67, 21. 64, 0. 0 
-31. 32, 21. 79, 0. 0 
”30. 27, 22. 25, 0. 0 
-29. 88, 22. 40, 0. 0 
“29. 47, 22. 56, 0. 0 
-29. 07, 22. 71, 0. O 
-28. 68, 22. 86, 0. 0 
-28. 22, 23. 01,0. 0 
-27. 68, 23. 16, 0. 0 
-27. 18, 23. 32, 0. 0 
-26. 70, 23. 47, 0. 0 
-26. 16, 23. 62, 0. O 
“25. 57, 23. 77, 0. 0 
“24. 95, 23. 93, 0. 0 
-24. 32, 24. 08, 0. O 
-23. 79, 24. 23, 0. 0 
-23. 29, 24. 38, 0. 0 
“22. 80, 24. 54, 0. 0 
-22. 20, 24. 69, 0. O 
-21. 59, 24. 84, 0. 0 
-21. 00, 24. 99, O. 0 
-20. 39, 25. 15, 0. 0 
-19. 62, 25. 30, 0. 0 
-18. 89, 25. 45, 0. 0 
-18. 29, 25. 61,0. 0 
-17. 55, 25. 76, 0. 0 
-16. 82, 25. 92, 0. 0 
“15. 71,26. 06, 0. 0 
-14. 73, 26. 18, O. 0 
-13. 76, 26. 37, 0. 0 
-13. 35, 26. 52, 0. O 
-12. 95, 26. 66, 0. O 
-10. 08, 27. 58, 0. O 
-8 46, 27. 89, 0. 0 
“5. 78, 28. 13, 0. 0 
-4. 22, 28. 37. 0. 0 
-3. 67, 28. 54, 0. 0 
-2. 76, 28. 78, O. 0 

OK, SLIST M0DEL3 
5 
23, -. 50, 10. , 10. , .1.7 
-2000. , 0. 000, 0, 0 
2000. , 0. 000, 0, 0 

o 
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2000. , . 001. O. 0 
29. 200. . 001,0, 0 
28. 660, . 3500, 1, 51 
28 20, . 450, 0, 0 
28. 000, . 550, 0, 0 
27. 40, . 630, 0, 0 
26. 8, . 32, 0, 0 
24. 8, . 480, 0, 0 
24. 6, . 175, 0, 0 
20. 7, . 175, 0, 0 
20. 0, . 75, 0, 0 
16. 2, . 75, 0, 0 
15. 7, . 15, 0, 0 
13. 3, . 16, 0, 0 
12. 5, . 41, 0, 0 
-2000. , . 001,0, 0 
-2000. , . 000, 0, 0 
29, 46, 10. , 10. , 18 
12. 5, . 41, 0, O 
13. 3, . 160, 0, 0 
15. 7, . 150, O, 0 
16. 2, . 75, O, O 
20. O, . 75, 0, O 
20. 7, . 175, O, O 
24. 6, . 175, O, 0 
24. 8, . 480. 0, 0 
26. 8, . 320, 0, 0 
27. 400, . 630, 15, 16 
26. 800, . 950, 13, 14 
25. 60, . 950. 0, O 
20. 6, . 950, 0, O 
20. 2, 1. 30, 0, 0 
16. 2, 1. 3, O, 0 
15. 8, . 85, 0, 0 
15. 00, . 650, 0, 0 
12. 80, . 650, O, 0 
11. 300, . 750, 11,8 
10. 850, . 750, 7, 8 
9. 200, . 850, 7. 8 
9. 000, . 950, 0, 0 
8. 100, . 900, 0, 0 
7. 700, . 780, 5, 6 
6. 000, . 860. 5, 6 
4. 400, 1. 18. 1,4 
2. 950, . 970. 1, 4 
2. 150. . 750, 20, 30 
16, -. 42, 10. , 10. , 19 
11. 300. . 750, 11,8 
12. 80. . 650, 0, 0 
15. 0, . 650, O, 0 
15. 80, . 85, O, 0 
16. 20, 1. 3, O, O 
20. 2, 1. 3, 0, 0 
20. 6. . 95, 0, 0 

o 
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25. 600, . 950, 13, 14 
25. 200, 1. 55, 13, 14 
20. 8, 1. 55, 0, 0 
20. 4, 1. 75, 0, 0 
16. 4, 1. 75, 0, 0 
16. O, 1. 45, 0, 0 
13. 500, 1. 350, 11, 12 
12. 8, . 90, 0, O 
11. 30, . 900, O, 0 
11. 30, . 750, O, 0 
12. 39, 10. , 10. , 20 
13. 500, 1. 350, 11, 12 
16. 0, 1. 45, 0, 0 
16. 4, 1. 75, 0, 0 
20. 4, 1. 75, O, 0 
20. 8, 1. 55, 0, 0 
25. 200, 1. 550, 13, 14 
23. 600, 1. 900, 13, 14 
21. 40, 2. 100, 0, 0 
21. 20, 2. 400, 0, 0 
16. 4, 2. 40, 0, 0 
16. 0, 2. 20, O, 0 
14. 600, 2. 200, 11, 12 
13. 500, 1. 350, 11, 12 
9, -. 36, 10. , 10. , 21 
14. 6, 2. 20, O, 0 
16. 0, 2. 20, 0, O 
16. 400, 2. 400, 11,12 
21.20. 2. 400, 0, O 
21. 40, 2. 10, 0, 0 
23. 600. 1. 900, 13, 14 
23. 500, 2. 3, 0, 0 
21.300, 2. 800, 9, 10 
16. 600, 2. 900, 9, 10 
14. 600, 2. 200, 11,12 

OK, GRAV/2D 
TERMINL-OPTION # (I)= 3 

GRAV2D MASTER 
MASTER—OPTION #<!>== 2 

INPUT WORK FILE HEADER (SO CHAR. ) 
EXAMPLE TWO 

DO YOU WANT TO INPUT STATION DATA FROM FILE? 
YES 
INPUT FILENAME (16 CHAR) 
STATIONS. SOUTH 
INPUT PROFILE ID. 
INPUT CODE FOR UNITS: 1 KILOMETERS 

2 = METERS 
3 KILOFEET 

INPUT STATION NO. OR MATCH PT. 
INPUT NO. OF STATIONS 
INPUT OBS.GRAVITY, DIST., ELEV. FOR 150 STATIONS 
DO YOU WANT TO INPUT MODEL DATA FROM FILE? 

o 
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YES 
INPUT FILENAME (16 CHAR) 
MODELS 
INPUT NO. OF POLYGONS 
FOR POLYGON 1 , INPUT: 
# OF SIDES(I),DENSITY CONTRAST,STRIKE OUT,STRIKE IN.DENSITY SEARCH #(I) 
FOR 24 VERTICES, INPUT: 
HORZ. COORD. , VERT. COORD. , VERT. SEARCH #< I), HORZ. SEARCH #<I) 
FOR POLYGON 2 , INPUT: 
# OF SIDESCI),DENSITY CONTRAST,STRIKE OUT,STRIKE IN,DENSITY SEARCH #(I) 
FOR 30 VERTICES, INPUT: 
HORZ. COORD. , VERT. COORD. , VERT. SEARCH #< I), HORZ, SEARCH #(I) 
FOR POLYGON 3 ,INPUT: 
# OF SIDES(I),DENSITY CONTRAST, STRIKE OUT, STRIKE IN,DENSITY SEARCH #(I) 
FOR 17 VERTICES, INPUT: 
HORZ. COORD ,VERT. COORD. ,VERT. SEARCH #(I),HORZ. SEARCH #(I) 
FOR POLYGON 4 ,INPUT: 
# OF SIDES(I),DENSITY CONTRAST,STRIKE OUT, STRIKE IN, DENSITY SEARCH #(I) 
FOR 13 VERTICES, INPUT: 
HORZ. COORD. ,VERT COORD. ,VERT. SEARCH #<I),HORZ. SEARCH #(I) 
FOR POLYGON 5 ,INPUT: 
# OF SIDES(I), DENSITY CONTRAST, STRIKE OUT, STRIKE IN, DENSITY SEARCH #(I) 
FOR 10 VERTICES, INPUT: 
HORZ. COORD. , VERT. COORD. , VERT. SEARCH #< I), HORZ. SEARCH #(I> 

DO YOU WANT TO INPUT SEARCH DATA FROM FILE? 
NO 
INPUT # ITERATIONS FOR INVERSION 
0 
INPUT TOTAL # OF VERTEX SEARCH DIRECTIONS 
0 
INPUT TOTAL # OF DENSITY CONTRAST SEARCH DIRS. 
0 
INPUT HOR.SCALE,VER. SCALE(CURVES).VER. SCALE(MODEL) 
5 , 17. 5, 3. 
MASTER—OPTION # (I)= 5 

XQT OPT ION #(!)*= 2 
OUTPUT—OPTION # (I>^^ X 

THE TOTAL SUM OF SQUARES (SSR) U.402 
0 SEARCHES LEFT 
XQT OPTION #(!)=- 1 

MASTER—OPTION # (I)= 7 
PLOT OPTION # (1)=^ 2 

♦CURRENT MODEL PLOT* 
DEVICE—OPTION # (I)= 2 

# OF VECTORS^ 3412 
PLOT OPTION # (I)= 1 

MASTER—OPTION #(!)== 1 

o 
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APPENDIX B ENVELOPE 

2 %-Dimensional GRAVED Program Model Data Output 

Profile A-A' 

Profile B-B' 

Profile C-C' 

Profile D-D' 

Profile E-E' 

Profile F-F' 

OUTPUTAA.DAT.! 

OUTPUTBB.DAT.1 

OUTPUTCC.DAT.! 

OUTPUTDD,DAT.l 

OUTPUTEE.DAT.1 

OUTPUTFF.DAT.! 

3-Dimensional GRAV3D Program Listing 

GRAV3D.F0R.1 

3-Dimensional GRAV3D Program Model Data Output 

OUTPT3D.DAT.! 



V
A

X
/V

M
S
 

F
G

L
K

K
H

L
fe

:^
 

n
iiT

P
U

T
A

A
 

1
5
-J

U
M

-1
9
8
2
 

1
0
:5

8
 

L
P

A
O

: 
1 
5

-J
ll
N

-1
9

 8
2
 

2
0
: 

5
3
 

^D
R

 A
2 

S 
f F

G
L

K
F

H
L

F
N

 3
 H

U
T

P
U

T
 A

 A
 ,
 l)

 A
T 

: 
V

A
X

/V
iM

S
 

f 
G

liK
P

H
l.F

.M
 

O
n
T

P
U

T
A

A
 

1
5

-J
U

N
-1

9
8

2
 

1
0
: 

5
8
 

L
P

A
O

; 
1

5
-J

IJ
N

«
-1

9
8

2
 

2
0

: 
5
3
 

«
D

R
A

2
 :
 [

F
G

L
K

E
H

L
F

A
I 

3 
H

U
T

P
U

T
 A

A
 ,

 n
 A

T
 :

 
V

A
X

/V
M

S
 

P
G

L
K

L
H

L
F

'M
 

O
n
T

P
U

T
A

A
 

1 
b
-v

J
llM

-1
 9

8
 2
 

1
0
;5

8
 

L
P

A
O

: 
1

5
-J

U
U

-1
9

8
2
 

2
0
:5

3
 

-D
R

A
2

 :
 [

F
G

L
K

e
H

L
b
N

 ]
 O

IJ
T

P
IJ

T
A

A
 ,
 D

 A
T

; 

<t; <t <c; < < <t <t <i: <r. ti<, 
•flt «a; <c <c <ac’ 

«C:<C <cf 
*a; -a; <t <t 
<i;<t <£<c 
<t<c <i;< 
<t:«i << 
<£. <c <t <« 

< <t «a: < c <• «a: <£ <c c, < < 
<t <c C «t <r <t «r <i: <£ <£ <c. << 

s 3: 3 ^ 

2, 2; 2 3, 2 2 3 

bJi US 
o3 
[*: C12 [li 
^ Ltf 'ij 
C*3t«^vi:SU2i*ioa£a2 

-3 

XXXXXXX 
X 
X 
X 

X X X X X X X 

<c «t <c <c <C <t <t: <t«« <t <; 
C<« <t< 
<S, <5 
<c<c <c< 
<t*a. C«t: 
<t< <r*ac 
<< *t,<r 

c. <a. <r: < <c < <t: <r, <f <t <■ < 
<t. «at <1, «KC «a. *£ <t 

E->&^ 

E~* t** £H^ i~f IH f—< Er^ t-i 
t-i IT’' F-i t-( JH JH E-t IH 

E-^H 
E-EH 
HE-' 
HH 

iXXXXXXX- 
■xxxxxxx: 

xxxxx 
X X X X X 

XX 

X 3.3 3' 3 3 3 

Ui £3 
III Ixj' 

£xJ 1x1 Ea£ 
it! £i2 IxJ 
Ex/ 1x4 lx/ UJi b/ lx/ 1x4 

xxx= 

X 
X 

X X X X X X X 
X 
X 
X 

xxxxxx:x 

X X 
XXX 
XXX 
XXX 
xxxxxxx 

XX 
XX 

XXXXXXXXXXXXXX 
XXXXXXXXXXXXXX 

liJ b/ 
U. bxl lil 
U/ llJ l3U 
b3 13 b: 
b5b/!3b]b/13bl 

b:: bl- 3, 
bi bi 

St: 

St; 'bc; it:. '3:. st. 3:. st: 

X 
X 
X 

xxxxxxx 

a, a. a. a* 

Ou O4: Qu Ou' 
a. (X Du CL 
Q,-.Ou £Xi0.i 
a. Q.= a a 
a a a a 
aa a a 
a.aaaaaaaaaaaaa 
a a a* a a a a a a a a a a a 

• w. e«, 4 •tcfc *Ufc 
•w*». 

it:, sc St sc 
sc 3 

sc 
sc 

SC- St- 3:3 b:' 3:, sc 

X 
X. 
X 
X 

iXXX 

E5 0 
'X XX 
X XX 
X X 
xxxxx 

a a- 
a a 
a a,: 
a. a a a a a a 

HH 
HH 
HH 
E-H 
5-(! f-i £H H H H H H H H H H H H 
£“■' H HE-' H H H H H H H H H- H 
HH 
HH 
HH 
HH 

XXXXXXXXXXXXXX 

XX 

XXXXXXXXXxxxxx 

HH 
HH 
HH 
HH 
HHHHHHHHHHHHHH 
H' H H' H H H' H' H H H H H H H 
HH 
HH 
HH 
HH 

<t <£■ <C <■ <£ <f <t <t: <t ,< 
<£ <i c <c <r <1; <1; <c <s «i- «i. •*t 

<3: <r <r<f. 

<<s, <£.<£ 
<t <t <x <t 
<t<, 
<r<i ««. c 

<3; oc <f <f, *3. <r <t. <r <r. <i 
<r, <r <5 ict <t < <t. <c <1. <: <: <t 

X 
15 
!JP- 
X 

xe 
X X 
X X 

X 
xxxxx 

a 
a a 
a a 
a a 
a a a a a a a 

X o a Q X X X Q X a 
CC CCC'CC OC X 

xc- 
xo 
xc 
XX 
QC 

xxxxxxxx  
OCX 000c CGC- 

XQXQXXX^XaQ 
a xoc c C:OC CO 

X X X X X Ci 
XX CO CO 
00 XX XX 
CG- xc OC 
X a X X XX 
cc xc cc 

X O X; X X XX XX XXX X X 
C C C^ C X C. C C Q C X C X X 

V
A

X
/V

M
S
 

F
G

L
K

F
H

L
E

U
 

O
n
T

P
U

T
A

A
 

1
5

-J
L

IU
-1

9
B

2
 

1
0
:5

8
 

L
P

A
O

: 
1

5
-J

I.
IN

-1
9

8
2
 

2
0
:5

3
 

^D
R

 A
2 

: 
tP

O
L

K
F

.H
L

E
U

 J
 O

U
T

P
U

T
A

A
 ,
 D

 A
T

 
V

A
X

/V
M

S
 

F
G

L
K

L
H

L
P

U
 

O
n

T
P

U
T

A
A
 

1
5

-J
fi
M

-1
9

8
2
 

1
0
: 

5
8
 

L
P

A
O

; 
1

5
-U

U
U

-1
9

8
2
 

2
0
:5

3
 

-.
D

H
A

2
J 

C
^G

LK
E

H
Lf

cN
 J
 O

U
T

P
U

T
A

A
, 

D
A

T
 

M
k
X

/V
h

S
 

F
G

L
K

L
H

L
F

U
 

O
U

T
P

U
T

A
A
 

1
5

-U
U

M
-1

9
B

2
 

1
,0

;5
8
 

L
P

A
O

; 
1
5
-J

U
N

^
1
9
8
2
 

2
0
:5

3
 

«
D

R
A

2
 ;
 
[F

G
L

K
K

H
L

E
U

1
 O

U
T

P
U

T
A

 A
, 

D
A

T
 



u 
-£.a 
Caj■3; o -c'sDoc-r^QD^f^ror--tv^ninCM00oosnr^'-jDoD^'-o0DC7'CM —I om^acxT'r«<r-txc-x-cvLfj0^ xi'^rsso- 
QC O o ^ 0N-Xjfi rno^ OD r*-tv 00 >c o> cr^ ro rn m iTs vo m 00 vC ift "cf* in \£5 m o m w '4D sr> rM <01 oj ic m o CO OD O' 
uic?oo o-^CMrsir>ifMCMrM.'«i';r>C'^cM'^<»vvO'r^O', fN^’^i'CMo^ocM-'^oo^—twO'ur^’ijpO'r^-^x '#'r-t'vi^ix:"sC 'X-r-o 

!»4tfltOOOOOOOOOOOOOOOOOOOOro-rvrMOO>r^OOOOOO—f»-4000c:^0000c0000000 
t-«iri I i i » I I I t I I t I t t I I I II II III! It 

C O O O C- C‘ O C- C' O- O O O O O O C' O C' c- o- O O O O O O O C O C’ C' C- O O C< O O' C‘ C' O C‘ O' O O' c o o o 
o. o O O O O O O O O C O O O O O O O O o O O O O O O O O O O O O 'O o o 00000000 o o^ o o o 000 
L*.l >• O O O O C O O O O O O O O uTf O X O' X O' O X ^ O X C\t m CV •et X X i/> m sTf tv rrs o CM O CM X O tv CC n tM 'IT 

X m CM •r-i O' 0“ X X ST!- rsf »-* C0* X X xj m cM o X o r- <01 o ■»-' CM CM. CM CM X X r- r* X <7^ C C O X X X- X' X X 

u2 > r* r- X X X X X X X X x x x xs x x x x '!CP x x- x x x -x x x x x x x x x x x x x r-- p^- x x x x x x x x 
xot ilftiiiiittiitfEiiiiitiitiiiltiitfEiiiititliitiiii 
SQfX 

o o -r-tx<^r--^i‘rMr~cNiCMxxcpr'r^'C^.xxxrMfaC'0 o xxxco-^'-^rM'0'CM.-»or-ocMwr-cMa’.'^xcMxcr*xs?r^cMo 
EJU >t o c X X oc cr* X X CM r> -*-* CM rr-, c CM O' m m rr m x oc x ^ x x x x o x oc- 00 rr in CM o x m o r* m rn cc a* 

r-f o o o oC' r- r" ‘C~ X X rr* o r-'CM X <-« oo CP r~- 'CMO ■C' ■ x Xi X ^ CM 0^ X CM cr X 'ey X X/ in cTi M»* CC" ■w. O' 0, 

CL. >rr CMOOoor^ xx*3'^r*>cM:—«o-Otr**'X <;4‘rr!^oO'<-*rM'^f* xxo^ow^cMrorr>»^'XXX?^'X‘'00 0-0 xxr-r-r^xx 
«::£ <£ r- p~' r-' X X X X x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x- x x x x x x x x x x x x x 

X X DOC itflivttiiiittiiiiiiiiiitiiiiiiriiiitittiiifiiiiii 
X X tj e? 

■X X 
<t -^r 

s; C O C O O' O O- O C' O O' O O' O C O C O C C' C' C C O 'O O O o O CO O O' C C" O' O O C O O' C' o o- o o c c 
GO' O C C' O O 0 O O O O O O O O C"0 O O O O O O O O O O C O O O O C O' O O' c o c o o o o o o o c o^ c o 
H->. O' OC'OO' O 0000 CO 000 CO O 0-0 O 00 OC'OC C'C oc CO'C C O'O' O oc- O 00 OO'C OC' o c 
&-f' •' ► •■- « » * r *1 »«•■»••• V • •' •! ••'•'»»»*»•» 
<3-0-0000 O' CO C C O' O C C C O' O' C C O' O' O' O O C C C O O' O' O C C O O' O' O O' O' O C O' C C C O C' o c c 
> 

t/D 

'Jj 
ijU: 
CC.: 
<a 

iTj 

C <r 
f-* 

"SL <3 

-cic‘ 

U* G <1. 
t-E- 

iiC: to 
OC-Xiij 
0<£x:^«- 
3 an 

10 2T- CO O O' e O O' O o C CO- O' coo CO O O' C' CO CO O C C’ C O O' C C C' C O O C C' C' c 00 C C- o c c c o 
-HfX'GO 000 00 c 00000000 00000 O'OO 0-00 00 000 OO'OOC'O-00 000 000-0 00 O'O 

O O O O O' O C C' O C' O' C O O O CO' O O O' O' C 00 C O' O CO o C C o 0 O O O' O 'O' O O' O C O' O' C C< C' -O' CO 

iM Lii <3 < c-r-^ CM m-!* ■ X X r-OC'00' 
a- tr' E- 

E-<t{OtO 
tO(XiCCL-t 

C5 0 0 
X'X H 

LiTO 

z: «3. C 
<10 
E- £ 
XiX o 
MCC/2 

i' tv rr, X X r-- OC' 0- orv- r^jX xo oc- 0 c CM ro X X r- OC' 00 'TH CM ."Tj <t X X r> OC' 0 
1 -cH w »-('»-6 rv CM fs CM CM CM CM CM CM CM ro ro m ro m rri m m G- m *5T' ■=5' <f- 

iJL« 

C'Z E^ 
G' G 

E- 
e~! t~* 

E-*X 
D- X f- 

O' 
CMPn^ XX»^ OC'0'O' 

E- 
«a 
H 
X 

■!CMm<rxxr'X0 c -r-' cs'cr ■^s-'xxr' x0 c --!'CNr^i^ 'Xx.r~OOC'-^'CN-X -sj'xxr' X'0 c 



in vc fv'»-4e>i cvr^xa* r^ ■jo 
w o OT^ r- CN rv X' -JO 

o o o o o o- O' *-<! -r-« rNj 
flit! • • • 

tZ} CD 
H.OOOOC‘OC-OC-00 :EOOOOOOOOOOOOOOOO ZOOO'O 

X 
u 
X 

OOCOCOOOOO LJU 

OOOOO'OO'OOO </j. 
r^'^ocm\no\ncfQOijn 

u 
oc 
<£■ 
Uu 
1/5 

X 
u 

<1, 
£*J 
./i 

r' r' X c O'- a* x x 
‘NC* X- X X X X X X X 

tti»tiii»» 
o 
X 

X 

G 
X 

X 
r-"L 

X 

CT‘ X X r- ^ X 
fTii cNx r~ r'-r- <r X 

-r-s oo IN tv r- oa X o 

r-. r-r'. 00 X OO o ^ 
■XX XXX X xr'^'T- 
I I f I I i » I t I 

C C C- O C‘ c- o o- o o 
OO'OOOOC'OOO 
C-' O O O'- O' O O O O C' 

C C c- O O C-- O C C‘ o 

C OOC‘OOOOCO 
■O O O -O' O' O O O O' o 

o c- o o o o o o oo 

o «(vrri ^ X X r- oc cr- 
X X X X X X X X X X 

oo 
oo 
oo 
oo 

oo 
• •; 

oo 

cv 
ii II 

• 
0- ^fV 

XX 

II 
L?wJ 

M z: • 
U3U3G 

>-0^0! 2' 

1- I'WCXJX 

X i«CU 
S W X 

CHE-XI 

o 
z: 

X 
u 
X 

ixJ 

X 

H 
X 

CiJ 
> 

C‘ O O O O C' o 
c^o 
OO' 
CO 
oo 
oo 

• »o 
CO 

tt II 

o»-^rv 

^ ^ O^' —^ ^ 
X 
G 
X 
< 
U3 
X 

O'O' 
oo 
O'O 
CD CD 
O CD' 

m m<Zi 
C'-O- 

H 
X, 
CJ3 

XX 
E-^H II 

M Z Z. • 
iiJOOOOC'OO'OOOO ItjXVG 
UCOC OCOC OOf-O-OJiOZ 
■HOOOXOCOOXOO-H 
f.,-. ••»•••»••» •*—5i?XX 

X O C C'O'-TH ^ O O O Xrsc: CJ 
tx3 
>■ liiXXC 

C HH'U: 
cv XXX 

o 
cc 
O II It 

» 

>■ O-^CV 

XX 
H H II 

nzz: • 
CxlOOOOOOOOOO-OCO-OOO ItJuaG 
UOOOOCOOOOOOXOC'CC 
t-4 X o o CO X X o O'Xxr^ X o X x H* 
6_: ••»»»•»•••••••• 
2C. o »-e-H o <V X X H .X tv tv ?V r-« O X id U 
Ixj ■»-«»-< Z X 
>■ ji3xx<*: 

Ci E— fcij 
oa XXX 

X 
u 
X 
<t 
Ui 
X 

H 
X 

£i}0000 
O' O O 
>-FOC'OC 

• 
X O C' c o 
tlj 
> 

tv3 

<I 
H 
<J. 
Cs 

T-'tv rr-jn X r-OC O'C td' 
X X X X X X XX X X Q 

cv 
XiOOOC-OOOOOCO 
GO cc ooooc-ooc 
t-f0 00^00000000 
H •- 
XOO'H<roXCXOCO>3 
£JLO CstNCV-r-*-. 00 2 
> w 

» t I z 

x: O 
o 
>- 

X 
a.'' O O' O' O00-0000C O C O O O' 
O O C C C O' o o c o c o c c o o c 
t-too c oooxxxoo ooo oo 
I—• 
X oxoxo«=jrfvr-*oo'r'xtvo'xoo 
ti.',' -*—'' tv CN (V CN tv •*—■ ^ «~’= 2 
>■ 

z 
X G 

o 
>- 

xooc-o 
GC -O'C O 
*—t o c- c c 
H • • • • 
X '^J'oc-cr* 
Cdtvx orv 



V
A

X
/V

N
iS
 

b 
(v

ljK
tH

L
FW
 

ni
jT

P
U

T
B

B
 

1
5

^
JU

W
-1

9
8

2
 

lO
;5

8
 

L
P

A
O

: 
1
5
-J

IJ
N

-1
9
8
2
 

2
0

;^
4
 

^D
R

A
2 

; 
tF

G
L

K
F

H
L

F
N

 .1 
O

U
T

P
U

IB
B

, 
D 

A
T 

V
A

X
/V

M
S 

F
G

bK
tH

L
K

is
j 

O
uT

P
U

IB
B
 

1
5

-J
U

M
-1

9
B

2
 

X
O

lS
H
 

L
P

A
O

; 
1

5
*

JU
M

*
1

,9
8

2
 

2
0
3
 5

4
 

^
D

K
A

2
 3
 

C
F

G
L

K
E

H
L

P
:?

^ 
,1 

O
U

T
P

U
T

B
B

, 
D

 A
T

 
V

A
X

/V
^k

S 
F

G
l.K

tH
L

F
fs

i 
ni

jT
P

U
T

B
B
 

1
5

-J
U

N
-1

9
8

2
 

1
0

;5
B
 

bP
A

O
: 

1
5
-J

U
M

-1
9
8
2
 

2
0
3
5
4
 

^D
R

A
2 

3 
C

FG
L

K
E

H
L

fc
N

j 
O

U
T

P
D

T
B

B
. 

D
A

T 

2 

2’ 2 S’ .3 

!xl LxJ 
liJ tjL' ixi- 

ls2‘. 
Ft j ^ i ic^,\ 

X X % X X X X. 
X 
X 
X 

xxx.xxxx 

IsC- 
Ub: 

Iti Cx? [si uls [x? C*J 

ic' S<; 5C 

x: x; ic 

*—i 

KS> 'O 

(3 O 
C3C’Ol3?3 

u. u< 
lx« Cx. 
[x. [x. 
SU i Xt [x^ X: [x« X Ixt 

X^XiXX XvXXX 
aD X X X CL tt; CC flCi 

moD CLiOj 
m w {£.-m CD CD 
XX CDce cox 
XX X;CD XX 
XX tnaci XX 
XX XX XX 
XXX XX X XXXX: X X X X 
XiXXXXXXXXX xxxx 

xxxx xxxx 
X XXX X X X X 

XX XX XX 
XX XX XX 
XX XX XX 
XX XX XX 
XX XX XX 
XX XX XX 
X X X X X X X X X X X X' X X 
XXXXX XXXXXXXXX 

E-^EH 
[-♦ EH E-t &-* r—R &-* f-f E-: EH E-« E-» 
EHEHfHRRRRRRRRRRR 
REH 
RR 
RR 

i^. HfH 

^ 7i~^ ^ 

fXXXXXX 

X X. X X 
X X' X X 

CX) 
ax. a a 
a a a a 
a a a a 
a^ a a^ ai 
a a a a 
a a a a a a a a a a a a a a 
a.aaaaaaaa a aaaa 

RR 
RR 
RR 
R R 
R R R R R R R R' R R R R R R 
RRRRRR^^RRRRRRR 
RR 
RR 
RR 
RR 

*%. •%. «r« »«. »ik. fi^«b 
*%. •-« *«h. VMI. »% 

•*>. *9k. 
»'«k- •%. »«IL •«.■ 

•«,. ««h. •%. »%. 
t»«k *«b *«i. 

• % ty*k 
»«. #‘«b 

‘ X X w X: ._/ _;■■ 

iXX 

XOGCOOGGQO 
GC CGOCCCCC 

GC 

GO 

5c 
CGGC: 

30 
30 

RR 
RR 
RR 
RR 
RRRRRRRRRRRRRR 
R R R R R R R R R R R R R R 
RR 
RR 
RR 
RR 

X < X <K. < X <: < <t X X 
<r<i, 

<r <T <r <a' 
<r<j <£ <c 
<c <c<t 

<r <; 
<t<r <2:<t 
<3, <c <t <f 

<t <r -si, <I ct <f. <S <I <! <■ «x c 
•d«ac<l«3<c<r<c<c<t<t<E.ct, 

QGC CiXQaXQX 
GGOCCQGGCC 

X X X c 
XQ OCs 
GO OG 
XX X X 
G 
CX 
CG 

C' X' 
Q X X X X Q X^ X X X: X X 
G C- CG C CG C G C G C 

.2, 2 2 2 2 2 2 
2. 

j ..2^^ .2; IH; 'S S 

ELI ai’ a 
a a a 

a a a 
a a a a a a. a 

X 

X 
X 

xxaxxax 
X 
X 

x; X. X X X X X 

iS-i JLi 
a a a 
ai a a'' 
a a a 
aaaaaaa 

a a a a 
a a 

a 
a 

a a a a a a a 

i' ) !■( i ^ \ 

XS GO 
o- O G> 
15 0 0 
G G 

GGGGG 

a a 
a a 
a a 
a a a a a a a 

SHR' R* 

<r.«a.;<c£ 
GGG 
• • • 

XXcC 
X-XC3S 
RR:R 
XXX 
aaa 
RRR 
XXX 
00c 
yvf |)f—Si 
2 S 2 
aaa 
XXX 
XXX 
a a a 
aaa 

GGG 
a a a 

cMcvrv 
<t <t 

XXX 
GGG 

I I I 

lOiTiin 

000 
CNOtCNt 

CNJCVCNi 
xocx 
CT^XiCT* 

*—4 «—f 
t I t 
2 2 2 

XXX 
fit 

iTrUTiin 

000 
<t <i:< 
XXX 

XOC :X 

•» ■• •• 
000 

CC CC X 
!X.XX 

T—I »—t 
I I I 

I I I 
ir-iT-iT- 

XXX 
XXX 
RRR 

xxx 
RRR 

X s s 
a a a 
XXX 
XXX 
a a a 
a aa 

GGG 

ir.’jjAr. 
S.. 2 2£ 
> >> 
\ W 
XXX 
<c <s <t 
>>> 



c 
C' O O O O O O O O O- 0‘ 2!' c- O O O O O C- O C- O C'- o 

X 
u 

<. 
Ix^ 
'w/5 

QC 

X 

O 
oc 
OO’ 
oc^ 
oo 
oo 

• m: 
C^O 

O' 
c 
o 
£>i 

If—* f—i IT—f T—^1O* O' O? ’’ 

(f II 

X 
u 
X 
<c 
Sx3: 

I-* 
X 

XX 
i- H I! 

II 2 2 *• 
COOOOOOOOOC IxJIiJO 
C'0-0000C0000>-^^2 
xi o o o o vn o lo cn o E-< 
• ■!—I' {iJ IlJ: X 

—« CNS m X X- 'n X: f>5 O c- XI “JC. CJ 

oiXX<C 
OE-E-It 

X X X 

■iiJOOOC'COOOOCOOOOO 
u o o o o o c o o o o c o c* o c 

000000000000X00 
{;-• at » 
X *=?* X X X O^ O x X <7\ C O X 
ttf a-*- 

>■ 

NJ 

o c c> o o o o o o o c 
o o o o c c> o o o o o 
OOOOO XiO 0X^00 

m r-X X5 CM or^ CM ^ o 
rr.pr.rrrorr r^.rrcM^cvcvcvx 

"Z 
o 
o 
>-! 

a 

'oJ C O O C CO‘ O O O O O c. O' o c 
OOOOCOOOOOOOC'COC 

o o o c- o c o o c- o o oC‘ o o •♦«- 
f~': 
X <?r o XfX o ox o o ijn rv'^ <c 
U.’ XXX X O' XXX>rr ^^t- 
> 

*Z‘i 
X 

X 
u 
oc 
< 
UJ 
X 

* 

o 

o 
o 
o 
o 
o 

•C' 
THC* 

X 
c- 
o 



ta: 
U 

ixj o 'n o CM ^ as r- oc cn m o o o vD -ir-! oo m ur> fvtrj tn o uD (XJ sC ro rv \n wac^ oo ’^r x ch J^ o <M' x r- fv m *?}' ac- m 
(X Q r--C''-4 00'X X X ^ »-t o r-OD CM oo x <y! »-♦ tv o r-o rn if) CMACI r'-cst vD ty.-'^T'm w oc r»> r-^'XJ o*^ <r *-4—f. ra oc X 00 
y cjo—4 0OfMCheMr~-oD tMty ot/>r-.r^>^p^-r-f-o-CM xr~-^—t CM •<;$*»-* oc'^X'^o CMCM oo 
£:L.t 
iirf tCO-O O OOO O'OO0-0000000000000—*^0 0*-40'H«^-r-»000000-000000000‘000 

i t I t I I I I I t t t ■ I lit t I i I I I I t I » t t I I t I 
oo 

OOOC^OOC-OOCCC'OO-OOOO OC OOC OOO‘OOOOOOOOO C‘000'00000000000 
O OOOOOOOOO OOOOOC00000 000-0OOOOOOOOOOOOOOOOOO'OOOOO'O-OO 

>1 c O C C iTUfS-O if> O CC X tn X. X--O'-yO sn C-x O in CX>CM 00 X CM IT/00 CM X O cr< QC-OIT^CM-4 C <X rr 
^fH 
CK *-? CM c o ac x CM c cr <y <y <y O'- Of' o <T> CT' <y= o CM in x r^cy ■r-sm 'sa^ JT? un X r^r- r- OC OC- X> r- r- r* r- r~- r- r- r- r> X X 
u;': > r«- r- r' X X X' urs ur> in iTJ <r -sf -^T’ ^ ^ ^ «;jr- X m X iTv X m x x x x x x x x x x x x x x -x x x x x -x -x x -x x 
tO<t lltllllEltllllllllllllilllllIttIttttItlltItlltlllt 
my:. 
CXJ 

c, c- o r* 00 'jf> CM ro oc X m o o o- cy tv r~ yn pyi ijo -^r- o X X - r- oo X —t^co oo <r- *;y X rn ^ in o X? <3* m <u- x CM X r~ 
^ >4 c CM o 00m m ^ c-m CM cc> •-< m o-X CM C‘r- rn cn X CM ry X X r-CM X cr-'<?’X 00-»-4 X CM 00 X c-X oc oc-Xrr^ *-4 X 
E-! E-i-o X CM r^-X CM CM X X <y X *-4 X r> cy ^ *!jf-x o X CM'X-r-i'X X as o rr» o X X X X X Xi X X 4:r'St "St tM o cy r-X CM- 

Oy-> :tM o cy X m o ^ CM o O'-O'X X X <y CT‘O o» >r-i fv X r-X'ON —»tv X r~ r—r- r*-r~ r^-r-X X X X 
-.-4 2: <r T-r^ XXX xxxxx4r<f-4:t-*;f4y4?r*?r«cyxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

I f I I I t t I t t f I i t t r I I I t i I I t t i t I I i I I r I I • I I I • I I t I I t I I I I 
ct- cycjc? 

m rfi 
fM CM 

2:, C O O O O C-- c- C- O O C- O O C' C. O C C c- O o- O O O O O O O' C- O O C CO- O O C O O O C-O O O' o c o c 
OO O' O OCO C CO C oo O OO O'O O -o O C Oc- O O'O O-O O C -O O O-O O- O-0000-0000000000 
f—8 o O C O C o- O' O' O O o- C O- O' O'- C' O O O O O O O O O oo- O O O O O O O O O C 'O O o- O* O O' O O' O' C' oo o 

<X C O’ O oo- O C C O' O- C- O' C O O O O' O' O' C= C C C C O' c- C- C O C- O C' O c- O O' O C- CO' C CO- O C - O C O O' o 
> 

X X c- O C- C O C- c: O- C O O O c- O' O C O O C C' O- C- C- O' C C C c- O- C-' C' O' O O' C C- C' c oo c- C O C C O^ C- o- c c- 
v-> s: >-4 -U O O o- O O O 0 0-00 o- O O' O C- O o- -o -o O O O -O O O O O O O O O -'O' O O O oo -O O O O o- O O -o O O O O' O 'O 

C CJ »-4 O' C O O C O c- O O' C- C O' O O' O' O' O- C O o- oo O' O o- O COOO- O' O O C O C O C- O' O' C C C- C' O O' O c o o 
X 
ti.' H4 H-; «r, <r c CM X X X r- X <y o CM' 4t ■ X X X CO' 'T-i CM'm MT' X X r- X a-' o CM PC; 43- X xr- X cy o 4^ ■4^' X X r- X CT' 
X i£i XHiE:-; <r4 «-4 »-4 «-4CMCMCMCM CM CM CM tv CM even r»lroc»'^r^ro rorn mm 43T 43'43'TJ-=3- 

<t H<fXX 
!0 X DJO •—4 

LL.-. 

cr 
X 

-Jt- 
£x- 
C'<3. 

H 
2.' <E; 

X " 

HE- 
d'<r. 
f-'E-' 

X 
XXi[x3 
OCO X-i*- 
2-a.H 

H* oo 
XX 

•lii o 
O ?—' Ci-! 
X. <t. o 
<£s: 
f- s. 

- XX o 
X'-tO X 

> <t. 
‘ X E- 

H-: X O E“' 
'IXA f iiH 
Co-'<ru: 
X X !-4 X 
axxE-^ 

►-i»-) CM?m 44H 'X‘ 'X r- X c o 
r~* 

< 
S—§ 
X 

CM m <f“ X ’X r- X <Ti o -»-4 rsim x x P- x O' c- —^ fv rr, ^ un vC' r- x a- c tv- m «:r Xi x r- x CT' O 

<-4r-«»-<<-t«^*-4H?-4»-4*-t(MrsjfMCMrMrMCMCMrMtNmmmmmmmmmm'^-4t jy 4T 



cr OD ^ C *-f QO ^ CNi 
i/i s/^ ur)" if\■•“S 

^ 

ZOOOOOOC-C-O' Z O O O'C' O O O O C^ C^ C O C- o o o 
o 
SOOOC'OO 

ooc-oc^ooooo 
o o o o o o c o o o 
(X m oc ino}<Tt xr- '-c 

in inrni ro 
X ‘^osc vD (X; X? gc‘ vC 
iiitiiiiii 

X. 
o 
a 
<c 
!xl 

a 
o 
X 

X 
(Jl 
oc. 
-St. 

oa 

X 
u- 
X 
< 
1*3 

X 
Q 

X 

o r- r- x> CN o <xs rn x 
C7S X X- m •«-t^O X CN' 
x< NO ?n o ^ ^ X vx> 

m »n jnn ’5*-‘<sr 
vC vC- <JC' 'XJ x; \c- X> 'X' X? X) 
I t I I » t I I I I 

oc. 
O O' 
C? 
oo 
oo 
• •-0 

C-C' 

C' 
o 
cv 

tl tt 

o 
,2T, 

X 
IL> 
DC 
.<£ 
W 
t4 

OC- 
ooooooooc oo 

OC- 
0-0 
O'C 

* *o= 
CO 

^*4 
c 
o 

>r-< tt tl 

O O O O O' o o o o o o c o o o c 
X 
o 
X 
<c 
£x3. 
LO 

t- 
X o 

OOCOi 

II it X 

C^OOCOCO C'O-O 
O^ O C'O C C O C 0-0 
O' O' O' O 0"C O O O' o 

C O' C O C O c- c o 

cc-cc occoco 
o o o o oo o o o o 
c-ocooc c c-oc 

o -ri' Pv m ■<!#* in X X o 
inxjj^ininuriinininkn 

C'"—«fNi >■ O -pi 

XX XX 
tHt- II H 
UJSJJ 

H:S:2 • IIS',e • 
CxJjtJO oSO'OOOOOOOO MuQO 

CfOCO>COOO-r-»0>-f.-3,O.X 
H »-tcoo5ninir.uncot-^ 
v-''!x'UiX E- »•■•»•■••• «*-^U3'?xJX 

XOOOOOO'COCi/2iCLX.U 
*—! H-< ff' Ll3 X X 

Ca^XX< >■ Ci3XX<t 
O E“' E-. iiJ C f-t E^' j2\ 

cC' i/j cC tsi tc t/D tn 

ftv 

XX 
SHE-' II 
'sJL? 

II is * 
LiJOOO C'OOOOOOOOOCOO 'CJJXSO 

C/ooooccocoocx>inoino>-*x js 
i-t m m in in in m in o o o o cv r'o r-m M 
f-n ■>••••«••-• M—i Jo2 U5 X 
X o o o o >n '4'in o r-x> CV fv c-o m jc. u 
Cai ^ OC 
•=» JLJXXC 

OE-!E-CX3 

K' m cn to 

baocoooc- 
uoO'T-iinoo 
♦-fococNJO-n 
E-'- ••••••- 
xocoo-r-<rv 

«a: 
O 

.^cs iT X r- XCT' o ijLi 
jnuninjTinsndOj^nxQ 

e; 
>-t 

Q 
a. 

cv 
tij C o O C C O o C O 
UC O O' C O C O' O O' 
I-^O'OOOOOOO'C 
t-1 
X c o (V rvin r- o o c o 
UlO.' CVfV»-^ 002 

I f I 2 

>< 

jico O OO O O O OO O O' C-C‘ O O' 
UC O'OO'OO c COOO C OO O'O 
•-lOOOOOOOC'OOOOOOOO 
E~ ••-••»•■••»••■••••••■ 
xor-incv-H-x Xfn»-«oO';XX5inmoC! 
IJL ^ CV CV *—5 ^2 
?> 

rxsoooo-'oc 
OOO'OOOC- 
I-IOOOOCC' 
5—* *■•■••• • 
xrvocTiOxr' 
iXCVXCVfSCVCV 
>■ .r-^' 

X X 



V
A

X
/V

M
S
 

O
ii

T
P

U
T

C
C
 

1 
5
-
1

 9
B

 2
 

1
0
j5

8
 

h
P

fk
O

i 
1 

b
*
Jl

J 
W

-1
 9

8
 ?
 

2
0

;5
4
 

^D
H

 A
 2

 J
 [

F
G

L
K

K
H

L
tN

 1
 O

U
T

P
U

T
C

C
, 

D 
A 

T 
; 

I 
V

A
X

/V
iV

iS
 

fG
L

.K
f'H

L
P

'N
 

O
ij

T
P

U
T

C
C
 

1
5

-J
IJ

N
-1

9
8

2
 

1
0
;5

8
 

L
P

A
O

: 
1

5
-J

U
M

-1
9

8
2
 

2
0

:5
4
 

*
D

R
A

2
; 

£F
G

F
K

E
H

L
E

N
 3
 O

U
T

P
U

T
C

C
, 

H
A

T
 J

1
 

V
A

X
/V

M
8 

r'G
L

K
e:

H
L

H
:N
 

O
u
T

F
U

T
C

C
 

1
5

-J
U

M
-1

9
8
2
 

1
0
;5

8
 

L
P

A
O

: 
1

5
-J

U
N

-1
9

8
2
 

2
0
:5

4
 

^
D

R
A

2
: 

tr
G

L
K

K
H

L
ei

^ 
J 

O
U

T
P

U
T

C
C

. 
D 

A
T

? 
I 

uu 
uu 

uu 
U(J 
oo 
uu 
uu 

uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 

uuuuuuuuuu 
uuuuuuuuuu 

Z; -2 

3r 

2!:'. -Z.' ZL 

tXi: 
’ij}. bQ. 

m 
■1x2. 'JH laJ 
IK; o3 jju III Ul 

Ui 

xxxxxx;x 
■X 
X 
■X 

X X X X X X X 

uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 

uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 

uuuuuuuuuu 
uuuuuu uuuu 

j^i4' 

H H E-« f-« f-H E-« B-* E-« iH f-H tH 

■zzz.z z: X; z 
2, 

s: 
X :»' :3»’ :?'■ ,3»- 

LJU 
[xT; I>3 ilx; 
C)L^ U Eil' 
ut3 <[xJ U3 
^ Ixl tx2 LLUSI Ui 

»—4 
xt 
•U 

!XIX*X3 

xxxxxxx. 
X 

XX XXX X X 

a; 1x2 !l*i IKJ U Cx^ 

Jar. i<: it, it: 
'a; ;a:- 

ic 

'xC iCiCi/LiaC:'xC- iC- 

4-^ I 

u uu 
u u u 
u u u 
u u 

uuuuu 

>X£ 
£x. 

[x. 
lx 

x^ -x,! iXj iJL,. ',X4 .ju 

'UXX!, 

XX 

XX 

»X X X X X' 
fXXXXX 

axxa 
a. a. 04 a 

Oud; 
a.-: a. 0,0. 
oo o o 
0.0 oo 
■OO- -OO 
O.X oo 
oooooooooooooo 
a a a a a a a a aa aa a a 

5^ i—•• 

t~*E—' 

I-'H t-'fc-^ t-'E-* E-^ H t-s t-'t-! t-* €-^ i~ 

X X X X X 

XX 

*•4 »<4. •«, •«. 
• -« #«l •*.. 
• «i »«.. *%i. 
#«k •«, •^«h. 

*«. *«k. •'•t •% •«: 
•%. •« »%. •«. »%. 

*«k. «lhr »• 
•'% »«h. •ik. •* 

F-E- 
E--I-5 
5—fF*^ 

£~f Ir^ E”*' EH r^i E~t F** E-^ iH 
E-^ |H E-! £-■ ir'-^ H E-EH tH E-. 8-^ iH 
EH EH 
EHF* 
e-E-^ 
E-E- 

<t <t' «c *3: <3: «i <c <t *3!' <s <f, 
<c <3 rear <£ <cf <r < <r «3 «t St <3: 

<r<r. c<3: 
<t <t <c <t 
<£<t <l< 
<t <t *s <c 
C<5 

<1 <r < 
<f. <3' <C <t' <3:' <t- <3, «3' <t. <f <3. <r 
<r <3 <3: c <3: c c <s <t' 3' <t <er 

1x2 
Lx2' 

ut; 
a 

acx2aaaaa 

iiaCiiC iCie: 
■xc: -XL, 

-XL. 
'XL-XL'X.'sC.'xLXL'iC 

X 
X 

u 
u 
u 
u 

3XX. 

UU 
u u 
u u 

r 

uuuuu"^ 

a a 
a a 
a , ^, 
a a a a a a a 

c ccc-c5ccoc 

uu 
OG oc 

oo 

Q Q Q O X X X O X X 
C C; C O C O C CX C 

G X‘ XX 

C c c X C X X X X O G C X c 

V
A

X
/V

W
S
 

F
G

L
K

K
H

L
K

N
 

O
n
T

P
II

T
C

C
 

1
5

-J
U

N
-1

9
B

2
 

1
0
:5

8
 

L
P

A
O

: 
1

5
-J

U
W

-1
9

8
2
 

2
0

:5
4
 

.,
0
R

 A
2
: 

C
F

G
L

K
E

H
L

E
N

 J
 n

U
T

P
U

T
C

C
, 

D
A

T
 

V
A

X
/V

M
8 

pc
;^

,K
tH

^,
P

^2
 

n
il

T
P

U
T

C
C
 

1
5
-J

l)
^
j-

1
9

B
2
 

1
0
:5

8
 

L
P

A
O

; 
1
5
-J

U
M

-1
9
8
2
 

2
0
:5

4
 

*
D

R
A

2
: 

C
F

G
L

K
E

H
L

K
M

 3
 O

U
T

P
U

T
C

C
, 

D
A

T
 

V
A

X
/V

'iS
 

K
C

;L
K

fe
:H

L
E

M
 

C
M

IT
P

U
T

C
C
 

1
5

-J
U

M
-3

9
B

2
 

1
0
:5

8
 

L
P

A
O

; 
i5

*
JU

M
^
1
9
8
2
 

2
0

:5
4
 

^
D

R
A

2
: 

f F
G

L
K

E
H

L
E

N
 3
 O

U
T

P
U

T
C

C
. 

D
A

T
 



OCC'OOC-O 

o 
2:0 O O O O C> O O' O O O O O O 

X 
u 
ac 
<t 
w 
to 

QC 
a 
X 

000-0000 
oo- 
oo 
oo 
oo 
OO' 

* *o 
CO 

c 
o 
cv 

II If 

O'-^CV 

XX 
€-^fc-» n 

II X s • 
OOOOOOO MltO 

000X>0C'0>« J J'X 
in j’i tn r- .nin c £-♦ 

U3 Cz3 X 
X* m in o o to :sc; iiC u 

X 
uj!xx<3r 
CE-^E-'W 

town 

C'O COOOO 

CC'OOOCO 

OOOC'OOO 

\0 n «!S" ro »-♦ cv rvj o 
rMCVfNCVCVINCViX 

X 

O'O-OCOOOO-OOO-OOOOO' 

X 
o 
X 

to 

E-' 
X 
£J3 
>■ 

aaoooo COOOO OOOOOOO 

uoooonoc'ooocooooc^ 
v-foocincNiOinoc onmnooo 
f-, 
xooo-x imnn^'it^c C'xr~-r-xa^c 

<i—i 
>■ 

tSi 

1x20000000000000000 
tj C O O C C O C O O' O'- C- C‘ O O O' o- 
»-tOOO OOOOOOO OOOOOOO 
t-, .••••«•»»» . • . • • » 
Xinno' oi/>oooooinoinonin<, 
[i: CNi cv <vi rrm <r- in tT' O' vo n in 'sy ^ m CM E-' 
>• <4 

Q 

X 
u 
X 
<t 
Ixj 
t/2 

t/2 

OX 

u 
E*2 

U3X, 

o o 
i/i 
XX 
oo 

<Ch40C 
h^-f^ 1^. 

OCxI 
xiijcn 
ox 
Wh-I|H 
t/SQt/3 

X < 
iixx 
>0'E-< 
X XX 
^<CO 

Cx20 
XV3 
Q >* 

[x2 >—t 

x-xx 
OCx2U2 
w>CfJE 
IH 
«4;cx, U- 
XCC'H 
Cxi <t 
tr • *C 
MOO 

XXE-i 
£x,: O 

<t;cx 

ooa-»- 
XE-iE-* 

o 
O' 

c 
o 
c 

•O' 

CO 

o 
o 
o 

• 
HO 

ox 
oo 
O 2 M 

OM 

•>v 

OU5X 
^o 
<C2 
0*-i 
MX. 

II 
OM 

*~'MM 
X^2 
O'-'O 

2 
Mtn 
XCxJOl 
t<i>La 
MXO 

MOC 
xox 

wXX 
^co 

UJlLiUrf 
o 
<£UJIX4 
O^C3X 
t/2<C<t 

OO 

^f/U/3 
<C 
ir^ H3 O 
X, <1 
ooo 
03MM 

XXX 
0‘ oiCxi 
x>> 



W
O

R
K
 

V
lh

.f
- 

H
fc

A
D

R
H

: 
P

C
C

 
T

H
E
 

T
Q

T
A

I
. 

S
L

IM
 

O
F
 

S
O

U
A

R
F

S
 

I
S
 

2
B
,9

4
1

 
*
 

S
T

A
T

IO
N
 

D
A

T
A
 

*
 

U 
2 0. 
W Z. C CMOS CM GO "?!!• O'O >C «TJ jn O'* v£> «-«0 o Of rsim ^0 o >X> C» CC uri CPk CD 00 CN—tT> UO JTKT! CViTS <7^ rn CO mvO 
o o o LO »O'X cT^ >o O', in m CM vo m <n £V CM «-(’*3'm ro ooJ >£» o lAac o rfxh o ^ 03 ■o* ac un CM r-«-4€M 
txiL>o-sCf»^ »^«-*r-+‘j^rooci.i-««-*o.r-si^ovvC<y*X'fHmo^#’0 x•3^’<i•o/^r.'0'..^ooino»-f ■?a*in.n'*^romrorM 

O'JOO-HCM^-^OOO OOOOOOOOOOWWOOOOOOOOOOOO 0000.^00000000-oooooo 
|^2D tit I lit t t It It I I I I I 
oo 

ooooococooooo oooooocooocoocooooooooooooooooococooo 
O OOOO O OO 0-00000 O OOOOO O OOOOO OOOOO00000-0000000000 00-000 
tu o in n in in c un rrt sn in X LT) r- CN CM in xo in oc< uo X o- ® "sC- X ® CN- "!di' in o CMn €v oo vn r«^ »-»oc- uT- CM 'X CM 
>■ f-t 
2c.rn fv X nj O'- vc- CM o- o~. a- -o CM -sj* m x o CM m in m m o vC-r- x x x x x x x x x r~- ic- vC- ic- vC m in in 
jd > r- !>• X sC- n tn n in s#- <t- m in n in m n -n UD MC O ic kC -x* x x x x x x x x x x x x x x x x x x x x x x x -x 
cn< I t t I I I t I I I I I I I I I I I I I I t I I I I I I t I I t t I I I e I I I I I I t I I i t I t 
xac 
oo 

o c X X X X cr cTi CTi c X in X X ^ cf! X *-» o o CM CMr' -5#* o x x x x CM CM xio- ^ x x x a*. rMX<y« moc< x x 
tfcl;>'-oMfCMx (J'-cx^c^-r-x«-t^xr^xf^■m.«}'mmcMCMO^xxcnxc^-CMX cx«—xox»-iMrcnT^xa‘-aoxcM‘r~ 
g^iE-ox«x*-.«xr--^- x<^cncc-f^^cxx<y.cri.<4*'srxc7k^mx<y.oo x<“«cx«xcMcruxr-xxxx^cMOp-’?r.^ocf'=s*T-<r- 

a.>-'nosTi X'noX'^r'CM^oOiyiO.^CM.sj' xcyi»-i'n<r''<f*xxxxxx-JNxxxr^r'r-r^r'r^r-r-r'r-xxxxxx^ 
-I S; *ac r~. r~ X X x x x x x x- x ^ <r x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x -x x x x 
^3oc: I t I I I I I • I I I I t I t I I I I I I I I t I I t I ■ I i I I I I i I I I I t I I I I I I I I f 
cr o ii; 

» 
X 
CM 

20000000 00 C COCO-O-C-C COO 0000-0000000OOOC'OOOC-C-CO-O-O-'OC-OOOO- 
OOC-C-O O o O OC CO0-00-0-00-OO O 0-0 0O O OO O-O- O OO OO-0-000O-O C-O'0-0 OO O O OO" 
I—50-OCC O OOC-O G OO o c-c C O'C C' O O'-000-00OC- OO'OC'O'C OOO O C‘O C OGC-OO-OO C'-O- 
f—. 
<2,0 C- O c- O- O' C C O' O' O O c- O' O O- O' OOOO O O C C- C- C- 'O O c- O- 0= O C o- O O O C C O' o o c- o- o- c- o c- c- 
> 
CsT- 

ih.X.~ 

X 2 000-0 OC C-OC- CC-0'COC-C-CCOOCC-CCC-C.CC'CCCOC-CC‘C'C--C-00'C'CCCCOOC-00 
X i-ijJ-O O O O O- OO O'O- OOO-O'O-0-0 OOOO O 000-0' 00--00--0 00 000-0 O'-'OOO-'O'O O'OO O'O OOO- o- 
C u c- O C C- C O O c- O O O O- O O c- C O O O O' O O c- C o- C c- O O O C C C O' O O O C- O' c o o o c c- c o c c c- 
2;XX2F-- 

I—- t-s u. <c, <£ o CM 'Xi X r~ OC’ O', o •r-.- CM m «5t- X X OD <Ti o CM m ■<r x x r- oc- c CM rn x x- r- oc- o- o CM m ^ x x r- oc o> 
ic: a. Er-E- wcMCMCMCMCMCMCMCMCMCMrnmmmmrnmcrmx^’.^ Mf ■«S' MT’^r 

E- <l X X 
xo»o»—l 

C3C-G 
X X .H 

u3U 
Uf-li- 
2 •=3, c 

i—' 2 
- xxo 
L#- C- X 

-*t _ 
■jL. «2C 
C- 2 E- 

t-H 
*-<<£: DLS 

2E-.-X 
3XE- 

E- 
<L 

X 

^cvrr!.?t xxr- X cr c —4CMrr,..:t*xxr-ac'a' c .r-cM-r»-;-crx Xf" -oco-o »-iCMcn.5j-x xr^ x o o wcMc^-.ki'xxr' x-a c 
CMCM CM CM CN CM CM CM CM CM rr* ro CO m rn ^-"n PO m CO-sj- ^ 'it* ^ X 



o\n moiTsm <^r-r^o 
-*o O'o «-*cM in o ?n 

■sC rn ^ r>i-H- 

oooooooooo 

G 
^O C OO O C‘0 O’O C’ 

O G 
2T C- O O O O O- O O O O0-00000 2; c o- c- c- 

oooooooooo 
oooooooooo 

in c>4 m oc'sr 00 m CP ac 

G 
ac 
<c 
ua 

3: 
u 
a:, 
<c 
uJ 
!/3 

X 
G 
a 

i/i 

C <7^C7' CC 
vC'^ ^rfvC'OvD'>n^inin o 
Ifititllll X 

X 

X 

X 

X 

o 

om mo n fn*e3"-p-r-o 
»-tv»c X o cs m Ch rp 
-n cc m jp ro 00 {V m »-tx 

^ rocv rv w o o t3> 
m o mm m m-X! ■»£i m^m 
r I I i I I I t I I 

oooooooooo 
o- O' O C’ o o c o o o 
oooooooooo 

O C C O C C CO CO' 

O ' o o c c c- o- c o c- 
000000-0000 
OOOOO O-C-C'O c 

c-«<Nm<rmmr^x X- 
minminininminLOin 

oo 
oo> 
oo 
OO 
OC‘ 

• »o 
o c 

o o o o o c- o- o o o o 

o 
o 
CN 
« H II 
• 

X.X 
H f-t II 
OG 

II 2 2 • 
UibiG 

>-i£i)u;x 
t/i.5iix'G 
2 M»-CX 
UJ:XX<C 

mtcitc 

X 
G 
X 

f- 
X 

oo 
oo 
oo- 
’O o* 
oo 

* •-0- 
cc 

O' 
o 

'TH II II 

> O—tCM 

XX 
H H II 
GG 

II 2 2 • 
XI00000000-000 UJXSO 
G C o C OOC oo>H XJ X 
►-4 o o o m m m m m o o O' f-« 
t-i »•»•»»»»•• M--XXX 
XC OO OO 00-0 0-00t/DJ<:^G 
ut- 2 t~'' X 
>■ Lu xx<r 

UjX/jlTj 

X 
G 
X 
<■ 

■jy. 

f- 
X 

C‘O O0000-0 OOOOOC'c-o 
oc- 
oo 
oo 
oc- 
oo 

• *o 
oo 

o 
oc- 
O II tl 
• 

O wf'» 

O-O'O” 

II 
G G 

It 2 2 • 
■jd O O C C O O O' O C -O O O O O C- O ud 'jd O 
GCOOOOOOC OOOOOC-C O>^GX2 
i-iimr}inin.mn in m c m m m in x m m H 

• « * • • • ( [xl’ X 
X CO- o -o O' r\- m r- m m ^ rx o c o- </:- x; G 
o3 
> jdXX^‘ 

OS-‘H'G 
P3 i/yiT.iC 

G 
X 
<: 
lu 

I- 
X 
[x?; 
>' 

iJLi iO Oi' 
GCO-r-*-^' 

C^ ’O^ 
f-1- • « * » 
XOOOC 
u:- 

cv rf\ 

» 

a 

^ fvj rrm m X ooi It 
mm mmmmmmm m o 

oooooooc-coc 
ocococ oocc c 
OOOOO o c o o c o 

o c o o m o m o o o o 
o tvifv*-'—' oc; 

112 

G 
>•’ 

o3 O- C O O O O O O' O O C O- O O O O 
GC OCO C OC C-O C C’ C O O'c- o 
*-f o o o o o C'm o- o o o- o o- m m o 
fH 
X o mom C'xmmro-r-«or~ in ro^o- 
llD r-< «—I f\ *—! »**:■ «“• ; 
p- 

G 
>4 

wx.' O- O w O 
GOOCO- 
!—5 o o o o 
E—I » 
X. O O C -X 
jJCNvC m CN 



<C<K 
OOiQ 

» «F * 
aoa 
GCiO 

=3r:‘:r> 
CM a. a. 

C‘CC 

2-- 
Ul'jd Ul 

XXX 

‘:=C--<)iC 

ix.. Uu:-|ju 

r'acvo* 

OCOC.VC 
C.XCi 

I t I 

LO jn»r> 
'\f* \Ti m 

O C'O 

CN5CNCNI 
•xoooc 
Os-^OS 

I I I 

XXX 
XXX 
Iff 

\T;\ri\ri 

• * •« •-•- 
coo 

0*^ iX; OU 
XXX 

COQOX 
iTvinijn 

coo 

•>»'>{ rM 
ac.^ac'cc 
0 O Of' 

-t!^ 
1 I I 
:s.x z 
XXX 
X' X X 
I r I 

LTin 

C XX 
CO c 

XXX 

cec 

X X tii 

XXX 
X Lii -ij 
it: 1C 
XXX 
0^5: 

?/: i/j uz 
£. X X 
>>> 
'V, \ ^ 
XX>f 

z z: s s z: HZ z: 
•z., 

X 
■2L 

z --2’ z; z;-2:2 

£«:; Cc 
M U5 M 
t»* ua u3 
1*1 bi S«1 
bib:!icta:;b:^b^bJ 

^xxxx 

X x: X. X. X X X 
X 
X 
X 

X X X X. X X; X 

X 
b} b. b^: 
X X b^ 
XXX 
b^ bi!! bi) f^ »T 

1C 1C, 1C 'SC. 
■c, X 

ic 
iC 

XIC: 1C ic ic 1C iC 

X 
X 
X 
X 

xxxxxxx 

ts 
C5 ’X 
IS iS XS’ 
■S< xs 

XSXSISISXS' 

b.. X 
X X 
X X 
X X X X X X X; 

CiQaQ.£COQCtQQ 
OOQODCiOCGO 

CO CO 
CC CO 
CO CO 
CO CQ 
CO CO 
CO cc 
QQQCCaOOQQOOQa 
OOCCCCOCCCCCCiiC 

Q Q QQ-Ci00 QO C 
Q O Q; C C O C O O 

CO QO 
CO OC 
CO 00 
CX CQ 
OQ CO 
CQ CO 
C Q O C C O C Q Q a Q Q Q Q 
c c- c c o c o Q o c o c a O: 

b-*fr* 
Hf-' 

E-tE“ 
t-« c-4 H H E-« IH £-«£-< t-t &-S F-* 
i-i E-< E-» E-v E-i E-E-: E-( t-* E-*'EH 1-^ E" 
HE-s 

j-ffc- 

cccccccccccc 
C X C C C C X C X- X X- X 

X XX X X X X X X XX X 
xxxxxxxxxxxx 

XX 
XX 
XX 
XX 
X X 
XX 
XX 
XX 
XX‘ 
XX 

c a. a. Ou. 
aaaOi 

c a^ a a 
a a a a 
a» a>s a? a 
CL a a^ a 
a a a a 
a a a a 
a« a< a.1 Oo. a^ a^. a^ a* a^ a»- Ck* a^ a*, a.^ 
a,aaa aa aa aaa aaa 

i^fr' 

E“E^ 
E-^ E-f E-^ E-* £r>^ !-• £-< E-^ H. E-> E-< r-» frt^ E-: 
JH E-’E-- E-E- E“. E^^E-^ H E-. E-^ i-^ E-f f-; 
E-'E-f 
E-^E^' 
E^H 
E-E- 

XXXXX X XXXXXXXX 

XX 

XX 
X X 
XX 

00 
cc 
GO 
C:0 
OG 
GC 

O 0-0 GOO000O 
C CCCCCCCCG^ 

0^0 
cc 
OQ 
c.c. 
OG 
00 

E-^E-*- 
E-^E- 

E^' 
E-^E-f 
E-» E-^ E-i E-* EH-E-« E-^ E-< E-« 5-* E^ E-i tr-f 
E“ E-^ E-'E-* E-E^ E-* E- E-f-E-E-H E-: 
e-i tr< 
E-HE-^ 
E-*E“* 
HI-. 

<t <x <( <c <X: <t, <(■ <i <f, <f <c 
<t <t <£ <£ <t. <i<t <i' <r c <r <c. 

<s<r <i <cr 
<r <r <t' <t 
«t <t cad 
<f <r <c <r 
<c <c. <t 
<c<t <£.d 

<£■ <r <t <r <rd <c <r, <r *rdd^ 
<i <f «f <a «a <t <r <r <t <r 

OQQ afOOQQGC: 
{2accrc..cac. C. O.. 

O O OG 0 OGG O O^ 
coc c coc. occ 

CO. 
cc 
CO 
cc 
00 
oc 
00 
c c 

00 
CQ 

cc 

c c 
Q; O O Cf O' O O Q. Oi O O O 
c cc c c c c c c c c c 

zzzzzzz 
z 

z 
a 

2: X ■2' o z: z z- 

bJ 
b3 b2 
bs a 
a a 

a 
a 
a 
a 

aaaaaaa 

C iX iC >aG3 C: 

xxxxxxx 
X 
X 
X 

xxxxxxx 

a 
a a 
a a 
a a 

a 
a 
a 
'a 

a a a a ai a a 

a a a a 
a a 

a 
a 

aaaaa aa 

c 
c 
X: 

X X" 1»—i'' >—i- ►—*' »x 

G 
G 
G 
G 

OG 
G G 
G G 

G 
GGGGG 

a 
a a 
a a 
a _a _ _ 
a a a a a -a a 

c>arvrs 

OCQC.CC 
coo 

i I I 

urjinm 
ijn’jnxn 

00 c 
tv CM 01 

fVfVtV 
xxoc 

t t I 
XX X 

xxo 
• t t 

•••«•» 
OC'C 
<t<l <t 
aaa 
XXX 

ODOOX 
uotnin 

oco 

<vrv .V 
acxfxi- 
orvx c^ 

III 
XXX 
COG 
GOG 
f I I 

iTMOun 

COO 
coc 
E-i'E^'H 
COC 
Ou fX( Xi 
^HE-' 

coo 

5=’. 7^ '7^ 
aataJ 
XXX 
XXX 
aaa 
a a a 
XXX 
GGG 

G -/: 
s; o. s; 
>>•> 
w\ 
XXX 



000^0000 
o 
2; O000000--0-00000OO'O 

X 
u 
cc 
<c 
lu: 

X, 
c 

■X 

oo 
000-00O- O 0-0- 

oc 
oo 
oo 
• »o 

oo 
o •<-*«-* 
o 
o 
(N 
w II If 

» 
0^01 

XX 
£-"§-i It 

II 2 2 • 
ooooooo uawo 
c- O O C‘ O- O O >n- Ji ^ 2 
Xi O O JO i/> iT5 o 

• •+—* LLI fx?! X 
IN PC CM-r-i O O CO iKl u 

^x2XX<C 

CO to 00 

O OOOOOO OC 00-00000' 
X 
u 
X 
<c 
[x^ 
to 

E-> 
X 
Cx3 
>- 

CxJO oo o o c o o oo oo oo oo 
u o in o o c- o o c-o o o o o oo o- 
#-( o o IT) o m in iO o o o o mo o o o 

X X PC PC PC fN cN IN £N <N X X m m in o X 

p*- 

N1 

CO 
l-t 

o 
•o 
o 
o 
O' 
•o 

oo- 
o 
c 
O 

HO 

XX 2 

c o oooo o 
OOOOCOO- 
000-000 0 

X'^J'CNOXCOCD 
fNCNfNCM'»-)CNCN2 

C OC'oo oo c ooooo o c o 
O C C C O O O C o CO' C O C O' C O' 
•-iOOOOOOOOOOOOOOmO'M- 

X in o m o m o n X o o o o LO o CN 
[xi ci'pc PC m in m ic a ic in’^ '«;»‘pc 

in<t 
CN£-. 

< 

Q 

>* 

CL 

X 
SLJi 
X 
< 
U] 
to 

o o 



u 
■Z.CU 
Ca2Xo 00 00 '^OD O'OD 'i?aor^*-iOfnostf<>r^cx>oor- 
(X Q c tn o vC c<f k/> O'cv X CT'o C7" r-O', in'^-rn rsj vC CM r~ T-s os 4D CM o o If) vD-5t ® r'r* 00r--r^'^f' m o \D xc 
Ji2 LJO o o? o jn 0ft o o iN cr. .<-<m o* o jn jn CM o <n in CM tN o in o o 04oir^/iO if!o* ■«r o cs! ^ 4D o vc X <►*-<-< o o o *-f o 
fct-i •••••••• ••••••••••••••I* •*•.•» «*•••••■•••••••••■•■•»••••• 
iaj,r/]iO-0 0 -:>0 0‘000‘OOwO*-«-4^0*H'«-fOOO-HtOC'000000 ooooooooooooco ooooo 
HH OD II I t I i i f I. I I i I I t I I t I I I I I III 
oc 

OO OO'COO OOC^OOO0000-00OOOC COOOOOOC OOO CC OOO OC OOOCOOC‘00 

OOOOOOOOOO-OOOOOOO OOOOO'OOOOOOOOC 0-000 0-00000000-000-000 

Lt. >< in m »-4 m o o »n o o iO icm c in o o c 4- X r- on m r- o? uo cr in in o- .r-f o iC r~ m o ot o r- O' o- iC ijn ro .r-f X VC un= 
• «.» •#•«> «• »•»•*••'••• •»**-»* »• » 

a »-5in m in 'sy ^'T »-t r- cy in in r- c Oi r- a xo r- x o»-«o* m /r ->4’ n in <t- xs ^ O' x x o- \c ro ro rn rn rr m OJoi rs^ 
u:' r- r- r~“- o- r- r~ sC n n n n n -n n n c- n n o 'C? r- r- r- r- r'- o- o* r- r"- r- r- o- ■n n vc n n -ci ’xo n AC n n n n x o 

c/:<C i I I t I I t I I I I I I I I I I I f i I f I I i I I I I I I I I I I I I I I I I I I I i I I I I I 
SSiCC 
oo 

o c- O' <n n n f"- X X X o -r-t. cy. m cTi n »-* ’=3* Of o .<-* ■^o w inn rvoN cr* —* «H X X n oi o !x- OS .'n ^ o- .'n ot- m o» o o r- 
iis>* o n cy X O'oj n -«3r 0‘ r- oj o o c oj c in 'ey O' m oi X Of X r* n m O' cr o n vc n Of oi oj ’«-* X r~ .<rH ^ xc n CT"m x x 
F-iH no*Xnr>j^.C7^ 'ey O O-'ey'ef O O-n'iS'-ey 'fj* CnnO<y« Of'eT Oro XOsOlin O'. 0'.<y fn<yin rT X O UO -»-<r^ ^of o o> n 

n, > n n’ey <y rrs ^ r-oi X X n n C7S rr» Of in X o X X X o Of ro mno'ly* ej* ey sS"iSf no wcy X r* o- X n in'ey’ey nrj rn X fn rv Of oi 
»H .r-i^ s: <r r- O' O' O'r-X X n n n nn X X X X X X Xxr--o- r- p- r- O' o- f" r- r" X X X X X-'X X XX X- XX X x x x 
r-i ^ e cc I I t I I I r I I t t I t I I r I I I I I I I I I I I I I I • I I I I I I I I I i i I I I t I I I I 
.r—* LJ 

• * 
Of Of 
Of Of 

^OO O000-0-C OC'OC-C‘OO-0 c-c-OO'O O OOOOOC-OC-OOC OC 0 00-0 0 O C O coo o oco- 
QOO'OOOOOOOOCOC'-OOOOOOC'OOO'OOOOO000-00 COOOC 00000-0000 ooc 
»-i O C-O O- O O O O C- O C‘ O' O- O C O C O OO O O O O O O O O- O- O c- O' C O O O O O O O' O c- O O O O- O O' o o 

CC'OCOCCOOCOOOO C O-C'OCOOC'CC OOOC-OOOOC'OOOOOCO OOO' oooc c oo 

(/j 

>xl 
a 
c 
o 
o 
n 

[i. 
C <r 

S': «=t 

l/:s C C C C- c- O OOi O C c- O C C O C- CO C- C- c- C O O O C C O C C O C O O C O O O' C O C C"' O O' O' O' C C' c o 

—* !a3- O o O O O -O O O O O- O O O O' O O O O O O O O O' O O- O O' O O O O -O O O' O O- O -O O 00*0 'O- 'O O O' o o -o o o 
U'-SOC- OO' c00000'-00"0 0'0c'00000'00c000'0c-c-0000'00'c'0'0cc C'C O'O OOOC O' 

►i: tc n f-' • 
*31.^ "lit e_p ' 
ai: In' C-. 

m iif O' ►-v 
O C: c. 

!T, n £-> 
aiU 

12 <1 c 

E-' X 
’Xir o 

X 

inxf~- occy c- CNi mi X- X p' cr- O' c FF-> rs" rr- n x P- OC cr C' CV m-ey n X SX.' cy O CM m- ■ej' X X P- QC O 
^^^ .r^T-srsfr'f rMrMCN tMcvirvrMfN rrfmmmimromimmro'er ey'ey -?y-ly -er ^ -er -ejr ey 

C. i-r 

C' o 
O' <c—f 

f-' 
o o<i 

in 
tX OUZ' 
00;X-ff 
3 D- - E“ 

4i O 
O ’ey 

ui' CT-‘ E~ 
o OO 
P- i X ^ E“ 
•JUpnE-i 
O ' <T aZ 
IX- X E—• X 
a o XH 

■'Cvrpej-'X OC O' o • * rv mi ey X X r- at cr C"^ cv- ms X X p- OD O' o F-' oi'm ey x- x r- oC' o- c* F- CN m? -cr x x P' oc o-- C' 
F-tF-iF-^F-irM CMCsfrii cMcv rMCNOfCNrni'-p p'nxmiimirnnnmv.X'ey y -cy'r*<y*?y <y <y y--y n 

X 



tnO» iftCP: v£3-m'^0*-K>» 
in CO rn o m r-cv 

O O O O 04 fTSOJ!Jf> O 

oooooooooo 
I I I t 

z; o O'OO o-oo ooc O’ Z O o O: O O O O- O C‘ O O O o- C’ ZO'OOOO 

X 

<c 
OOOOCOOOOO Isu' 
oooooooooo 
rr* ^ -nC fv Si 00 •<(* 04 »-io 

X 
o 
X 
<c 

X 
u 
<£ 
IxJ 
l/s 

04 fV •-t O CT' (7v C?"'0T 
sC^xjACsOvOiOmOinirjin 
I E I I I I I I I I 

X 
G 
X 

X 

X 

X 

X 

Si X Si Xi vC o x OO 
•«!*’ oo rrs 04 O' c 04 r- 

m CAD 040-^ 4D o\n o 

CNI04 T-*-»-♦ o O X X 00 00> 
'X; vC’'Xf sC vD vc uD m tn I/O 
I I I I I t t t t I 

O O' O O O’ C’ C O O’ o 
O ’C 000 0 0-000 
C O O O O' O c o o o 

c c c o o c c o o o 

OC’OOOOOOOC- 
O O O O O O O O' o o 
c- C C O O O O O O O’ 

o »-'• 04 ro un x* r* oc x 
in iT/ m Xi xt X in x x 

oo 
oo 
oo 
C'O 
oo- 

* *'C' 
XX 

o 
c 
■o 

0 II II 
m 

O w-ttV 
1 

XX 
E-'H II 
G 'O 

IfZZ ► 
XlXi O 

>-,-a*az 
E- 
ortjax<x 

Z>-1»-4X 
[xiXX<« 

XXX5 

i OOO CO OOC‘00 
X 
u 
X 
<r. 
bui 
tn 

E-' 
X 

oc 
o o 
oo 
oo 
oo 

* *C’ 
XX 

X 
II II 

I 
XX 
H F- II 

It z z • 
•oiOOOOOOOOOOO Xiai:0 
GOO’*-iC-OCOOOOO>^*_5w2 
t-fOOC’XXOOC'OCC’t-« 
E-,: »«••••«•«» *«-*X'X’X 
X o c o-r-* (N o-X O', m o X ac: U 
X: Z »-»►-» CC' 
>■ iaaxxc 

tSi X X X 

o 

X 
G 
X 

X 
X 
> 

O’OO OOOO oo OO’OO oo 
C’O 
-oo 
oc- 
oo 
oc 

« »o 
XX 

o 
O’ 
o 
04 
^ It It 

* 

O—tOJ 

XX 
HE-' II 

If «i2 
■XtOOOOOOCOC’OOOC'-OO UJXIQ 
GOOC’OOOOOOOCOOC’O'XfGZ 
^-fOOXOOOXXCOOOOXC’H 

X c o o 04 04 w o o 04 r- r- o> 04 o o X at: u 
c*: z>-< X 
> XXX-sS 

C. t-‘ H X 
t>? XXX 

o 
z 

X 
o 
X 

X 

X 

OOC C“ 

U2000CO 
CJCOOOO 
#-?oooxx 
^ • » • » • 
xoc ooc 
Ixl 

CO 

If 

.k 
o 

z. 

z. 

*o ^ 
-p-CN mX X r-X (7-o Lt:' x 
X X X X X X X X X -.c G G 

C' a 

Uicoococc’cooo 
O O O C C' c- o c- coo o 
»-40C’OOOOOC'OC'0’ 
E--, 
X o ox xr—xa\ r— x o o o 
uj «-* T—S Z 

I II 
z 

X G 
G 
>'■ 

c 
a 

X'CO'OOOC'OOC’OOOOOC- 
GCCC’OCC OC’OC’C’C’COO 
-4000X00 xoooo xc oo 

X oj'^rox’^j'XXxxr—xromofOiG 
'ii4 •— *—) •—' —4 ■»-; ^ ^ ^ ^ W-! —Z 

O’C’CO- 
GOO-ooc 
-40 0 0 00 

XOXCN04X 

>■ 

>4 

* 

X X 



oo 
o 
2000000000 

» 

o 
20^ O O O O O^ O O C‘ o 

m 

2000000OO OOO- 
o 
20000 

X 
u 
a 
< 
123 
5/2 

X 
u 

<1 

X 
u 
X 
-a: 
i2} 

X 
u 
X 
<c 

X 
c 
X 

X 
o 
X 

X 

X 

X 
c 
X 

:0 
oc 
oo 
CO 
oo 
oo 

• *o 
inirt 

OiOOOOO 

o 
o 

■r-» M It 

o 

X X 
II 

H 2 2 • 
CO 

COE-* 

oc 
2>-< f-* X 
1*3 X X < 
Qi t-- X 

X 
u 
X 

ui3 
KTj 

F-. 
X 
Ex? 
>■ 

CO- 
CO' 
c-c 
c-o 
CO 

* »4 
iAsTi' 

O 
C' 
o 

tl II 

XX 
E-^e-* tl 

It 2 2 • 
oJOOOC'OOOOO E*2'o3a 
uoooooooc-o>-*a*a2 
(—(o O A ur> O C'O A O C-^ 
f—t ••••••'* •• »♦—t ^ X 

X c o o otv o o 00>c: u 
ti? 2*-«'i-^X 
> '^XXC 

IS? t/0t/?tc 

o 
2 oo 

OOOOC'-O-OOOOC oo 
x: C'C- 
o oo 
X oo 
<C • *0' 
1*2 lAlf) 
If} o 

C- 
•r O' 

t-'' <x> 
X O II tl 
Ex? * 
> O'r-^CV! 

XX 
E-fF-« II 

li 2 2 • 
[*200000000000 [*2[x30 
UOOOOOOOOOCO>t J!:M42 
t-f A AOO coo A AO A|H 
f—' *•'•»»•>»»•» •>—< ixj X 
X' o C' o X tv T-« A x; o 
bi} 2l-<»-'X 
3»- [*3XX<£ 

CE-^E--Li3 
tv A1/2 A 

00-00000-000o 
X 
u 
X 
<c. 

A 

6- 
X 
bJ 
> 

OO 
CO 
oo 
0-0 
oo 

• •-0- 

AA 

o 

^ II It 
» 

O 

OOOC 

XX 
EH EH ft 
\S\D 

M22 
i*2 kx? 
UOOOOOOOC’OOO>.',0 
^HC O OOC OAO OAOEH 
f-l •••••*•••;• •#—i X 

X C O tv A r-A fV C'C A X U 
b? 2»-<»-.X 
S> b2 X X 

OHF'Xl 
tCl AAA 

X 
O’ 
X 
«s 
1*2 
A 

E-^ 
-X 

■b2 
>- 

[*20C'0C 
OCOO-O 
HiOOOC- 

XC'OtVO 
Ex? 
>- 

tC 

OC' 
CO 
oo 

• • • 

AO O 

>- 

A 
biC'COOOOOOO- 
uc C O OO c c c o 
tHOOO AOO AOO 
t-, 
X'sl’XXAA'^'^rn^ C 
£a2 ’r~.»—12 
> 

2 
X Q 

O 
>< 

baOC-OOOOOOOOO 
OCC OOOC OOC OC 
t-SOOO AOOOOOOO 
IH ••.••••••••• 
X A (V 'T-* O O' X H- A A Q 
tiT: i »-t W-! 2 
> 

2 
X O 

■b20-0 OO OC OO O-C'O 
OO O OOC O OO O O C 
H-( O ■ A A C O O O O O O O 
t-* 
xxooo}«rt Ar-oxxxo 
E*[ »-*■ CV tv cv tV‘ tv tv CV -r- 
> 

X a 
o 
>« 

b?COOO 
oocoo 
)H AOAO 
f— • • * * 
XO’—t O c 
Ibtvcvcvtv 
;>• 

x 

CD 
X 



2 C‘0' C-O^ O O O 
O 
ZOC^OC'C^OO 

* 

a 
2r O O O O O O O O c- 0‘ O C O 0‘ o 

u 
0£ 
<c 

■E/l> 

X 
o 
X 

CsiS 
m 

X 
u 
X 

U3 

oo 
oo- 
OC' 
0-0 
CO 
• »o 

o 
c- 
o 
cv 
O If li 
• 

o-r-^rsi 
t 

XX 
IHE-> It 

II X 2 • 
ly [jj, o 

E-* 
wLu iu' X 
C/3 -jy O 

a3XX<C 
O E- E~'“ ly 

5/3 c/3 03 

a 

X 

o 

x: 
u 
QC 
<t 
[y 
5/3 

E-> 
X 
bu 
>■ 

;jtioc- 
uoo 
•-<'0 0 
t” • • 
xo c 
1x3 

(X 
C 
X 

a 

X 

oc 
'C'OOOOO OC' 

oo 
oo 
oo 

in 1/3 
o 
o 
o 

O II II 

t 

e fl 
0?J5 

112 2 • 
OOOOOO lx2'o30 
o O' o C' o o >• y3. yj 2 
moooC'OE-< 

•»-tu3.jyx 
r* ■/I’cf'cJ- {votox xo 

2'*—• X 
J3 X X <t. 
CsE-*E-^'Lt2 

c/31/3 c/3 

o 
2. 

X 
u 
oc 

!x3 

QC 

OOO'OO-OO 
c c 
oo 
oc- 
oo 
oo 

oo 
O’ 
o 
o 
cv 

II II 

O OO'O ooO O O0-000o oo 

>- 0'«"^'CV 

XX 
E-H fl 

II 2 2 • 
cycoocooo yujo 
00'000000>iX5d2 
•-fOC0005D0E-* 
E- 
X o o i/3 r--Ot r- o oc :sc L> 
io3 2 >-• H4 X 

'yxx<c 
OE-<E-'{y 

tsi t/3t/3t/3 

X 
u 
X 
•sf. 
bU 
C/3 

I-* 
X 
y 
> 

CxJOOOOOOOOOOCOOOOO 
L/OOOOOOOOC'OOOOCOO 
•-f o o i/> ur> o o O' i/> c o ir> ir> cn L/5 o o 
E-f. •:»•-••'»»»»••»»» » »■ » 
X o in ^ rr> fv cN w X X'•t'cn X oD <T= 
ix:^ 
> 

O' 

cn 

o 
o 
c 

O' 
•o 

oo- 
o- 
o 
O' 

•- 

II o 

II I^CO 

X cr= 
JU O O -O O C O O C' 

OOOC OOC C O 
r-ioooocomo 
E-! •***•►•••■ 
IX —• o. r> sC >!3'r>{ o'T-4 o 
tx CV CM Os fv. CV cv rss fV 2 
>- 

2 
X 'C 

5J3 
X' 

ycO'OC'Ooo*-< 
UCCOOcoo 
•-tOOOiOOOO 
E- ••••»••* 

X a> mo f" O'o 
ty; cv m rc rr rr (V Oi 2 
?>■ 

2 
X C 

yoc OO'OOCOOO'OOOO'OO 

O O O O O C O o o o o c c o c c c 
MO O J3sO OOOOOO o oomc o^ 
E— 
X OC^n3r^O*-<iCNOOO (yia^oorrirnoc 
ta.' rr rr no ^ ^ ^ vc vC in m t“ 
> «-r <I 

X. 
X 
u 
X 

Ixj 
cn 



V
A

X
/V

M
S
 

l*
'G

L
K

b:
H

L
F.

M
 

G
ij

T
P

U
T

E
fc

: 
1

5
-
1

9
8

 2
 

1
0
!5

9
 

L
P

A
O

; 
1

5
-J

U
N

-»
 1

9
8
2
 

2
0

S
5

5
 

«.
D

R
A
2

 J
 t

F
G

G
K

E
H

L
E

N
 J
 O

U
T

P
U

T
E

E
. 

D
A

T
? 

V
A

X
/V

M
S
 

F
G

L
K

E
H

L
E

N
 

H
U

T
P

U
T

E
E
 

1
5
-J

U
W

-1
9
8
2
 

1
0
;5

9
 

L
P

A
O

; 
1
5
-J

U
N

-1
9
8
2
 

2
0

:5
5
 

«D
R

A
2

?
 [

rG
L

K
E

H
L

F
jM

H
n
JT

P
U

T
E

E
.D

A
T

? 
V

A
X

/V
i^

S
 

F
G

L
K

E
H

L
E

N
 

n
u
T

P
U

T
E

F
 

1
5
"J

U
N

-^
t9

8
2
 

1
0
;5

9
 

D
P

A
O

: 
1

5
-J

U
N

*
1

9
8

2
 

2
0
:5

5
 

^D
R

A
2

?
 

C
E

G
L

-K
E

H
L

E
N

] 
O

U
T

P
U

T
E

E
p

D
A

T
? 

1X4 1X4 

£x4llx} 
:^ixi 
Uilx^ 
jUiJtJ 

UIUJ- 
UIttX4 
oJlxJ 
^U} 

LxJLt); 
Ixi u:] ja Cx3 l»J ja Ui LxJ U3 £x3 

l»Uxi Ixi lx] 1x3 Ixa U3 tx2 SxJ ui [*4 u:i 

jd^x] 
U3b]- 
ix2lxJ 
Lx]ilx] 
CX]LL1 
tx]U3 
jx2,ai 
Lx];t£’ 

.2 

2T 

1x2 ixi 
IxJ’ t'*’? 
[x2 Ixl’ 1x3. 
U} [xl [x3 
1x4 U3 ix31x21x21x3 2x2 

1—i »-2l 

X 3] X X X X X 
X 
X 
X 

XX X XX'XX. 

04 o3 
X £xg ix4 
1x4 Ixj ^1x4 
1x2 2x2 UI 
X]x]:txJtx3u3X!X 

sc sc, id- 

5<;. at;, x;. i«£ ixt:. 

25 
25' 

25 25 
25 25= 
25‘ 25 

25 
2T 25 25 25 25 

LX4 
[x. Cx. 
Lt. 1x4 
X lx.. 
ft ■ FT . ■''4 ' . txi < FT . 

1x31x1 
1x4 Irl 
U3tx2 
1x3 U3 
ollxj 
4X4 U3 
Ixllxl 
1X41X1 

III 414 
1x11x3 
1x3. [x3 
ullxl 
4x35x3 
Lxlkxl 

bl liJ U3 4x3 4x2 5x14x3 Sxl 1x11x31x3 4x31x3 •xl 
4x3 111 1x31x41x4 5x14x31x21x21x31x31x31x31x3 

1x35x3 
1x2 tx2 
lx]:ix3 
5x31x4. 
5x3'*1 
1X4:1X4 
JO!X1 
1x21x3 

S-4E-4 

tH=E-* 
E-l£—! 
SHIH EH £-t fc-t H £-21 E-^> e-i H tr^ H 
E-s’f-* £H E-. E-f 1-2 E-! H EH £-< t-s t-5 
E“‘E-* 
t-'lH 
EHE-* 
t-sE-^ 

ru c::-rj w 3 53—■ :D ID 55;55‘22- 
DD333DDZ532DZD3 35DDD53 

3 3 

33 
33 
33 
3 3 

f33333 
'33333 

33333333; 
33333333-: 

■a.,Q4 0u,£X. 
a CL a n, 

a a a a 
CL a n CL 
an a CL 
02 * C2i CL 
oua aa 
CL CL 
a a a a CL a CL CL CL a a, CL o, a 
an a a. a n a aaa a a n a 

E-*E^= 

HE-= 
H-H H EH F-« EH E-f 5-|H E-V E- 
E-.&-S5H E--H E- EH E-* E-sE-. E-^ E-s'E-vE-^ 
E-?E-> 
E-E-t 
50?-, 
E-E- 

3333333 3333333 
33333333333333 

3333333333 
3 333333333; 

3 3 
3 3 

■33 

03 
CO 
oo 
c=c 
O 3* 
OC= 

C OOO3CC00O 
C C-CG3COCOC- 

3 0 
O 3 
OC 
GO 
30 
30 

r-# »—t «—5 «0! r—f- »0 *—t- •—( <0 »-4 rO »0 »—<. 

QOOOO-OOCOO 
Cl C O O C O C O C- o 

E-*t^ 
E-^E-= 
E^E-- 

EH £-• H H* E-^ E-^ E--IH E-^ E-« E^ E-« 
F" E--E-: EH E--EH E-* E-i IH'EH E-= E-^ E-= EH 
EH EH 
E-EH 
EH EH 
EH go 

< «t <x<: <f c <f. < <r «tc <t 
<r<c <r<r 
<j<t <f<t 
<KC <2 <, 
<2 <1 <X <T 

<c<t 
<1 d. <t: 

<t d. <r <J, <r d' <f, <2 <t <t. <f *a; 
<idd;<i<td'd:d:<t<d5d; 

3 3 O 3 a a 3 Q Q 3 
C 3 3 C 3 C C 33 3 

33 33 
3 3 3 3 
33 3 0 
3:3 3 3 
33 33 
33 3 3 
033 33303333:Q30 
3C3C333CCC3303 

2! .-a: 2; 2 
2:. 

S' 
2: 

S2 2S.S2S 

1x1 1x2 
1x1 1X4 Ixj! 
Ixl: 1x1 £xl 
1x1 5x1 5x1 
IxlixHxaixllxllxKxl 

3) 32 •—t»—4 32 >3:»—2 

x..xx3:x.xx. 
.X 
X 

XXXXXX'X 

5x1 5x1 
1x2 1x4 1x2 
X Cx4 Ixl 
5x1 [X2 1x2 
5x11x11x4 111 111 1x31x1 

ac. ic ac at:, 
atc 2tC. 

ac 
at: 

5¥C:. x. aiC. ac af 

3 
3 
3* 

25 
25 
25 
25 

250 
25 25 
25 25 

25 
252525 25 25' 

li- 
IL lx. 
IXt Ixr 
a 1x4 
Ix^ Lb 5x.c fx4i 5x4 >X4 ixt 

CVCXCM 
<*<;<; 
XfXX 
33Q 

I I I 

lAinUT- 
inkntn 

ooo 
ojr>ifv 

CMCNOS 
CO XX 
cys oscj-i 

t » I 
ss s 
3 0 3! 
0=00 
I t I 

ooc- 

CL CL. CL 
•—4:3 O' 

O’, 0'> 37s 
lOi/i'urt 

000 

.rsjcvcNi 
OC aocD 
<y,<jiCh 
^—9 I 
I I i 
s s s. 
333 

000 
1 I I 
iTir m 

5x11x4:5x1 
Ixl 1x11x4 

ana 
E-'EHE-^ 

3 3 3 
COC 

3 S S 
1x51x11x2 
3100 
X3X 
ILUllil 
at at; at 
000 
25 25 0 
2U1X4.1X4 

{/2 toi/: 

>>> 
V. x.>s 
XXX 
d5d:< 
5>>> 



|jd- 
O 
2: a. 
UJ;S ooma> {Nj-cxs^ojr-inoor^tr^'^vCJTiasr^cD-oa'aof^in'^OPt^ 
a O o sr sD »-t.o-r-«m o o or-, o cx> C‘r*-'CM^ cv w 02 vO CM m-<3r'i/> mt cr ?n ^ if) ^--t <» •» Of "sf Oi o-oc vo cv cv»-( 
jj u o o o o o o fM X x> ^--tun <}< iT>—< -n r»^ X X'<y* ao ^-sj< CNj a^ iji cn vo—♦ .rH o cvrf* fvj ^ oo ost o o o .r-4 m 
a I • 
a t/DOOOO OOOOOO OOO-O'-40-4--tOO-^OOO—fOOOOO 00000 000 0000 0 00 
H-tco t II ititi ti till! It II 
00 

C-C-OC'OOCOCOOOOO'OOO 0 000000 O'OOC'OOOC-OOC‘OOOC’C-OOOOOC-0000- 
Q: 000 00000 00 00 OO'OOO'OOOO O 00 00-0 0 0 0-0 00 0 OC 000000 OOO'O 00 00 

>--m ■<«’m cvo un in xm j/> c-oc m in O'm o c m OD vC-OCT-c CN iT5 in G in o oD r-in cv ur> jn fv vC: r*\n c cv IT o-Ci rv00 vc jn 
>- H • 
a t-4 m in in -n in m jv cv —1 c x r- m CM o- —^ m -!:r* A*- o r- vC- r* o cvi o r> x a-^ cr- X' o x r* -n to cv CM ■—* —«o o o 
Uu p- f~- r' r- r- r- r-' r*' r- vC"uD o o o 0 -£! m ic ic VC: ■-£! x- x x- x p' r-- x x x x x X x x- x x x x x x x x x x x 
x< iiiiiiiiiiiiiitiitttiitiiiiiiiiitiitiiiiiiiiiiitfti 
xa 

Ci o- o jn rv-r^ rs- r-- x (v x <r x <^ -sS" m x rn x o'' CM -♦ o —< ?N' CM «M r- n rwr- x x —4 ?n x o cc r~ x x -^Ch 
ExJ >< oX X X —4 o —4m o o O' o a o r-o cv ^ <M —i X rrs r-X X X 0-. rr X ■«:? X —»f'X o o^ cc'-C: OC 
f-4&-iX’<i*'ncM—x xxxfMooa>r~ o—-•=4-'cx‘—4p-'?rm 0^0 o<ncMC^'r'^^aomxs}''a^—^{^i^^t—+o ocM •C'—ir~'^-—■: 
O ►H' 
a >■ X X X X Xm CM-4 o av p-X m !M —--4 csi x X X n X X X r-—4 o X X r-C7^ CP Of-i X-X r-X X<n CM-4-4 o o o 

OC a s; «£. t— p- p- r-' r~ p' r-- p- p- r-- P- X X X X X X X X X X X X X X^ X X X P P- X X X X X' X X X X X X X X X X X X X X 
X xoaI I I I 1 I I I I I I I I t I I I t t • t I I I 1 I I I f I I I I I t • I I t f t I I I I I I I • t 

• 

CP CP. 
fS PM 

2 C COOOOC-OOOOOCOOC OC‘CO-OC OOC’C'OO'C OOOOOC-CO'CO-OOCO OCOOOOO 
00 O O O OOC O OO O O C OO'O O'OO O00 0 0 -0 C OO'C OOC O O O O O0 0 000 O0 00-00'o o 
p: C O' O O O O O' O' O O O C O O 0> O' O- O O O C- O O C- O O' O O O O O O- O' O' O C: O O O O C' O- O O O' O O O' o o 
pi' •- • • »- •: • •• • •-• » •'*•'«-« »•■*■•- »■ » 
<t O' O O' O' C O O 0> O' O' O' O O O' O' O O O' O' c- O' o- O' O' C: O O' O O O' O' C O' O O O' C' C C O' O O' O O O O' O' O O O' 
> 

a- 

CO 

CO 
U.', 
a 
<I 
o 
a 
X 

•* * 
a a 
ICi c ^ 
C, P 
•=r s: *3; 
oji O' O 
X X 

2, 
a O'G 
^ <3 P 
p P-E-’-' 
liu <S 

pp 
a X 
atjuGi 
GU.lX4f 
s-ap 

X 2.C'OC'C'C'C 000:0-OC 00 c 000 O'0-0 0 C O'OO OC'OC'O^CO-O'OOOC'C'O'C C'OC'OO OOO'O 
5:: P j} G O' O O' 'O' O O 'O O O O O O O 'O O O O O O O' O O -o O O O 'O O O O O O O 0000 'O O O -O -o 'O O O 'O' O O O' o 
G G p O C' O O' C O' O' c- O C- O' O C O O O C C O O- O O C O O C -o O- C O' C C'' O' O O- C O -o O O' O O O O C O C O O o 
G X X 2' P 
p p a <j. <i o p rr X X p X c-: o —t cv PI X X p a o c — CM X 4? X X- p a> a- c p CM Pi <r X X p a CT' c p cv P x x p cc O' 
a app PPP—t—t—rPPCMCMCMfMCMCMCMCMCMCMPPPPjPPPPiPP«3'-;t 

P X X 
xaxp 
P oco 

XX P 
Lxj G 
GPU- 
2 <t c 
<cs 
P 51. 
xao 
POX 

XH4 
pp 
P<C 
2.P 
XX 

«I 
r-'- 
I i 

p 

Lu 
X 
p 

p — CMP X'X P cc <T' 

<r: 
p 
X 

; —1P' P X X P X X C —5 p: p X X P X O O —t CM P -Ct X X P a: O' C—’ CM P 43 X X P X <7^ c 
'! P —f —1 —< —1 P ——4 —4 CM CM CM CM PI CM PP P CMP P.PPP PP 



oo 
oc- 
CO 
CO 
oo 

oo 

It If 

'r-tCN 

T *T' 

€-*1-5' II 

‘Z z. * 
u3aJG 

z 

1x3 X. 

f-E-*lx3 
vjt/it/; 

o o 
2:0 O O O- O O C- CO O O O Z. O CO O' o o c 2'OOOCOCC' 

o 
XOOOCOC OOOOOC 

X 
u 
a: 

4X3 
00 

X 
o 
oc 
c 
1x3 
03 

u 
X 

Jx3 

X 
u 
oc 

ix3 
i/J 

X 
G 
X 

X 
<—( 

X 

X X 
C G 
X X 

0000c 0 00 C--! 
X 
u 
X 
<r 
1x3 
t/3 

fc-' 
X 
Cx3 
>■ 

IxIOOOOO 
GC-OCOO 
»-tco-cco> 
^ m » m m 

XOCOJIMJTi 
X' 

NJ 

OO 
co- 
co 
00 
00 
• *0 

'syrs! 
o 
o 
o 
cs? 
0 II II 

m 
O'^CM 
1 

XX 
II 

GG 
II XX * 

0000000 ixJo30 
000 O c-O O *3 *33 Z 
cooxscmotH 

vC m oj'-^ o to txc: u: u 
XM>-*X 
txJXX<t 
OF<t-Cx3 

to 00 to 

z 00 
OCOOOOO C'O- 

X oc- 
u 00 
X 00 
<t • «o 
£x3 ino 
>0 O W 

o 
» o- 

I— -OC!^ 

X O U li 
XI • 
> O'r-^CM 

XX 
II 

GO 
1132 32, •' 

Cx300C0000 £xJ3x3C 
UCO O OO O O Z: 

C OO O O OC^f-^‘ 
• •• •• ^T", 

OC o o cv^o vC cvc (>3 U 
£jj z^y^cc. 
> 'gaxx<t 

Gt-ifHXi 
tv t/jitOtOi 

o o 
Z c- O' X 

O-OCOCOO OO 
X O C X. 
G OO G 
X O c- X 
*:t • *0 <C 
£x3 OO 1x2 
to to 

c 
» o • 

S-^ Of E- 
X -r-i II H X 

• jx3 
> o»-»oa > 

XX 
II 

GG 
It X Z 

XIOOOCOOO LxJXlG 
GOC OOOOO3>^►J-X;2 
I-4 0 00C000E-* 

•♦-tUiX^X 
XOOi^ 'X-'XI'Of C G 
txJ X>-<f-»X 
> LxIXX< 

OE-'F-X= 
C>0 to CO to 

OOOC-OOOO OO'CO 

[XJOOC c c 0000 OC O 
G C O O O C OO o c c o o 
f-tiooooc mooootoo 
^ » •- • » » •' • • 
X cr O' to ro Of —* -r-t o oc ^ vo 

>■■ 

to 

X o o o c- 000 000 c- o 
GO00COCOOCOCO 
‘-4C 00000000000 

XX 00 Xro CNS JN .'O o 
X cv cv fx r«Oi cs <N cv cv cx cs cx x 
>• 

z 
G 
G 
>< 

a 

vC 
XOOOCOCC- 

GCCOCOCC- 

t-t O O C O C= o c- 

E- •••••■• •- • 
xx^ —oxx'XO 
GlCX r*-i rorr? cvcx <x z 
> 

z 

G 
>' 
GS 
G 
X 

3x300 00 000 
GC'OC-O 0-0-0 
*-<00 00000 
fr- •••••••• 

X ^ fX O •»-«»-< G 

> 
z 

X G 
G 

a 

XsOOOOO O OC'O O O C 
G O O' O O O' C C C c- C- C O' 
r-*OOOOOC OOOOC O 

»*•••••••••• 
X C-'TlO Oi^C 000 0X^0 
l£ rr rr rr ^ vC x cr vc cTt x 
>- 

X X X 



tnooointyio^wr-m 
o'<r*05'^!r*-''X> c»»-( 

^ f*T <3*<-«OCVtniACM*-< 

000000000^0 
I • Ilf t 

soooooo zooococ-oooooccooo "Z. O CO C OCO' o 

X 
o 
X 
< 

OOOOOOOOOO UJ 
CIS' CD* C5* “O^ CD CD' O* ^O *CD' 
^ <N <1-! r~-"ss* O'rv oc o i/> 

X 
o 
cr 
c 
Cx3 
tc 

X 
u 
ac. 
<£' 
i:&] 

oo c=0'O'r'jDaC‘r^-r-r^- oc 
*>D\c X;r>intr)inmin\jn o 
• I I I I i t I i I X 

X, 
o 
X 

X 
o 
X 

*i/>oooin<yi O' -•-fr'UD 
oo'^no or> 'r^r- <C'X* x 
O'00 o-»/j ror-m OD'■n 
»••••••• m m 

O'O'O'O'O'O'X CO 
uo in* if) ic io in UD sn if> if) 
I I I i I I I I I I 

O ' O C- O C C' O C* O C ' 
00 0-0O O O'O OO' 
O O- C' O' O O' o o o o 

•- • 
C O C-O OC C'C* O O' 

C O' O' O O' O' c- o ■ c o 
O' C* O O 'O o o o o o 
C'OOOOOOCOO 

o-4* fv{ m vc r-OD O' 
dD m'lfi iTi inm xs lO if) m 

c c> 
OO 
cc 
o o 
OO 

• »o 
C-if) 

O-r-f 
c 
o 

0 if II 
m- 

1 
XX 

It 

If X 2; * 
XIL*20 

F 

VDDCXU 
X •-! t-- X 
'a3XX:<C 
CFFUJ 

t/5tOt/D 

CD 
X’ 

oooooc- 

u 
X 
< 
lid 
to 

F 
X 
Ixl 
> 

OO- 
CO- 
OO 
OO 
OO- 

*0 
OO 

o> 
O' 
o 
rsi 

it If 

XX 
FF If 

It XX • 
CiCOOOOOO CdIjJa 
U O C-O O O'O ?-».-3 >12 X 
?-«OCX)O UDC F 
F »f-^J*3Cx3X 
xo o o O cox XU 
X X»Hi-fX 
>■- W: X X <t 

QFFt*3 
t>3 t/: !/) £f! 

tD 
X OO 

0000-000000O' O O* O' O O O' O' 
X OC- 
U OO 
x; OO 
<£ • *0 
ii2 lOifJ 
CO O 

o 
• o 

F* if) 
X O II 11 
iJU • 
D> O-r-HiNi 

• 
XX 
FF II 
uu 

11 *2’ !55r 
SJJOOOOCOOOOC'OOCOOO U3X1C:* 

UOOOOC*OCCC*COOOOOC>-t«JXX 
»-! o o xt o o c c cm in* o c- JD O n c F 

f—: * •■: * » » » • •- * If—! X 
X O O O ^ if) F—<■ o CN rsf O O C CO JC, iC. U 
CiJ X F X 
> U3XX«f 

QFFX! 
tS3 CO COCO: 

oc-oooooc- 

O' 
o 
OC: 

u 
X 
«a: 
Ixl 
to 

F 
x: 
X 
> 

II 
U20 0 00C00C 
ucocooooo-* 
FO if) O if> O O O C F 
F •»—t 
X *-*0 JO m T-i CO 
Cx) X 
D> ’J3 

N5 

¥■ 

<z 

Q 

o 
X 

X 
Q 

■F fV F rj’m VJC F X X c u 
if) JO n)m/ x> jn JO uo JO C O 

o 
S' 

tv 
XIOOCOC'O 
UOOOOO'O 
»-»o o o o o o 
F ••••»»• 
XX^'TNOXX'F 
X «—X 
> 

u 

a. 

X)0 00-00C'OC O OOC'OC'OO 
U O O O' C O C C* O' C C' c c- c- o c- o 
FfOOOOO O OO OOOOOOO o 
F •••*••••»••••••*• 
X'=3*’T-I w jy, c» F vO m’=3'CV X X. O CV CD 
X‘-^CN<N »—■*—*^ r-*X. 
>■ 

X 

>* 

c 
a 

xooocooo c 
UO O C* O' O' o o c 
—lOOOOOOOO 

xx-^m(N^*oxxo 
X^ tNCN tVCSF^^ »-<X 
> 

X 
X w* 



oooo 

o 
o 
o 

o o 
o 
•o 

oo 
o 
o 

oooo so o 

no 
i/5 

oz 
c ox 
*-f oo 
H O X M 
O OM 
M •>V^ 

tOX OU3X 

O Q <C2 
<0 
XX l-l's. 
OO tt«:3V5 

tot^ac ,JH 

oooo OtsJ XXZ 
OOOO XWii/2 0'--'0 
oooo ox X w 

•> • • • fMtO 
^DvDava^ tco«/3 v.sujf 

X <C lOIsI 
ijtixx ^xa 
>Ot^ MOO 
XXX xox 
M-acO X 

ts20 wxx 
Xi/5 oo 
O >* 
tfciXt-* t.1! 

oooo <e«i»3ta3 
oooo C/5Mi4: 0*uX 
OOOO^f XXX iO<C<C 

•- • • • C£»3£x.l OO 
0\0rr,0<t M>Q* ^SOtO 
TtroromE-. M <£ 

•< <C»*tM<aC 
o XQOE-t X-t<t 

w c ooo 
X M 
O MOO MgHM 
X XXH XXX 
<c U, o OUjJ 
Wi3 X» 
to <<x 

* OOO-H- 
XMf-* 



• • » • 

» *. « 

■-0 “'-O ^>0 
LOlT/Ln 
•I •• 
oc o 
(NCNrS 

CVCVOsI 
QCQC-OC’ 
cr.cT-o'. 
»—? «—f 
I I I 

2: 2 S' 
SOS- 

t I t 
.T5 if) LTJ 

oco 
<<X<1 
0.0,0, 
-2^ J 

cr crtov 
iflif)Sf) 

000 

C'a:>l(N‘ 
ac'ococ' 
CT'CT'C^ 

^r“- <—t ■*-<! 
1 I I 
2 SS 
ri'2;3 

I I r 
ir- m If: 

cco 

2: 2. S 
Ixj 1X1; 

-3^'_D 
X X X 
X X 
X i*r, 
XXX 
X O X 

cfitc If; 
2 2 2. 
> > > 
\ ^ \ 
XX>C 
<<£<£, 
>>>■ 

2,<2;xss 2 2 

2: 
2,2. .2 2. 2 2 2 

bJ 
b]: 1*1 
M UJ 
M XS 

ii3' 
b2 

Cs3 
[iJ b} Cx3 X! X Xi X 

X 
x; 
X 
X 

xxxxxxx 

XX XXX'XX 
X 
X 
X 

X X X X X X' X 

X X 
iX X U1 
X IJU LX!! 

bi UJ bJ 
b3 5il X [i3 !1*7 bj ixl 

br, b: 
b:: 

b: 
,■2. 

b£. 'aC'ic:. ';sCb: bibC' 

X 

X 

i—^ ►-4 ^»—i X; bs X) 

e? (x<x 
X 15' o 
X ;j5 'X 
X X 

XX XXX 

b< !x» 
b.: b.. 
b^ b. 
bt bu b^ b, ou b4 

»;Lt b-f 
{bb^ 
ixtbu 
Ix,b4 
b«ba 
b«b-H 
bubt 
lx.U. 

b^b-i 
fa-b. 
bbri 
bb 
bb 
bb 

bbbb b bbbbbb bbb 
bbbbbbbbbbbb bb 

bb 
bb 
b b 
bb 
bb 
b b 
bb 
b b 

04 U.. 
b b« 
bb 
bb 
bb 
bb 

bbbbbbbbbbbbb b 
bbbbbbbbbbbbbb 

t4f-+ 
EHt*^ 
(4.1 jH 
E-< Ir* E-f (4-£-♦£-* E-« g-s f-« f.4 (H E-* 

E-* e-< HI-* t-* H H t-* t-i e-* 

fr*f^ 
E-=H 

XXXXXXXXXXXXXX 
XXXXXXXXXXXXXX 

XX 
XX 
XX 

XX 
XX 

xxxxxxxxxxxxxx 
XXXX'X’XXXXX xxxx 

bbbb 
O4 Ou OM 

b b b;b 
bb bb 
bb bb 
b b b b 
CL': O4 Qij O4: 
bb bb 
b. b. CL* be bi bt bi b{ b* bt bs O4 b« b» 
b b b b b b bb b b b b b br 

HE^ 
l-l_ 

E-* E-* E-* t-*’t-» H E-* H E-E-s iH 
E-s E^ £-5 E-* E^ 9-E--E-* E-E-> E-" E-« E-^ 
E^E^ 
E^E-' 
E^E-* 
E-E- 

XXXXXXXXXXXXXX 
xxxxxxxxxxxxxx 

XX 
XX 

X 
XX 
XX 
X X 

xxxxxxxxxxxxxx 
xxxxxxxxxxxxxx 

OQDQOOOOaO 
COCOCC OC'GC 

cc 
L—* W 
GG 
DO 
cc 

C C- C G O G O O G G 
GQOCCCGCGO 

CG 
CC 
GO 
CC 
CO 
CG 

•« »*i •k^a 

•». •«, tMfc. 
•« •». aia. •%. 

H E~^ 
E^'E- 
E~**£*^ 
E-^E* 
^ gr E4 £-c-E-f E-s E-* E^ fc-E-E^ H 
E-< EE E-* E^ E-< E~’ E^ E~ E' E"^ E-' E^ E" E~; 
fc^E^- 
E-'^E-* 
E-»E-* 
E*E~ 

< «at << C C <<<£<< d 
dddddddcKid-cK 

<f d <t<c 
<t c: <r <c 
dd dd 
d d d d 
dd <r<f 
dd d d 

dddddddddddd 
d d d d d d d d d d d d 

QCGOCQOOQO 
C O C; O O C O O 

Q X X C 
CC C Ci 
ax XX 
X c> X c^ 
XX XX 
XX XX 
X X X X X Q X X X O X; X X X, 
XCXXCXXXXCXXXQ 

22 22.2 22 
2 

2 
2 

,22222.2 2 

Ci} b: 
b3 bC: [*2 
Ui b! 
t*3 bi oJ 
btuablCIbblb] 

XS 

X 
, t 

JX5 jaaxixi 

X X X' X X X X 
I ill r 

X 
X 

xxxxxxx 

bl bl 
IX Ui X 
1*1 b: Ci3 
b l»J b 
b b] b b b b b 

b b b b 
b b 

b 
b 

bbbbbbb 

X 
X 
xt 
X 

xxxaxxix 

c 
o 
c 
o 

IOC 
e? o 
c c 

13 
tococe; 

b 
b b 
b b 
b b 
bbbbbbb 

E^E^E^ 
ddd 
CiCa 
• » a» 

bb b 
bbb 

«• »• •» 
CM04C^ 

SKXX 
cac 

I I ( 

■'C'C'Xi 
mmiT! 
•« %■« »• 

ooo- 
£VO+vV 

(Moirsi 
000000 

4-H »—« «—I 

» I I 
22 2 
XXX 
OGG 
lit 

;fumr! 

cc c 
ddd 
O4 OJ 

XXtX! 

<y>o^o 
iTtX^in 

00c 

fV'^iTV 
a<oox 
X cr> O'- 

I I I 
222 
XXX 
GGG 

I I I 
ifjxiin 

bbb 
bbb 

bba4 
E-HE- 
XXX 
OCC 

bbb 
XXX 
XXX 
bbb 
bbb 
XXX 
CCC 
bbb 

If Cf! If' 
s -s::s: 
>>> 
\ \ \ 
XXX 
ddd 
>>■> 



W
ri

K
K
 

F
lL

fc
: 

H
F

A
O

F
R

 

o 
'Z.- cu 

vOwO'.X’fXJ cv^<nr~ vO'-l^cvooi’^ 
QC Cr o cv oc o ^ cv ococ-'sC vc (>j c= rsi o <x> oa OD m r~-oDOC''-f cv o ^ sC r> inX) fx cn rn CN 
i*iUo-C‘004^o*^'jCimrO'^T-f’3»r--CNiO''^'-ro«cN!CN!30-air‘0^»-fOO*^^^’!-HfCr>f^CNE'N jnnAcv*^mao oOfs sc^r^ 42 

••••••••••»•••»••••••-••••■•••••*••*•-•■■.»•••••»•••*•• 
&UW5000000'OC'0000000'T^OOO—tfN’r^O-^OOOOOOOC 00OO'T-IOOO-O0000000000 
i^’:n t i t t I t I It I f I I I • ■ t I I I t E t I I I 
00 

OOOOOOO'COOOOOOC C OCOOO 0000 0 0‘0000CO 0C‘C'0 000 00000 00 C‘00 
o COOOOOOOOOOOOOOOOOOOOOOOOOOOOO'OOOCOOOOOOOOOCOOOOOO 
[x3 >n yn’sT rr, c\ m c>J c oo in 00’St o iT m jD CN r-ac o OD ac ifn c'ey oc vO ^ i/2 in CO o or> rv'vD oa c m o trnr>'X 00 r-a fv Lrt<T' 

o:»-4ir/jr5 Xi !/u/>^r^cvooo x^«^<T'. r^oc r~ r' OCNsmrt^iTMjom ^cr-r^ac oDoC’r-r^oo a' CT' OO'Xsir! mevT-oo oc 'oo r^ -JD 
L&:^ > r- r- r- r- r' vc NC 42 vc 42' iTi uO 4D in xj yco 40 x'X' o 4? 4:'^o x x x x x x x x x x x x x x x x x x xi x x x 

ifiiiittiiiiiiiiiiiiifitiiiiiiEitiittiiiiiiiiitiii 
xcr. 
00 

O ox'^noor* •r-m'!t^ox«-i x xxor»^x<r!mox X'^'XX-^s^^'XXrocrvx ox x 
[iJ >< o r-o-o X tN X X'cf rir m os o o X 0 XCM X X X'tf X X-ero X rrs o X X X <N cv o X o fv 
H JH X i>j O'X <N x> X'n X tx X xr-X X X X o ot o X^ ■=r <r» X ■»-« <-4 o r* X o o X X X no «c?^. X X X r-cv 

a. p> X X X 'iy ■^r CNi 'TH cr X X X o O' X r- X X X X X X X X X X X r-r~ <js X X X X T-« o o X r-- X X 
X X 2;<rr^r-r^f~‘p-p-r'r^r- xxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
o o oxI I I I I I I t t I I I t f I I • I I I I I I I I I t I I I t I t t I I f I t t I t I r I I I I I I 
X CCiJtS 

rx rvi 
CN! CV 

Z C' O C O coo O o CO‘ O O 000000 O' O O' O- O- c O c O c O coo O O c* O- O' o- o O O O C O o o^ o- o c- 
OOOOOOCOOC'COOCOOOO COO-OCOOCO OCOOOOCOC C CCOOOOOOOCOOC O 
>-(OCc o-000 ocooc c0000 o occe 0000000000000ooooooco0 000000 
£—< ». •' •' » »■ •- •- 
<EC OO oco o ooooooco COCOO OCO C OOOO OC coo CO 00 oocooo ocooc c o 

[i: 
»—< »23' 

CO 

X 
L14 
X 

<c 

■if 

c:'<t 
f-i 

5: <I 

X 

.-20 
*—■ 

E-E- 
0!<C. 
E-t- 

X 
U2 

UL.! 2Il'-if 
CXK t— 

X ^CCOCCCOOCCOOOOCOOCOCOOOCOCOCOCCOOOOCOOCCOCOOOOCOOO. 
s:. •^ IxlQO 000 O O 0000 O 0 00O' 0000 0 00 0 0 000 00 000000000 O O'O000-0 00000 
O 0*-OOOOCOCOOO coo oco oco CO CO'O OCOOOO' CO 0000 OOCOOO 00 00 COCO. 
      

>-tU]<t<cc^cvrrit3-vr)^£^i^ x <T o »-rvjm^ xxr~ xo c-i-<cvrr'sTxx r-x crc*-cvro*!t xxr'XO'C xxo xcr 
cc E-^t-' ^ rvoacvicvcvtNrvtvfvrv!^ nnmnnmrnxmixm 

E- <C X X 
X O 

XX 
£i2U 
O E-Wil- 
is'. *a; C 
cs. 
E- 2:- 

- XX O' 
X r-< C X 

I C2i 
C*. «O' 

It- <t 
Xw C S 
1—3 CD i_j 
H-i x*“t C~w 
XE-*£“< 
CD>-*<'X! 
X S. E-IX 
aoxt-w 

E-' 

fvjrr•!? XXr-Xoc tvrr <d-xxxoc -r-^ xxr-xoc— fvixxx00 -r-ir<-ro'?#'XJxr--xa-c 
O. *-<»-*oiCM-Di 04cvs'vcNfNOJs"»^rnmroroX 
«a 
E-W 
X 



in or. ® m r-sr CN m T-i 
^O (vm o o »-♦■*-*<-« «-* 

oo oo o ooooo^ 
t t I t t 

srooc'oooo 
G 
^OOC'OC-OC^C‘OC^OO 

o 
2000000 

oooooooooo 
oooooooooo 
m o CNi o ov oc-i£j-in 

i£i KC vo i£i NCVD m muT! in 
u^mmininin m»nmjn 
I I I » t t I » I I 

•X, 
'U 
oc 
xac 
W 
tn 

ot- 

X 
sj 
Qt 
<€ 

CK 
C 
3: 

X 
u 
X 

Lx^ 
1/3 

cc 

X 

u 
X 
<S 
XI 
t/j 

o sD 10x \0 urn ^ o 
in O »-+'vO CC-CNfLO ^ 
0 O'cx> (Jv‘Ch O'* 00 r-10 

0inininnsninsninin 
mininuminymnmn in 
1 I I I t I I t I t 

OOOOOOC-OC'O- 
oooooooooo 
oooooooooo 

c c c c o o c o c c 

oooooc c ooc 
000000 0000 
O C 00-0C'ooc o 

c^,‘ cvrr 'i' n VC aco' 
n m m n in in in tn 40 in 

oc 
c o 
oc 
oc* 
oc- 
* »o 

00 
o- 
o 
o 
rsi 
w II II 

Or-trv: 

XX 
fHi-4 If 
GO 

112 2 * 
XIXIC 

>«o:02 
E-* 
►—■3 CJU- LI3 X 

COXXiU 
21—'»-* X 
iiixx<3; 

c/3 t/31/3 

00000-00 
X 
u 
X 
<t 
£xl3 
c/3 

I- 
X 
Cx3 
> 

c c* 
00 
CC‘ 
C'O 
CO 
• «o 

c-o 

c 
-o 
fV 

ft II 

2 00 
oocoo-oc-00-000 c-o 

X c-o- 
u oc- 
X 0-0 
«C • 
X* 00 
c/3 O’ 

o 
• o 

m 
c II if 

E-* 
X 

>■■ 

XX 
Hl-flt 
GG 

II 2 2 * 
uUiOOOOO-C-O LLILtlO 
U0 0C0Cr-«0>-GG2 
*-?OOC OOOOE- 
f-i » » • • » » X.U1X 

XC-C3O ■r-i:*-^OC-C/3;X XG 
Xj 2»—'»HX 
•=» xx-x< 

Q E-'i E-*' X 
Cv1 c/3 LO c/3 

xo- 
GO 
»—:0 
E-4 . 
X ^ 
X 

IS3 

o 
2; 

X 
u 
X 
<£ 
X 
C/3; 

IH 
X 

0*-^£M 
f 

XX 
HE-^ It 
GG 

It X 2 • 
000000000-00 XXQ 
OOOC-C’OOOOOC->'GG2 
no-oonooconoH 

**—iXXX 
O n 10 «n n m-<:J3 rirv (VJ Wr^ L/3 X X o 

2*-f*-4X 
xxxc 
C-t-iHX 

cnc/3!/3 

C- C 2 
JC-O-CO oo- 

CO- X 
00 u 
O C- X 

• *0 <£ 
OC' X 

-O —* c/3 
o 
c • 
00 t-3 
O II It X 

•- X 
C-'^CN >. 

XX 
II 

GG 
II 2 2 • 

X O O- ^0 O- Oi O' tX X> CJ X 

UOC-COOO-GG2 G 
!—f* c c- in n in o E-* H-S 
E- » • • » » I- XXX t— 
X o- c- o- c o- c c/3 X -x; G- X 
X 2H-f>-4X X 
>■ xxx<c > 

C: 
tsi (/:- c/3 c/D !s: 

<t 
H' 

»-!CVfr <ej"in>Xir' cxsxcx 
nn */n i/n in ^/n */n ^/n i/n ^0 ^3*3 

c- 

2 

2 

G 
» 

fN 
xooc 0000 
GOC-OOCOC 
r-^OOOOOCO 

‘ • • • ■ • 
xocNcr-ooifvoo 
X 0»-'--.-^— 0 2 

I 12 
X o 

G 
>* 

a 

m 
-XO 0-0 O'00-00000-0 
GOO C'C-OC-OC o-coc 
t-HOO oooooooooo 
E-i »•'•••••-•• • m • 
X CNO 0 'cr O X'X 004,: 

> 

X'OOOOOO 
GOCCC'OC 
t—3 c--00 00-0 
f— »»••••• 

00 
-X -»-(CV- OJ Os' • 2 
> 

2. 
x; Q 

G 
X 

UL' 
G 
—? 
t- 
X 



ct, acac; 

«JL« iX< iJLtr 
• » 

QiOiO 

>?>> 

OCOL,QC 

IsJ ^xl 
tJt 

3* XX; 

iCiisCad, 

Ix^SxtilU 

p^arMOJ 
<t<t<c 
Ct X X 
CiQO 

I t I 

uQ vC' 
iTiinm 

ooo 
CNfvrs* 

c»xx 
a^(T<T> 

■•H 
III 

X X- X 

III 
inxiun 

•« •-» 
ooc 
<I <t <t 

x-ax 

<T> Ct< <Ti 

OOC 

rvi rM CXI 
xxac 
O', o*i O' 
1IF-S <f—J' 
III 

X X 2" 

I I I 
X iTt Lf> 

rr mm 

<C <i; «i: 
XXX 

X. ^ s;. 
XLJOCJJ 
XXX 
XXX 
fXU3U3 

XXX 

XXX 

f/jf/:oz 
X s: X 
>>> 
'v 'V \ 
XXX 
<r<c<3:' 

SL' ST 2 2; z: 

£XJ X 
l«J X X 
X X; X 
X X. X 
XXXXXXX 

XXXXXXX 

XX XX XXX. 
X 
X 
X; 

XXXXX XX 

X X 
ix} X X 
XXX 
XXX 
X X. X X X X X 

X X X X 
X X 

X 
X. 

XX XX XXX 

ij? <3 C! 
u tj: ^‘ 

> ri - »-i 

u« 
X X 
X X 
X X 
X X X X X X X 

Oi o a, a a, o Q Q Q Q: 
CCC.CiCtOQC,CQ 

Q o Q a 
O Cl! CiO 
OQ OQ 
O O C: Q 

Q:Q 0;Q 
O Q Q. O o. O Ci a Ct Ci O: O O 
Q G O C5 Q Q Ci O Q Q Ct Q. Q G 

,flr>rnmrm 
mmmm 

mm, mm 
mmmm. 

m^m 
mm 
mm 
mm 
mm 
mm 

mm 
mm 

mm 
mm 
m m 
mm 
m m 
mm 

r-(: •—; .1-<S m m <—4 •“< •'H 

m ms 
mm 

mmj 
mim 

>>>; 
>->■>>>>■>- 
>>>>>> 

> > 
>?> 

>•> 
>> 

*«k. #%. •%. 

•la^ »% «% 
•«». •». 

•«. •«,. •«. < 

•% •»%: »% 
•«, »«k 

•%. 

> a> 
>> 

;:>■::=»>■>•>'> >■:=>■ > 
>>>>>>.>>:>> 

<t <£ <i <i; <t <c <a: <T <c <*: <£ 
«S <£ <l! <1; <£ <4 <1 <5 *s£ <t d: 

d <S dd 
d d <r<r 
< d dd 
d d <£. d 
dd d d 
dd, dd: 

d d d d d d d d d d d d 
dddddddddddd 

xxac.cr cr cr 
a Q:; X Qc ac a: 

cc oc Q: cr a: o: 
DC.CC CCDC CXLCL 
X a: a a a a 
ccoc a a a ; a 
a a, a a 
a a a a 
a a a a a a a a a: a a a a a 
a a- a' a a a a a: a a a a a a 

a a a a a a 
a a a a a a 

a a a a a a 
a a a a; a a 
a;a aaa.a 
a a a a a a 
a a a: a 
a a a a 
a aa; a a a a a a aa a aa 
a a a a a a a a a a a a a a 

Qi OOC! OOO 
oooccc 

OCi 

OG 
CO 
CO 
GO 
GO 

■s_/ 
O 
o 
o 
o 
o 
o 

OOG/O 

oo 
o o 
oo 
O'O 

OOOOOOOO'OO- 
0G30000CGCGJ 

O’ o 
OO 
O O’ 
oo 
OO' 
O'O’ 

’GOCOC OOOO 
.GGOG'COOOG 

X XX 
X X X 
X X X: 
X XX 
X X X 
xxxxxxxxxxxxx 
X X XX, X X X X X X X X X, 

tiL 
sc 

e ,2 5 2! ' ^ .e 

X X 
XXX 
XXX 
X X X 
X X X X X X X 

X 

X 
t iiC3 *—i fcw^ tC3: 

a; X ax XXX 
X 
X 
X 

X XXXX XX 

X X 
XXX 
XXX 
X X X 
X XX X XXX 

X. X X X. 
a, .X; 

X 
X 

xxxxxxx 

G 

G 

■iOJ G G GI 

o oo 
o> o o 
O O O' 
o o 

0 00-00 

X 
X X 
X X 
X^ X 

'-JU OLi JL4 SJCa 

aaa 
ooo 
XXX 

• 
GOG 
mmm, 
>>> 
d,d:d 
aaa 
ooo 

I 
^CIU’. 

IxJU3lj^ 

X T** ’’T*" 
XXX 
XXX 

ooo 
XXX 

CViVOJ 
dd,d 
aaa 
QGQ 

I f I 

VOvOv0 
iTuAin 

ooo 
(NCNfV 

CVfVfM 
aaa 
ac7’=0'i 

III 
a 22 

*~'-0’0 
i" r I 

aixs^rj 

ooo 
ddd; 
aaa 

t«-4 ,G 

<J\ CJN (JV 
iT!»nir5 

ooo 

:>jr^rN 
aaa 
a',o^G^ 

tit 
2 22 
GOG 

I t I 
iT^inun 

mmim 
>■>■>• 
ddd 
aaa 
OO'O 

22 2 
X X X 
GGG: 
XX X 
XXX 
XXX 
GGG 
OOO 
XXX 



o o o o o o c o o o 
c 
2T 0^000000000000000 

X 
u 
at 
< 
w 

a: 
a 
X 

ooooocooooo 
CO 

oo 
CO 
oo 
OC' 

» *o 
oo 

if If 

ooc oooocoocooooo- 

Hes: • 
000-00000000 Ul£x3CD 
COOOOOOC-OOC>-J JfZ 

oo iT> m iT! o c o mm o fH 
• ••••» • 

OC’--t r-!^m m'syo c c cQbt it u 

X!XX< 
O *-*€-* 

comi/2 

m 
O O 'O O' o o o- c o o o 

C CO C C C CO O C O' 
C 000-00000 0 0 

cv rr ro r^! CM rs CM cv (V cv-CN 2 

X 
u 
X 

Is? 
t/D 

fr- 
£X 
u;; 
>■ 

U2C-OOOOOOOOOOCC ooo 

uoooccomoooocoooo 
<-» o m m m c m CM T-j c c m m o c-m o 

XX c-oxm-<i'‘m'^ r^r'--x 
XT 
> 

IS? 

tilOCCOOOC'OOOCOOOOO 
uocoooooooocccooo 
-HO C oo c ooooocooooo-Jf 
fc-1 

xo merger'mxrMooomomcT'moc 
X ^^-mvCivcmmm^rrr^rof^: 
> ^ c 

o 

X. 

u 
X 
c 
li2 
00 

o 

UO 

w 
o 

C 
i>—i 
E- 
U 
txi 

V3X 

O Q 

CO 
s::X 

OO 
tO*HX 

Uii2 
l2:i£JcO 
ex 

COQlO 
X «*r. 

?i3XX 
>UE-^ 
'Z'OC'Z 
w<fO 

L»;o 
XCO 

o >* 
XXE-^ 

LIU. 

1/3 H to 
S'X3: 
cwu: 

E-^ 
iJL« uu 

X c- C E-- 
u2 

• *0 
»—(Q- O^ 

1X4^ 1-^ 

<tcx 
•E^E- 

OOC^f 
SHE- 

O 
o 
o 
c- 
o 
•o 

00 
o 
o 
o 

•' 
ti o 



uJ 
X 
Sr* 

C 

< 

•2 S*-X 

2 a. 

‘-iZGrDQ 
oiMtfi: 
CL» «z-(' OC4 

2; *« 3E 
0e?(*^2:0 
■*-t:^. X »:3 
t-i 1/2- 

H-iCi. 
>a; 2 
x<t ;/3to«*: 
llU |H>-i 
i/itOX,<tOC 
m «£x u:^ 
CD 

XX£x30u 
X3 

G baH 
>-X 2 

UJXiH *«a: 
2. Q: 

GCi3 2U,X 
t-icaCM 

Qf)u OG 
tJti *~i W i»3 C»2 

Ut sjtI CD (4ix<. 
<-H CLs"—• ^ 
GODf-OG 
Cad <I lOl£} 

G CLco>t-3a> 

>-t Ci3 

2.GCD*-^2 
aD >-« 

lObli 
2 GODuHX 
U2 20:,02 
H O^X H-EX 

O: LlD O 
*-n/3<i:ua2Q<>« 
Ctlju X*-= <t 

X' 
o 
-ac 
ija 

[k, 
o 

05 
IJI^ 

(-* 
<£ 
2 
»“« 
O 
oc: 

• 
CD 
0 

O 
'St 
ixJ 

oX 
X 

;t-t 
u< 
OitsD 
<=r.x:C- 
o 

U3 • 
i».VXU5 
Xfc-* • 
IH X 

X * 
X X 
P-4H-! 
»—t S UJ- 
3 X 

-^S-i 
E-^OD 
XtUIG 
O.U2 
6-‘2 < 
X [s» 
OX 2 

tai-a: 
ODLIUDL! 

i*i 
X 
fc“* 

2; 

•O 
>1'^ 

catbu. 
031x4 
03»-H 
txSO 
UG 
tiD » 
2<^ 

O 

2 wo 
«£>•>£: 
H-Xw 
030 tv 

O' 
oo»—^ 

%co 
2 ' 

E- 
DL! 

CDD 

05 
DD 

-5J* 
ro 
<T> 
O 
\o 

o 
'sS- 

- a> 

03 
X 

03 
O 
o 
c» 

- o 

2 - in 
w is2 
~ *-NC* 

•03 • 

CCix] 
2 X o=> * :E 
<ttxi E~ »-4<c^ ac 

X IH^XO w 
-•HX «tOf- 

'2 §-< X •'—' 
•*-{ 0'/^(N 

fc-t;jul 03 3 1x30 X 
E-»OiQO t-r- •■ 
0X<T2 0 C»3 2 
a.Oix31xl2 •x»^oo 
2 xxc— X cvr- 
♦“♦u3 CxlOCCOww 

03 Q tx4 C jd bJ 2 >♦-r-t 
>^MO:=£*^ >Ex3 -X 
X3Xt*-» • 

ic;: <1:0 0 2 COO--' 
OU ixJUIXXi>-0 
Cx3O03U3E^XX 
»-+Oi*-«XOD 2:Ow 
U4O E-iM2H<*f^03 
M ‘XI G<coowa2; -. - 

•o<t G X X a o X c*tv 
:S ir*Xt-«G2 JX’jc3 »-tt-t02 2X •.>+'vO ~ X 

<CG o 2a2X*-t03 H-a.--' •w^-.^o 
2 GwXX^»-«‘X>-‘03»-*03: ox 0 ►-! • 
xxxoxHUGi •‘X <tH or-oc <E;--f 
fc- O O fc- C <t E- 03 03 ao *-f 
t-OiX2 >XX*-'Li3 2Cxl3 
a<aG2x c uooxw 
GO H-^XXX 2»-XG'^ 
G ><E-sXOJHGGfHX<r 03 

3 Xt~«<i;Ga »-i •taJ 
<a:<w tj^C33:2; >-U303 •■QG 
*OGX COXXX2 
•M-a<rGX2 •GC 003>-x 
•X-aX Ca303^>-aCa3 2 C X 
-X- a, G lx], o3 !JU X w X [a3 ,G 2 ‘JD 
X X G 3 a o u3 E*' X a X a 
X lO <£ t-* G ir~* X a X sH 03 X X 
X H+ 2ua<<; E-^a w »-t 
XX <xx<c o a, a. 

H 

2'-t‘ CV + 
r^w^oa— w » w— 

OIwG •- 0--'X 
03G03 •'X *• •<Ni<S~ 

03 
E-‘ 
G 
<r 

2. 
c 
u 

E-^X 
►-ssl. 
2 G 
X •—* 
MG 
wG 
ax 

• *!IC 
fc—a 
MtVGG 
2 MX 

a 
2. 

-xxwo3^x *03 a 
OG-2XOMXIC 
XX VM » «-♦! 

20 
a • 
GX 
<j a 

S_>'f—I 
tv’ • 
xo 

• 
^x- 
oa 
<w> • 
wo 
XtN 

03X 
Ga 
E-: • 
> o 
2 — 

> 

XC^ 

'03 

af~a-'G~ 
2>GtV’v-- 
02XW- wv.'XxvM • wa a 
n "»w>v03 w ax<-vo--' •OG2'-' 

2--'f-„t-:Ga E-'2 <t:2M wcvrvr-2 TT rr‘,o::’=3'X 
03GOMH4- <CXOX -^‘a'S'MXMw^MG 
<IMr-2 2 •aaMGCC »w *0 11 •v--t-^U3w 

o3wO‘33— G>*^to xaxit-finHxaGinM^-w£-( 
a 2 03 a 2 Gwetw^stlto w «1.2. X <t 
2 a2X<*C<t<-3a<taG2GXHG-^'G2 it <12. 

MEr^<a'<t:a>a <taHaa: 
03 M o a <c w «t; a M -at 2 a G a G 2 a G a o > a G 

o<tac- caocMaaaau caa2 a 
X X 

w <v m 
X}* tj* -<^ 

MG 2' 
>■ • M‘ 
2 ,M 

•v-» ^■. 
w X a X 
it II X - 
M »2. X 

•2M>W4 
^.^—4 G; 

»— 2 <4 
O w:_! a 
cx G a 

cv 

Vf 

tv 

X 
t-' a 
03 • 
>■0 

•M 
E-. • 
03 0 
X 
GXG 
•a 2 

G • ^ 
2 O w 
<t fS' II 
OE-M 

GO--' 
X •*— 
03 X w 

X- a > 
«. •<C--' 

CO a M 

03 
vC<KC 
CM *HtH 

xcr aa 
03m XX 
XwE- E-: 
I <y‘CO 

W^-- 
M • 03 2 

X>- 
II li 

_   _ • G ‘ X G 03 w! 4—1 
' • f—• Xi 2. -ac G X X C3‘ a X "E 

O •—' • «»4—'G •QC 2GG2 X,--'--' 
*110 x«r: MX --G«a;xa. • • -GG 

M M (I a M "a?* w II II X t/3 03 w o a''--''—' 
G --X 'W •N-'M/-'II X C II II X U 03 01 

•jnt-t XXiHX'r-' M< M II 2--^X GUG 
X *‘=J' r- '-4 <t <l X- t— X >• 4£1 *— fc~' M 

-1]' c—^ Xi <2 Xf, 03 tjLp 'w/ 'NX in jX >0 4^, i2 
'-■ <£a <ta<tX <£X X X >2, ax 
i-i., G‘ X Gr a G a C* G :X r—: 03 03 G X ,—G "w w 
M X G G X a. a; a X G X X X XG G X X >= 

GGG'GGGGUUGGGGGGG G <r* 

m 
'S' xD 

«S* 'S' 
’S* 

03 
Si 

03 

<3^ 



CM 
r-i 

C3C 
+ 

Es3 

O 
05 
t 

OJ 
DC, 
+ 

0 
CM 
1 

oc 
1 I 

i£ 2? 

r5*^Ci 

->rD '-'wQ 
x;>t "4- 

-r-»CV'^&-* I I X 

/-'/—vcO • • «-X 
X' 

H ti + 4-wa x 
W'CN^ ;> r-j i-t«-!' e-« X X; 
X X J2 WS_/ X C 
>1 II II >DX>*3a I 

'T^CVEH it It IC II II 
xx=>ax>- II 
XX2COC ac<rcL c 

II II x a. o It 

. XXOO II X 
x>x>^(j:;U2 

oooo 
(XCSfMCV 

fill 
ixi tt■ Ui Ct' ■t—i '^Oi CV 

» • • • #->. ^ CM CM CM CN! 

»-■ CM 2C:2!£r2- 
+ 4- + + «-+ / ^ CM fc“' E—• J—) 

•if- * 

^^xr-fMr?* rj4f *-:^tr.r:iCc;^‘'^fM(M 
X X X X W'fM ^-•{v W-# w'-if s 
X X X X O CM c--r-t CM CN 05 Cli X, C X *-( 
4- 4- + 4-X4-X 4>XC-X C:6-^E- 6-'^C 
CMOJCMCM l^l--^l 4-1 4-14-1 4-3^ 
CCiOO^-iDOJrj-'-t-^CM*^—■«-^010i * 

■¥^'^^'^CS'~DOii'-DOiC\OiOt^ 
CMCNCMOitt «-*acMX wa w-cocos: 
X IiJ X. X w X w X w ^ w CM t-4 S-* S 
wwww* if .if ^ ^ X 4f X* if * * w 
H?-s?-«E-itxsCMLaCMXifX-if »-i^0f050; 
oca a Deficit-U^¥r CM-Jf CM-rt*- *-, 

X X X O O O Gf Q wG: w iX X c; X 2: Q X Q <£ 
if if if OiutiOQi/l II II It II It II II IIHE- E- E- £^ 
XC XIl II II II-4--*CM03^-<CMCM II II II IK 
II It II 'r-0!•^CM-r-^■r-^^C^.CMCMtM^T-^CMCM■ II 
CM-CMCM^!-r-4tM'OJX,Q;XG 2 0.20202 

X'C XaaXXF-vt-HHt- F-HtHSXS MrX 

CM 

CM 

DC 

cn 

X 
3; 
if 

CM 

X 

3 
if 

CM 

I O 
§-' 

CM • 

O'-f c 
3 4- G: 

oir-^^ • 
2-*--s C' 
:sx • 
W 4- 

CMUJ<->G;‘ 
2 wO « 
<£wCMiC * 
E-iw t X'.-t 
<t II II 
II iC *wic 
CMX -*XX 
3CJ 4-h-<CJ 

if 

X 
I 

X 

U 

QX 
<jQ 

*X 
if O 
Q fc”* 
II 
5j?a- 

to 
2 
UJ 
o 
<£ 
if 

H 
>■ 

2 
U 
if 
tj: 
4 

> 
a 
u: 
I 
r~-, 
2 

-^ > c 
2 <r; w 
wca 
>2G> ^ 
QC --ll • 

ao^^ajc? 
X II It 2 X X 
2 ■^2'-'-2;. •■ • 
1—2 X C O 

•-i^-'wcr\-X EH2 ti 
02> f-iX.wG 
II CaOQXXiH 
e>ue:ce:c’f-cc 

vCvC 0-> 
00^ 

c 

O II 

It 2 
-X 
I-. c- 

lOC 



c 
£-*■ 

S' > 
^ <t03S> 

[i- I u.. • 

IXJ 

M 2 ; I- -M- 
CiC 
w S: £ju LT 
+ "v. ^ 
a- ta-- ^ I 

^— O O S. C- 
C O S ’»j; v_ 2 

*-ii'rvv-' 

LOUD II STU. OLiJ 
It II S S 

Lt. vN C!s iC Z 
Wi^i 

Ci I—» •—! u»i ii II iH 
£. C. I- C C S 
S :>0C;:Ht- 0 

L/:i<toea:y:!u 

C (N -»-! 

<3* 
<£ 
<X 

LG 
fc~ 

fVS^ 

*—('[x] 
w> 

e-^<i 
♦-’X 
Z- 
xw 

fNi 
rr 

X-a; 
Ci *-^iH 
t-'-CG 

^'' 
0»-tC 

I 

* -If 
CNirv 
It II 

-r-sfV 

O 
a 

c 

c-< 
X 

X 
iO 

CM ■>- 

un II <1 

m f-t • 
fc—! »»-i 

Ou 

H 
a 
■ixii 

CM 

>< 

'vO 

>r-IC/:^ 

E~‘ X' 

X£t 

^•X 
'><fc- 

•*2 ♦ 

t-4^ 
Wfct. 

X •• 

*ro 

"X ^ 
wr~- 
CXi • 
XiT 

'■X 

■’— tGCi 

a;<r 

•Ct 

isC s 

ft 

X 
un 

« [i.: 

cv 
__i ai CC E“‘ 

XS X '^i—*»-t f-t 
X* X 

•r— «x cc > a ix.- *-■ X 
era- •- srcrt-i •■rD •> 

OX »cr> OM- wrr- 
• »^X • *— C-i«-*X>s *Vj M 

■X'JD'« CxJ X vC'—II »»—«— 
X'-‘'-'XX'-' l-'^-vC 
X *Hza fc- +. 
X o«£»-tX'X<s,- rr.x<c •su'^K-: 

X *iHX X »—•{-'JSC *“i If 
WH-iXS :X C *-X^f- II 
X X a C X, X O E-*^ O X G X > O X 
I—< 3 X O X-1" Ci ^ X »-S O- X 

r~-cv X a 
X ON 
OCi^- X X 

Q 

la 

£H 

04 
to 
J2' 
G 
a 

X— 
ax 

O S' 
XX 
ax 
cx 
X X 
— X 

to *~s 
•O • 
<t 
o 
f—i V-«' 

X 
X 
H 

c^ 
X 
tr# 

to 
»-s 
«C 
o 

o 

cv X 

i-i ^ 
O 
o '-t 

X X 
X: X 
IM » 
O fv 
u? c^ 

o. 

X 

> 
<t 
X: 
o 

X 
X: 

O' 
>c 
E-- 

NC 

■5^' • 
•X 

XX. 
X. »• 

to 
tO»!—^ 

CO a 
XX 
u> 
S G 
X2., 
XX 
XX 
X 
X S 
(M<r, 

> 
X X 

X 

X 
XX 

f—i 
XS 

iO » 
C^CM 
f— 

*.r-t 
- fc- 
tO 
X "" CM » 
E-;XX- O 

P~* r~\ •. 

ss:wco>v'-v 
I—'.Xf^ Xi'V.^ 
ax>-(«ar. 
XXSO— to 
G X 
c x . -O QC 
O XX >“ 

•- 
S- XX 
C 
*-»o w- ;*:• w 

E-XE- 'XtO 
<IE-'»-!vC- X 
> »sroX C 
X- OE-lOX 
X 'XI •'■*3. '^' 

<-«COtO^'=:J‘X, 
O X z »-*■ «I X ^ 
c^ooc-cv> o 

a o -»3;c 
^tO C‘ 

•>». X »t-t — (N 
fc-! fcXwXX'XJ'vXsC w «. •. 
OvCX X ^ \T <C 

SH-S'; S t-tO HO'-"’ 
t*—tX<3,XX<I,''^XG*3X«I,tO 

X HHX HHHs; XH2I HHS HST • 
v-'i-sass«+-i «<r»-iaz 
xaoeextaotc-aG^ XT-^oaG • 
»- soxousxxisx^rs it xsxa 

QC 
tsS, 
XCM 
O * 
X:G 

or. 
«c 
x: 
u 
X 

>z 

r\ 

c 

a. 
<1 
X 
o 
X 

'{V 

^ »_4 

<i>- 

H 

X 
>■ 

* ^f «■ 

•^O T—lfO 
O -r-* 

o 
c 
o 

o 
C: 

o 
o 
o 
CM 

cv 
o 
O: 
CM 

as a 
X'-^'«=aC 
a>xcaa 
a a os oO' ^ 

ox -It II X 
X2 <”“* t_J 
2 S 2 II ■«-CM H 
•—f G 0‘ ^ ^ *X. X 
H »- X X 
XtOtG COO 
c s s 'X' i a 
a X X X- £-' H H G X 
CC *£., iZ ♦ I i ^14 »i4 ^ £—■■ 
~ *-i *-t G a a c <t X s 
tooc c x> oo'ax 

X 
X 

o 

to 
H 
S' co 
MX' 
ex 
a. »«-4 

< 
<t> 
H 
<t X 
C: <t 

a 
- a 
s" <■. 

U4 
SG 
I—! (—1 

X X 
CC 
X a 

a 
X 
ox 
<£U 
X <L 

X 
iTj 
XI a 
GC 
*-4X 
X 
"“i a 
a X 
a 2 

o 
<—>1—4 

-’-'a to 
X uu to 
-‘X<t 

s s: 
*w- G 2 

XS C «• 
-’'-as 

X'-S .2 
W XX 
X (0 
OlO X 
H H to •—> 
X G Ma 
XG H 
to a-^< 

X 'Z X' 2 
2. M . 

*—1H • 

H G *C 
G 0«^X 
G a eva 
a G '-'C 
X G X H 
GtO -CO 
to 

CO—'X 
M wa 
xxc 
H 

ooo 



+ 
s: 

ft 

H 

:2t:: 
IIC 

^ ^ac, 

r-J OO 
n CL 
r* COi 

uu- 
1-4 UJ: 
H CLl^: 
V Sal 
V. W CN 
• Sal •. 

U~ 

;£C 
v-'C 
> - 

2^2; S. 
0<1 ■* 
1-4 ^ • •«-: 
U3CG C O II 
2 li It ^ 
uu;<£2,XC 
s; f-^ <I>-5 
f^<c:s: Si O 
CCi>4>4C 

Ml-* 
MM 

iL bC • 
V—/ C? 

>->- CV 
• * + 

X2 ■«-' 
<CM M 
S;:3E M 
>4>« 2” 

1/1 

rtC 

s: 

crv 

II 
2 

t/2 

M *■ 
MO 
ZiTt 
=>£-• 
r->- •. 
m- 

•• 
•o 

04 

i/104 
< I 

oo 
!ilUJ 
Dco: 
UHal 
mm 
E::S:. 

22 

UlEil 
CElCCi 

oc 
MM 

C 
WLao 
acoc c 
•>;£<, 

u: 
t/ltOCD 
M’M 
2 2’ C 

oo 

m 
« 

o 
04 
+ 
M If) 

2^M >vm 
«X2r^2'^ 04 20.0.1/1 

.«-«<£ M M •M *■ 
112 2 
M<tCO>» II C'-'M II 2 2 
M it II II I n II Iti <l M M 
0X2tr4^0->M2 0MM2 
w-i«t‘MM II OiriMO’^rM'Ms X 
0222X0'-'ac000Q II 
C >-» >4 2 X C tJ S O C M O J 

Of lO 2. 
jn c 
04 t»,!x. 

C O MM04 
M 04 

uuu 

2 03 

M M 
2 <t 

I 

t-H kO ' 
roX 221.-3sO- 

*■ •WM, 
»<t.OO'MXX •— !ii 

M 2) C C II w II vC 2 
II ix: II II _3>4.^wt42 2 0 

II <-^4-.2W,2 UI^^MO: 2 
0^0X If) II 2 M2.MO Ixi 
m n 03 X rr-2 2 M O 2 M 
av-f^o 2 ^ o o a'X 
Ci o cj-ei Q 2 o :s o u o. 

ro 
in 
ro 

C 
<1* 



mSTANCFS HAVR U^lTs CKM,) 

BSKRVATIDN cnoROThfATF-s 
CKH,) 

MODEL RESPONSE 
(MTLLIGALVS) 

7,500 
B ,440 
9,379 

10.319 
11.259 
12,198 
13,138 
14,078 
15,018 
15,957 
16,897 
17,837 
18,776 
19,716 
20,656 
21,595 
22.535 
23,475 
24.414 
25,354 
26.294 
27.234 
28,173 
29,113 
30,053 
30,992 
31.932 
32,872 
33,811 
34.751 
35,691 
36,630 
37,570 
38,510 
39.450 
40.389 
41,329 
42,269 
43.208 
44,148 
45,088 
46,027 
46,967 
47.907 
48,846 
49,786 
50,726 
51,666 
52,605 
53.545 
54.485 
55,424 
56.364 
57,304 

12,750 
I3,0q2 
13.434 
13,776 
14. Il8 

14.802 
15.144 
15.486 
15.828 
^54*70 
16,512 
15454 
17.196 
17,538 
17,880 
181222 
18,564 
18.906 
19,248 
19,590 
19,932 
20,274 
20.616 
20,958 
21,301 
21.643 
^i485 
22.327 
22,669 
2 3 t 011 
23,353 
23,695 
24.037 
24,379 
24,721 
25,063 
25,405 
25,747 
26,089 
26.431 
26,773 
27,115 
27,457 
27,799 
28,141 
28,483 

29.167 
29.509 
29.851 
30,193 
30,535 
30.877 

15,262 
16,821 
18,472 
20.109 
21.614 
22,880 
23.871 
24,589 
25,055 
25,288 
25,300 
25.086 
24.610 
23,865 
22,830 
21,522 
20,025 
18,454 
16.872 
15.073 
13,756 
12,978 
12,450 
12.073 
11,786 
11,541 
11,320 
11,102 
10.872 
10.611 
10,291 
9,8 50 
9,143 
7.757 
4,278 
2.807 
2,158 
1.837 
1,707 
1.742 
1,995 
2,663 
4,704 
7,023 
7,589 
7.783 
7.788 
7.314 
4,896 
4,367 
4,484 
5.031 
6,626 
8,761 

DESIRED RESPONSE 
CMILLIGALS) 

DIFFERENCE 
CMILLTGALS) 

DIFFERENCE 
(AVERAGE REMOVED) 

15.000 
17.400 
19.500 
22.400 
24.500 
25,200 
25,300 
25.400 
25.500 
25,400 
25.300 
25.200 
25.100 
24,700 
24.100 
22.500 
20,800 
19.300 
18.000 
16.500 
15.000 
13.000 
10.200 
8,800 
8.700 
8,600 
8.500 
8,400 
8.300 
8,200 
8,000 
7.000 
6.000 
5.000 
3.000 
2.500 
1.700 
1.200 
0,500 

-0,200 
1.500 
2.300 
2.700 
3.500 
4.500 
5,200 
5.500 
5.200 
4.500 
2.500 
5.000 
6.000 
6.200 
6.500 

-0.2624 
0,5785 
1.0283 
2,2914 
2,8864 
2,3196 
1,4292 
0,8106 
0,4454 
0,1125 
0,0001 
0,1141 
0,4900 
0.8349 
1,2698 
0,9783 
0.7754 
0.8455 
1.1279 
1,4269 
1,2437 
0,0219 

-2,2497 
-3.2734 
-3,0858 
-2.9411 
-2,8199 
-2,7020 
-2,5717 
-2,4115 
-2,2910 
-2,8498 
-3,1426 
-2.7574 
-1,2784 
-0,3074 
-0,4580 
-0,6374 
-1,2075 
-1,9424 
-0,4951 
-0,3627 
-2,0042 
-3,5234 
-3,0893 
-2,5832 
-2,2877 
-2,1142 
-0,3959 
-1,8665 
0,5158 
0,9692 

-0,4262 
-2,2608 

0 
1 
1 
3 
3 
3 
2 
1 
1 
0 
0 
0 
1 
1 
2 
1 
1 
1 
1 
2 
2 
0 

-1 
-2 
— 2 
-2 
-2 
-1 
•• 1 
-1 
m 1 
-2 
- 2 
-I 
— 0 

0 
0 
0 

m 0 
-1 

0 
0 

9 1 
-2 
-2 
-1 
-1 
— 1 

0 
-1 

1 
1 
0 

— 1 

5433 
3842 
8340 
0971 

,6921 
,1253 
,2349 
*6163 
,2511 
,9182 
,8058 
.9198 
,2958 
,6406 
,6755 
,7840 
,5811 
,6513 
.9336 
,2326 
,0494 
.8276 
.4440 
,4677 
,2801 
,1354 
.0142 
.B963 
,7660 
.6057 
,4853 
,0441 
.3369 
,9517 
,4727 
,4983 
.3477 
,1683 
,4018 
.1367 
.3107 
.4431 
,1985 
.7177 
,2836 
17775 
,4820 
,3085 
,4098 
,0608 
,3215 
,7749 
,3795 
,4550 



LO F**-W1^ ■iF-i 
Oi^OO'X^'Ct* 
<ro*aDincvC' 
• ••*** 

t I » I I t 

oooooo 
oooooo 
r-cr.cv-^vc€» 

unr-wr- 
OC'X5**»‘ 

T-«r-4oa\aoaD 

a< <y'cr> oc <x> ao 

0'-<rHromr~0'- 
^AC'0-^00 rvj 
<vina\<Mir>cri 

^ w-Oi! Of cv 
rorr^mmmr»'< 

romro 04 Of Of 
^OCOiXC^ 
ot'r-^.»-iC‘C>a' 

» • » * • • 
oc cr O »-5 0J04 
munsCXvC'.^j A
V

K
R

A
G

H
: 

O
F
 

T
H

F
. 

D
T

F
F

S
R

E
^J

C
E

S
 

IS
 

-
0
,8

0
5
7

 ,
 

A
N

D
 

T
H

E
 

R
.M

.S
, 

O
F
 

T
H

E
 

D
IF

F
E

R
E

N
C

E
S
 

(W
IT

H
 

M
E

A
N
 

R
E

M
O

V
E

D
) 

IS
 

1
,6

7
7
4

 
1 

D
IV

IS
IO

N
S

: 
0
,3

3
0
0
0
0
 

M
G

A
L

S
. 



* 

+■ 

•if 

if 

•M- 

■if -if 
-if -if 

» -if 

■if 

if 

-f 

■if 

-f 
if 

rv 
fX:- 

rr 
Oi 

iC. 
CNi 

X 
rx 

r- 
rx^ 

a 
«x 

a 
x« 

Cs 
rr- 

jr X r- 
pr; pr-, 



r 

k- 

if: 
4- 
-it- 

-tf 

•Jf 

+ 

-Jf 

-it- 

CX o c 
"'’i '^1 ^ 

fx IT; 'X r- a. Cr c 
"cf X*" 'cr X' 

r- f^. ”^r X X 
X> X X X> JH X 



n- 

OC- 
\JT^ 

CT C 



ALT. D1 S'l Ai.!CK,S HAVfc: U^ilTs CKH,) 

BSP:RVATiru 
(KM, ) 

C^ORDT^] A TF-S MODF:!, Rf-:sPONSE 
CMILBIGAI^S) 

ft3.750 
63,750 
63.750 
63.750 
63.750 
63.750 
63.750 
63.750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
63.750 
63.750 
63.750 
63,750 
63,750 
63,750 
63,750 
63,750 
6 3 , ■/ 5 0 
63.750 
63.750 
63.750 
63.750 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
6 3 ,'/ 5 0 
63,750 
63,750 
63,750 
63,750 
63,750 
63,750 
c. 1 '7 K n 

0,0 0 0 
1.000 
2.0 0 0 
3.000 
4.000 
5 , OoO 
6,ono 
7.000 
B.OoO 
9.000 

10,000 
1 1,0 0 0 
17.000 
13.000 
14.000 
15.000 
1 6,0 0 0 
17.000 
IB.OOO 
19.000 
7 0,0 0 0 
21,0()0 
22.000 
23.000 
2 4,0 0 0 
2 5,0 0 0 
26.000 
27.000 
2B .000 
29.000 
30.000 
31.000 
32.000 
33.000 
34.000 
35.000 
36.000 
37.000 
3 8,0 0 0 
39.000 
4 0,0 0 0 
41 ,OoO 
42.000 
43.000 
44.000 
45.000 
4 6,0 6 n 
47.000 
48.000 
49.000 
b)0,000 
51 ,00O 
52.000 
t.'l Onf) 

0,811 
0,924 
1,064 
1,245 
1,485 
1*815 
2,289 
3,012 
4,197 
6,154 
8,820 

13,201 
15,0 2 3 
16,117 
16,886 
17,440 
17.794 
17.897 
17,637 
15,830 
13.643 
12,152 
10,689 
9,632 
9,927 

10.101 
9,295 
8.948 
8,699 
8,560 
8.531 
8.595 
8,715 
8,836 
8,862 
8,509 
6.789 

659 
220 
125 

9,231 
10,441 
11,683 
12,865 
14,006 
15,317 
16,469 
17.110 
17,463 
17.694 
17,904 
18,236 
19,657 
21.881 

DKSIRED RESPONSE 
CMILLTGALS) 

D.IFFERFMCP 
(MILLTGALS) 

DIFFERENCE 
(AVERAGE REMOVED) 

-0.500 
—0,400 
-0,300 
-0,200 
-0,100 

0,700 
1,8 00 
3.000 
4.200 
5.500 
7.200 
8,600 

11,000 
13.500 
15,700 
17.500 
16,800 
17.300 
17.200 
15.000 
12.200 
11,200 
10.500 
10.000 
9.600 
9.200 
8.400 
7.600 
7,100 
6.500 
6.500 
7.000 
8.000 
8,000 
7,100 
5,800 
5.400 
5,800 
7,000 
8.500 

10,000 
11.500 
12.500 
13,400 
14.200 
15.300 
16.200 
16.800 
17.500 
18,100 
18.500 
19,000 
18,900 
18.800 

-1,3114 
-1 
— 1 

3240 
36 40 

-1.4453 
-1,5852 
-1,1152 
-0,4889 
-0,0125 
0,0025 

-0.6543 
-1,6198 
-4,6009 
-4,0229 
-2,6168 
-1, 18 61 

0,0595 
-0,6942 
-0,5970 
-0.4372 
-0,8297 
-1,4429 
-0,9522 
-0,1887 

0,3684 
-0.3275 
-0,9005 
-0,8954 
-1,3479 
-1,5991 
-2,0596 
-2,0305 
-1,5952 
-0,7153 
-0,8356 
-1,7618 
-2,7091 
-1,3885 
-0,8593 
-0,2200 
0,3749 
0,7692 
1,0588 
0,8169 
0,5350 
0,1942 

-0*0172 
-0,2691 
-0,3098 
0,0374 
0.4056 
0.5962 
0,7640 

-0,7575 
-3.0806 

-0,2236 
-0,2363 
-0,2762 
-0,3575 
-0,4974 
-0,0275 
0,5989 
1,0753 
1,0903 
0.4334 

-0.5320 
-3.5131 
-2,9352 
-1.5291 
-0,0983 

1.1473 
0,0935 
0,4907 
0,6505 
0,2581 

-0,3552 
0,1356 
0,8991 
1,4561 
0,7603 
0,1872 
0,1924 

-0,2602 
-0,5114 
-0,9719 
-0,9428 
-0,5074 
0,3725 
0.2521 

-0,6740 
-1,6214 
-0,3008 
0,2285 
0,8678 
1,4627 
1,8569 
2,1466 
1,9046 
1,6228 
1,2820 
1,0706 
0,8186 
0,7779 
1,1252 
1,4933 
1.6840 
1,8518 
0,3303 

-1.9928 



, / r> (i 
6 , 7 S ( , 
f> i . 7 S ('. 
f>^, 1^0 
63,7^0 

^ , 7 S 0 

4 , (.) 0 n 
S S , f) 0 
b 6,0 0 0 
b7.0no 
b « . 0 0 0 
b 9,0 0 n 

7 2,2 b 4 
22.399 
22.448 
2 2,448 
22.405 
22,315 

19,000 
19,100 
19.200 
19,300 
19,40 0 
19.500 

-3,254 0 
-3,2992 
-3.2 4 7 9 
-3,1477 
- 3.0 0 S 4 
-2.8149 

-2.1 Jh I 
-2,2114 
-2,1602 
-2,0 5 9 9 
-1 ,9177 
-1.7271 

THF: AV8RAGK Of IHR 01 pFp^RRNCR’S IS 1,0877 , Ais.n THF P, S, i)f THK DlFF'FRKNCfcS CWITH MRAO RFMnVFD) IS 1,2952 
1 n1V T sIn N = 0.3300 o o M G A hs, 
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ALT. DlSTAivCLS HAVK 1.1^1 TS CKM,) 

RSKRVATKHi 
CK.M, ) 

5 i , 0 0 0 
53.000 
5 3.0 0 n 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53,000 
53.000 
53.000 
53.000 
53.000 
53.000 
53,000 
53,000 
53,000 
5 3,00 0 
53,000 
53,000 
53,000 
53.000 
53.000 
53.000 
53.000 
53.000 
53.000 
53,000 
53,000 
53,000 
53.000 
53.000 
53.000 
53.000 
53,000 
53.000 
53.000 
53.000 
53,000 
53,000 
53,000 
53.000 
53.000 

CniiRDlMATLs HnnFi, RFSPO^'SF 
C MILL!COALS') 

0 
1 
2 
3 
4 
5 
6 
7 
8 
q 

to 
11 
1 2 
13 
14 
15 

17 
1« 
IP 
20 
21 
22 
2 3 
24 
25 
26 
27 
28 
2P 
30 
31 
32 
3 3 
34 
3 5 
3 6 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

0 0 0 
OoO 
0 0 0 
OoO 
Oon 
OoO 
OoO 
o6o 
OoO 
Oon 
OOO 
OoO 
OoO 
OoO 
OoO 
OoO 
OoO 
OoO 
OoO 
OoO 
0 0 0 
o6o 
OoO 
00 0 
OoO 
o6o 
OoO 
OoO 
OoO 
0 0 0 
OOO 
OoO 
OoO 
Of)0 
noo 
OoO 
OoO 
OQO 
OoO 
OoO 
OoO 
OoO 
OoO 
ooo 
OoO 
OoO 
OoO 
Ono 
OQO 
OoO 
ooo 
ooo 
Ooo 
ono 

0,86 8 
0,949 
1.042 
1,147 
1,268 
1,405 
1.547 
1,590 
1,380 
1.786 
2,387 
3,077 
3,904 
5.176 
8,718 

12,426 
13.834 
14,415 
14,211 
13.017 
10,012 
8,198 
9,812 

11.332 
11.372 
10,827 
9.974 
8,942 
6,925 
4,699 
4,788 
7,297 
7,534 
5,019 
4,788 
6.14b 
7,378 
8,286 
9.106 
9.871 

10,591 
11.273 
11.940 
12,624 
13,292 
13,833 
14.220 
14,541 
14,919 
15,504 
16,397 
17,253 
17,791 
18,119 

DESIRRD RRSPONSP 
(MILL!GALS) 

DIFFPRE’^JCE 
(MILLTGALS) 

DIFFERKNCE 
CAVFRAGF REMOVED) 

-0,500 
-0,400 
-0,300 
-0,200 
-0.100 
0,000 
0,500 
1.500 
2,200 
2.700 
3.500 
5.000 
6,200 
7.700 
9.500 

13.000 
14.500 
14.000 
12.000 
10.700 
10,200 
9.400 

10,200 
10.300 
9.000 
7.800 
8.500 
7.500 
6.000 
2.500 
5.000 
7,200 
7,300 
6.500 
5.800 
5.500 
5.500 
5.800 
6.400 
7,300 
8.500 

10,000 
11 ,800 
12.500 
13,000 
13.400 
13.800 
14,200 
14.400 
14.500 
14,600 
14.800 
14.900 
15.300 

-1,3680 
-1.3493 
-1,3416 
-1,3467 
-1,3675 
-1,4055 
-1,0472 
-0,0902 
0,8203 
0.9139 
1,1130 
1.9233 
2,2963 
2.5239 
0,7824 
0.5740 
0,6660 

-0,4152 
-2.2106 
-2,3172 

0.1881 
1.2021 
0,3878 

-1,0323 
-2.3725 
-3,0266 
-1,4741 
-1.4416 
-0,9250 
-2,1987 
0,2124 

-0,0967 
-0,2335 

1,4810 
1,0120 

-0,6454 
-1,8783 
-2,4863 
-2,7058 
-2.5714 
-2,0909 
-1.2728 
-0,1403 
-0,1243 
-0,2923 
-0,4326 
-0.4201 
-0.3414 
-0,5185 
- i , 0 0 3 8 
-1,7973 
-2.4527 
-2,8905 
-2,8192 

"»0 
-0 
-0 
— 0 
- 0 
— 0 
— 0 

0 
1 
1 
1 
2 
3 
3 
1 
1 
1 
0 

-1 
-1 
0 
1 
1 

— 0 
-1 
-2 
-0 
-0 
-0 
-1 

1 
0 
0 
2 
1 
0 

-1 
-I 
-1 
-I 
-1 
-0 

0 
0 
0 
0 
0 
0 
0 

-0 
-1 
-1 
-2 
-2 

,5713 
.5526 
,5450 
,5500 
, 5708 
.6088 
,2505 
,7065 
,6170 
,7106 
,9097 
,7200 
,0930 
. 3206 
,5791 
, 3707 
,4627 
,3815 
,4140 
,5206 
,9848 
,9987 
,1845 
,2356 
.5758 
,2299 
,6774 
,6449 
,1283 
,4021 
,0091 
,7000 
,5631 
,2777 
,8087 
.1513 
,0817 
,6896 
,9092 
,7748 
,2942 
,4762 
,6564 
.6724 
,5044 
,3640 
,3766 
,4552 
,2782 
,2071 
,0006 
,6560 
,0938 
.0225 



5 J , U 0 0 
53.000 
53.000 
53.000 
53,000 
53,000 

54.000 
55.000 

sa.ooo 
59.000 

18.340 
18.497 
18,598 
18,617 
18,477 
18,024 

15,600 
16,100 
16,800 
17,200 
17,400 
17,500 

THE AVERAGE OE THE DIFFERENCES IS -0,7967, AND THE R.M.S, OF THE DIFFERENCES 
1 DIvfsfoNs 0,330000 MGALS, 

•i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

f 

•f 

♦ 

T ♦ 

+ 

-f ♦ 

4- ♦ 

•2.7403 
-2,3970 
-1,7978 
-1,4173 
1,0767 
0,5241 

-1,9436 
-1,6003 
-1,0011 
-0,6206 
-0,2800 
0;2725 

(WITH MEAN REMOVED) IS 1,3793 
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ALf. mSlArTtS HAVK li'ilTs ( K ) 

BS^'K VAT IfA. 
(K^^ 'I 

Cni iP|)i ..j ATBS RBSPONSF 
f MTTV.TCAf s') 

41 . 
4 1 , 
4 1 , 
41 , 
4 1 , 
41 . 
41. 
41 . 

4 1 . 
41 . 
41 , 
41 . 
4 1 , 
4 1 . 
41 , 
41, 
41 . 
4 1 , 
4 1 . 

41 , 
41, 
41 . 
41. 
41 . 
4 1 , 

V * 41 , 
41 . 
41 . 
41, 
41, 
41 , 
41 . 
41 . 
41 , 
41 . 
41 , 
4 I , 
41 . 
4 1 . 
41 , 
4 1 , 
41 . 
4 1 . 
41 , 
4 1 . 
41 , 
4 1 . 
4 1 , 
41 . 
4 1 , 
A 1 

7 S (i 
7 SO 
1 S 0 
7 SO 
7 S 0 
7 S (-^ 
7 SO 
7 SO 
7 SO 
7 SO 
7 SO 
7 S 0 
7 S 0 
7 SO 
7 SO 
7 S 0 
7S0 
7 SO 
7S0 
7 S 0 
7 SO 
7 S 0 
/SO 
7 S 0 
7 SO 
7 S 0 
1 s 0 
7S0 
7 SO 
7 SO 
7 S (.' 
1 S 0 
7 5 0 
7 So 
7 S (> 
7 SO 
1 S 0 
/ S 0 
7 SO 
7 SO 
7 SO 
7 S 0 
7 S 0 
7 S O' 
7S0 
7 S fi 
7S(^ 
7 SO 
7 So 
7 S 0 
1 S 0 
7 S 0 
7 So 
7 S fi 

0 
1 

4 
5 
h 
7 
R 
4 

1 P 
1 1 
1? 
1 ;i 
H 
1 5 
16 
1 7 
IH 
1 9 
7 0 
7 1 
72 
7 1 
7 4 
75 
76 
27 
?.« 
29 
4 0 
4 1 
42 
4 4 
4 4 
45 
46 
4 7 
4H 
4 9 
4 0 
4 1 
42 
4 1 
4 4 
4S 
4 6 
4 7 
4« 
4 9 
RO 
5 1 
s? 
r, i, 

0{iO 
0 n o 
0 0 0 
0 0 0 
0 0 ^ 
0 f'i n 
('1 f V n 
0 0 0 
0(,n 
0 0 0 
0 0 0 
0 0 0 
OoO 

0 0 
OoO 
fl 0 0 
0 0 0 
0() n 
OnO 
0 0 0 
0 r* 0 
0 0 0 
OoO 
0 0 0 
0 C'. 0 
OoO 
0 0 0 
OoO 
0 0 n 
OoO 
O()0 
0 0 0 
OoO 
OpO 
OoO 
OnO 
0 Q 0 
0 0 0 
OoO 
0 r> r> 
0 0 0 
OoO 
0 0 0 
0 0 0 
0 0 0 
OoO 
0 0 0 
0 (1 0 
0 (', f) 
OoO 
0 n 0 
0 n n 
0 {) 0 
0 n 0 

0. 
-0 , 
-0 , 

0, 
1, 
2, 
4 , 
9, 

1 4, 
IS, 
1 6, 
lb, 
12, 
7, 
B, 
B , 
H, 
B , 
9, 
9. 

1 0 . 
7, 
4, 
4. 
7, 
2. 
1 . 
1 , 
0 f 
0, 

. 
1 * 

4, 
5, 
6, 
/, 

B , 
9 . 
9, 

1 0 , 
11, 
1 1 . 
1 7, 
17. 
1 4, 
1 4, 
1 3. 
14, 
1 4, 
1 4. 
14. 
1 4 . 
1 b, 
1 s - 

4 b 7 
1 2 0 
u 1 0 
3 B ; 
u B b 
2 4 7 
47 0 
b 9 4 
4 37 
7 44 
5 b 0 
S b 0 
3 40 
7 3 fS 
i 59 
270 
14b 
tt78 
3 4 1 
7 2 1 
1 3 9 
9 7b 
B 7 5 
b43 
784 
1 1 4 
b7 1 
1 4 7 
77 3 
4 2b 
w 1 4 
69 S 
0 4 h 
318 
B6 1 
9 1 b 
b9B 
32 4 
898 
b2S 
2 5 0 
9 b 7 
b4 7 
9B 1 
314 
b B 7 
h 1 b 
044 
74 7 
47 I 
7 1 7 
O7 8 
770 
S 8 b 

SSTHRD RF.SPilOSR 
C M 1 1,0 T GALS 3 

DIFFRPEOCR 
C^ILLIGALS) 

D)FFFFFMCF 
(AVFHAGF PFMnVFL) 

- 0 . s 0 0 
-0,4 0 0 
-0,100 

7 0 0 
OOO 
0 0 0 

■; ,500 
12,OOO 
16,00 0 
19.5 0 0 
19.4 0 0 
17.500 
15,0 0 C' 
12.500 
11 ,000 

B , OOO 
6.00 0 
6,600 
7.400 
7,70 0 
6.400 
5,000 
3.600 
2,500 
1 ,700 
1,300 
0,800 
0,500 
0.100 

-0,500 
—0,500 

1,0 0 0 
1,900 
4,0 0 0 
5,40 0 
6,300 
6,70 0 
7.3 00 
7,80 0 
9 , OOO 

1 0,3 0 0 
11,100 
11.400 
11.400 
11.500 
11,7 0 0 
I 1,900 
12,20 0 
12,4 0 0 
12.500 
12,700 
1 2,900 
14.400 
1 4 . R 0 0 

-0.8668 
-0.1802 
-0.0896 

0,3129 
0,9149 
1 , 76?b 
3.1299 
2.3074 
2,6677 
3,7661 
2,8396 
1 ,9496 
2,6510 
4,7646 
2,6414 

-0.7703 
-2,1447 
-7,0783 

,9408 
-7,5208 
-4,8393 
- 7,9 7 6 S 
-1,7747 
-1,13 3 0 
-1,0841 
-0,8131 
-0,7713 
-0,6473 
-0,6725 
-0,9248 
-1,3141 
-0,6954 
-1,1460 
-1,3182 
-1,4610 
-1,6148 
-1,9983 
- 2,0 2 3 S 
-2.0981 
-1.5253 
-0,9497 
-0,866S 
- 1 ,2468 
-1,5814 
-1,8136 
-1,8824 
-1 ,9159 
-1,8328 
-1.8473 
-1,9708 
-2,012 0 
-2.077b 
-1,8700 
-1 -7R61 

-0.1882 
0,4984 
0.5890 
0,9915 
1.5925 
‘ 4417 

8085 
9860 
.3463 

4.4447 
3,5182 
7,6182 
3.3296 
5.4432 
3.3200 
0,4083 

-1,4661 
-1,3997 
-1,757? 
-1,8472 
-3,1607 
-7,7979 
-0,5961 
-0,4544 
-0,4055 
-0.1345 
-0,0927 
0,0313 
0,0061 

-0.2462 
-0.6355 
-0.0168 
-0,4674 
-0,6396 
-0.7824 
-0,9362 
-1,3197 
-1,3449 
-1,4195 
-0,8467 
-0,2711 
-0,1879 
-0,5682 
-0,9027 
-1.1350 
-1,7038 
-1,2373 
-1,1541 
-t ,1687 
-1,2922 
- 1 , 3334 
-1 , 3990 
-1,1914 
- 1 1 07R 



^ 1, / f > 
4 1 ,7S{' 
4 1 ,7^0 
4 1 
4 I , 7 SO 
4 1 . 7So 

K 4,0 () n 
ss , 0^)0 
h 0. , 0 ( ’) 0 
5 7,0 0 0 
S R , 0 0 0 
S Q , 0 0 0 

1 s 
I 8 
1 h 
1 H 
t h 
1 7 

^10 
2 4 0 
i") 3 S 
7 7 7 
0 47 
') 3 2 

1 4 . S Li 0 
IS,200 
1 S , S 0 0 
1 s , R 0 0 
1 S , S 0 0 
1 S , S 0 0 

- 1 . 4 1 S 7 
-1 .0^90 
-0,9353 
-0,9770 
-1.4474 
-1,532? 

-0.7370 
-0,3613 
-0 ,?567 
- 0 , ? 9 8 4 
-0,7688 
-0,8536 

THf% 4vroAGK VHI-: D ly^'I ■0.f^78b, Ai-iD T H K P , w , S , n 8' 
1 f U VI s T n 0 = 0 

THt; DT FFF.PFOCI'S C v'On H KF.A9 RFN^’IVFD) 15 1,7^50 
33O0O0 MGALS, 

1 o 

1,1 

1 ? 

1 3 

14 

1 5 

1 6 

+ * 
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P S R V A T I n SV. 
f K . ) 

? ^ , h 0 0 
V 2 , 7 7 A 

3.0 1. 

2 3.3 2 7 
? 3 . H 0 3 
2 3 . R 7 B 
2 4 . 1 S 4 
24,429 
24,705 
2 4,9 B 1 
2 5,256 
25,5.32 
25 , BOR 
2 b , 0 R 3 
2 6,359 
2 6 , b 3 5 
2 b . 9 1 0 
2 7 , 1 R 6 
27.461 
2 7,7 3 1 
2 8,013 
2 8,288 
28,564 
28,840 
29,115 
2 9,391 
29,667 
29,942 
3 0,218 
3 0,493 
3 0,769 
3 1,045 
3 1 . 3 2 0 
31,59b 
31,872 
3 2 , 1, 4 7 
3 2.4 2 3 
3 2,699 
32,974 
33.250 
33,525 
33,801 
3 4,07 •; 
^4,352 
34,628 
34,904 
35,179 
3 5,4. 5 5 
3 5 . ; 3 1 
3 b , 0 0 6 
3b,282 
3 b , b 5 8 
36.833 
37.109 

S HA I T ( K : ^ . ) 

crmP n T A i P'.q I i4 r'l K r. R R s P n '7 s H 

Co I ro-inAPbi 

0 
(' 
1 
2 

4 
5 
6 
7 
8 
9 

1 0 
1 1 
12 
1 3 
H 
15 
1 5 
1 7 
18 
1 9 
20 
2 1 
2 2 
2 3 
24 
2 4 
25 
25 
2 7 
28 
2 9 
3 0 
3 1 
3 2 
3 3 
34 
f3 5 
36 
37 
38 
39 
40 
41 
42 
43 
4 4 
4 5 
46 
4 7 
4 8 
49 
4 9 
50 

0 0 0 
96 1 
92 3 
8R4 
R45 
8 0 6 
7b8 
729 
6 qO 

6 5 1 
6 1 3 
574 
535 
4 Q 6 
458 
4 i 9 
3 H 0 
34 1 
3o3 
26 4 

I 85 
1. 48 
1 09 
0 7 (') 
0 3 2 
993 
954 
9 1 5 
H77 
8 38 
799 
7bO 
7 2 2 
583 
544 
505 
567 
52 8 
4H9 
4 5O 
4 1 2 
373 
334 
296 
257 
2 18 
1 79 
I4J 
1 02 
Ob 3 
0 2 4 
9 R 6 
947 

5 
7 
8 
9 

1 1 
1 4 
1 7 
20 
2 2 
2 4 
2 5 
2 5 
26 
2fS 
24 
2 3 
21 
1, 9 
1 7 
1 5 
1 3 
12 
1 2 
1 1 
1 1 
1 0 
1 0 

9 
8 
6 
6 
6 
6 
1 
1 
1 
8 
B 
8 
9 
9 
9 

1 0 
1 0 
10 
1 1 
1 2 
1 2 
13 
1 3 
1 4 
1 4 
1 4 
1 5 

I 4 0 
5 2 7 
b6 2 
9 3 h 
/ 1 8 
3 80 
597 
4 4 3 
/Ob 

.3 7 2 
4 5 5 
99 1 
U 1 9 
553 
622 
18 4 
30 8 
220 
1 3 9 
152 
1 6 0 
445 
(.1 8 5 
782 
4 3 5 
9 7 6 
3 1 9 
399 
1 6 0 
305 
1 88 
4 2 0 
76 1 
1 2 7 
479 
b 1 8 
I 5 1 
5 1 8 
B 7 5 
20 8 
5 1 2 
7 9 9 
U9 3 
428 
8 4 8 
390 
0 4 1 
6 8 8 
229 
b69 
0 4 8 
39 8 
7.37 
07 3 

iORST Hh:n RF8P0OSF 
C I RL ] (.ALS ) 

n T FKFRFore: 
(WILOTGALS) 

DIFFFRE4CF 
(AVFRAGF RFMnVRP) 

2.0 00 
2.500 
3.500 
6.500 

12.500 
16,00 0 
18.500 
2 0 , '7 0 0 
22.500 
2 3,5 0 0 
25.200 
25.500 
25.300 
24.800 
23.800 
22.300 
20.500 
19.200 
17.000 
14.500 
12.200 
9,5 0 0 
9.20 0 

10.000 
10,200 
9,400 
8,60 0 
8,200 
7.2 00 
6,80 0 
5,60 0 
5.500 
5,40 0 
6,30 0 
5.20 0 
5,100 
5.500 
6,80 0 
7.300 
7,600 
8,0 0 0 
B . 3 0 0 
8.500 
8,700 
8.9 0 0 
9,200 
9,5 00 
9,800 

10,400 
10,800 
11.300 
11,50 (i 
1 1 ,8 00 
1 2,5 0 0 

-3,1404 
-5,0271 
-5,1623 
-3,4359 

0.7817 
1 ,5195 
0.903 0 
0,2558 

-0,2065 
-0,8717 
-0,2545 
-0,491 1. 
-0.7188 
-0,7633 
-0,8221 
-0,8841 
-0,8082 
-0,0195 
-0,1394 
-0,5515 
-0,9597 
-2,9450 
-2,8848 
-1,7820 
-1.2345 
-1,5756 
-1.7187 
-1.1991 
-0,9604 
0,4 <7 4 7 
0,4118 

0 B 0 4 
3614 
8275 
2 7 8 9 
7176 
5 6 1 f ■» 

0 
-0 
-0 

-1 
-1 
-1.7182 
-1 
-1 
-1 
-1 
-1 

575? 
60 7 7 
512 5 
4 99 0 
5927 

-1,7284 
-1,9476 
-2.1905 
-2,5414 
-2,8877 
-2,8292 
-2.8690 
-2,7478 
-2,8981 
-2,9375 
-2.5728 

-1,6710 
-3,5577 
-3,6929 
-1.9665 

2.2510 
3,0889 
2,3723 
1.7262 
1,2629 
0.5976 
1,2148 
0,9782 
0,7506 
0.7060 
0,6473 
0,5853 
0,6612 
1.4498 
1.3300 
0,8178 
0,5096 

-1,4757 
-1,4154 
-0,3127 
0,2348 

-0,106? 
-0,2494 
0,2703 
0,5089 
1.9641 
1.8811 
1,5498 
1,1079 
0,6419 
0.1904 

-0,2482 
-0.1916 
-0,248 9 
-0,1059 
-0,1384 
-0,0481. 
-0,0296 
-0.1234 
-0.2591 
-0.4782 
-0.7211 
-1.0721 
-1 
-t 
- 1 

418 4 
3599 
3997 

-1,2785 
-1.4287 
-1,4682 
-1.1035 



J / , J o «* 
37,660 
37,936 
38,211 
38,487 
38,763 

3 A , ^ U O 
52,869 
53,831 
54,792 
55^753 
56:714 

i o , ‘*w j 
15,720 
16,014 
16.274 
16,489 
16,651 

1 ^ 
13,600 
14.200 
14,700 
15,100 
15.200 

•2,1201 
•1,8142 
•1,5740 
•1,3887 
•1.4508 

•U, f 330 
•0,6508 
•0,3449 
•0,1046 
0.0806 
0.0185 

THE AVERAGE OF THE DIFFERENCES IS -1,4693, AND THE R.M.S, OF THE DIFFERENCES (WITH MEAN REMOVED) IS 1,3017 
1 DIVISIONS 0,330000 MGALS. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

■f ♦ 

♦ ♦ 

♦ + 

♦ + 

♦ + 

♦ -f 

♦ -f 

16 ♦ 



+ 

+ 

-«■ 

•sf 

«- -5^ 

■jf 

* 
Tif 4- -Jf 

+ + 4- -it' 

c ^ o. r? j- X r- oc cr c; CN. r- x x 
CN* cs^ rs cv fs fNi rv fs rv. rx "o r»~ r<-( r^i .'^ 



■a- 

«■ 

* 
¥■ 

■jf 

* 

cc CT' c ■r- cs ■'^r IT; vC r- cx O'- c ^ pv r-- u^. ^C- r>' 
ro ■C' 'cf vT- LT' S’: Ti uP Sr S'. 



it- 

JT- 
C 
C 



ALT,, n j sT A h cLS H A V h: U N T ^S (KM,) 

R S E R V A T10 C 0 0 R f) I M A T E s 
CK.M . ) 

HnnEL RESPONSE 
CMILLTC^ALS) 

12,250 
12,526 
12,801 
li,077 
13.353 
13,628 
13,904 
14,179 
14,455 
14,731 
15,006 
15,282 
15,558 
15,833 
16,109 
16,385 
16,660 
16,936 
17,211 
17,487 
17,763 
18,038 
18,314. 
18,590 
18,865 
19,141 
19,417 
19,692 
19,968 
20,243 
20,519 
20,795 
21,070 
21.346 
21,622 
21,897 
22,173 
22,449 
22,724 
23,000 
23.275 
23,551 
23,827 
24,102 
24,378 
24,654 
24,929 
25.205 
25.481 
25,756 
26,032 
26,308 
26,583 
26,859 

0 , OQO 
0,961 

2,884 
3.845 
4,806 
5.768 

7,690 
8.651 
0.613 

10,574 

12,496 

14,4t9 
15,380 
16.341 
17,303 
18,264 

20.186 
21.148 
22,l09 
23.070 
24,032 
24,993 
25.954 

27.877 
28.838 
29,7q9 
30,760 
31,722 
32,6R3 
33,644 
3 4,6 0 5 
35,567 
36,528 
37,489 
38,450 
39.412 
40.373 
41,334 
42,296 
43,257 
44,2j 8 
45.179 
46,141 
47,t02 
48,063 
49,024 
49,986 
50,947 

4,134 
6,311 
7.18 0 
8.114 
9,47 3 

11.691 
14.568 
17,267 
19,615 
21,561 
23,079 
24,203 
24.972 
25,448 
25,688 
25,727 
25,575 
25,219 
24,624 
23,742 
22,528 
20,931 
18,843 
16,557 
15,326 
14,233 
13,015 
11,583 
10,240 
9,022 
7,010 
6,781 
6,995 
7.396 
7,859 
8,305 
8,693 
9,008 
9.254 
9,442 
9,583 
9,695 
9.790 
9,881 
9,978 

10.083 
10,198 
10,325 
10,464 
10.610 
10,753 
10,881 
10.993 
11.053 

DESIRED RESPONSE 
(MILLIGALS) 

DIFFERENCE 
(MILLIGALS) 

DIFFERENCE 
(AVERAGE REMOVED) 

3.000 
4.000 
5.000 
6.000 

10.500 
14.500 
17.000 
19.500 
22.700 
25.000 
25,200 
25,300 
25,400 
25.500 
25,600 
25.500 
25,400 
25,300 
25.200 
25,100 
24.500 
22.500 
20.000 
18.700 
17.500 
16,000 
13.500 
11.200 
10.500 
9.800 
9.200 
8,500 
7.800 
7.500 
7.200 
6.800 
6.500 
7.000 
7,100 
7.200 
7,300 
7.400 
7.500 
7,600 
7.700 
7,800 
7,900 
8.000 
8.400 
8.700 
9.200 
9.700 

10,200 
10,500 

-1,1341 
-2,3108 
-2,1800 
-2.1135 

1.0270 
2.8090 
2,4320 
2.2331 
3,0851 
3,4389 
2.1208 
1,0967 
0,4282 
0,0519 

-0,0876 
-0,2267 
-0,1752 
0,0807 
0,5765 
1,3580 
1.9720 
1,5690 
1,1575 
2,1428 
2,1740 
1,7672 
0.4856 

-0,3830 
0,2604 
0.7781 
2,1900 
1,7187 
0,8047 
0,1045 

-0,6590 
-1,5048 
-2.1926 
-2,0081 
-2,1543 
-2,2416 
-2,2833 
-2,2947 
-2,2903 
-2,2815 
-2,2781 
-2,2831 
-2,2982 
-2,3254 
—2,0640 
-1.9103 
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54.0000, 
46.0000, 

38,0000, 
38.0000, 
51.0000, 
52.0000, 
51.0000, 
53.0000, 
46.0000, 

40.0000, 
39.0000, 
48.0000, 
54.0000, 
46.0000, 
42.0000, 

42,0000, 
41 ,0000, 
47.0000, 

64.0000, 
57.0000, 
80.0000, 

21,0000 
23.0000 
24.5000 
21.0000 
18,0000 

19.0000 
25.0000 
23.0000 
19.0000 

27.0000 
32.0000 

31.0000 
30.0000 
28.0000 
29.0000 

30.5000 
30.0000 
28.5000 
29.0000 

21.0000 
29.0000 
28.0000 
21.0000 

25.0000 
28.0000 
26,0000 

26,0000 
32.0000 
32.0000 
35.0000 
29.0000 

26.0000 
32.0000 
34.0000 
30.5000 
29.0000 
28.5000 
29.0000 

26.0000 
31.0000 
32.0000 
29.0000 
26.0000 
28,0000 

27.0000 
29.0000 
28.0000 

52.0000 
57.000 0 
7 0,000 0 

66,0000, 
70.0000, 

56.0000, 
57.0000, 
53.0000, 
52.0000, 

55.0000, 
56.0000, 
52.0000, 
51. ,0000, 

38.0000, 
46.0000, 
47.0000, 

40.0000, 
46.0000, 
45.0000, 

33.0000, 
39.0000, 
47.0000, 
58.0000, 
43.0000, 

36.0000, 
40.0000, 
52.0000, 
51.0000, 
52.0000, 
47.0000, 
43.0000, 

37.0000, 
40.0000, 
54.0000, 
45.0000, 
46.0000, 

40.0000, 
46.0000, 
45.0000, 

57.0000, 
73.0000, 
80.0000, 

21.0000 
26,0000 
21,0000 
20,0000 

25.0000 
24.0000 
22.0000 

31.0000 
30.0000 

31.0000 
29.0000 
28.0000 
30.0000 

30.5000 
29.0000 
28.5000 
30.0000 

26.0000 
29.0000 
23.0000 

26,0000 
28,0000 
25.0000 

30.0000 
33.0000 
34.0000 
35.0000 
29.0000 

30.0000 
31.0000 
32.0000 
30.0000 
28,5000 
28,0000 
29.0000 

30.0000 
30,0000 
30,0000 
25.0000 
28.0000 

28,0000 
29.0000 
27.0000 

54.0000 
70.0000 
52.0000 



45 0,1? 0 1 ^ 0 0 0 0 0 0 0 I,0000000 

46 o,r?o 

47 0,1 ?0 

48 0,1 ?0 

49 0,120 

? , 0 0 0 0 0 0 0 

3,0000000 

4,0000000 

4,0000000 

3,0 0 0 0 0 0 0 

4,0000000 

5,0000000 

7,0000000 

B S F. R V A T1 n H C n 0 R D T M A T F s 
(K.VI, ) 

HDDKL RFSPQMSF 
CMlLLlCiALS) 

7.500 
7,50 0 
7.500 
7.500 
7.500 
7,500 
7,500 
7,500 
7.500 
7.500 
7.500 
7,500 
7,500 
7,500 
7,500 
7,500 
7.500 
7.500 
7.500 

0, OnO 
1.060 
2.000 
3.000 
4.000 
5.000 
6.000 
7.000 
8 , OOO 
9.0 0 0 

10.000 
11.000 
1.2,000 
1 3,0 0 0 
14.000 
15.000 
16.000 
17,OnO 
18,000 

1,4 3 B 
1.835 
2.706 
5,2/0 
6,259 
6,909 
7,627 
8.653 

10,166 
U.6H1 
1 2.7 7 3 
13,659 
14,543 
15.513 
16.532 
17.532 
18.497 
19.401 
20,149 

61,0000, 
48.0000, 
70.0000, 
80.0000, 

64.0000, 
43.0000, 
33.0000, 
36.0000, 
80.0000, 

64.0000, 
50.0000, 
27.0000, 
34.0000, 
80,0000 , 

64.0000, 
44.0000, 
31.0000, 
26,0000, 
68,0000, 
80,0000, 

74.0000, 
54,0000 , 
18.0000, 

0,0000, 
12,0000, 
68,0000, 
26,0000, 
31.0000, 
44.0000, 
64.0000, 
80.0000, 

4 5,0 0 0 0 
57.0000 
70.0000 
45.0000 

42.0000 
40.0000 
46.0000 
62.0000 
70,00 0 0 

40.0000 
36.0000 
42.0000 
62.0000 
70.000 0 

43.0000 
35.0000 
33.0000 
47.0000 
70.0000 
43.0000 

40.0000 
35.0000 
32.0000 
43.0000 
52.0000 
70.0000 
47.0000 
33.0000 
35.0000 
43.0000 
40.0000 

48.0000, 
58.0000, 
80.0000, 

54.0000, 
40.0000, 
33.0000, 
43.0000, 
80.0000, 

54.0000, 
36.0000, 
27.0000, 
40.0000, 
80.0000, 

54.0000, 
36.0000, 
26.0000, 
56.0000, 
80.0000, 

57.0000, 
30.0000, 
10.0000, 

0,0000, 
38.0000, 
56.0000, 
26.0000, 
36.0000, 
54.0000, 
80.0000, 

53 
62 
70 

44, 
40, 
63, 
70, 
42, 

41, 
32, 
48, 
70, 
40, 

46. 
33, 
39, 
62, 
70, 

38, 
29, 
43, 
52, 
70, 
62, 
39, 
33, 
45, 
43, 

DESIRED RESPUNSE 
(NULLTGALS) 

DIFFERENCE 
(MILLIGALS) 

DIFFERENCE 
(AVERAGE REMOVED) 

2,000 
3.000 
4.000 
5.000 
6.000 
7.000 
8.000 
9,0 00 

10,000 
11,000 
12,000 
13.000 
14.000 
15,500 
17.000 
18,400 
20.000 
21,200 
23,000 

0,5621 
1.1654 
1,2936 

-0,2703 
-0,2587 
0,0912 
0.3734 
0,3473 

-0,1663 
-0,6806 
-0,7731 
-0,6588 
-0,5433 
-0,0135 
0,4681 
0,8680 
1.5029 
1,7993 
2,8515 

-0 
— 0 
-0 
-I 
-1 
— 1, 

m 0 
•mO 
m 1 
-2 
^ 2 
-1 
-1 
-1 
-0 
-6 
0 
0 
t 

,7584 
,1551 
,0268 
, 5907 
,5792 
,2293 
,9471 
,9731 
,4867 
,0010 
,0935 
,9792 
,8637 
, 3339 
,8523 
,4524 
, 1825 
,4788 
.5310 

0000 
0000 
0000 

0000 
0000 
0000 
0000 
0000 

0000 
0000 
0000 
0000 
0000 

0000 
0000 
0000 
0000 
0000 

0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 



7.500 
7.500 
7.500 
7,500 
7,500 
7,500 
7,500 
7,500 
7,500 
7.500 
7,5 0 0 
7.500 

500 
500 
50 0 
500 
5 0 0 
5 0 0 

7.500 
7,500 
7,500 
7,500 
7,500 
7,500 
7,500 
7,500 
7,500 
7,500 
7,500 
7,500 
7,500 
7,500 
7.500 
7.500 
7.500 
7,500 
7,500 
7,500 
7,500 
7.500 
7.500 

19.000 
2 0,0 0 0 
21 .Ono 
22.000 
23.000 
24.000 
25.000 
26.000 
27.000 
28.000 
29.000 
30,OQO 

31.000 
:^2,ooo 
23.000 
3 4,0 0 0 
35,ODD 
36.000 
37.000 
38.000 
39.000 
40.000 
41.000 
42.000 
4 3,0 0 0 
44.000 
45.000 
46.000 
47.000 
48,Don 
49.000 
50.000 
51.000 
52.000 
53.000 
5 4,0 0 0 
bSlOoO 
56.000 
57.000 
58 , OoO 
59.000 

2 0,605 
20,655 
2 0,21 0 
19,206 
17,669 
15,571 
14,580 
14,092 
13,734 
13,338 
12,442 
10,693 
10,363 
10,151 
9,B1 8 
9.222 
8,303 
7,38 0 
6,646 
6,062 
5,694 
5,597 
5,738 

046 
6.44 2 
6,840 
7,165 
7,368 
7.42 3 
7,322 
7,061 
6,643 
6,088 
5.439 
4,759 
4,111 
3,536 
3,047 
2,640 
2.304 
2,026 

25,000 
27.400 
26.500 
25.000 
20.500 
18.000 
17.200 
15.800 
14,700 
13.600 
12.800 
12.600 
12.400 
12.200 
11.500 
9.700 
8,500 
7.800 
7,300 
6.700 
6.000 
4.800 
5,000 
5.800 
6.400 
7.000 
7.800 
8,200 
8.500 
8.800 
8,100 
7.700 
7.400 
7.200 
6.700 
5.500 
5.000 
5.500 
6.000 
6.200 
6.500 

4,3950 
6,7450 
6,2900 
5,7937 
2,8312 
2,4293 
2,6200 
1,7077 
0.9658 
0,2618 
0,3576 
1,9074 
2,0367 
2.0493 
1,6816 
0.4785 
0.1966 
0,4196 
0,6540 
0,6381 
0,3060 

-0,7970 
-0,7380 
-0,2464 
-0,0423 
0,1595 
0,6346 
0,8322 
1,0768 
1,4780 
1.0395 
1,0570 
1.3115 
1,7610 
1,9411 
1,3889 
1.4642 
2,4532 
3,3602 
3,8961 
4,4735 

.1 , /46 
5,4245 
4,9696 
4,4732 
1,5108 
1,1088 
1,2995 
0.3872 

-0,3547 
-1,0586 
-0,9629 
0,5870 
0,7163 
0,7288 
0,3612 

-0,8420 
-1,1238 
-0,9009 
-0,6665 
-0,6823 
-1,0145 
-2,1174 
-2,0584 
-1,5669 
-1,3627 
-1,1609 
-0,6858 
-0,4882 
-0,2436 
0,1576 

-0,2809 
-0,2634 
-0,0089 
0,4405 
0,6206 
0,0685 
0.1438 
1.1327 
2,0397 
2,5756 
3.1531 

THE AVERAGE' nf THE.: I.)TFFEREMCES IS 1,3204, AND THF: OF THE DIFFERENCES 
1 DIVISIONS 0,330000 MGALS, 

(WITH ME:AN REMOVED) IS 1,6853 

6 ^ 

4 ^ 

4 
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