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ABSTRACT

During the summer and fall of 1967, the writer conducted
'vertiéal magnetic intensity surveys in two areas adjacent
to the Rocky Mountain Arsenal well northeast of Denver,
Adams County, Colorado., The surveys are deéignated as the
Manila and the Eastlake areas, béth of which are covered
with alluvium material. The age of the underlying rocks
ranges from Precanbrian to Cenozoic. The buried basement
metamorphic rocks are assuned to be complexly folded and
faulted.

The depth of the basement rocks, based on the strati-
graphic logs of Arsenal well No. 1, was used as a basis for
quantitafive calculations of the magnetic anomalies in the
areas., Interpretation of magnetic data was difficult
because of lack of sufficient drill-hole information. Also,
inhomogeneities in the magnetic properties of the basement
rocks reduce the reliability of results,

There is no magnetic evidence of major vertical fault
displacements in the two areas. Hence, the only faults in
the Eastlake area that could possibly cause tremors are the
horizontal slide~strike faults accompanied by minor ver-
tical displacements. The amplitude of computed and observed
anomalies\in the studied areas are in agreement at a base-
ment depth of 11,500 to 13,000 feet. The interpretation

so arrived at in the Manila area could be objectionable.
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The vertical groundwmagnetic patterns are in accordance to
the general aeromagﬁetic patterns shown by the airborne
survey of the Denver area. The stecep maénetic gradient at
the Eastlake area is probably due to a magnetic suscepti-
bility contrast of about 1,350 x 10"6 cgs unit between a
4-mile block of sheared rock and amphibolitic gneisses,
This. interface of rocks may be the eastern extension of the
east-west striking formations which crop out on the Front
Range to the west. The causes of magnetic anomalies in the
Denver basin are varied, therefore extensions of the

results to other areas in the same basin is not possible.
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INTRODUCT JON

This magnetic suxvey is an effort to obtain information
about the structural attitude of the basement complex rocks
in the vicinity of Derby, Adams County, Colorado. The work
is considered a minor contribution to the Geophysical and
Geological Investigation project relating to earthquakes in
the Denver area, Colorado. This project has been conducted
by the Geophysics and Geology Departments of the Colorado
School of Mines, in cooperation with the U. S. Geological
Survey, since the initiation of the project in June 1966,

The study of the earthquakes in the vicinity of the
Rocky Mountain Arsenal disposal well is based upon the
premise that faults in the basement are responsible foxr the
earthquakes.

According to Haun (1967), the sedimentary structural
fabric of the Denver basin shows a northeasterly orientation
of the folds. Also, major faults follow a northwesterly
trend, and the strike of the metamorphic basement rocks
flanking the west central part of the Denver basin is east-
west. The development of the minor folds was possibly
controlled by the pre-~Laramide structural fabric on the
basement Complex.

Another important fact is the trends of aeromagnetic



T 1173

| ol s e - sy /gt
] £ ) FOFEdgr
| M . q ] ‘5105
| 13 ) N R
ng
! A s o0
i
I !
| | ;i oo i
< fiel
: 5144 ¥ Bogtde, Cfc\‘ Cayfie )
I unioN PA ~ AT 5082,
* ; N =
I TRCNGE % 1
I . Amont J . o . a e o — 34
I / | ‘o 3 ST LS RV
h SN =%y 3 & 7K <
3 = == % < 2 :
40°00" N N < a:
|l N\ gl
P .
| s i
| Rl
/O
| | &3
N X
I N » \Su 5, \
o e 3
Sy k
- N
/7 BHULPER COUNTY

\

|

!

! .

| 7.

| oV
.

[ IHE saNg HiLs

FEERSON COUNT,

“Crat Weatorn °
h rseri
l. R lats N\ plinut
N P Plant\EC
| D
|
]
1 -
\ T
\ ‘ B
\ sk 4 }
\ 'Nerdoir
\ & ok
/ - 1S
l 1, s . §
[N SHeq) é
N % ”
" 7 SAMS CO
x < DENVER 00
ok 5
- oy ° : &
== 4 r/"__v' 7 G nview %, Berkaley
1 !
I "N Shan
45" = o Loy
\ =
\ 3
\ X N '7 R
\ g esan\ Dopder N\
72X Mesany, 1 AN -
\ 2?\W1‘m3~v'»\ .
h UN] * 5
\ : /7,
\ ~
\ 549 Ny
\ g
\ — B
\ > iy,

Elirai..

e

LA J S‘.‘
v S
* 1
i

B =
LT d

Ler ) : 4 ol
E;" | Prospeqt R
. E 4';9

arm)

[S
&

\ S
ooy ‘,mﬁ& x«)‘y\

T

£
Gon SSoH

T
|

(AR
I
H

P

* NG T
Q)
Vi
T, //
R S "74
S0 ey
' SOl
Stapleto jn\i

i

i

:, ?at-‘n z ‘ - =

~

PORTION OF THE AEROMAGNETIC MAP OF THE DENVER AXEA, COLORADO
(AFTER A.J. PETTY, J.1.VARGO, and F.C. SMITH, 19686)

L. O;el Castillo

1968

Scale

s

PLATE 1

EXPLANATION

)
9

& 47

2

Moagnetic contours showing fotal intensity
magnetic fisld of the earth in gammas
relative to arbitrary datum

HAachUred Ta ingicare closed Greas of Tower magnefic
intensity; dashed where dota are incomplete
contour interval 20 gommas

Location of measured maximum or minimum
intensity within closed high or closed low
Flight path
Showling locotion and spacing of data

Ground vertical magnetic intensity
surveyed arecs



T 1173 3

anomalies in the surrounding area of the disposal well,
Here, the aeromagnetic map of the Denver area (Petty and
others, 1966) shows a strong east-west series of magnetic
lows separated 4 to 5 miles. These lows cover a 40-mile
long and 1= to 5-mile-wide cast-west area, from nortﬁ of
Golden, Colorado, to the Manila quadrangle (Plate 1), hav~
ing a magnetic amplitude of 60 to 100 gammas on the aver-
age., This characteristic might be correlated with the
attitude of exposed Precambrian rocks on the Front Range
to the west.

In the search for the causes of tremors in the noxrth-
east of Denver, several geophysical methods have been
applied. The Colorado School of Mines has recorded the
Denver earthquakes by means of extensive seismic instru-
mentation. This equipment has supplied information since
December 1961, With the strain-meter data, it has been.
possible to infer the orientation of Precambrian faulting
systems (Plate 2) in the seismically active area in the
vicinity of Derby, Adams County, Colorado (Major and Wideman,
1967).

In order to corroborate the presence of such faults, a
magnetic investigation was carried out by the writer in the
vicinity of Dexby, Colorado. The main purpose of the study
was to collect and interpret additional data that could
contribute to the knowledge of the basement complex in the

seismically active area, Moreover, recognition of any
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structural pattern in the basenmnent rocks from ground-
magnetic anomaliecs will help in understanding the relation
between earthquakes and geological structure in the
seismically active area.

If suitable criteria could be developed from analysis
of magnetic anomalies in the areas under study, the correla-

tion could be extended to other areas in the Denver basin,

Area Studied

The vertical magnetic survey involved two areas in Adams
County (Figs. 1 and 2) , north and east of Denver. Tﬁey are
designated as the Eastlake and the Manila areas. The East-
lake area, which is trapezoidal, lies between longitude 104°
49' 30" and 104° 58' 45" west, and between latitude 39° 48"
45" and 40° 00' 00" north; it encloses about 54 square miles
séuthwest of Brighton, Colorado. The Manila area comprises
57 square miles northwest of the Manila railroad station, and
is located between longitude 104° 30' 00" and 104° 37' 30"
west, and between latitude 39° 45' 00" and 39° 52' 30" north.
These two areas are about 15 miles apart. The Eastlake area
is accessible by the interstate Highways 25 and 85, which run
along its east and west boundaries (Fig. 2); the Manila area
is accessible by the interstate highway 40 that passes near
its south limit (Fig. 2).

Elevation above sea level at Eastlake ranges from 5,000

feet close to the town of Brighton in the northern part of
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the area, to 5,230 feet in the north-central part; the latter
elevation lies 2 miles N. 45° E. from the town of Eastlake.
The topographic variations of the Manila area are similar

in magnitude; they range from 5,300 feet in the northexrn part
to 5,500 feet in the southern. The area has a maxinum relief
of 220 feet. The surface slopes gradually upward to the
south at 20 to 30 feet per mile. Both areas are drained by
the South Platte River and its tributaries, Lower Clear Creek
at Eastlake, and Llder Creek at Manila. Throughout the areas

are various well~developed valleys,

Earlier Studies

Previous analysis of ground-magnetic anomalies in the
Denver basin wexre outlined briefly in an earlier work in the
Kassler area, Jefferson County, Colorado (Adamson, 1956).
This investigation covered an area of 166 square miles 1lying
about 7 miles south of Denver. In Adamson's study the mag-
nitude, shape, and other characteristics of vertical magnetic
"intensity anomalies caused by magnetic basement rocks were
interpreted. In his calculations a constant magnetic suscep-
tibility for the basement was assumed. Furthermore, several
geophysical (Stewart, 1953; Hamzawi, 1966) and geological
(Fogarty, 1952; Reichert, 1953) studies in the Denver basin
‘included seismic, gravity, and surface and subsurface
stratigraphic investigations, but they paid little attention

to the possible structure of the basement complex rocks.
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Most of the information written and published on the
Derby earthquake area before 1965 relates to oil exploration.
It was not until 1966 that detailed geologic descriptions of
the buried Precambrian rocks (Edwards, 1%2€6) and Recent
deposits (DeVoto, 1967) appeared in the literature., In the
same year, the strain-meter records associaﬁed with earth-
quakes were applied (Major and Wideman, 1967). Knowledge
secured from these data is of great significance. The
elaborated data provide a certain diagnosis of the attitude
of faults in one of the areas under study. On this basis,
Plate 2 shows the interpreted orientation of the faults in
some portion of the Eastlake area, which is considered a
part of the seismically active zone (Romig, 1968).

Some papers which discuss geological and geophysical
aspects of tﬁe above active zone are cited in the bibliography.
Papers giving the most useful information about earthquakes
in the Denver area are in the open files of the Colorado
School of Mines and the U.S. Geological Survey in.Denver.
They contain detailed geologic maps, drill-hole descriptions,
and all the geological and geophysical data available up to
the present. This information was gathered by staff geologists
and geophycists during the past four years.

In spite of exhaustive research, at the present time
there are‘no definite indications that support the assumed
structure of the basement rocks in the active zone., In this

connection, there are several studies of the unexposed



T 1173 9

(Edwards, 1966) and exposed basement rocks (Lickus and Leroy,
1967; Sheridan and others, 1967) ., These studies constitute

an attempt to decipher the structural and stratigraphic
problems of the basement complex. To this time, however, it
has not becn possible to disclose detailed structural patterns
accurately. Conseguently neither geological nor geophysical
investigations to date have indicated the attitude of the

presumed faults in the buried basement of the Denver basin.

Methods of Work

A field magnetic survey for this report was conducted
during the summer of 1967 and intermittently throughout the
fall of the same year, Preparation of the maps and report
was initiated in the winter of 1967,

Several reconnaissance geology field trips were made to
the foothills of the Front Range for the purpose of becoming
more familiar with types of basement Precambrian rocks.
Another object of such trips was to learn the geological
features of these rocks, so that a better correlatioﬁ of
the ground-magnetic anomalies could be obtained,

The base maps used in the report were prepared by tracing
and reducing U, S. Geological 7.5-minute topographic maps.

A portion of the aeromagnetic map of the Denver area (Petty
and others, 1966) was included to show the agreement between
the total and vertical intensity anomalies in some portion

of the studied areas.
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The vertical magnetic stations were located on the U. S.
Geological Survey maps (Scale 1:24,000) after magnetic read-
ings were taken. In general, stations were placed along
north=south lines. Promninent cultural features aided in
establishing profile locations. Effects of local magnetic
disturbances (electric lines, fences, pipe-~lines, machinery,
etc,) were considered during the location of the stations,
Also, care was exercised to see that stations were free from
possible causes of misreading. Since anomalies of low
intensity were expected, diurnal variations were carefully
controlled. |

It is believed that sufficient magnetic data were
accumulated to permit construction and interpretation of
a magnetic contour map in the Manila area, and profiles

in the Eastlake area.
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GEOLOGIC SETTINC

The sediments overlying the basement complex in the
central part of the Denver basin range in age from Paleozoic
to Pleistocene (Lindvall, 1966). 1In addition, DeVoto (1967)
identified, in the vicinity of the Rocky Mountain Arsenal,

a series of cycles of stream erosion which includes several
phases of alluvial and soil deposition during the Quaternary.
Lindvall (1966), on the basis of petrographic reports by
Sheridan and others (1966) , described 11,900 feet of Cenozoic,
Mesozoic, and Paleozoic sediments penetrated in the Arsenal
well No., 1 (Fig. 2). These rocks are mainly unconsolidated
sénds, clays, shales, sandstones, and marlstones. Struc-
turally, these sediments are believed to be monoclinal and
to follow the regional southwesterly slope of the basement
complex (Fogarty, 1952; Stewart, 1953). Furthermore, the
closest faults with some significant dis?lacement in those
sediments are reported in an area 15 miles from Eastlake
.(Lindvall, 1966). The basement complex penetrated in
Arsenal well No, 1 from 11,950 to 12,045 feet is "a
weathered mica~schist and highly fractured hornblende
granite gneiss" (Scopell, 1964)., According to Sheridan and
others (1966),—the rocks from 11,935 to 11,950 foot depth
are of Precambrian age, and have been described as "fine- to
medium~graihed hornblendic biotite~quartz~feldspar gneiss,

which is locally fractured and veined."

11
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There is no reason to believe that the above Paleozcic
and Mesozoic sediments contain ferromagnetic minerals in
sufficient quantity to produce detectable magnetic anomalies.
Thus, the only geological features as sources of magnetic
anomalies are those contained in the basement complex rocks.
They might involve structural characteristics associated
with the distribution of different Precambrian rocks.,

As mentioned above, the lithology, age, and structure
of the basement complex in the HManila and the Eastlake areas
are practically unknown., The only basement sample in the
Derby area is from Arsenal well No, 1. However, several
authors (Lovering and Goddard, 1950; Boos and Boos, 1957;
Edwards, 1966; Lickus and Leroy, 1967) have established
stratigraphic and structural patterns of the basement in
Colorado along the Front Range west of Golden, Colorado.

Edwards (1966) made use of Precambrian samples from
wells and from the Front Range to establish his interxpreta-
tion about the complex basement. In his petrographic and
petrologic investigation he defined ten lithologié terranes
in the state of Colorado. The Eastlake and Manila areas lie
in the Weld-Delta metasedimentary terrane consisting of
quartz-feldspathic, pelitic, calcareous, and basic para-
gneisses; granitized paragneisses; granite igneous rocks,
and orthogneisses. These metamorphic rocks present differ-
ent degreé of distribution along the terrane; the major

portion of the rocks is principally paragneisses, but they
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TABLE I

TENTATIVE CORRELATION BETWEEN PRECAMUBRIAN UNITS MAPPED BY LEROY AND SHERIDAN,

MAXWELL, AND ALBEE IN THE RALSTON BUTTES QUADRANGLE AWD ITS VICINITY, COLORADC

(Data from Lexoy, 1967; Sheridan and others, 1967)

T=1173
Leroy's s Sheridan's L. )
Formation Description Unit Description Hodes (volume percent)
Medium~grained biotite granite gneiss liicrocline= | i crocline gneiss, light-orange pink, pink- a Al B 11 cq
Cedar to gneissic granite, Coarse~-grained g;:rggglase ish-gray and dark gray, comspicuously 11 D Jc[dlb]clalb]lcla
Guleh ‘discordant and concordant pegmatites biozite anit foliated, fine- to medium-grained, granitic 4 |3 |4} 3]ols]- 1=
Formation |9CCUr throughout and range up to 30 (Microcline | 2ppearing. X X T3 Tl 3.3
(pcce) feet thick. Free quartz injections neiss unit) Gray to black layers and lenses of amphi-~. Av slr “alr <»
oceur frequently in the more granitic g ab bolite and biotite-quartz-plagioclase gneiss. Bv| -
phases. (gm) (gmab)
Golden . Inter}aygred hornblende.gneiss, am?hibolite a A 19 B 12 co
Cate Wellvbanc_ied nongxtygmat;call}{ folded llorpblendg and biotite quartz-_plagloc;lase gneiss; gray 19 b c |d b | c a b | c ]d
Canyon amphibolite gneiss. Quartz.LFe len§e5 gneiss unit | to black, mostly fine-grained equigranular, l I ] I I
Formation [|2¥€ present at various stratigraphic Egat)) Thin discontinuous layer of medium-grained = i r lg 2 ) é 109 i 5 _3 ; 9, 2.4L
{P€gg) positions, abm, amphibolite, spotted texture. v 2.7 l'g' 0'7' 0'9' S S STy SR
.7, 1.2, 0.7, O.
B:g@ed muscovite~sillimanite gneissic
Junction schist containing numerous thin quartZ H ;
Formation and g;anite stringers and lenses? gﬁi??éeggit Quartz—g?elss lenses KO ANALYSES
(P€3) Occasional 6- to 8-inch beds of fine- (heg-hes) Mica schist |
grained, dark gray quartzite occur.
Cressman's i iti i i £ 25 2 <
Guren Amphibolitic gneisses and intercalated jornblende |Varicolored well-layered calc-silicate gneiss; | § b lela clalb] cTa
Formation calqlte-ep;dote-garnet tactites. gneiss unit it containg minor layers of amphibolite, horn- | | _J l l
(pec) Quartz stringers and pods occur spar- (he) blende gneiss, and biotite-quartz-plagioclase 3 1 1 1] 1 4 - = -
ingly throughout. gneiss. Avi 2.3
Bv 5
Facies A: thinly laminated, micro-
granulated, fine~textured, medium
gray micaceous schist,
Crawford Facies B: micaceous, medium-textured
Gulch schist.
Formation |pacjes C: highly muscovitic-silliman=
(pecg) itic schist and gneissic schist. It
shows thin beds of fine-grained .
quartzite and numerous quartz and Silver-gray to dark-gray, well foliated, fine- 234 = |ACZ 15 IBCZ(I) F R |Cng -
granitic pegmatite lenses and pods. . . to medium-grained mica schist; porphyroblastic - - -
HMica schist {wvarieties contain sillimanite, andalusite, or 9 | 9 6] 5| 1|14 2] 012
unit garnet; feldspathic varieties are gradational ~ YT
Schist facies: dark gray, hignl (8, S¢) to gneiss. It contains numerous small lenses vl 3% 3% 1.0, 1.1, 0.8, 1.1, 1.0,
s gray, highly of calc-silicate rock. Sometimes it shows 9.6, 1.2
crenulated micaceous, coarse-textured local conglomeratic schist lenses BV 1.0
Belcher schist impregnated with numerous ; * cv] -
Hill quartz and granite pegmatite lenses. =
Formation Quartzite facies: dark bluish-gray,
(P€bh) fine to medium-grained, thinly lam—
inated to massive quartzite. It
exhibits shear folds and pegmatite
injections.
Microcline-
quartz-
Amphibolite, thin-banded gneiss con- | plagioclase- i 5 s .
taining sporadic intercalations of biotite ﬁ;ﬁ?ﬁiiﬁieqnﬁgiibizxséexlxLnterlayered with
1 ¢ " : _ , gneiss, layered calc~
epidote-garnet calcite tactites gneiss com silicate gneiss, biotite-quartz-plagioclase a A4 BO Cc 13
Ralston (skarns). Thin guartz and granitic plexly gneiss, and locally quartz gneiss., 17| b | c I alon I c [ d | n I c|a
Buttes stringers occur throughout. Dense, interlayered |/ ; ; I X
Formation dark gray, fine textured quartzites up | with other nblende gneiss unit undivided hornblende 1211 ~-]-1- | ESR Y
(PErb) to five feet thick occur in restricted | rocks. ?nexss. Quartzite, gray to white, 1e§s common- [T ay 1.7, et
number. Concordant and discordant (gmhi-=hgm) y black or pale red, predominantly fine- T 3, 1.2, 2.9, 1.1, 4, 4, 0.5, 0.6
coarse-textured granite pegmatites are | ilornblende grained, foliated; it contains numerous thin 1.9, 6, 0.7 oo T T
frequent., gneiss unit |°Oonglomeratic layers and lenses. <7y 84 0
(h) . Quartz-
ite unit (qQ)

Number of samples analyzed in the unit
Number of samples with trace amounts
Number of samples with 0.5 or + percent content

Number of samples with less than trace amounts

Percentage includes undetermined amounts of pyrite

and other sulphide minerals

Percentage includes some sulphide minerals and
limonite

A, B, and C accompanied by a number indicate number of
analyzed samples for magnetite-ilmenite, hematite, and
opaque minerals, respectively.

‘Av, Bv, and Cv indicate the corresponding volume percent

of ¢ values.

to the nearest percent.

Values of 3 percent or more are reported
Values from 0.5 to 2.9 percent

are reported to the nearest tentl: of a percent.

13
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are extremely complex. Minor amounts of granitic igneous
rocks and orthogneisses forming lenses or pods in the more
abundant paragneisses are also found. The granitic igneous
rocks and orthogneisses constitute the last portion in the
generally conformable sequence of netasedimentary rocks in
the Weld~Delta terrane. The Logan-~Yuma granitic terrane
consists mainly of granitized paragneisses and granitic
igneous rocks, that grade into each other and into the meta-
sedinentary oneisses of the Weld-Delta terrane (Fig. 6).
This assumption indicates that there is a gradational chancge
from one terrane into another. Edwards pointed out that
some of the samples in the Weld-Delta terranc show a severe
strained, fractured, and granulated quartzite or gneiss. 1In
general he described these rocks as gneissose to

schistose metasedimentaries.

Lickus and Leroy (1967) mapped in detail a 20~mile long
and 2-mile wide section of the Front Range between Ralston
Creek and Turkey Creek. This area constitutes the eastern
part of the Front Range near Golden, Coclorado, about 290
miles west of Arsenal well No, 1 (Fig. 6). Besides,
Sheridan and others (1967) in their study of the Ralston
Buttes Quadrangle, Jefferson County, Colorado, described
in some detail the metamorphic rocks which crop out in the
west of Golden, Colorado. Leroy's and Sheridan's studies
are in good agreement, They differ only in ncmenclature
(Table I). Some indications of the character of the basement

have been fcund in these cross examinations of the Front
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Range Precambrian rxocks.

Geological maps and cross sections of the exposed Pre-
carmbrian rocks (Leroy, 1968) reveal a schistic rock between
Ralston Creek and Clear Creek about 3.5 miles wide., This
band of schists strikes approximately east-west and dips 70
to 85 degrees to the south. The schistose rocks and theirx
varieties belong to the Belcher Hill, Crawford Gulch, and
Junction Formations. By far the major portion of Leroy's
section (Lickus and Lerby, 1967) is a series of gneissic
rocks containing a bulk of schists., This fact is signifi-
cant in regard to the magnetic properties of rocks. The
more amphibolitic gneissic rocks perhaps are more important
as causes of magnetic anomalies (Table I). These rocks are
widespread in the Ralston Buttes, Golden Gate Canyon, and
Cressman's Gulch Formations as described by Leroy. The
amphibolite gneisses are also associated with intercalated
calcite~epidote~garnet tactites in the Cressman's Gulch For-
mation., A third type of rock is represented by biotitic
gneiss to gneissic granite constituting the Cedar‘Gulch,
Clear Creek Canyon, and Golden Gate Canyon Formations,

Sheridan and others (1967) identified the same type of
rocks, but they included Leroy's Ralston Buttes Formation
in microcline gneiss and undivided hornblende gneiss units.
These two subdivisions include a complex gneiss inter-
layered with amphibolite, hornblende gneiss, layered calc-
silicate gneiss, biotite-quartz-plagioclase gneiss, and

quartz gneiss. The schistose rocks of Leroy's formations
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Figure 3. Generalized stratigraphic section of Precambrian basement rocks

in the Fron! Range, northwest of the city of Golden, Colorado

(After L.W. Leroy, 1967)



T 1173 17

were grouped by Sheridan and others in a mica-schist unit.

In Sheridan's modes (volume percent) of rocks, the
amphibolite gneiss shows 0.6 to 6 psrcent of magnetite-
ilmenite content (Table I). In contrast, the mica-schist
unit contains only 0.6 to 3.0 percent of magnetite-
ilmenite, having a high percentage of magnetic minerals in
some samples located in the boundaries of the unit.

A summary of the exposed Precambrian basement rccks in
the eastern part of the Ralston Buttes quadrangle is described
from north to south below (Fig, 3). The area (Fig, 6) lies
between longitude 1059 15' and 105° lS'»west and between
latitude 39° 27' 30" and 39° 52' 30" (Lickus and Leroy, 1967).

The Ralston Buttes Formation, consisting of amphibolite
gneisses, tactites, and pegmatites, is the oldesﬁ formation
in the studied stratigraphic sequence. The thickness of the
formation probably exceed 7,000 feet., The Belcher Hill For-
mation, overlying the Ralston Buttes, consists predominantly
of schists that gradually change from a schist facies in the
west to schist-quartzite facies to the east., The foliation
of the Belcher Hill Formation parallels that of the Ralston
Buttes Formation, The Belcher Hill's thickness is about
10,000 to 12,000 feet,

Micaceous schists belonging to the Crawford Gulch For-
mation overlie the Belcher Hill Formation. The contact
between these two formations is transitional through an
interval of 200 feet. Similar to the Belcher Hill Formation,

the Crawford Gulch Formation shows three different facies
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from east to west: 1) fine-textured micaceous schists,

2) medium-textured schists, and 3) sillimanitic and gneissic
schists. The thickness of the formation varies from zero to
5,000 feet.

The Cressman's Gulch Formation, in sharp conéact with
the Crawford Gulch Formation,; overlies the Crawford Gulch
schists. The formation consists essentially of amphibolite
~gneisses with minor tactites. The thickness averages about
400 feet.

The Cressman's Gulch Formation is overlain by the Junction
Formation. The contact between these formations is rathex
sharp. The rocks of the Junction Formation are commonly
banded muscovite-sillimanite gneissic schists with thin quartz
and granite pegmatite dikes and sills. The thickness of the
formation ranges from zero to 1,100 feet,

The Golden Gate Canyon Formation (Fig., 3) is locally in
sharp contact with the underlying Junction Formation. an
apparent unconformity separates the two formations. The
Golden Gate Canyon is composed of amphibolite gneissic rocks
and contains many concordant pegnatite intrusions. These
rocks range from zero to 4,500 feet in thickness,.

The youngest rock unit in the section northwest of
Golden is the Cedar Gulch Formation. Its lower contact with
the Golden Gate Formation is gradational through an interval
of at least 100 fecect. The rocks of this formation consist
of biotite~granite gneiss at the bottom which changes to a
gneissic dgranite at the top. This unit is about 4,000 feet

thick.
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The remainder of the Precambrian rocks from the town of
Golden southward are difficult to separate into definite
formations (Lickus and Leroy, 1967). The contacts and lith-
ology are transitional. The formations in this portion of
the section include Clear Creek Canyon, Mount Vernon,
Idledale, Turkey Creek, and Mount Morrison. They consist of
hornblende~biotite gneiss in the Clear Crcek Canyon Formation
to a more defined igneous rock like guartz monzonite gneiss
of the Mount Morrison Formation. The estimated total thick-
ness of these five formations ranges from 16,000 to 20,000 feet,

The'modes of the described formations have not yet been
published. Table I includes the modes of Sheridan's units
and formations defined by Leroy.

All the above formations (from Ralston Buttes to Mount
Morrison) are folded, faulted, and locally highly altered
Precambrian rocks. These effects are the result of strong
dynamothermal metamorphism and repeated periods of tectonic
and igneous action.,

The major fault zones in the Ralston Buttes quadrangle
.are Juncﬁion Ranch, Hurricane Hill, Guy Hill, Rogers, and
Livingston (Lovering and Goddard, 1950). The faults and
fracture zones trend predominantly northwest, Some of them
extend from Precambrian into sediments (Loveriné and
Goddard, 1950) of Paleozoic and Mesozoic age. Most of the
faults are brecciated (breccia-reef fault) along their
extent (Sheridan and others, 1967). The displacement of

contacts is not clear in the brecc¢ia zones and zones of
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iron-stained fractured rock. The width of breccia zones
varies from a few feet to 2,000 feet; whereas, the shear
zones range from 4,700 to 8,200 feet near the contact of
quartz-feldspar cataclastic gneiss (Sheridan and others,
1967) . The shear zone is considered a master one extending
diagonally across much of the state of Colorado and along
the mineral belt (Tweto and Sims, 1963).

The folding, following a northeast-southwest trend, is
a product of several periods of plastic deformation
(Sheridan and others, 1967) . However, it has not clearly
explained the contribution of each period. Faulting and
tilting in the basement rocks led to the development of a
maturely dissected landscape of ridges and deformed knobs
after sedimentation. A portion of the foothills at the
Precambrian Front Range is characterized by sedimentary for-
mations that lap against or bury ridges of the deformed base-
ment (Lovering and Goddard, 1950). It is believed that some
evidence of the batholithic action is present far from the
exposed Front Range, because according to Edwards (1966)
there are at least five periods of large-scale igneous
activity. The paucity of data suggests that the contour maps
of the basement complex must be treated with caution., Data
are very scarce to grant an accurate picture of the relief of
the basement rocks in the Denver basin, Edwards concludes
that

Since the stabilization of the early Late Precambrian

time, the structural influence of the basement upon

the later tectonic development of Colorado has decreased
with the passage of time. Epeirogenic uplift of the
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basement in the northeast-trending transcontinental

arch extended from Late Precambrian into the early

Paleozoic. Successive periods of tectonic activity

in Late Paleozoic, Cretaceous~Tertiary, and Tertiary

times have been progressively freer from influence

of Precambrian structure and have impressed their

own patterns of deformation upon the basenment.

A discussion of basement tectonism is beyond the scope
of this thesis, so the preceding brief geologic summary is
sufficient to establish the prevalent geological picture of
the areas under study.

According to the available information, it has been
assumed that the basement complex rocks in the surveyed
areas are buried under a considerable thickness of sediments,
as revealed in the log of Arsenal well No. l. Generalized
contours at the depth of the basement complex (Haun, 1967)
show that the surveyed areas are bounded by the minus-6,000~=
foot contour on Eastlake areca, and the minus-6,500~foot on
the southeast of the Manila area. These data suggest that

the basement complex is about 12,000 feet below the suxface,

in both areas.
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MAGNETIC INVESTIGATION

Magnetic Survey

The writer recorded data for the vertical magnetic in-
tensity map of the Manila area and profiles of the Eastlake
area by means of a Sharpe model MF-IT fluxgate magnetometer.
The instrument was adjusted to the lowest possible relative
level in each area (+20 to +30 gammas). The meter provides
direct readings, with the exception of the decimal place,
which is set by appropriate divisions of the scale. Reading
accuracy of this instrument is 12 gammas per scale division
with the most sensitive scale. However, the meter was read
with a lésser sensitivity scale with the aid of a rudimentary
tripod. This procedure gave an accuracy of %5 gammas for
stations in the Eastlake area.

Checks of magnetic field variation during the time of
the survey were made by periodic base and sub~basé measure-
ments every 90 minutes on the average., Closures for the
double checks did not exceed more than 5 gammas. When the
5-gamma loop was not reached, the magnetic readings were
repeated; extreme care was taken in this regard in the
Eastlake area., Also, local effects at base and sub-base
stations were determined by taking several readings in the

station area at points separated from one to two hundred feet.

22
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The magnetic survey has fairly good horizontal control
for the stations. For stations along the roads at an intex-
val of 0.2 mile, an automobile odometer was used; for detail
stations at intervals of 25, 50, 100, and 1000 feet, a
Brunton compass and chaining were utilized.

A total of 518 stations were occupied in the Manila area;
some of them were distributed on l-mile grid'over 56.8
square miles; another set of 16 stations was established at
a 0.2-mile interval along the boundaries at each l-mile-
square section., Most of the section lines and roads of the
gquadrangle were surveyed,

At Eastlake the number of occupied stations was 2,590,
The detailed north-south profiles were separated 500 feet
approximately; they have 2,264 occupied stations at variable
intervals (25 to 100 feet), whereas the profiles along the
roads have only 336 occupied stations at a fixed interval
of 0.2 mile (Plate 2).

Diurnal and latitude and longitude corrections were
applied to all stations. Both were considered linear in
character to simplify calculations., To estimate the latitude
and longitude corrections, the writer made use of the magnetic
charts published by the United States Coast and Geodetic
Survey (Deel and Howe, 1945). Instead of evaluating the
vertical gradient along a defined strike normal to the ver-
tical inténsity contours of the charts, the writer preferred
to apply the north-south and east-west components of the

normal rate of change. This method is more satisfactory for
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relatively small areas. Thus the north-south normal com-
ponent correction applied was 1l gammas per mile (increasing
northwardb and the cast-west component was 5 gammas per mile
(increasing eastward). The magnetic survey in each area was
referred to an arbitraryv independent relative magnetic level.
The corresponding intensity, inclination, and declination
of the total earth's magnetic field for both areas are 55,550
gammas, 67° 30' and 14° W, respectively {(United States Coast

and Geodetic Survey, Deel and Howe, 1945).

Method Used for Computing Anomalies

Vertical magnetic intensity anomalies were calculated
using various programs for the CDC 3090 electronic digital
computer. The programs compute the disturbance of the
earth's vertical magnetic field due to an infinitely long
body with cross section in the form of an nth-sided polygon
and having a magnetization M. The vertical component of
magnetic field intensity due to the polygon is calculated
with the general formula:

n 2
r

H = Mn I {sin 8, sin aln - 2 cos ak(¢k—¢k41)} (1)

k=1 T 2+l
where
M = magnetization
n = norral vector ﬁo the nth-side of the polygon
Gk = angle of thenth~side of the horizontal
o = angle between the strike of the body and the

magnetic north
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¢b“¢k+l = subtended angle at the station between the
extremes of the considered n-side
Ty = distance from the field point to the corners
of the considered nth-side

The total effect of the body is obtained by integrating
clockwise around the polygon; treating each side independently,
and paying attention to signs. For geological structures such
as dikes, faults, and contacts the formula is modified in a
rnore suitable form for the computer program.

The programs were arranged so that the data are fed into
the compﬁter in the form of a set of coordinates (U, v,) for
the corners of the nodel, togetiier with the values of M, of
o, and of the direction cosines of . The anomaly Hy is then
computed for a set of field points (Xn, Yn). It was found
convenient to choose a fixed value of il for all the computa-
tions and then to adjust the amplitude of the calculated
anomalies to the amplitude of the observed ones. This adjust-
ment was done by nultiplying an apprOpriéte factor N by Hy.

It is not possible to resolve M into M. (natural remnant
-magnetism of the rock) and My (intensity of magnetization

due to induction by the earth's present magnetic field)

without making measurements on oriented rock samples.

Adopted Criteria for Intervreting Anomalies

The assumption of infinitely long blocks is reasonable
for the interpretation of vertical magnetic anomalies in

the surveyed areas. For example, the negative anomaly A in
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the Manila area (Plate 3) extends for some 40 miles (Plate 1).
This aeromagnetic anomaly has a longitudinal trend in a
east-westerly direction. lowever, the assumpticn of infinitely
long blocks is limited to anomaly B (Plate 3) and some of the
anomalies at kastlake (Figs. 10 to 17); they do not confirm
an extensive longitudinal trend, and it is possible that the
third dimension of the bodies producing these anomalies cannot
be considered as infinitely long. If this is the case, the
detail of the computed anomalies will be altered but their
general shape will remain the same. The interpretation given
here regarding direction of magnetization is unaffected.

The method of interpreting the vertical-intensity
anomalies was to assume a geologically plausible size, shape,
and mqqnetization for a geologic feature producing the ob-
served anomaly. The magnetic field calcuiated from this
assumed model was compared with the observed magnetic field,
and the parameters were changed until the observed and calcu-
lated fields fittéd in amplitude.

Magnetic rocks in the basement consist of amphibolite
gneisses, intrusive acid rocks, schists intruded by pegna-
tites and related tactite zones, and sheared rocks. For
purposes of interpretation, the superjacent sedimentary
rocks in tiie Denver basin were considered nonmagnetic. The
susceptibility of rocks in the basement is caused by varied
content of accessory magnetite disseminated throughout large
volunes of metamorohic rocks. Examination of the modes of

rocks (Table I) showed that other magnetic minerals such as
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ilmenite and opaque minerals (hematite-magnetite—-ilmenite,
and pyrrhotite series) also may contribute to the magnetic
properties of rocks. Magnetite properties are mainly a
function of minerals of the Fe0~Fe203«Ti02 system and thus
are a function of the chemical composition of rocks (Nagata,
1961) .

Since knowledge of magnetic susceptibility eliminates
one of the uncertainties in interpreting magnetic anomalies,
the writer made use of the demonstrated critexion that the
susceptibility depends on the magnetite content of rocks.
Several relations between susceptibility and magnetite content
were considered, and the amount of magnetite for the basement
rocks was taken from the petrographic studies of the U. S.
Geological Survey (Bath, 1968). Also, the magnetic relief
of the anomaly, measured from maximum to minimun, can give
some approximate determinations of susceptibility. For
instance the magnetic relief of dike-like bodies are not
strongly affected by dips from 70 to 90 degrees (Werner,
1949) , so the susceptibility estimation for the case of
induction theory could be easily determined by slide-rule
calculations from the vertical magnetic profile.

For simplification of the calculations, especially at the
start, the top of the interpreted bodies was assumed at 12,000
feet below the surface and at extensions to great depth. Both
assumptions tended to make the calculated susceptibility too
low. Hence, the width of the body was assumed equal to

the distance between inflection points. For the dike model
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magnetized by induction, the vertical magnetic reliefl eguals
ZKMéW/Z, where Mé is the effective magnetic field, W is the
dike's thicknéss, and 4 1s the depth of the top (Gay, 1963).
The calculated values might be low, but the errors were
assumed not excessive provided that the length of the body
is larger than the depth of it below the magnetometer.
Susceptibility measurecments of basement rocks from Front
Range (Adamson, 1956; Bath, personal communication, 1968)
range in values from 0.0010 to 0.0035 cgs unit. Using the
above methods, the susceptibilities vary from 0.00095 to
0.0027 cgs unit. Micaceous schists have been assumed with a
low uniform magnetite content and a susceptibility of less
than 1,350x 10"6 cgs. In comparison, amphibolitic gneisses
have been assumed with a higher and more varied magnetite
content than schists; their susceptibilities are from

6

2,700 x 107" to 3,300 x 1070 cgs. Moreover, a rough rela-

J

tive estimation of the magnetic susceptibility of some
samples collected by Leroy from the basement rocks shows
that the amphibolite gneisses of the Ralston Buttes and
-Cedar Gulch Formations are much niore magnetic than the
. schistose rocks. These results are in agreement with
VSheridan's modes (Table I).

Magnetic anomalies produced by geologic features whose
lengths are at least three times as great as their width
were considered for calculations. Faults, small relief

anticlines or synclines, and dikes were the most common

geologic features which could match in the configuration of
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he basement rocks.

Major (1967) believes that faults and related fractures
produce the tremors in the Derby area; thus recognition of
these faults is the problem in question. Fault zones con-
taining altered magnetic minerals might be detected from a
series of closed lows on contour maps, from inflection points,
or from lows in magnetic profiles. IHence, the interpretation
of data could be facilitated by comparison with characteristic
profiles across faulting models.

Typical magnetic profiles (induced magnetism theory) on
fracture~fault zones are shown in Figures 4 and 5. In Figure
4, a zone of sheared rock 1,056 to 7,920 feet wide in amphi-
bolitic gneisses (2,700 x lO—GCqs) or schistose rock
(1,350 x 10-'6 cgs) produces a negative anomaly of low ampli-
tude, about 8 to 108 gamras. In Figure 5, a normal fault
of 1,000 to 5,000 foot vertical displacement produces a
steplike anomaly having an amplitude of 12 to 100 gammas,
when susceptibilities of 1,350x 1079 and 2,700%107¢ cgs are used.

The major fault zones (breccia zones) contain leached,
silicified, or oxidized rocks of negligible magnetic suscep-
tibility where the magnetic minerals have altered to non-
magnetic asserblages. Assuming a similar picture in the
buried basement, the magnetic profiles over the Eastlake
fault zone (Plate 2 and Figs. 10 té 17) should show the
agnetic effect of sheared rock. By inference, a zone of
crushed rock along a normal fault plane results in a corpin-

ation of the anomalies denoted in Figures 4 and 5; and a
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greater amplitude in the vertical intensity anomaly is
expected. However, better agreement of the detected magnetic
anonalies has been obtained by assuming a dike-like mass of
rock dipping to the south, or a nearly vertical contact
between two different rocks, as shown on the interpreted pro-
files in Figures 10 to 17.

A magnetic anomaly caused by topographic relief on a
magnetically homogeneous rock is designated as a topographic
anomaly. In this investigation it is supposed that the upper
surface of the anomaly-producing rock mass coincides with the
surface of the Precambrian basement and that is almost flat~
topped. For topographical relief éf several hundred fecet
at the actual extent of depth in the basement (12,000 feet),
the effect would contribute little, if any at all, to the mag-
netic anomaly. Considering the small topographic relief for
the ground surface and for the basenent, the writer will not
argue that some anomalies are caused by this effect. Hence,
in all the calculations the field pointsvare considered at a
constant elevation.

Since the inclination I of the induced magnetic field
in the studied areas is relatively high, the shape of
vertical magnetic anomalies is not greatly affected by
'the strike of the body; thus the dike-like anomalies are all
similar in shave and magnitude to the vertical magnetic
profiles for east-west magnetic strike bodies. Hence, in
equation 1 the angle~term dominates over the loyg-term in

high latitudes. This consideration suggests that in the
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first trial of matching ancmalies the log-term can be
ignored. The errors introduced by omitting the topographic
anonaly correction and the effect of the angle bétween the
strike of the body and the magnetic north are practicelly

negligible in the case of the Manila and Eastlake areas.

Relevant Characteristics of Magnetic Anomalies

and Their Interpretation

Ordinarily, when the basement rocks are buried underxr
5,000 to 10,000 feeﬁ of sediments, the magnetic anomalies
lose their individuality, and the vertical intensity maps or
profiles are merely the product of the contrast between
strong magnetic features. In the surveyed areas, such a
contrast would have been represented between the schistose-
zone rocks and the more ferromagnetic rocks like amphibolite
gneisses that surround them. One possible cause of anomalies
would be faulting in the Precambrian basement or zones of
sheared rocks. Inspection of the magnetic profiles (I'igs.

7 to 17), show that there is no significant indication of
faults which could be identified by a steplike oxr sharp jump
of considerable vertical magnetic amplitude. Besides, the
calculated theoretical anomalies based on the plausible
geological fault-zones in Precambrian rocks (Figs. 4 and 5)
do not resemble the observed profiles (Figs. 7 to 17).
Therefore, the steep gradients in the vertical intensity
profiles may represent the boundaries among the various sorts

of small structures or rocks that constitute the basement.
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The more conspicuous features of the detected anomalies
in each area are discussed below. They are strictly based
on the prevalent and generalized geological picture of the

basement rocks that exists at the present time (Fig., 6).

Manila Area

The vertical magnetic intensity map of the Manila area
(Plate 3) shows an appafent series of low and nigh feature-
less zones separated by a well-defined band of sharp gra-
dients. However, the map has three conspicuous character-
istics: 1) a magnetic east-west low A in the north-central
portion of the map (secs. 27 to 30, T. 2 $., R. 64 W.,)
centering just on the farthest portion of the sttong east-
west aeromagnetic low (Plate 1); 2) a series of a cross-cut
high-trend southeast~northwest-northeast B (secs. 5, 6 and
8, T. 3 8., R. 64 W.); C (sec. 36, T. 2 S., R. 65 W.),
and D (sécs. 18 and 19, T. 2 S., R. 64 W.), in the central
and northwestern part of the quadrangle; and 3) two lows

oriented northwest E (sec. 7, T. 3 S., R. 64 W.) and

almost north-south F (secs. 3, 4, 9 and 10, T. 3 S., R. 64 W.)

partially bounding the latter cross-cut high-trend. These
anomaly trends are about 6.5, 7, and 8 sguare miles in area.
In tne northwestern portion of the map, the B, C and D
higns extend northwestward and southwestward until they
join and culminate to form the broad anomaly southwest of
the remarkable east-west A low.
The magnetic intensity map (Plate 3) can be divided

into two parts of different character: a magnetically flat
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area best developed east and south of the low F in the
middle~east and southeast part of the quadrangle; and a
magnetically complex area best developed in A, B, C, D, and
E zone-anomalies in the west-central to northern part of
the area.

Comparison of magnetic trends between the aeromagnetic
(Plate 1) and the ground magnetic (Plate 3)4maps shows that
the magnetically described flat area does not correspond
with the low in the aeromagnetic mnap.

Also, the vertical intensity anomalies can be related
to three different groups with respect to their intensity:
a) high~amplitude anomalies whose intensities exceed the
average map intensity (500 gammas) by as much as 120 gammas,
such as those in B, C, and D; b) anomalies whose amplitudes
are less than 550 gammas but greater than 500 gammas, such
as the sharp'gradients between A and B, C and D; and c¢)
ancmalies whose amplitudes are less than 500 gammas, such as
those in A, south of E, and the southeasternmost part of the
guadrangle (secs, 22 to 27, T. 3 S., R. 64 W,). ‘

The preceding description of the metamorphic rocks in
the Colorado basement would suggest early Precambrian bodies
of basic or acid rocks of gentle relief as possible sources
of the vertical magnetic anomalies., It is important to
point out that the northwest B, C, and D high trxend and its
associateé E low have an orientation similar to that of the

faulting systems in the Front Range to the west. This magnetic
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pattern may follow the preexisting planes of weakness in the
Precambrian host rocks (Tweto and Sims, 1963; Haun, 1967).

A tentative comparison of the groups of anomalies with
the basement complex rocks outlined in the Geologic Setting
section of this report shows that the high-amplitude anomalies
might be correlated with geological features of the high-
magnetic gneisses., The geological causes of the intermediate-
amplitude anomalies are varied; these causes may be the result
of several isolated or combined geological facts in the base-
ment rocks such as intrusive dike~like bodies, contacts
between different metamorphic rocks, and facies change in a
determined rock unit, The isolated low anomaly A may be due
to schistose rocks with low content of ferromagnetic minerals
as accessories, or due to some fractured and sheared zones
of negligible magnetic susceptibility.

For relating the vertical magnetic anomalies to the struc-
tural geology of the basement, it is necessary to know the
subsurface geology below the sedimentary‘rocks in the area.
The knowledge of the basement characteristics in the Manila
‘area is limited. No reliable information on the thickness
of the sedimentary section is available, Haun (1967) states
that the dominantAstructural trend north of Arsenal well
_ No. 1 is northeasterly, and extends at least 60 miles in an
area east-west; also, he concludes that the area of northeast-
trending structures may terminate abruptly in the vicinity
of the Arsenal well, and structures southeast of the well may

have a different trend. On this basis, a direct correlation
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between the geological picture and the magnetic anomalies
of profiles A~-A', B-B', and C-C' (Plate 3, Figs. 7, 8, and
9) is not evident due to the magnitude of the sharp
anomalies, In addition, several geologists (Fogarty, 1952;
Edwards, 1966) report that the sedimentary rocks in the
Manila area appear to be free from structural deformation.
In summary, there are no available geological evidences
which may be of value for a simple correlation of the vexr-
tical magnetic anomalies.

Figures 7, 8, and 9 show that the east-west low magnetic
trend in the north part of the profiles (Plate 3, secs. 19
to 25, 7. 2 S., R. 64 W,) 1is consistent along the area; how-
ever, the width of the‘rock—body producing anomaly may be
variable along the E-W strike of the body; on the other hand
the northwest high B (Plate 3, secs. 5 to 8, T. 3 S.) is
too sharp and narrow to be related té geological characteris-
tics in the basement.- On the basis of induced magnetism
theory, Figures 7 and 9 show the calculaﬁed anomnaly produced
by a schistose or fractured rock (K=1,350 x 107° cgs) con-
~tained in a bulk of gneissose rocks (K=2,700 x 10"6 cgs) .

In such figures the big discrepancy between the observed and
calculated magnetic anomalies is apparent. Thus, the
explanation of the vertical magnetic anomalies implies
additional magnetic characteristics such as the remanent
magnetism theory.

Remanen£ magnetism may be due to thermomagnetization

and chemical magnetization. According to Nagata (1961), it
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is a well-established fact that if a rock is heated above a
critical temperature (curie point), it losces all of its
remanent magnetism. If the rock is then allowed to cool in
a constant magnetic field such as the earth field, it will
acquire a component of magnetic polarization which is
directed along the ambient field., This process is known as
thermomagnetization, The second process, chemical magnetism,
is impressed on rocks as they undergo chemical alteration.
This process may take place at temperatures below the curie
point of magnetite.

Edwards (1966) points out that the Precambrian basement
rocks in the Denver basin have been affected by subseqguent
igneous activity. Hence, the anomalies in the Manila area
could be explained in terms of remanent magnetism associated
with those different periods of igneous activity. Geologic-
ally, the explanation has significance and may be correlated,
That is, the structural patterns of faults, following a
northwest trend, suggest that the weak-rock zones may be in
the same direction (Sims and Tweto, 1963). Therefore,
there are geological factors which might have produced
conspicuous changes in the north-south gradients of the
vertical magnetic anomalies at the Manila area.

Profile B-B' (Fig. 8) was selected to show the improve-
ment obtained in matching the vertical magnetic anomalies
when induced and remanent magnetism were considered in the
interpretation, The anomalies for different dike-like bodies

were calculated individually and then were added to give the
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computed values shown in the figure. In the first trial,
the central anomaly Y (Fig. 8) was assumed to be due to a
body~-rock L, which is about l-mile-=wide and its top is about
1,000 feet above the surface of the basement., Since the
theoretical computed anomaly produced by the combination

of the anomalies due to bodies L and O does not resemble
the observed one, additional calculations are required to
fit the negative anomalies X and %Z. The theoretical curves
for two dike=like bodies M and N with reverse magnetization
were evaluated. When the individual anomalies produced

by L, M, N, and O are added, the result gives the points
illustrated in the profile. The improvement in matching the
observed and calculated anomalies is evident, Notice that
there is a better agreement between observed and computed
anomalies in Figure 8 than in Figures 7 and 9. The calcu~-
lated curve (Fig. 8) has not been adﬁusted to agree with
that of the observed anomaly; that is, it still shows some
discrepancy that could be due to the combination of several
facts such as knobs from the basement, or local concentra-
‘tions of magnetic minerals in the basement complex and
within the post-Precambrian sediments. However, the 60-

to 70-gamma anomalies deviated from the calculated curve
show erratic patterns from one profile to another that
indicates local magnetic causes. The writer believes that
for the purposes of this investigation, a better matching
of local effects would have to be based on unknown and

detailed geological characteristics which could logically
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lead to a controversial interpretation,

The negative magnetic anomalies on either side of Y
(Fig. 8) may be the results of several plugs in the base~
ment produced by some deeper intrusions. Also, a consider-
able contribution to the low Z comes from body O, a dike-
like body with low magnetic susceptibility. However, the
assumed reverse magnetization for bodies M and N in this
case may be due to a chemical mechanism., The metamorphic
rocks in the basement are reported to be of different
mineralogical composition (Sheridan and others, 1966 and
1967) and are affected by post-Precambrian intrusions
(Edwards, 1966). These geological considerations, possibly
involved in the Manila area, are responsible for the mag-
netic anomalies. The apparent relationship might not be
real, but with the geological information available there

is no way to discern other probable causes.

Eastlake Area

The vertical magnetic profiles over roads in the area
(Figs. 10 to 15) present as peculiar features steeper mag-
netic gradients than those at Manila. The vertical magnetic
intensity decreases about 300 gammas from the Base Line
(Plate 2) at the north to the vicinity of the Quimby rail-
road station in the south (T. 1 and 2 S., R, 67 and 68 W.).
The rate of decrease is about 35 gammas per mile. Also, the
profiles show some magnetic noise, probably produced by

ferromagnetic minerals in the outcropping sediments; or
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perhaps produced by local disturbances due to cultural
activities. (Some of the stations lie within the towns of
Thornton City and Northglenn; others are close to agricul-
tural channels and railroads.)

The detailed profiles (Plate 2 and Figs., 16 and 17)
north of the Quimby railroad station (sec, 31, T. 1 S.,

R 67 We; secs, 6 and 7, T. 2 S., R. 67 W,; sec. 36,

T 1 S., R, 68 Wo; and sec. 1, T. 2 S., R. 68 W,) show
some magnetic gradients, but they are not so strong as
the one in the northern part of the area. This gradient
coincides with the regional one, which seems to disappear
in the neighborhood of this detailed zone. The small
anomalies in these profiles show inconsistent patterns
along the different;lines of surveying,

The gradient of this area is in agreement with the one
on the aeromagnetic map (Plate 1). The minimum of the
total intensity anomaly is virtually offset south of the
vertical anomaly, although the offset would not be dis-
cernable from a nearby source.

By observing the profiles (Figs. 10 to 17) it is notice-~
able that the trends of the small anomalies cross=-cut the
area for the most part, thereby suggesting a lack of
relationship betwean the magnetic anomalies and some struc-
tural control. In this area, the basement rocks pxrobably
have not been so severely deformed as in the Front Range,
However, the slight flatness in the profiles toward the

south seems to be consistent, but the area of agreement is
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too small to justify the statement that the magnetic feature
reflects the basement structure.

According to geological data, the gradient in this area
could be related to a change in magnetite content of the
Precambrian rocks. Furthermore, the zones of higher magnetic
intensity may be considered to be underlain by rocks of a
higher ferromagnetic content than the featureless zones of
low intensity. If this is the case, the schistose rocks in
the Front Range lie 3 or 4 miles off to the north. Thus, a
better approach is to establish some relationship with
sheared rocks north of Leroy's Ralston Buttes Formation,
This assumption matches quite well, since the steep gradient
must be produced by a sharp contrast in magnetic suscepti-
bility.

The interpretation of the magnetic profiles of Eastlake
in Figures 10 to 17 has been attempted on the basis of the
available subsurface information., The presence of the steep
gradient in sections aA-A‘', B-B', C-C', D-b', E-E', and F-F'
(Plate 2) indicates that it must be produced by a contact
within rocks of high and low susceptibility. However, it is
not possible to determine whether such a contact is between
amphibolite gneisses and schistose rocks or sheared rocks.
Therefore, an interface between an intrusive plug and the
sedimentary rocks is not to be expected, at least in the
northern part of the Eastlake area.

The best fitting for these anomalies is obtained through

the consideration of a broad section of metamorphic rocks
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‘striking east~-west. It is assumed that these rocks con-
stitute, magnetically, two metamorphic units: A
(2,700 x 107 cgs) and B (1,350 x 10”° cgs), whose dip is
70 to 85 degrees to the south; these dips conform to the
attitude of the Precambrian rocks on the Front Range (Lickus
and Leroy, 1967) . Magnetically, the amplitude of the
anomalies 1is considerably reduced when the body-rock dips
to the north. A third unit rock C may correspond to the
erratic anomalies toward the south in the area. This assump-
tion in terms of the generalized stratigraphic section
(Fig. 3)\suggests that at least three distinct rock units
might produce the magnetic anomalies at Eastlake. If such
is the case, there exists a lateral change in facies in the
rock of the lower susceptibility which produces the incon-
sistent anomalies in the south part of the profiles (Figs,
10 to 15). It appears that the change in facies may be
present, but the contact has not been delincated from mag-
netic data. A distinct lithology equivalént to the
geological profile between rock types B and C has not been
defined with confidence; hence, magnetic type C cannot be
explained satisfactorily. Thus, the correlation between
magnetic rock type C in the basement with the observed mag-
netic data appears to be gquestionable.

Another possible assumption in the interpretation is
that rock type C (K = 1,800 x 10"6 cgs) may be related to
a rock-body of a slightly higher susceptibility. On this

basis, a plug-stock in the basement can produce a distribu-
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tion of granite-~gneisses interlayered in rocks of low sus-
ceptibility. Edwards (1966) reports that the Laramide and
Tertiary batholithic intrusions are present in the buried
basement., Clark (1942) mentions that some of the Upper
Cretaceous formations crop out between the Eastlake area
and the Manila area. This fact is explained by considering
a dome structure superimposed on a buried knob in the base-
ment, In addition, the Bouguer anomaly of the Derby area
(Hamzawi, 1966) shows the possibility that there is an
uplift in the basement in the vicinity of Derby. However,
no reliable information on the structure of the post-
Precambrian intrusions in the areas surrounding Arsenal well
No. 1 is available from the gravity map. On this basis,

the effect of the supposed domal structure would be an
evident magnetic disturbance resulting from a change of
magnetic properties in the rocks. This explanation conforms
to the gravity data of the Derby area, but it does not
assure the presence of an uplift, Therefore, the apparent
relationship between magnetic and gravity data remains
‘unexplained. A definite geologic correlation of the magnetic
data is not possible until more information about the sub-
surface geology is available.

Schematic geologic profiles of the basement at the East-
lake area (Figs., 10 to 17) show the different bodies that
were used in the calculations of magnetic anomalies. The
major contribution to the anomalies comes from the sharp

contact between bodies A (K = 2,700 x 10"6 cgs) and B
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(K = 1,350 x 10-'6 cys); the maximum contribution resulting
from the interface B and C (K = 1,800 x lO“6 cgs) in the
south is about 20 gammas, which is small compared with an
amplitude of 260 gammas produced by the first contact in

the north. The magnetic anomalies along the different pro-
files indicate that the aséumed rock-bodies are consistently
present in the area. This fact suggests a correlation with
the stratigraphic generalized section in the Front Range
(Fig. 3) toward the north and the sheared rocks of Sheridan
and others (1967) referred to in this thesis. The magnetic
gradient.of profiles A-A' to F-F' (Figs., 10 to 15) corresponds
with the one in the deétailed profiles (Plate 2, Figs. 16 and
17) because there is a similar gradient between X and Y of

Figure 11 and along the profiles shown in Figures 16 and 17.
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SUHMIMARY AND CONCLUSIONS

In the anaiysis of the results, several remarks should
be made. First, uwicertainty factors play an important role
in the interpretation of magnetic anomalies. These factors
depend on the limited subsurface geological information and
sampling from the buried basement. These features should
be kept in mind when the observed and the computed anomalies
are compared. IlHence, the following statements should be
taken into consideration:

1. Inhomogeneities in the susceptibility of the neta-
morphic rocks may considerably reduce the reliability of
the quantitative results. Moreover, there is remanent
magnetism within the buried basement rocks; however, there
is no way of assessing the implications.

2. A good matching of the observed anomalies might
also have been obtained by varying the shape of the boundaries
and the directions of magnetization.

3. No attempt was made to interpret the small-amplitude
anomalies in the magnetic profiles of the Eastlake and Manila
areas. For the purpose of this study, they were considered
to be geologic noise and small in areal extension for a
deeper analysis,

4. Trom geological information, it was reasonable to

postulate that the magnetic properties used for the

59
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computations in the studied areas matched with an altered
broad banding of metamorphic rocks. This banding includes
the sheared, schistose, and gneissic rocks. However, the
magnetic data do not distinguish between the sheared and
schistose rocks.

5. If the cause of the magnetic variations in the
nastlake area is the susceptibility contrast between frac-
ture zones and amphibolite gneisses, there should be a
corresponding gravity variation. The density contrast
between the material of broad sheared rock zonzs and the
gneissiclrocks may have been detected by the gravity survey
(Hamzawi, 1966).

6. It is important to make clear whether the fracture
zones in the seismically active area (Plate 2) reach the
ton of tne basement or come from within the basement.
According to the seismic data, the vertical distribution of
the earthguake foci ranges from about 4 to 8 km (Romig,
1968) . These figures suggest thatrthe epicenter zone and the
faulting movenents should be associated with an active intra-
basement zone. In such a case, the magnetic anomalies
produced by a sharp contact between large masses of sheared
rock and highly magnetic metamorphic rocks should be similar
in amplitude and greater in areal extent than the ones
detected at the Eastlake area.

1

7. It is recommended that, if gecphysical exploration

work 1is going to continue in this highly interesting area,

more conclusive results may be obtained from seismology, or
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from the use of more refined and deeper magnetic techniques
along the exposed Precambrian rocks on the Front Range and
in the seismically active area. From these data other
geological and geophysical intended work can proceed with
gsome confidence. It would be useful to establish first
the characteristics of a sheared zone in the seismically
active area, since the relationship between vertical mag-
netic anomalies and structural geology at the Eastlake
area have not been made clear.

On the basis of the vertical magnetic intensity data
and the geological and geophysical information in the
studied areas, the author presents the following conclusions:

1. One of the most significant conclusions to come
from the magnetic data is that the amplitude of the com-
puted anomalies are, in géneral, close to the observed ones.
The matching'was obtained for a baserent depth of 11,500 to
13,000 feet in both areas.

2, The interpretation at the Manila area may arouse
objections, but it may also be improved according to the
“available geologic and magnetic information.

3. It is evident that the east-west aeromagnetic trend
in the north part of the Eastlake area (Plate 1) conforms
to the steep ground-magnetic gradient of 35 gammas per mile
between the Base Line aﬁd 5 to 6 miles southward (Plate 2).
From these points to the south, there exists certain flat-
ness in the vertical magnetic profiles (Figs. 10 to 17),

that also coincides with the one in the aeromagnetic map.



T 1173

This aeromagnetic trend seems to be distorted along the out-
lined secismically active area and has not been related to
before,

4, Vertical or dipping faults in the seismically active
area would have to have a displacement of more than 5,000
feet depth to account for an anomaly of about 100 gammas.
Geologically, this assumption is unreasonable. illence, the
mentioned steep gradient is not due to a major displacement
vertical fault, Therefore the only possibility of a fault~
ing system is the horizontal slide~strike type accompanied
by minor vertical displacenents. This type of faulting
with small horizontal displacement in a given rock type unit
cannot be detected by magnetic surveys.

5. The above gradient probably is due to a 4-mile-wide
section of metamorphic rocks striking east-west and dinping
about 80-degfees to the south. The susceptibility contrast
between this bulk of metamorpﬁic rocks and the host rock is
about 1,350 x 10"6 cgs unit,

6. The rock-producing anomaly at the Eastlake area is
believed to rernresent the eastern extension of the sheared
zone north of the Ralston Buttes Formation of Leroy. This
fact seens to be in agreement with the extension of Leroy's
formations eastward into the Denver basin.

7. According to the ground magnetic data, the width
of the lo& east~west aeromagnetic trend (Plate 1) seers to
decrease toward the east at the Manila area (secs. 19 to
25, T. 2 S., R, 64 W,, Plate 3). This diminishing in areal

magnetic extent probably indicates that the rocks of low
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magnetic susceptibility (i.e. schistose rocks) also decrease
in width from west to east.

8. The causes of magnetic anomalies in the Denver basin
are varied., Thercefore, the extension of the results obtained
in this study to other areas within the Denver basin is not
poséible. Independent analyses should be done in each
particular area, considering the available geological infor-

ration,
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APPENDIX

The vertical magnetic profiles at the Eastlake area and

the vertical intensity map of the Manila area are based on

the tabulation below. On this tabulation, all magnetic

values are expressed in gammas., Ileadings are explained as

follows:

STA

READ
TIME
D=~V

RECO

N-S & bBE-

MIV

FIV

W

The station numbers. The letters B or § indicate
base or sub-base steotions, respectively.

The magnetometer readings.

The time of reading the magnetometer.

The diurnal variation correction.

The magnetometer readings corrected by diurnal
variation. Values under headings READ and D=V

were added algebraically.

: The north-south and east~west components of the
normal (latitude and longitude) corrections,

The stations 0-0 and A~00 were taken as reference

in the surveyed areas.
The vertical magnetic intensity values at each
station., They are the results of adding
algebraically headings ReCO, N-S, and E-il,

The vertical magnetic intensity values added by
a constant K = 500,

The field book number and the corresponding page
number,

67
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STA READ
0-~0 +022
50 +093
15-00 +100
20-0C 4090
25~00 4050
30-0C ~016
3165-00~020
35-00 +042
40-00 +002
-1-1 +023
0-1 B 4010
1-1 +33
2-1 +31
31 +75
41 +76
5-1 B +091
61 +084
7-1 +105
8-~1 +120
9-~1 +148
10-01 4177
11-01 +123
12-01 +143
13-01 +148
14-01 +129
15-018B +117
16-01 +110
17-01 +104
18~01 +10C1
19--01 4089
20-018 +054
21-01 4087
22-01 4056
23-01 +049
24-~01 +071
25--01B <4064
26-01 +033
27-01 -01¢&
28-01 =007
29-01 =010
30-018 =017
31-01 -01¢
32-01 -~009
33-01 4019
34-01 +075
35-018 +036

TIME

10659
1526
1521
1610
0732
0849
0931
1038
0717

1050
1006
1116
1124
1132
1142
1439
1447
1453
1501
1510
1504
1458
1452
1446
1440
1434
1527
1532
1539
1545
1605
1639
1646
1651
1656
1714
0740
0746
0752
0759
c817
0904
0910
0517
0923
0952

~45

I B B B
YA N U AN b
FalierNe s Mea

H

+02
+01

00

(€3¢
~01
-0z
+02
+03
+C3
+073

-01

RECO
MANTILA

+020
+048
+074
+063
+05

~015
~017
+034
-0

+024
+022
+025
+021
+062
+060
+03%
+028
+051
+065
+055
+150
+065
+114
+118
+C98
+035
+084
+G77
+074
+062
+056
+0866
+028
+023
+057
+066
+034
-01¢4
-007
-011
-02¢
-017
~-003
+022
+078

+035

AREA

~-03
-14
=36
A
-58
-69
-72
-80
-90

~-01
-03
-06
~-08
-1Q
-12
- l ly
~17
-19
~21
~23
~26

-
L

~30
-32

-24

-36
-38
—40
-3
-45
47
-49
-51
~53
-56
~58
-60
-52
-64
~567
-69
-71
-73
~75
-77
-50

e
00
ce
00
010
03¢
00
00
0C

+01
+01
+01
+01
+01
+0C1
+01
+01
+01
+01
+01
+01
+01
+C1
+01
+C1
+01
+01
+01
+01
+01
+01
+01
+01
+01
+C1
+01
+C1
+01
+C1
+31
+01
+C1
+01
+01
+01
+01

MIv

+017
+034
+038
+0 1 19)
~-007
~-084
~089
~046
-0%4

+02¢4
+02¢C
+020
+014
+053
+049
+020
+012
+033
+048
+076
+125
+~069
+085
+037
+065
+050
+047
+0328
+032
+018
+01¢C
+018
-012
-019
+002
+009
-025
-047
~-070
-Q077
-088
-087
~079
-052
+002
064

517
534

28
516
493
416
411

&5
OoOWUm
o &

N
[SA BN e e R

TN UYL U an
e N

(S )]
s NS
Ny DO

5313
548
576
625
569
585
587
565
550
547
538
522
518
510
518
488
481
502
509
£75
453
430
423
412
413
425
448
502

65

[

b et b ped b ) b fed e
[

WWN NN =0 O

C O L OV ®mUW,

!

|

1

[

b

1
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[ N SO R STy OV PPN )
H !

Pt ped et Bt bed ) s g
@~ w0

4
i

=t ot
{9
4
o m

Page
1-18
1-18
1-18
1-18
1-29
i-29
1-29
1-29
1-29
1-29
1-29
1-29
1-29
1-29
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STA

36~01
37-01
38-01
39~01
4n-018
41-01

0-2
5.2
15-02
2002
25-02
30-02
35-02
40-02

15~03
20-05
25-03
30~-03
3p~365
35-03
40-03

(S Re]
[SURRY

READ

+047
+041
+044
+0C9
~014
-025

+042
+072
+133
+0632
+058
-016
+027
-021

+041]
+078
+146
+(53
+056
+006
+011
+008
-~025

+043
+081
+072
+165
+051
+053
+006
-022

+077
+076
+05¢4
+099S
+04C
+Q03
+053
+022
~-020

+110
+115
+091

TIME

1123
1129
1134
1141
€637
0709

1013
1534
1146
1618
0649
c8z24
0958
G643

1020
1542
1140
1624
658
0831
083¢
1005

OC‘.-ZLC)

1028
1250
1803
1135
1113
0702
1012
0655

1036
1587
1755
1129
1106
0712
1002
1018
Q700

0902
1232
1238

+10

+05

RECO

+032
+025
+026
-010
-023
-031

+052
+030
+]1 04
+037
+063
~018
+025
-030

+05%C
+039
+118
+0286
+060
+005
+011
+005
-C33

+050
+045
+0&68
+137
+026
+057
+002
-030

+082
+043
+048
+072
+016
+006
+028
+017
-027

+090
+054

-—8[L

-86

-03%
~14
-25
-36
-47
-58
-80

~20

~03
-15
-25
-36
~47
-58
~-69
-80
-30

-04
~ 05

-08

E-W

+01
+01
+01
+01
+01
+01

+02
+02
+02
+02
+C2
+02
+02
+C2

+03
+03
+03
+03
+03
+03
+04
+03
+03

+ 04
+04
+04
+04
04
+04
+04
+04

+05
+05
+05
+05%
+05
+05
+05
+05
+05

+06
+06
+06

MIv

~049
~058
~059
~097
~112

-123

+051
+018
+568
~-008
+007
-85
-053
-118

+050
+028
+085
-Q16
+005
-~061
~054
-072
~120

+04:7
+035
+047
+105
-017
+003
~-074
-116

+08¢
+033
+028
+041
~026
-047
~036
~058
-112

+0972
+0G4
+067

€9
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STA

Pl

!

VOO LW
14
coorcoo0oee

§

10~6
11-06
12--06
13-06
14-06
15-~068
16-06
17-06
1806
19-06
20-068
21-06
22-06
2306
24-06
25-06
2606
27-06
28-06
2906
3106
32-006
34--06
35-06
38-06
39-06
40-068B
41-06
0--7
5~7
10-7
15-07
20~07
25-07
30--07
40-07

READ

+064
+061
+076
+077
+077
+068
+052
+025
+047
+066
+068
+079
+078
+060
+043
+033
+023
+019
-008
-(4.8
-056
-05%9
-067
+007
+062
+091
+091
+096
+067
+027
+031
+001
-012
-016
~0N8

+105
+039
+006
+087
+013
~059
+093
~0C3

+120
+019
-020

TIME

1630
1622
1614
1649
1657
1704
1712
1727
0948
0GL6
0949
0924
0927
1006
1012
1017
1022
1028
1047
1052
1057
0712
0702
0847
0855
1018
1027
1051
1059
1101
1053
0751
0741
0735
0804

0855
0654
1734
0909
0832
0656
0953
0820

0847
0702
17432

D~V

-~33
~32
~-31
-31
-27
-23
-15
-13
~15
~14

-13

-27
-26
-12
-10
-08
"07
-06
..,09

-18
-08
~-11
~06

00
._08
~-24
=11

=16
~05
_09

RECO

+031
+029
+045
+046
+050
+045
+037
+012
+032
+052
+055
+066
+067
+0473
+025
+014
+004
-001
~030
~-071
-Q7¢
~-06%
-N58
~002
+08%2
+065
+ 064G
+069
+041
+015
+021
-007
~019
~-022
-017

+087
+031
-005
+081
+013
-067
+069
-Cl4

+104
+014
-029

-10
-13
-15
~17
~19
-21
~23
~25
~28
~30
~32
~34

-28
~l
~4 3
-45

-7

-49

-51
~-54
P 5 6
~58
-50
-62
~65
~67
-71
-73
77
-80
-86
~88
~90

~93

-04
-15
-295
-35
~47
-58
-69
-G0

-04
-15
-25

+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06
+06

+07
+07
+07
+07
+07
+07
+07
+07

+08
+08
+08

MIV

+027
+022
4036
+035
+037
+030
+020
~007
+010
+028
+029
+032
+037
+011
-010
-023
-035
-042
-073
~116
-127
-119
-110
~-056
~004
+006
+0073
+00¢4
-026
-056
-n53
-087
-101
-106
-104

+090
+0273
-0p23
+052
-027
-118
+C07
~-097

+108
+007
—-NLb

527
522
536
535
537
530
520
4973
510
528
529
532
537
511
490
477
465
458
427
384
373
381
390
Lot
496
506
503
504
474
444
447
413
399
394
396

590
523
477
552
473
382
507
403

608
S07
454

1-05
1-05
1-05
1-05
1-06
1-06
1-06
1-06
1-17
1-17
1-17
1-17
1-16
1-17
1-17
1-17
1-17
1-17
1-17
1-17
1-17
i-19
1-1¢
1-19
1-19
1-20
1-20
1-20
1-20
1-30
1-30
1-31
1-3p
1-30
1-31

1-07
1-06
1-06
1-16
1-16
1-19
1-20
1-31

1-07
1-06
1-06
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STA

15-08
20-08
25-08
30-08
33-08
34-08
40~08

0-9
5-9
10-09
15-09
20-09
25--09
39-0%
35-09

n-10

5-10
1010
15-10
2010
25-10
3010
35-10
4010

-1-11
0~-118
1-11
2-11
3-11
4-11
5-118
6-11
7-11
8-11
9--11

1p0-118

11-11

12-11

13-11

14--11

15-118

16--11

17-11

18-11

19-11

READ

-102
+027
-n78
+092
+0n63
+040
~-0C2

+127
-261
-027
+099
+022
-072
+053
+035

+024
~-017
-152
+056
+N45
-088
+039
+055
+047

+067
+046
+0573
+062
+039
+G20
-004
+018
+014
+002
~-0560
-039%9
-051
-010
+005
+012
+024
+0472
+062

- +078

+087

TIME

0902
0826
0650
0934
0924
0915
0831

0839
0711
1118
0856
0821
0642
(1928
0905

0831
0717
1111
0850
0816
c636
0921
0o00
113¢

0918
0810
o802
0755
747
0740
0733
1011
1017
1024
103¢
1036
c706
0700
0654
0649
0643
0722
729
G735
C740

~05
+02
-08
-20
..,.2’%
-22
~12

~-14
co
~4 4
~04
+03
~07
~19
-20

=12
+C2
—-45
-03
+04
~-06
-17
~19

~27

-24
-04
~02

00
+02
+04
+06
=41
-43
~44
-45
-46

00
~02
-03
-05
-06
+03
+04
+04
+05

RECO

-~107
+029
-070
+072
+040
+018
~010

+113
-261
~-071
+095
+025
-079
+034
+C15

+012
~015
-197
+0872
+049
~0%4
+022
+037
+020

+043
+042
+051
+0&2
+041
+020
+002
-023
-029
-042
-~105
~085
-051
-012
+002
+007
+018
+045
+066
+082
+092

-36
-~47
-58
~-69
-75
~78
-90

-0&4
~15
-25
~36
-7
-58
-69
-80

-04
=15
-25
=36
-7
-58
-69
~80
-91

-02
-0
-0&
~08
-10
-12
-15
-17
-19
~-21
-23
~-26
-28

-2
=

-32
~34
-3¢
-39
-4
~43
-45

+08
+08

+08

+08
+08
+08
+08

+09
+09
+C9
+C9
+09
+09
+09
+09

+10
+10
+10
+10
+10
+10
+10
+10
+10

+11
+11
+11
+11
+11
+11
+11
+11
+11
+11
+11
+311
+11
+11
+11
+11
+11
+11
+11
+11
+11

MIvV

+079
-G18
-120
+011
-027
-052
-092

+118
~267
-087
+068
~013
~-128
-026
~056

+018
-020
-212
+027
+012
~142
-037
-033
~-061

+052
+049
+056
+065
+042
+023
~-002
-029
-037
-052
-117
-099
-068
-031
-019
-016
-007
+017
+036
+050
+058

FIv

579
482
380
511
473
448
408

618
233
413
568

483

372
474
444

51¢
480
288
527
512
358
463
467
439

552
549
556
565
542
523
498
471
463
448
383
401
4372
459
481
484
493
517
536
550
558

71
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O STA

20~11
21-11
22-11
23-~-11
24-11
25-118
26-11
27-11
28-11
29~-11
3n-118
31-11
3211
33-~11
34-11
35--118
36~11
37-11
38-11
39-11
4o~-11
41-11

0-12

5-12
1n-12
15-12
20-12
25-12
30-12
35-12
4n~-12

0-13

5-13
10-13
15-13
20-13
25-13
3n-13
35-13
40--13

0-14-

5-14
lo-14
15-14
2014

READ

+077
+052
+019
-029
~054
-100
-057
~035
~-018
+002
+027
+048
+051
+075
+089
+062
+068
+047
+04b
+044
+047
+042

+093
+021
-047
+025
+091
~053
+025
+100
+050

+062
-089
-083
+015
+083
+057
+002
+083
+068

+046
-103
~-071
+002
+077

TIME

0747
0748
0743
G736
0729
0629
0811
0817
0823
0829
N914
1434
1440
1446
1453
0854
1019
1025
1031
1036
1043
1050

0925
1134
1052
1723
0803
038GC5
1509
0949
1111

0933
1141
1059
1747
0808
1658
1516
0959
1120

0940
1147
1543
1741
1704

+06

~16

+05
+04
~21
~24
-26

-30
-47
~44
-20
-21

RECO

+083
+047
+012
~037
~064
-105
~-062
-040
~-024
~-004
+012
+026
+030
+054
+06%
+074
+046
+024
+021
+021
+024
+018

+067
-024
~093
+007
+097
-057
+005
+075
+025

+034
-135
-129
~C04
+088
+061
-019
+C59
+042

+C16
~150
-115
-019
+C56

-4 7
~49
~-57
-54
-56
-58
~60
~-62
-65
~-67
-69
-71
-73
-75
-78
~80
P
-84
-86
-88
-91
-93

-04
~15
-26
-27
-47
~58
~-6G
-80
~-91

-04
-15
-26
-37
-47
-58
-69
-80

-91

-04
-15
-26
-37
-43

E-v

+11
+11

+11

+11
+11
+11
+11

+11.

+11
+11
+11
+11
+11
+11
+11
+11
+11
+11
+11
+11
+11
+11

+12
+12
+12
+12
+12
+12
+12
+12
+12

+13
+173
+13
+13
+13
+13
+13
+13

+13

+14
+14
+14
+14
+14

MIv

+047
+0009
-029
-080
~-109
-152
-111
-091
-078
-060
-Q46
-034
-032
-010
+002
+005
-025
-049
-054
-057
-056
~-064

+075
-027
-107
-C18
+062
-103
-052
+007
-054

+0473
-137
-142
-028
+054
+016
-075
-008
-036

+026
-149

-127

-042
+022

Flv

547
509
471
420
391
348
389
409
422
4490
454
466
468
490
502
505
475
451
446
443
444
436

575
47%
393
482
562
397
443
507
446

543
363
358
472
554
516
425
492
L6 4

526
351
373
458
522

72

1-16
1-19
1-19
1-19
1-19
1--19
1-19
1-19
1-19
1-19
1-19
1-20
1-20
1-20
1-20
1--31
1-31
1-31
1-31
1-31
1-31
1-31

1-07
1--08
1-07
1-15
1-16
1-19
1-20
1-31
1-31

1-07
1-08
1-07
1-15
1-16
1-21
1-20
1-31
1-31

1-07
1-G68
1-08
1-15
1-15



!-[I

1173

STA

2514
3n-14
35-14

n~15

5~15
l1o-15
15-1%
20-15
25-15
30-15
35-15

1-16
2-16
205“‘16
3-16
4--16
5-168
616
7-16
E~16
9-16
1In-16
11-16
12-16
13~16
14-16
‘15168
16-16
17-16
18-16
16-~-16
20-16
21-16
22~-16
23-16
2416
25-16R
25~16
27-16
28-16
29-16
30-168
31-16
32-16
33-16
34-16

READ

+110
~030
+051

+042
~-070
~-050
~012
+049
+082
~032
+044

+037
+015
+010
+C01
~-027
1016
~-015
+022
+011
~-034
~-025
+001
+023
+008
-008
~C20
-021
-01%
-008
-008
+004
+030
-003
+147
+080
+071
+115
+094
+058
+050
+028
~049
-~055
-050
+002

TIME

1652
1529
1646

0946
1153
1537
1735
1657
1646
1529
1639

1624
1617
1609
1603
1557
1432
1438
1445
1452
1459
1506
1584
1547
1541
1536
1151
1610
1617
1628
1635
1641
1710
0708
0659
C654
1622
1616
1609
1603
1556
1549
0837
0849
1754
1746

+02
-22
00

-31
~49
~-43
=21
=20

00
=23
-02

-35
-37
~40
-4 2
~473
~47
-l 6
-45
-4 2
~42
~41
-24
-25
-25
~-26
-23
-23
-23
-22
-21
-21
-21
+11
+08
+07
-11
-13
-14
-16
-18
-20C
+01
~02
+06
+07

RECO

+112
-052
+C51

+011
-119
-0G63
-033
+029
+082
-~055
+042

-002
-022
-030
-C42
~-Q70
-031
~061
-023
~-032
-076
-066
-023
-002
~017
...O?)l;.
-043
~-044
-038
-030
-029
-017
+009
+0cé
+155
+087
+06C
+102
+080
+042
+032
+0C8
-048
-057
-~ 04t
+00S

.

N-S§

~58

~-69

-80

-0k
-15
-26
-37
~48
-58
-69
~80

-06
-08
=09
-11
-13
-15
~17
-19
~21
~-24
-26
--28
-30
-32
=34
-37
-39
-41
~-473
~45
~48
~-49
-51
~54
-56
~-58
-60
~-62
-65
-67
-569
-71
-73
-76
-78

E--w

+14
+14
+14

+15
+15
+15
+15
+15
+15
+15
+15

+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16
+16

MIv

+068
-107
~015

+022
~119
-104
-055
-004
+039
-~109
~023

+012
~-01l4
-023
-037
-067
-030
-062
-026
~-037
-084
-076
-035
-016
-033
-052
-064
-067
-063
-057
-058
-049
-024
-027
+117
+047
+018
+058
+034
-007
-019
-045
-103
~11&
-104
-053

Flv

568
393
485

522
381
396
445
496
539
291
477

512
486
417
463
433
470
4238
L7 4L
453
416
424
465
484
467
448
436
423
437
4473
442
451
4756
473
617
547
518
558
534
4973
481
455
397
386
396
447

1-21
1-20
1-23

1-07
1-08
1-08
1-15
1-15
1-21
1-20
1-23

1-08
1-08
1-08
1-08
1-08
1-08
1-08
1-c8
1-038
1-08
1-08
1~-15
1-15
1-15
1-15
1-14
1-15
1-15
1-15
1-15
1-15
1-15
1-21
1-21
1-21
1-21
1-21
1-21
1-20
1-20
1-20
1-22
1-22
1-23
1-23



1173

STA

35-168
36-16
3716
39-16
L0=16
41-168B

5-17
10-17
15-17
20--17
25-17
3n0-17
25-17

41-17

5-18
10-18
15-18
20-18
25-18
3n-18
35~18
41-18

5-19
10-19
15-19
20-19
25--19
30-19
35-19

READ

+036
+041
+052
+105
+118
+080

-002
-0%9
-032
~-015
+062
~012
+048
+095

+001
~0386
~N49
~042
+063
~-070
+054
+068

+003
~065
-063
-052
+026
~0%73
+058

40e5-19+052

5-20
10-20
15-20
20-20
25--20
30-2¢C
35-20
4020

1-21-
2-21
3~21
421
5-218

-025
~C53
~074
~074
-020
-013
+068
+044

+C14
+004
-012
-032
-053

TIME

1633
1716
1725
1557
1549
0828

1644
1521
1142
1717
0726
0759
1543
0928

1650
1528
1140
1724
0734
08CH

1525

G

o
O
N
%

1687
0808
1132
1481
1055
£811
1530
0%16

1704
0801
1128
1445
1045
0818
1524
0909

1747
1738
1731
1725
1718

=04
+06
+07
-20
-20
+24

~27
-41
-23
-21
+13
+10
-19
-09

-25
-4
-24
-22
+13
+08
-20
~-08

-20
-05
~24
-26
~14
+07
-21
-07

-17

~06
~24

+05

RECO

+032
+047
+059
+085
+098
+104

-029
~100
~056
-036
+075
~0N2
+026%
+086

-~025
--080
-073
-0&4
+076
-062
+034
+060

-017
070
~-027
-Nn78
+012
-045
+037
+045

Q4?2
-056
-098
-100
-035
-008
+046
+037

+G1l0
~0N2
-019
-040
-062

~80
~82
-84
-89
~91

-9¢4

-15
=26
-37
-4 8
-58
-69
~-80
-93

-~15
-25
~37
-48
~58
~-69
-80
-G3

~15
-26
-37
~48
-58
-6G
~-8C
~-92

~15
-26
-37
-48
~-58
-6G
-80
~-92

-06
-08
-10
~13
-15

E-W

+16
+16

+16

+16
+16
+16

+17.

+17
+17
+17
+17
+17
+17
+17

+19
+19
+19
+19
+18
+19
+19
+19

+20
+20
+20
+20
+20
+20
+20
+20

+21
+21
+21
+21
+21
+21
+21
+21

+22
+22
+22
+22
+22

MIV

-032
~-019
~009
+012
+023
+026

-027
=109
~-076
~-067
+034
~054
~034
+010

~-021
~-087
~091
-093
+036
-112
~-027
-01l4

-012
~076
-104
-106
-026
-095
~023
-027

-036
~064
~114
-127
~072
-056
-013
~034

-026
+012
-007
~031
-055

FIv

468
481
491
512
523
526

473
391
424
433
534
L4 6
466
510

479
413
409
407
536
388
473
486

488
424
396
394
474
405
477
473

L4
436
386
373
428
L4 4
487
466

526
512
493
469
445

74



ll\

1173

STA

6--21

7-21

8§-21
09-21
10~21
11-21
12~21
13-21
14-21.
15-218
16-21
17-21
18-21
19-21
20-21
21-21
22~21
23--21
24-21
25-218
26-21
27-21
2821
29-21
30-218
31-21
32-21
33-21
34-21
35218
36-21
37~-21
38-21
36--21
40218
41--21

5-22
1n-22
1522
20-22
25-22
30-22
35-22
Ln-22

5-23
1n=-23

READ

~-096
-110
-090
-070
-043
+00732
+004
~-02732
-081
-096
-0%0
~077
~-072
-071
-063
~082
~069%
-071
-066
~073
-092
~-076
-05%
-022
+021
+046
+064
+067
+069
+076
+0S%0n
+1C0
+088
+075%
+039
+04tL

-036
_Ol; 6
-0g2
=063
~-082
+019
+086
+030

~-050

-045

TIME

0659
0705
0712
0719
0726
1041
1036
1030
1024
1002
1056
1102
1107
1113
1438
1502
1509
1021
1012
0938
©S30
0624
091%
09132
0907
1433
14639
1 &l 6
1452
1458
1010
1003
0958
0951
0901
0936

0826
0745
0956
1031
1118
c725
1559
0844

0834
0752

=05
-05
-06
=06
-07
=21
-20
=20
-19
-15
-22
~23
~24
=24
-27
=26
-25
~1l4
-12
~07
=06
~05
-..O/,;
~-03
-02
~28

-25

RECO

-101
-115
~-096
-076
-050
~018
~-016
-042
=100
~111
-112
-100
~-026
-095
~-090
~-108
~0%4
~085
~078
~080
~G93
-081
-059
-n25
+019
+018
+038
+042
+046
+05%4
+0786
+088
+077
+064
+033
+03¢4

-042
-053
-C96
-081
-098
+014%
+071
+029

-057
-052

-17
-16
~21
-24
=26
-28
-30
-32
~-35
~37
-3G
~41
-4 3
=45
-48
-50

-52

-5 -

-56
-58
61
~63
55
67
-69
-711
~-74
-76
-78
-80
-82
-84
-87
-89
-91
-93
-15
=26
-37
-48
-58
-69
-80
~-91

-15
—26

E-W

+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
422
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22
+22

+22

+23
+23
+23
+22
+22
+23
+23
+23

+24
+24

M1y

~096
~-112
-095
~078
~054
~024
~-024%
-053
-113
-126
=129
-119
-117
-118
-116
-136
-124
-117
~-112
-116
-137
-122
-102
=070
-038
-031
-014
-012
-010
-004
+018
+026
+012
-003
-036
-037

=034
~056
-110
=107
-134
~-032
+014
-039

~-048
-054

Flv

404
388
405
422
L5
476
476
L4l
387
374
371
381
383
382
384
464
276
383
388
38z
363
378
398
4390
462
469
485
488
490
49¢
518
526
512
497

464

463

466
444
390
293
366
468
514
461

452
446

75

R-B

1-09
1-09
1-09-
1-09
1-09
1-14
1-14
1-14
1-14
1-13
1-14
1-1¢4
1-14
1-14
1-14
1-14
1-14
1-22
1-22
1-22
1-22
1-22
1-22
1-22
1-22
1-22
1-23
1-23
1-23
1-23
1-33
1-33
1-33
1-33
1-32
1-33

1-10
1-09
1-13
1-25
1-22
1-24
1-23
1-32



T

1173

STA

15--23
20-23
25-23
30-23
35~23
40--23

0~24

5-24
1n-24
15-24
2024
25-24
3p-24
35-24
39~-24

n~25

5-25
10-25
15-25
2025
25-25
3025
35-25
39~25

-2-26
-1-26
0268
1-26
2=26
3-26
4-26
5-268
6-26
7256
8~26
9-256
10-268
1126
12-2¢
13-.26
l4-26
15-268
16-26
17--26
18~-256

READ

~077
-022
~061
+027
+095
+029

+045
-Q46
~-008
-049
+002
-030
+035
+094
+022

+042
~-032
+008
-025
+004
-022
+044
+072
+014

+0473
+039
+029
+024
-001
-~021
-028
-045
-027
~058

~006

+008
+020
-025
~030
~072
~010
~01%
+002
+007
+014

TIME

0950
1025
1127
0731
1609
0837

1029
0841
1606
0944
1018
0934
0737
1530
0830

1023
0847
1600
0938
1011
0928
0744
15272
0824

1001
0954
0936
0929
0922
0915
09C9
0902
1446
1453
1500
1507
1522
17C8
1715
1721
1728
0647
0601
0906
0912

-14
-18
-18
-06
-12

60

-29
-08
-~34
-13
-18
»‘12
~07
-22
+01

~28
~09
~34
-12
-18
-12
~09
24
+02

-24
-22
-18
-17
-15
-14
-12
-11
-39
-39
~40
=40
-37
-24
-22
=20
..19
+03
-06
-07
-08

RECO

-091
-C40
-079
+021
+083
+029

+016
-054
~Q42
-0562
~0156
~042
+028
+072
+023

+014
-04&]
~-026
~-037
-014%
-034
+035
+0485
+016

+019
+017
+011
+007
-016
-035
-040
-056
~066
-0S7
~046
-0322
~-017
-049
-052
-092
-039
-012
-C04

000
+006

N-S

-37
-4.8
-~-58
-69
-80
-91]

..aO[;
~-15
-26
-37
-4 8
-59
~-69
..81
-91

~04

-59

-2

-37

E-v

+24
+24
+23
+24
+24
+24

+25
+25
+25
+25
+25
+25
+25
+25
+25

+26
+26
+26
+26
+26
+26
+26
+26
+26

+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27

MIv

-104
~064
-114
-024
+027
~-038

+037
-044
—~043
~Q74
~-039
-076
-016
+016
-~0473

+036
-030
-026
_048
-036
-067
-008
-0C7
-048

+046
+042
+03¢&
+028
+002
-018
-026
~044
~056
-090
-041
-029
-016
-050
-056
-098
-047
-022
~-01l6
~01l4
-011

Flv

396
426
386
476
527
462

537
456
457
426
461
424
L84
516
457

536
470
474
452
454
4373
492
493
452

546
542
534
528
502
4382
474
456
G444
410
459
471
484
450
Loy
4902
453
478
484
486
489

76

1-13
1-25
1-22
124
1-23
1-32

1-1¢
1-10
1-12
1-13
1-25
1-24
1-24
1-32
1-32

1-1n
1-10
1-12
1-13
1-25
1-24
124
1-32
1~32

1-10
1-10
1-10
1-10
1-10
1-10
1-10
1-10
1-11
1-11
1-11
1-11
1-11
1-12
1-12
1-12
1-12
1-12
1-13
113
1-13



I'll

1173

STA READ
1926 4011
20-268 +016
2126 +009
22~26 4007
23~26 +007
24~256 +001
25-268 ~-008
26-26 -—-0Q03
27-26 +008
28=26 +022
29-26 +037
30~-26B +046
31-26 4092
3226 +091
33-26 +082
34-26 4071
35-268 +064
3626 4041
3726 +036
38-26 4030
38e5-264035
39..26B 4023
40~26 +018
41~26 4020
-1-27 4042

0-27 +038
5-27 =014
102 +014
15-27 =012
20-27 4023
25=27 +025
30-27 4069
35-27 4056
385274026
39-27 4014
0-28 +050
5-28 -015
10-28 =005
15-28 ~007
25-28 4034
30-28 4069
35~28- +043
38¢5-~284022
39--28 4028
5-29 4052

TIME

0918
1¢05
0913
0906
(859
£853
0847
0828
0821
0815
0809
0802
1452
1446
1440
1434
1427
1627
1620
1613
1546
1607
1637
1642

1010
1038
1110
1528
0653
1052
1442
6722
1508
1529
1503

1044
1116
1534
0700
1449
0729
1514
1532
1455

1123

~08

-34

+02
-20
-30
=07
-26
-23
=29

~31
~-35
-36
+02
=29
=06
-25
-25
~28

RECO

+002
~-002
-001
-CC2
-001
-007
-015%
-009%
+001
+015
+029
+037
+067
+065
+057
+046
+040
+031
+024
+0195
+013
+007
+01¢
+01¢4

+016
+008
-05

-022
-010
+0G03
-005
+062
+030
+006
-015

+019
-050
-041
-005
+005
+063
+018

-0n3

000

+016

-6
-48
-50

- R
~

-~55
~57
-59
-61
-63
-65
-68
-70
~72
-74
-76
-78
-81
-82
-85
-87
-88
~90
-91

-9y

~01
-04
~15
-2¢
~37
-8
-48
~70
-81
~-88
-89
-04
~-15
~25
-37
-4 8
-70
-81
~-88
-89

-15

E-W

+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27
+27

+28
+28
+28
+28
+28
+28
+28
+28
+28
+08
+28

+29
+29
+29
+29
+29
+29
+29
+29
+29

Flv

483
477
476
£73
471
463
453
457
465
477
488
494
522
518
508
495
486
476
466
455
452
A
LLg
447

543
532
463
480
481
483
475
520
477
444
4z¢4

544
464
462
487
486
522
466
438
440

469

R--B

1-13
1-25
1-24
1-24
1-24
1-24
1-24
1-24
1-24
1-24
1-24
1-24
1-32
1-32
1-32
1-32
1-32
1-28
1--28
1-28

1-28

1-28
1-28
1-28

1-10
1-10
1-10
1-11
1-12
1-25
1-25
1-26
1-32
1-28
1-28

1-10
1--11
1-11
1-12
1-25
1-26
1-32
1-28
1-28



lJ.I

1173

STA READ
1029 -024
15-29 -0G2
20-29 +016
25-29 4039
30-29  +052
3529 4020
3865-294020
39-29 4013

5=30 +006
10-30 4008
15-30 +010
20~50 +C35
25=-30 4047
3n-30 4040
35-30 +016
38.5-30+010
36-30 005

3-31 +012

4-31  +005

5-31 4019

6-31 +014

7-31 +024

9-31 4009
10~31 4014
11-31 4008
12-31 4007
13-31 +001
14-31 4017
15-318B 4033
16-31 +034
17-31 028
18-31 4030
19--31 4037
20-31 +042
21-31 +058
22-31 4065
23-31 +073
24~31 4072
25-31B 4073
26-31 +058
" 27-31 4054
28-31 4045
29-31 +037
30~-31B +025
31-31 4028
32-31 +018

TIME

1540
0706
1629
1456
0735
1013
1526
1448

1129
1546
0712
1622
1502
0742
1006
1519
1441

1147
1141
1220
1156

~43
1628
1622
1649
1654
C741
0735
0719
0807
c31%
0821
0828
0836
154%
15329
1523
1526
1521
0826
0819
cg1lz2
0807
0801
0904
0910

D-v

=36
+01
-05
--28
-05
~15
-26
-28

-38
-35
+01
~06
~27
-05
~14
~28
=27

~4]
~40G
-4 6
-42
019
-33
-27
-27
-26
+02
+02
0C
-01
-01
-02
-03
-03
-18
~-2C
~22
-23
-25
-02
-03
-04
-04
-05
..06
-06

RECO

-060
-001
+011
+011
+047
+005
=006
~015

~034
-0473
+011
+029
+020
+035
+002
-C18
-022

~029
-035
-027
~028

~20
(024
-018
-019
-019
+0032
+019
+033
+033
+027
+028
+C34
+03%
+040
+045
+051
+049
+04¢8
+056
+051
+041
+033
+020
+022
+012

-89

+30

+20
+30
+30
+30
+20
+30
+30

+31
+31
+31
+31
+31
+31
+31
+31
+31

+32
+32
+32
+32
-007
+32
4..3 2
+32
+32
+32

. +32

+32
+32
+32
+32
+32
+32

+32

+32
+32
+32
+32
+32
+32
+32
+32
+32
+32
+32

MIvV

-056
=008
-007
-007
+007
_Ol.';f)
-064
~-074

-018
-038
+005
+012
+003
~-004
-048
=075
-080

-008
-016
-011
~Cld4

493
-017
~-012
-015
-018
+002
+016
+028
+026
+017
+016
+020
+023
+022
+025
+028
+024
+021
+027
+020
+008
-0073
~018
-018
-030

FIv

444
L92
493
493
507
454
436
426

482
462
505
512
503
496
452
425
420

492
484
489
486
-11
483
488
485
482
502
516
528
526
517
516
520
523
522
525
528
524
521
527
520
508
497
482
482
470

78

1-11
1-12
1-26
1-25
1-26
1-27
1-28
1-28

1-11
1-11
1-12
1-26
1-25
1-256
1-27
1-28
1-28

1-11
1-11
1-11
1-11

1-12
1-12
1-12
1-12
1-13
1-13
1-12
1-13
1-13
1-13
1-13
1-13
1-25
1-25
1-25
1--25
1-25
1-26
1-26
1-26
1-26
1-26
1-27
1-27



T 1173

STA

33-31
3431
35-318
36-31
37-31
38-318
39-31
40-31
41-31

5-32
10-32
15-32
20-32
25-32
3p-32
35-32
36~328B

533
10-33
15-232
20-33
25-~33
30-33
35-33
3833
29-33

A-00
A-01
A-02
A~03
A-04
A-058
A-06
A-07
A-08
A-09
A-10
A-11
A-125
A-13
A-14
A-158

READ

+012
+004
+003
+007
+006
+007
~001
-004
-004&4

+020
+014
+022
+041
+044
+021
+002
-002

+030
4075
+020
+029
+033
+012
-005
+006
+006

+124
+105
+095
+086
+063
+076
+049
+058
+0473
+036
+023
+016
+012
+020
+005
-012

TIME

0916
0922
0928
1028
1035
1107
1113
1120
1120

1210
1635
0748
1610
1654
0842
0954
1042

1215
1640
0754
1616
1700
0848
1009
1048
1136

0949
0943
0936
0928
0921
0848
0841
0834
0826
0819
0749
0742
0735
0726
0719
1627

D-v

-06
-05
-05
-18
-19
~25
-25
-2&
~24

=44
=29
+02
~09

03¢
~03
~-11
-20

-45
-2G
+01
~08
+02
-0 L
-12
-21
-22

-12
-12
-11
=10
-10
~07
-07
=07
=07
=07
-06
-06
-07
-07
-08
=03

RECO

+006
-001
-002
~011
-013
-018
-026
~028
-028

-024
-015%
+003
+032
+044
+01

~-009
~-022

-015
~-004
+021
+021
4035
+008
-N17
-015
-Q01¢

EASTLAKE

+112
+093
+084
+076
+053
+069
+0472
+051
+036
+029
+017
+010
+005
+013
-003
-014

-87

-59
)
~81
-87
-S0

ARE A

00
-01
-03
-06
-08
-10
=12
-14
=16
=19
=21
-23
~-25
-28
=30

-32

E--W

+32
+32
+32
+322
+32
+32
+322
+32
+32

+33
+33
+33
+33
+33
+33
+33
+33

+34
+34
+34
+24
+34
+34
+34
+34
+34

00
00
00
00
00
00
no
00
00
00
00
00
00
no
00

00

Mlv

~038
-047
~051
-062
"066
-073
~-08¢%4
-087
-096

-007
-008
+019
+017
+018
-016
-057
-076

+003
+004
+018
+007
+01¢
-028
-064
-068
-072

+112
+092
+081
+070
+045
+059
+030
+037
+020
+010
-00¢4
-013
-019%
-015
-033
...046

Fiv

Le2
453
449
438
434
427
416
413
Go4

493
492
519
517
518
481
4473
424

503
504
518
507
510
472
436
432
428

612
592
581
570
545
559
530
537
520
510
496
487
481
485
467
454

76

R-B

1-27
1-27
1-27
1-27
1-27
1-27
1-27
1-27
1-27

1-11
1-12
1-13
1-26
1-26
126
1--27
1-27

1-12
1-13
1-26
1-26
1--27
1-27
1-27
1--27

1-40
i-40
1-40
1-40
1-4Q
1-40
1-40
1-40
1-39
1-39
1-39
1-39
1-39
1-39
1-39
1-39



T 1173

STA

A-16
A-175
A-18
A-19
A-208
A-21
A-225
A-23
A=24
A-258
A-26
A-27
A-285
A-29
A-308
A-31
A-32
A-33
A-34
A-35
A-36
A-37
A-38
A-398
A=~40
A-41
A-42
A~43
A-t4
A-45
A-46
A-4T
A~48S
A-49
A=50
A~518
A-52
A-53
A-545
A=55
A-56
A-57
A-58
A~59

B-00B
B~01
B-02

READ

-047
-054
~062
+042
-059
-089
-0873
-055%
-095
-054
-122
-114
-117
-102
-102
-108
-180
~-166
-111
-204
-228
~158
-141
~-101
~-087
-117
-120
-081
-078
-117
-087
~129
-125
-153
-134
-039
-064
-118
-097
-0956
-211
+002
-127
~-126

+103
+105
+099

TIME

1620
1612
1605
1558
1457
1450
1441
1433
1426
1101
1055
1047
1039
1031
1007
0959
0952
0937
0929
0922
0917
0912
0907
0900
0853
0848
08473
0837
0806
0801
0755
0749
0744
07329
0734
0630
0636
0642
n647
0656
0704
0710
0714
0719

1721
1714
1706

RECO

-051
~-058
-066
+037
~065
-~096
~090
-063
-103
-079
=136
-127
~128
-112
-109
~-115
-186
-170
-11¢4
-206
~229
~158
~-140
-099
~084
-11¢4
~116
~076
~-073
-112
~082
-12%
-121
-149
~131
-039
-064
-117
-09¢
~-095
-209
+004
-125
-124

+098
+101
+095

N-S

-3 4
~36
-39
41
~43
—45
~47
-49
-52
—54
=56
-58
-61
~-63
-65
-68
-73
Z75
-T7
-80
-83
-85
-87
-89
-91
-93
-96
-99
-103
-106
-108
111
-113
-~117
-119
-123
-126
~-129
-132
-135%
=137
-139
~142

00
-01

E-w

00
00
oC
00
00
e1¢)
00
00
00
00
00
(03¢
00
00
00
00
00
00
0o
00
00
00
00
00
o]0]
00
00
00
0o
00
o0
00
000
00
00
00
00
00
00
00
00
00
010
00

+10
+10
+10

MIv

-085
-092
-105
~-004
-108
~141
-137
-~112
-155%
-133
-192
-185
-190
-~17%
-174
-183
~256
-243
-~189
~-283
-309
-241
-225
-186
-173
-205
-209
-172
-172
-215
-188
-233
-232
~-262
~248
-158
-187
-243
=225
-227
=344
-133
~264
-266

+108
+110
+102

Flv

415
408
395
496
392
359
363
388
345
367
308
315
310
325
326
317
244
257
311
217
191
259
275
314
327
295
291
328
328
285
312
267
268
238
252
342
313
247
275
273
146
367
236
244

608
610
602

80

1-39
1-39
1-39
1-39
1-39
1-39
1-38
1-38
1-38
1-38
1-38
1-38
1-38
1-28
1-38
1-38
1-38
1-28
1-38
1-38
1-38
1-38
1-38
1-38
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37
1-37

1-43
1-43
1-43



rll
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STA

B-03S
B~04
B~05
B-06
8-07S
R-08
8-09
810
B-11
B-12S
8-13
B-~14
B-158
B-16
R~-17
B-18s
B-19
B3~20B
B-21
BR-22
B-23
B-24
B--25
B-26
B=-27
B-~-28
B-29
B8~30B
B-31
R-328%
B-~33
B-34
B-~358B
B~36
B-37
B-38
B-~39
R~-40B
B-41
B-42
B~-43
B-&44
B-45

C-00
C-01
Cc-02
C-03S
C-04

READ

+100
+032
+028
+041
+010
+021
+005
+015
~-017
-015
-031
-020
-015
-035
-024
-025
-0N18
-044
-044
-049
-061
-079%
~-077
-072
~079
-096
~-103
-091
-105
~-087
~-1C2
-099
~0%6
-096
-120
-0%6
-087
~-07%
-096
-0%9
-063
-036
-102

+115
+105
+0973
+073
+073

TIME

1659
1653
1632
1622
1616
1609
1602
1537
1531
1525
1518
1512
1450
1443
1437
1431
1424
1106
1225
1053
1047
1042
1036
1031
1024
1016
1010
0946
0938
0933
0926
0919
0856
C850
0843
082¢&
0830
0719
0726
0732
0738
0743
074%

0750
0756
0803
£810
0816

-04
-03
~05
~-06
=C7
=07
-08
-12
-13
~14
-15
=17
=21
~22
=23
-25
-26
-19

-17
-16
=15
~-14
-14
-12
-11
~10
-06
=04
~03
=02

00

oo

00

0o
-01
-01
-05
=05
-C5
~-04
-04
~04

=25
-25
=25
=24
-24

RECO

+096
+029
4023
+035
+003
+014
-C03
+CC3
-030
-029
~-046
-037
-036
~057
-047
-050
-044
-063
~-067¢
~066
~-077
~-094
~0%91
-0Eé
-091
-107
-113
-097
-109
-090
-104
-099
-096
-096
-120
-097
-088
-08¢C
-101
-104
-097
-040
-106

+090
+080
+068
+067
+049

~-056
-08
-10
-12
-14
~17
~19
-21
-23
-25
-28
-30
~-32
-34
-36
-38
-1
-43
~-45
~-47
-49
~-52
~54
-56
-58
-60
-63
=65
-67
-69
-72
~T4
~-76
-78
~-80
-83
-85
-87
-89
~91
-94
-96
-98

00
-N1
-03
-06
-n8

+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10
+10

+15
+15
+15
+15
+15

MIv

+099
+031
+023
+033

000
+007
-012
-008
-043
-044
~064
~-057
-058
-081
-073
-078
~075
-096
-097
-103
-116
-136
-135
~-136
-139
-157
~-165%
-152
-166
-150
-166
-163
-162
~-164
-191
-170
-163
-188
~180
-185
~181
~126
~-194

+105%
+094
+080
+075
+056

Flv

599
531
523
533
500
507
488
492
457
456
436
443
442
419
427
422
425
404
403
397
384
364
365
364
361
343
334
348
334
350
334
337
338
336
309
330
337
342
320
315
319
374
306

605
594
580
575
556

81

1-43
1~43
1-42
1-42
1-42
1-472
1-42
1-42
1-42
1-42
1-42
1-42
1-42
1-42
1-42
1-42
1-42
1-42
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-41
1-40
1-40
1-40
1-40
1-4¢
1-40

1-43
1-43
1-432
1-473
1-43



(22}
Y

1173

STA

Cc~-058
C-06
c-07
C-08
C-09
Cc-10
c-11
C-12
c-13
C-14
C-15B
c-16
c-17
C-18
c~-19
C-208
c-21
Cc-22
c-23
C-24
Cc-258
Cc-26
Cc-27
C-285
c-29
C-30.
Cc-31
c-32
Cc-335%
C=-34
C-35%
c-36
c-37
c-38
C-39
C-40

D-1¢
D-11
D-12
D-13
D-14
D-15
D-16
D-17
D~18
D-19
D-2038

READ

+036
+064
+040
+021
+018
+013
+030
~003
-008
-014
-004
~-018
-031
~-019
-043
-049
~-062
-052
~-049
-043
-057
-053
-050
-052
-075
-108
-058
-Q74
~-081
-064
-059
-074
-067
-064
-060
-069

+102
+088
+082
+071
+078
+056
+057
+046
+029
+039%
+016

TIME

0823
0850
0856
0902
0908
0915
0916
0922
0928
0934
0940
1006
1012
1017
1024
1032
1054
1101
1107
1112
1119
1428
1434
1441
1448
1455
1522
1526
1536
1543
1550
1625
1633
1648
1655
1702

1132
1126
1121
1116
1110
1042
1034
1027
1019
1009
0951

RECO

+012
+C40
+017
-002
-002
-009
+008
-025
-029
~035
-024
-038
~-052
-040
~-065
-071
-086
-017
-075
-069
-084
-073
-C070
-071
-094
-126
-074
-090
-096
-088
-0172
~-083
-076
-072
-068
-076

+003
-011
-016
-026
-019
-040
-039
-050
-067
-057
-079

-10
~12
-14
-17
-17
-21
-23
-25
-28
-30
-32
-34
~36
-28
~41
-43
-45
-47
-49
-52
~54
-56
-58
-60

-21

-25
-28
~30
-32
-34
-36
-38
-41
-43

+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+15
+1°%
+15
+15

+20
+20
+20
+20
+20
+20
+20
+20
+20
+20
+20

MIy

+017
+0473
+018
-004
-00%
-Q15

000
-035
-042
-050
-039
-057
-073
-063
-091
-099
-116
-109
-109
-106
-123
-114
~113
-116
~142
-176
-126
-144
-152
-147
-133
~146
~-141
-139
-137
-137

+0N2
-Cl4
-021
~-034
-029
-052
-053
-066
-085
-078
~-102

FIv

517
5473
518
496
491
485
500
465
458
450
461
443
427
437
409
401
384
361
391
394
377
386
387
384
358
324
374
356
347
353
367
354
359
361
363
363

502
486

479

466
471
448
447
434
415
422
398

82

1-43
1-43
1-43
1-44
1-44
1-44
1-44
1~-44
1-44
1-44
1-44
1-44
1424
1-44
1-44
1-44
1-44
1-44
1-44
1-44
1-44
1-45
1-45
1-45
1-45
1-45
1~-45
1-45
1-45
1-45
1-45
1-45
1-45
1-45
1-45
1-45

1-53
1-53
1-53
1-53
1-53
1-53
1-53
1-53
1-53
1-52
1-52



P

1173

STA

D-21
D-22
D-23
D24
D-258
D~26
D-27
D-28
D--29
D-308B

E-01
E-02
E-~03
E~-04
E~05
E-06
E-07
E-08
E~09
E~10
E~11
E-12
F-13
E-14
E-~15
F-16
£-17
E-18
E-19
E-20
E-21
E~-22
E-23
E-24
E-25
E-26
E-27
E-28
E-29
E~30
F-31
E-32
E-33
E-34
E~35
E~36
E-37

READ

+032
+026
+032
+009
+006
+008
+003
+014
+013
+006

+155
+140
+142
+141
+135
+134
+126
+112
+105
+094
+086
+074
+067
+058
+048
+044
+038
+094
+090C
+082
+074
+065
+059

+065

+065
~038
-042
-034
-036
-048
~076
-063
-049
-038
-047
-037

067

TIME

0942
0936
0931
0925
0828
0821
0815
0807
08CO
0754

0921
0926
0931
0938
0945
0952
0959
1006
1012
1049
1056
1104
1111
1118
1125
1132
1137
1432
1439
1446
1452
1458
1503
1510
1516
1138
1131
1127
1122
1115
1059
1050
1043
1038
1030
1625
1018

-94
-94
-93
-93
-94
-85
~-97
-98
~-99
100

-89
-90
-90
-90
-91
-92
~-92
-93

148
145
144
143
143
142
142
141
-29
-29
-29
-30
-30
-31
~31
-32
-32
~32
-33
-33

RECO

-062
~-068
~-061
-083
-088
-087
-096
-084
-086
-094

+066
+050
+052
+051
+044
+0472
+034
4019
+012
-001
-009
-021
-028
-037
-047
-052
-058
-051
-055
-062
-069
~-078
-083
-077
-076
-067
~-071
-063
~-066
-078
-107
~-09¢4
-081
-070
-Q79
-070
-100

-45
-47
-49
~52
~54
~56
-58
~60
-63

-65

-12
~14
-15

-18
-19

-21.

-2
-25
-26
-29
~30
-32
-3¢
-36
~37
—-40
-4
A
~45
-47
-48
-50
-52
~55
-56
-58
-59
-63
-63
-65
-65
-66
-67
-68
-70
-70
-73

E-W

+20
+20
+20
+20
+20
+20
+20
+20
+20
+20

+35
+35
+34
+34
+33
+33
+32
+332
+32
+31
+31
+30
+30
+29
+29
+29
+28
+28
+28
+27
+26
+25
+25
+25
+25
+25
+25
+23
+24
+23
+22
+21
+21
+20
+20
+19
+18

MIvV

-087
-095
~-090
-125
-122
-123
=134
-124
-129
-=139

+089
+071
+071
+067
+058
+054
+043
+n27
+018
+001
-008
-023
-032
-044
~-055
-063
-072
-067
-072
-082
-091
-103
-110
-107
-107
-100
-105
-103
-105
-122
-150
-139
-127
-118
-129
-121
-155

FIv

413
405
410
375
378
377
366
376
371
361

589

571"

571
567
558
554
543
527
518
501
492
477
468
456
445
437
428
433
428
418
409
397
390

1393

393
400
395

. 397

395
378
350
361
373
382
371
279
345

83

pel
t
o8]

|

1

ot

NN

!
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1\

1173

STA

E-38
E-39
E-40
E~-41
E-42
F=0473
E-44
E-45
E~46
E~47
F~48
E~49
E~-50
F-51
£-~-52
E-53
E-54

F-018
F-02
F-03
F~04
F-05
F-06
F--07
F-08
F-09
F-10
F~11
F-12
F-13
F-14
F-15
F-16
F-17
F-18
F-19
F-20
F-21
F-22
F-238B
F-24
F-25%
F-26
F-27
F-28
F-29
F-30

READ

-054
-059
-052
~-062
-084
-084
-039
-058
-060
-034
~048
~052
-054
...0[;[4
~048
-045
-039

+143
+126
+108
+104
4096
+119
+101
+080
+081
+079
+020
+018
+015
+011
+008
+006
+002
+010
-003
-028
-026
~024
-032
-045
~-064
-065
~-066
-059
-078

.~052

TIME

1011
1005
0948
0942
0935
0927
0621
0914
0908
1419
1426
1432
1439
1500
1508
1515
1522

0854
0846
0838
0832
0814
0808
C80C
0752
0746
0739
1230
1224
1218
1211
1205
1200
1155
1150
1144
1136
1129
1132
1104
1058
1053
1047
1039
1030
1023
1016

D-v

~33
-34
=35
-35
=35
~35
-36
~-36
-37
-41
-40
-40
-40
-38
-38
-38

~37

-88
~-88
-89
-89
-89
-88
-88
-88
-88
-87
=37
-36
-36
=36
=36
~36
=36
~35
=35
-35
=35
-35
-34
-34
=34
-33
=33
=33
-32
=32

RECO

~087
-082
-087
-097
-119
-119
-075
-094
-097
-075
-088
-092
-094
-082
-086
-083
~-076

+055
+038
+019
+015
+007
+031
+013
~008
~-007
-008
-017
-018
+021
-025

+028

-0320
-034
-025%
-038
-063
-061
-059
-066
-079
-098
-098
-099
-092
-11¢
-084

~74
-T4
-76
-77
-79
~-80
-82
-85
~-87
-89
-90
-31
-95
-97
-89
-101

-103

~11
-14
~17
~19
-20
-23
-26
-29
-30
-31
-33
-34
-36
-39
-41
-42
-4¢
—46
-48
-51
-53
-55
-57
-58
~60
-62
-6t
-67
-68
-70

E-W

+18
+17
+17
+16
+16
+15
+14
+14
+14
+13
+13
+13
+13
+13
+13
+13
+12

+41
+41
+40
+40
+40
+39
+38
+38
+37
+37
+37
+36
+35
+35
+35
+34
+34
+34
+33
+33
+32
+32
+31
+31
+30
+29
+29
+28
+28
+28

MIv

-1473
~140
-146
-160
-182
-184
-143
-165
-170
=151
-165
~170
-176
-171
~-172
=171
-167

+085
+065
+042
+036
+027
+047
+025
+001

000
-002
-013
-016
~-022
-029
-034
-038
-044
-037
-053
-081
-082
-082
-092
-106
-128
-131
-134
-131
-150
-126

FIv

357
360
354
340
318
316
357
335
330
349
335
330
324
329
328
329
333

585
565
542
536
527
547
525
501
500
498
487
484
478
471
466
462

456

463
447
419
418
418
408
394
372
369
366
369
350
374

84

1-46
1-46
1-46
1-456
1-46
1-46
1-46
1-46
1-46
1~-47
1-47
1-47
1-47
1-47
1-47
1-47
1-47

1-50
1-50
1-50
1-50
1-50
1-50
1-50
1-50
1-50
1-50
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-49
1-48
1-48
1-48



Ill

1173

STA

F-31
F-32
F-33
F-34
F-35
F~36
F~37
F-38
F-398
F-40
F-41
F-42
F-43
F—44
F-45
F-46
F-47
F-48
F-49
F-50

READ

-058
-087
-079
-086
~078
~079
-086
-090
~066
-070
-074
-075
~092
-094
-095
-103
~094
-098
-094
~097

TIME

0957
0950
0943
0937
0932
0927
0921
0915
0727
0733
0739

0745

0752
0758
0828
0833
0839
0845
0851
0857

-31
-31

-2
-~

=30
-30
=29
-29
-29
-28
-28
-28
-28
-27
=27
=27
=27
=27
=27
=28
~28

-089
-118
-109
-116
-108
-108
~115
-119
-09¢4
-098
-102
-103
-119
-121
-122
-130
-131
~125
~-122
-125

-7
-74
-75
-77
-79
-81
-87
-85
-87
-89
-91
-93
-95
-97
-99

-101

-102

-104

-106

~107

+27
+26
+26
+26
+25
+25
+24
+24
+24
+23
+23
+22
+21
+21
+20
+20
+19
+18
+18
+17

=133
-16¢4
-158
-167
-162
-164
-183
-180
-157
-164
-160
~-174
-193
-197
~-201
-211
-215
=219
=210
=215

Flv

367
326
242
333
338
336
317
320
343
336
340
326
307
303
299
289
285
281
290
285

1-48
1-48
1-48
1-48
1-48
1-48
1-48
1-48
1-47
1-47
1-48
1-48
1-48
1-48
1-48
1-48
1-48
1-48
1-48
1-48



