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ABSTRACT

The overall goal of this project is to better understandbgencharacteristics of the
Raton Basin. The Raton Basin is a Rocky Mountain facklzasin that contains Pennsylvanian
through modern sedimentary rocks. The current structureedsasin is thought to have formed
during the late Cretaceous through Tertiary Laramide orod@myng this event, the basin was
folded into a syncline, and steep reverse faults formewdlme western edge of the basin in
which Pre-Cambrian crystalline rocks of the Sangre deddRange were partially thrust over
the basin itself. In the Oligocene through present,gbhic environment of the basin has been
dominated by extension and extensional magmatism related RidiGrande Rift. A series of
small plutonic bodies and more spatially extensive maigrdites intruded into the basin over

this time interval.

A high-resolution gravity transect with approximately 7ishs was conducted across
the Raton Basin near the Spanish Peaks. This transeglied with existing data, indicate a 20
mgal negative Bouguer gravity anomaly in the northern pdaheobasin and a 55-60 mgal
negative anomaly in the south. Gravity models of theserzdigens indicate that the Raton
Basin is approximately 3 km thick in the north and 5 km tindke south. Also, the basin is

structurally deformed into an asymmetric synform that tstéigt in the central part of the basin.

High-resolution magnetic measurements were also takieetter understand the
structure of the numerous dikes in the region. Magsesceptibility measurements were used
to constrain induced magnetism of the igneous rocks. Howheetotal field strength of
magnetic anomalies associated with the dikes indithéésrormal and reversed polarity

remnant magnetism is also significant.
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CHAPTER 1

INTRODUCTION

1.1 Overview

The Raton Basin is a Laramide Rocky Mountains focklaasin but it distinctively has a
complex structural and stratigraphical history. The baagwell-exposed sedimentary
sequences ranging in age from Pennsylvanian up to current aflediatents (Cooper, 2006).
Furthermore, the sedimentary rocks on the west lintheobasin dip steeply eastward and they
are extensively deformed by thrust faults and folds. Howyelre sedimentary rocks on the east
limb of the basin dip gently westward.

The Raton Basin extends from Southern Colfax Coleyy Mexico to Huerfano
County, Colorado. It is 128 km long from north to south, &hdém wide from west to east. The
basin is constrained on the west by the Sangre de Gf@tiotains, on the east by Sierra Grande
uplift. The northern limit is characterized by Wet Moumsaand Apishapa arch, and the southern
boundary is identified by Tucumcari Basin (Figure 1.1). Howewe survey area includes just a
part of the Raton Basin, near the Spanish Peaks, locagmlithern Colorado.

In the Late Oligocene to Early Miocene the Raton Basia extensively intruded by
stocks, sills, and dikes. Many of them form mountains ansl kifild dominate the landscape.
Dikes are the remarkable example for radial dikes. Sppanish Peaks are the largest igneous
masses in the basin, and they are classified alssstoc

Gravity and magnetic surveys in company with geologic rebsiens have been
performed to delineate the structural patterns of theb@siantitative models have been
constituted using gravity and magnetic readings in the bakese models will help to

understand the geometry of the igneous rocks as regargsdimeentary rocks.



The goal of this thesis is to better understand geologizahcteristics of the Raton
Basin by using geophysical techniques. In order to assess ¢feganships, structural patterns

and geological features of the Raton Basin will be diszliss
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Figure 1.1.Generalized geologic map of the Raton Basin showing tfaitm and geologic
boundaries of the study area. Derived from New Mexico Burealo@gand Mineral Resource
(2003) and Tweto (1979) (Hoffman and Brister, 2003).

1.2 Geological Settings of the Raton Basin
1.2.1 Stratigraphic History of the Raton Basin
The Raton basin formed during the Laramide orogeny, satiteisouthernmost of several
major coal-bearing basins along the eastern margiredRtitky Mountains. It contains
sedimentary rocks as old as Devonian overlying Proterbasiement rocks with Quaternary

sediments at the surface (Table 1.1). Additionally, msgalimentary units in the basin are



EocenezOligocene in age. The sedimentary sequence exposed thighiRaton Basin was
deposited in association with regression of the Cretadetersor Seaway (Cooper, 2006).
During the early Paleozoic tmé & RQWLQHQWDO %DFNERQH™ FRWKWHHG WKH
Raton Basin. Continental Backbone is a term thelh@acterized by very little sedimentation.
Then, Ancestral Rocky Mountains began to rise about 320 mylkans ago during
Pennsylvanian time (Lindsey, 2010). However, Ancestral Rbddayntains were worn down by
erosion by the end of the Permian time (Lindsey, 20103elRteSangre de Cristo range uplifted,
and sediments accumulated into the central ColoradoP&hesylvanian Sangre de Cristo
formation corresponds to sedimentary fill that was foroheelto erosion occurred after the
Sangre de Cristo uplift (Lindsey, 2010). The Sangre de Cristwaf@dn is composed of fluvial
arkosic sandstones and conglomerates.

The Yeso formation, Glorieta sandstone and Bernal foomavere deposited as a result
of the seas returned, and covered the Raton Basin refgj@rthe Early Permian orogeny (Speer,
1976). The Yeso formation consists of shale and finegdasandstone. The Glorieta sandstone
is composed of grey, fine to medium grain, well-sorted measandstones. The Bernal formation
which is lithologically similar to the Yeso formation castsiof siltstone, shale and fine to coarse
grained sandstone.

The Dockum group and Johnson Gap formation were deposited asrigrrecks of the
late Triassic age. They were laid down as a blanket dlistane and shale over the Raton Basin.
The Dockum group consists of red sandstone and shaleodkeaf the late Triassic age are
referred to the Dockum group in most of the Raton Bagir.Jobhnson Gap formation is

composed of siliceous limestone conglomerate, shalegay and red sandstone.



In late Jurassic time, a widespread blanket of shallowneamd overlying terrestrial
deposits were laid down across the Raton Basin (Baltz, 18688&)Entrada sandstone and
Morrison formation were deposited in Late Jurassic tinhe. Entrada sandstone is the basal
upper Jurassic unit in almost the entire region. The Battamposes of white to pink and red,
fine to coarse grained sandstone fragments (Baltz, 1968)Mblrison formation consists of
terrestrial sandstone and shale.

The Dakota sandstones are fine-grained and well-sorteceaslaaf a transgressing
littoral environment (Speer, 1976). The Niobrara formation twismf marine origin overlies the
Dakota sandstones. It consists of a basal limestone memtbeshale interbedded with thick,
silty, calcareous mudstone. The marine Pierre shale moalidy overlies the Niobrara
formation. The Pierre shale intertongues with Trinidadistone. The upper part of the Pierre
shale becomes sandy and forms a gradual transition Ebisetransition zone marks the final
regression of the Western Interior Seaway in the Riaésim.

The Western Interior Seaway controlled the depositiengironment during the upper
Cretaceous period. The Raton basin contains a nearlylete Cretaceous and Tertiary
stratigraphic sequence of sedimentary rocks that includebeaaing Vermejo and Raton
formations (Close and Dutcher, 1990a) (Figure 1.2).

The upper Trinidad sandstone intertongues with and is ovénfaime coal bearing
Vermejo formation (Tremain, 1980). The Vermejo Formationsists of poorly sorted
greywacke sands, gray, carbonaceous, silty shales, andahinck-bedded, lenticular coal beds
(Speer, 1976). Depositional environments of the sedimemie ifermejo formation include

lagoonal, coastal swamp, and flood plain environments. taogenlaterally extensive coal beds.



The Upper Cretaceous and Paleocene Raton formation liesfanmably above the
Vermejo formation. Syndepositional clastic sedimeheisff from the Sangre de Cristo
Mountains, and they were deposited as the Raton basabowemgite. The Raton basal
conglomerate unit acts as a line which shows the erdsiontact between the Raton formation
and the Vermejo formation. The Raton formation alsbaéhbasal sandstone sequence that
consists of fingo-medium grained, fluvial sandstones. This basal unit islaaeby a coal-
bearing shale sequence, a thick, coarse-grained sandstone sequkanether coal-bearing
shale sequence, totaling as much as 2,000 ft of strata inesea®of the basin (Speer, 1976).

The Vermejo and Raton formations are two prominent coadifige units in the basin.
However, the Raton formation contains more coal tharMermejo formation. The underlying
reason is that coal seams in the Vermejo formatierttanner and more discontinuous. The
Vermejo formation was deposited in a lagoon environment \abe¢he Raton formation was
deposited in a fluvial depositional environment. The Ratomdbion grades into the alluvial fan
deposits of the Poison Canyon formation (Cooper, 2006).

Syn-Laramide orogenic sedimentation occurred during Tettiiewe. The Sangre de
Cristo uplift that began to rise in the Laramide orogermpp$ied these synorogenic rocks
(Woodward, 1976). Syn-Laramide deposition is recorded bydle&ene Poison Canyon
formation, Eocene Cuchara and Huerfano formations, digdc@ne Farisita formation. The
Poison Canyon Formation consists of coarse, pooredpconglomeratic arkose; sandstones
interbedded with thin yellow clay siltstones (Speer, 1976).Fdgison Canyon formation is
considered to have good petroleum potential due to the fadhthahd of the deposition shows
marine affinities. The Cuchara formation consistsedf conglomeratic sandstones and thin

variegated shale with abundant dikes and sills thatwaderece of Rio Grande rift related



magmatism. The Huerfano formation composes of varidgdtale and conglomeratic
sandstone. Postorogenic rocks and sediments were accuimualéte basin during late Tertiary

to Quaternary time (Woodward, 1976).

Table 1.1.Stratigraphic Column for the Raton Basin. (Cooper, 2006).

Geologic Age Formation Thickness in Feet Lithology
Quatermary | Recent 0-30 Alluvivm and basalt flows
biocane Lrevils Hole and 25.1300 :I'uﬁ apd wolcanic tang Im1-_e-ra-te,|gnenu5
frprumen 1 Arpiudty intrusives throughout section
Oligocene Farisita 0-1204 Arkosic conglomerate
Huerfang 3-2000 Variegated shale and conglomeratic
- EE“W"E sandstone
E Cuchara 3-5000 Red conglomeratic sandstone with
= thin varlegated shale
Poison Canyon (-2500 Arkosic sandstone and
Faleocens conglomerate with thin shala

I'him coal DEIIIE,SEI'IEE-EEH"IE,.S 1ale

Late Haton 0-1700 and basal conglomerate
Cretaceous | Yermejo 0-550 Sandstone, shabe and coal
Trinidad Sandstone 0-3010 Fine-graired baach sand
: Grey marina shale, sandy shale and
PIErr‘;’ Sh-:llﬂ' 1600-2300 sandstone

Miobrara 550-630 i i
%&W imesio
Early [ (185385 rEY marine sha

ek : T YT T E—

I anle

g 15
] : Marrison Continental shale, sandstone
RHAE Halston, Tadilto 1 00-600 Warine sediments, gypsurm and
and Entracla beach sandstone
Triassic Johnson Gap 0-7010 Limestone conglomarates —
Fed sandstone, calcareaus shales
kum G e ;
el 0-1200 and thin limestone:
Barnal B-150 Continental Sadiments
Parmian Glorieta 0-200 Marine sandstones
i Yesa 0-250 Red st shale and sandstone |
I=
E
2] sangre de Cristo 3505400 Variegated shales,
arkces, conglomerates
Fennsylvanian and thin marine
limestones
Precambrian | Precambrian Basement |M‘3ﬁc gneiss, quartzite, granite
and granits gneiss




APPROX.
AGE FORMATION NAME GENERAL DESCRIPTION THICKNESS
IN FEET
SANDSTONME-Cosrse 1o conglomeralic beds 13-50 leel
thick. Inlerbeds of safl, yellow-weathering clayey
FOISON CANYON sandslone. Theckans b he weasl Et&l!Fél'l!E al 5L‘|E|+
o FORMATION underlying Ralon Formation
x| &
L| O Farmation interlongues with Poigon Canyen Farmation
= I 1o The wesl
1l
|-';| é UPPER COAL ZONE-\ery line grained sandsione,
(a1 sillstone, and mudsions with carbonacaous shale
and thick coal bads
RATON 0(7)-2,100
FORMATION
BARREM SERIES-Mostly very fine 1o fine-grained
sandslone wilh minos mudsione, sillsiones, with
carbonaceaus ghala and thin coal bads
LOWER COAL ZOME-Same as upper coal zone; eoal
@ Beds mastly thin and disceatiruous. Conglomeratic “— KIT boundary
= sandslone al base; locally absant
o
L SANDSTONE-Fine io medium grained with mudsione,
% g VERMEJO earbonaceous shale, and extengive, thick coal begs. 0—380
[
0 SANDSTONE-Fine o meadi ined; conlaing casls of
w| © |TRINIDAD SANDSTONE |“opniomargaa 0-300
=| &
o SHALE--Silty in upper 300 ft. Grades ugward 1o fing-
B e ale grained sandstone. Containg limestone concretions 1800-1500

Figure 1.2.Generalized stratigraphic column of Cretaceous and Tertiaks in the Raton
Basin part of the Raton Basiierra Grande Uplift Province. Wavy gray line marks erosional
unconformity between Vermejo and Raton Formations. (Co@eé6).

1.2.2 Basin Structure

The Laramide orogeny in the region began about 67.5 Ma aledl elbout 50 Ma
(Tweto, 1975)The basin is characterized by a syncline. The La gtelise substantially plays
an important role in the formation of the basin (F&1.3). The syncline axis roughly cuts in the
middle of the basinThe Sangre de Cristo uplift occurred during the Laramide oso@es high
angle limited over-thrusts of primarily sedimentary miatevere thrust up and over the Raton
Basin (Woodward, 1987). Overturned sedimentary strata appi &estern edge of the basin.
The La Veta syncline represents the axial trace of thim.b@he Greenhorn Anticline and Del
Carbon Syncline that are located in the northern podfdhe Raton Basin show increase the

strength of structural complexity (Figure 1.5). It liesgblef to the Sangre de Cristo Mountains.



The western flank of the basin dips steeply and has diéested by substantial thrust faults.
Sedimentary rocks along the western edge of the basexamesively deformed by steep
dipping thrust faults and several major folds (Hemborg, 199@)ever, the eastern flank of the
basin dips gently to the west. Generalized geologic sedson through the Southern Raton
Basin is given in Figure 1.4 to demonsgrtite general shape of the basin.

Igneous activity has occurred within and adjacent to the Is&iste Miocene times with
ages ranging from approximately 26 to 21 million years untdeame(Penn, 1995; Miggins,
2002; Lee, 2005). This igneous activity mostly occurred as iottsisuch as stocks, laccoliths,
dikes and sills (Figure 1.6). Igneous rocks types are vamotie ibasin such as granites,
syenites, diorites and gabbros (Johnson, 1968). All typemebus rocks in the basin dominate

the topography. However, various types of dikes and sills shapsurrent basin topography.

Northern Raton Basin

90 La Veta Sycline Aguilar
8000 —e Tc

70004
6000+
5000+
40004
3000
2000

Elevation (feet)

Southern Raton Basin

La Veta Sycline
e

Elevation (feet)

Scale (Miles)

| o oz o g, v
0 127345

Figure 1.3.Structural cross sections perpendicular to the basirf@axmth the northern and
southern portions of the basin. 1/1000 vertical exaggerafioager, 2006).



Figure 1.4.Generalized geologic cross section through the SouRegion Basin (taken from
the paper named by Freeman 3-24 well Nontributary determmidtierfano County, Colorado
Raton Basin prepared by AMEC Environmental & Infrastructure,.]i2C12).

Figure 1.5.Structural map of the Raton Basin (Source S.S. Papadopulesdciates, Inc. in
conjunction with CGS, 2007) (taken from the paper named byrfaie8&-24 well Nontributary
determination Huerfano County, Colorado Raton Basin preparéd/fsC Environmental &
Infrastructure, INC., 2012).



The Spanish Peaks are the best known and prominent amtsusithe Raton Basin
(Johnson, 1968). They are characterized tadial dike swarm, and classified as stocks.

Numerous sills and characteristic dikes are associatedhe Spanish Peaks.

Figure 1.6.Raton Basin Intrusion map (Cooper, 2006).

10



1.3 Petrography of Igneous Rocks
In the Raton Basin most igneous rocks were emplaced datm@ligocene to early
Miocene time and intruded the sedimentary rocks of #isnblhe igneous bodies do thexhibit
significant structural deformation because they werdaeg after the Raton basin had been
structurally developed and the Laramide thrusting of the Saleg@risto Mountains had

subsided (Figure 1.7)

Figure 1.7.Dike with archway cut through it for road. Location is $ougst of West Spanish
Peak. View is westward.

The igneous rocks in the Raton basin region constrogh@nuous transition from
granite to gabbro. These rocks are chemically in range di@dic to ultrabasic and from

oversaturated to undersaturated types. They are also médisitca(Johnson, 1968).

The sequence of intrusions in the Raton Basin generdins to form silicic to mafic.

Therefore, the oldest intrusive is the East Spanisk &ed mafic dikes and sills are the youngest
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intrusive features in the region. Late Oligocene to Eaiitycehe age intrusive features around
the Spanish Peaks cause contact metamorphic rocks toJohmspn, 1968). Bleached
sandstone and baked shale are locally seen around the Spaakshwhere dikes and sills come
up. However, next to the largest intrusive bodies, comatamorphism is very prominent
Conglomerate, sandstone, and shale beds have beeuad attexonglomeratic quartzite, hornfels,
and slate (Johnson, 1961). Petrographically, the igneous magksvariety which shows a
continuous gradation from granite to gabbro. These includeepihia, aphanitic, and

porphyritic varieties of granite, granodiorite, syeniygrediorite, diorite, syenogabbro, and
gabbro as well as lamphophyric varieties of syenite, slierte, diorite, syenogabbro, and

gabbro (Johnson, 1961) (Figure 1.8).

Figure 1.8.Porphyritic dike with a zone of plagioclase feldspar.
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CHAPTER 2

FIELD WORK DESCRIPTION AND DATA COMPILATION

2.1 Introduction of Field Work for Gravity Survey
The purpose of the gravity survey is to reveal geologicstmdtural characteristics of

the Raton Basin. In this studygravity survey was performed using a Worden gravimeter to
better understand structural geometry of the Raton lasirthe distribution of intrusive rocks.
The survey consists of a transect perpendicular to the sfrtke Raton basin composed of 77
measurements. Locations of stations are shown on fylr&here is a high resolution segment
across the main thrust and a lower resolution segmess the West Spanish Peak and extends
across the basin. Station elevations were measur&€drile Pro XRT differential GPS
receiver. (Figure 2.2) Elevation precision is mostly lottan “ 10 cm. EGM96 was used for the

vertical datum.

Observed gravity is affected by tidal effects, elevatiashiastrument drift as a function
of time at a given location. Corrections should be agdpdin gravity data to get rid of these
effects.

In order for a gravity survey to be interpreted in teahgeology, so we must dismiss
undHVLUDEOH HOHYDWLRQ HIIHFWL UK HR K- AffécfoBdberDV WKH 311
taken into account during calculation of gravity anomaliesvi@reters are very sensitive
instruments and can drift gradually with time. Repeatedimga at a same location are needed to
address this issue to obtain accurate data. A base stat®designated and readings at this
location were taken twice in a day to account for imagmt drift. Repeated measurements
indicate precision of the gravity values iIS& U R [L P D W H O \Bdsed orPtieBd to
previously measured stations, the accuracy of the abgphngy measurements 51 mGal.

13



Figure 2.1.Geologic map of the Raton basin showing the location oftgratations. Modified
form the state geologic map.

Rock samples were collected for laboratory works. Rock tesmsind magnetic
susceptibility were determined in the laboratory and used to aongtavity and magnetic
models. The way to measure the density of a rock sampeneight the sample in the air and
then submerge DWHU ,I &D LV WKH ZHLJKW RLWAKHMIRSWOHKIH® DLL
immersed in water, then its density is:

I &D &Y +

The water is assuming as purglHat 25Cg Density table is shown in table 2.1
(Appendix A).

2.1.1 Free-Air Correction

The free-air correction accounts for gravity variasi@aused by elevation differences in
the observation locations. Sea level is commonly densd as the reference level because

gravity decreases 0.3086 mGal/m. This correction must be addstétions above sea level.
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2.1.2. Simple Bouguer Gravity Correction

The Simple Bouguer correction accounts for excess urakylying observation points
where elevation of an observation point is higher thevagion of the datum. The Simple
Bouguer correction provides to discard slab effect on thegyBer anomaly. It is applied as a

positive value added to the Bouguer anomaly.

Figure 2.2.Tools were used during our fieldwork. Trimble Pro XRT differ@inBPS receiver
and Worden gravimeter.

Simple Bouguer anomaly is the anomaly caused by subsuldaséy contrast. It is
calculated by extraction of calculated gravity form obsé gravity. There are three main
components such as latitude effect, free-air effect, Bouguer effect for measuring calculated

gravity. Formula of the calculated gravity is:

Qiculated G+ @+ Gouguer
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Hence, the Simple Bouguer gravity anomaly is:
Ga: Goseved Galculated

The average crustal density of 2.67 gferas considered to compute the Bouguer
correction. Using an average crustal density of 2.67 g&cthe common practice for calculating
Bouguer gravity anomaly.
2.1.3 Bouguer Spherical Cap Correction

The Bouguer spherical cap models a simple mass fromlighgo@ to the station height.
The density of the mass normally is the average cartdhdensity of 2.67 g/cm3 (Hinze, 2003).
Bouguer slab correction was used in older methods for meglgcavity data. However, Bouguer
slab correction is created depend on a flat Earth n{btiddbm and Oldow, 2007). The Bouguer
spherical cap correction clarifies errors caused by theatune of Earth (Hildebrand et al.,
2002). Bouguer spherical cap correction was applied to the grawty dat
2.1.4. Terrain Correction

The terrain correction accounts for variation gfdgraphic mass. The terrain correction
is applied duringa procedure of computing the gravity data. It is necessary gpolriamt in
dealing with gravity data. Regardless of topography, mouotawalley, the terrain correction is
positive. The terrain correction formula is given by:

&= Gos+ G+ 0.3086h+0.04193rh + TC (mGal)

TC is the value of the computed Terrain correction.

Terrain correction for this study is necessary dueddatge elevation change. Elevation
of the survey area is ranges from2000 to 3300 meters andrdgsdhange in altitude can

significantly alter observed gravity anomalies. Thereftire first thing to do before
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interpretation of the new gravity data is amendment aimgBer anomaly using interpolated

terrain correction. Interpolation method that was ueedktermine Terrain corrections is based

on elevation values on a grid of latitude and longitude.

Table 2.1Density and magnetic susceptibility table of collected rockptesrirom the survey

area.
Magnetic
Density Susceptibility
Station Sample Formation ~P1l uu| (*10"-3s.i)
13RB340A Fine Grained Sandstone| Cuchara Formation 2.27 0.047
13RB340B Coarse-Grained Sandston| Cuchara Formation 2.23 0.045
13RB341 Fine-Grained Sandstone| Cuchara Formation 2.34 13.3
13RB342 Porphyritic Dike Granodiorite 2.57 12.1
13RB343 Porphyritic Dike Granodiorite 2.81 21.8
Poison Canyon
13RB344A Conglomerate Formation 2.48 0.375
13RB344B Porphyritic Dike Syenogabro 2.72 25.4
13RB346A Sill Syenodiorite 2.53 15.9
Poison Canyon
13RB346B Black Shale Formation 1.66 0.092
13RB347A Siltstone Vermejo Formation 2.17 0.093
13RB347B Shale Vermejo Formation 2.52 0.247
13RB347C Sandstone Vermejo Formation 2.48 0.154
13RB349A Porphyritic Dike Granodiorite 2.67 11.4
13RB349B Black Shale Cuchara Formation 2.55 0.229
13RB349C Shale Cuchara Formation 2.44 0.571
13RB381A Sandstone Raton Formation 2.26 0.478
13RB381B Coal Raton Formation 1.63 0.047
13RB381C Siltstone Raton Formation 2.32 0.171
Sangre de Cristo
13RB392A Fine-Grained Sandstone Formation 2.8 0.143
Sangre de Cristo
13RB392B Coarse-Grained Sandston Formation 2.44 0.225
Sangre de Cristo
13RB392C Coarse-Grained Sandston Formation 2.48 0.135
13RB401 A metamorphic unit Gneiss 2.52 0.212
13RB418 Porphyritic Dike Syenodiorite 2.67 11.8
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Table 2.1 continued.

Magnetic
Density Susceptibility
Station Sample Formation ~P1l uu| (*10"-3s.i)
Red and Green variegated
14R07C siltstone Morrison Formation 2.19 0.082
14R06A Fine-Grained Sandstone | Dakota Sandstone 2.34 0.071
Grey Coarse-Grained Poison Canyon
14R04A Sandstone Formation 2.41 1.71
14R17A A Metamorphic Cobble Gneiss 2.69 0.246
Sangre de Cristo
14R11B Fine Grained Sandstone | Formation 2.39 0.324
14R0O7A Greenish Sandstone Morrison Formation 2.47 0.154
Coarse-Grained Reddish
14R02A Sandstone Cuchara Formation 2.38 0.103
14R08A Coarse-Grained Sandston¢ Dockum Group 2.44 0.202
Red and Orange Fine-
14R10A Grained Sandstone Entrada Sandstone 2.35 0.656
14R07B Chert/Mudstone Morrison Formation 2.14 0.75
Poison Canyon
14R03A Grey Sandstone Formation 2.45 14.7
Coarse-Grained Maroon
14R09A Sandstone Dockum Group 2.39 0.851
Sangre de Cristo
14R11A Coarse-Grained Sandston¢ Formation 2.51 0.281
14R03B Porphyritic Dike Granite 2.69 7.96
14R05A Grey Shale Pierre Shale 2.38 2.75
14R01A Sandstone Cuchara Formation 2.31 0.191
14R01B Porphyritic Dike Andesite 2.65 7.29
A Cobble of Foliated
14R16A Quartzite Quartzite 2.72 0.159

Deviation on data base points may occur. Thereford, gaiat should be determined by

interpolation of the surrounding data base points. Intetgpd terrain correction was added to

Bouguer gravity anomaly. Sum of the interpolated tercaimections and Bouguer gravity

anomalies are concluded by complete Bouguer anomaly. Conhjeteguer anomaly was used

to gravity interpretations. Differences between intergold&ouguer anomaly plot and simple

Bouguer anomaly plot are shown in figure 2.3.
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This study intends to gain valuable interpretations aboubgedeatures of the basin.
Hence, pre-existed gravity data was used to produce anothessentss to compare with our
gravity anomaly profile. This cross-section was consideredttour gravity anomaly profile
and provide us more data for understanding subsurface geafltgy survey area. Structural
models were built by cross-sections. These models aferttmost components of the study and

will be discussed following chapters.

Figure 2.3.A) Free-Air anomaly. B) Simple Bouguer anomaly. C) CateBouguer anomaly.
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2.2. Introduction of Field Work for Magnetic Survey

ODIJQHWLF DQRPDO\ VXUYH\V VKR X W ¥FDQHYWHE RIQHOICQ A |
variations in the induced and remnant magnetism comp®oéithe rocks. In this study, the
main purpose of the magnetic survey is to detect dikegndte survey was performed by
Geometrics G-846 proton magnetometer. The survey, repregdiid measurements within
every 10 feet, locations of stations are shown on figuge 2.

Geometric G-846 proton magnetometer is a portable instriemerisually used for
ground magnetic measurements (Figure 2.4).1ts precisieb iST1 It is convenient to measure
magnetic signatures along parallel lines cover the swaresy. The magnetometer can be
operated by single person. However, another person magelech for surveying or grid layout
(Mariita, 2007). Man-made structures create intense madmetls on the survey point and
cause a problem in magnetic surveys. All kind of ferrousisi@round a magnetometer can
easily deflect the data. The compass and belt bucklesdsheukemoved while a magnetic
survey occurs (Mariita, 2007).

Data recording methods vary according to the purpose of/aysu@ur method includes
recording 3-5 readings, and averaging the result. Thethamnfive readings are taken ten feet
away, and averaging the result. Some important featuresdiexd in the field book for such as
station numbers, time, weather and man-made structueesath reading. Anomalies were
calculated based on differences from IGRF11 valueslaslaged from the NDAA (NGDC)
online calculator.

After all corrections have been made, magnetic surveyata usually displayed as
individual profiles or as contour maps. ldentificatiormobmalies caused by man-made

structures such as railroads, pipelines, and bridges shoshibla on the maps.
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Figure 2.4.Google Earth image showing location of magnetic readegpss and the Spanish
Peaks.

Figure 2.5.Geometric G-846 proton magnetometer was used to collect magnetitaly
readings during fieldwork.
2.2.1. Magnetic Susceptibility

Magnetic anomalies are the result of variationsagnetic susceptibility and remnant
magnetism of Earth materials. In order to constraimeaglels we have measured magnetic
susceptibility of the Raton basin rocks.
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We used the Terraplus K-10 Magnetic Susceptibility Meter to uneasagnetic
susceptibility values of our rock samples (Figure 2.5). THifferent measurements were taken
for accurate measurement, and errors calculated babte standard deviations. Magnetic
susceptibility measurements is shown in table 2.1 (Appendix A).

Presence of rocks with either high magnetic suscepyibilihigh remnant magnetism in
the subsurface possibly causes for magnetic highs. Iga@ousietamorphic rocks generally
have high magnetic susceptibility. Sedimentary rocks lever magnetic susceptibility
compared with igneous and metamorphic rocks (Mariita, 200&ynkkic surveys often are

undertaken to better identify subsurface geologic structures.

Figure 2.6.Terraplus K-10 Magnetic Susceptibility Meter was used to measagaetic
susceptibilities of rock samples.

22



CHAPTER 3

STRUCTURAL MODELLING

3.1 Introduction

Gravity and magnetic data has been gathered acrosstte Bain. Gravity modeling
has done to obtain more knowledge about geologic featuthe basin while magnetic
modeling has done for the dikes. All corrections on gravitg degre applied. Density values of
rocks samples were measured. Also, magnetic susceptibdiégurements have been
accomplished. Consequently, all relevant and reliable gealufgrmation that can help to
improve the study was collected from previous studies.

A key part of understanding the geologic implications oéptil filed data is to build
guantitative models. Gravity and magnetic models hasew®t built only to understand geology
of the basin but also provide basic knowledge about tect@mwefvorks of the Raton basin.

The GRAVMAG software was used to produce 2D gravity and magneticlsnode
GRAVMAG calculates the gravity and magnetic signature afhnsided polygons. These
polygons can be graphically shaped into potential geologifigroations and compared to
observational data. The 2-D models project the polygmas infinite distance perpendicular
from the profile.

3.2. Data Preparation

Our collected data was merged with pre-existing data frordtiheersity of Texas, El
Paso National Gravity and Magnetic database. The mgwltita was gridded to produce the
map below. Gravity stations and geologic features of éisentsuch as faults and dikes are
shown on Simple Bouguer gravity anomaly map (Figure 3.1)h&umore, magnetic readings

are represented by regional magnetic anomaly map (Fg2)e
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Figure 3.1.Regional gravity anomaly map of the Raton Basin withottentations of the cross-
section A-$ §nd B-% { : KdoW iHdicate our measurements).
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Figure 3.2.Regional magnetic anomaly map of the Raton Basin slgpmegnetic reading
stations (Black dots indicate our measurements).

3.3. Orientation of the Cross-Sections

Orientations of the gravity cross-sections were diffefienm orientation of the magnetic
cross-sections. Orientations of magnetic cross-sechailt based on distribution of dikes and
topographic conditions. Distinctively, gravity sections waeependicular to each other.

3.4. Building Cross-Sections

3.4.1. Gravity Cross-Sections

Quantitative 2-D gravity models of the Raton Basin were prediit order to better
understand its geology. These models are constrained hyatiseal gravity data. GRAVMAG
was used to build gravity models. As mentioned in the previcasteh orientations of cross
sectiondA- $ 9 D Q% Were determined as the first step.$8f S U R | L Ondliduler 6 the&) S H
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basin whileB%J SURILOH SDUDOGGHOLW R ERPY L QVKW UUNDFAS LWUDQ\
constrained by the Freeman 3-24 drill core. Freeman 3t¢mbvides information about basin
depth and geologic sequence. According teefe: 3-24 drill core, thickness of sedimentary

units is as deep as 3 km. A syncline axis coincides witdritieg point. A-$9 D Q% %FUR VYV
sections are intersected. At that point, the two mdule identical geometry. At the

intersection point, the depth of the sedimentary unanmest 3 km for each models.

Furthermore, each models cut the Raton formation ahtbesection point. Rock densities
measured in laboratory were imported to the GRAVMAG for grawibgleling. Three different
density values were taken into account as average densigs\far three types of rocks. Density
value for basement rocks was considered as the averaggtyDalue for intrusive rocks was

taken 0.1 g/crhhigher than density value of basement rocks. Also, devesitye for sedimentary
rocks was accepted 0.4 gftiower than density value of basement rocks. Existing geologi
observations and drill core data (Freeman 3-24) was hegphuild initial model geometries. As

the final step, bodies that correspond to geologic rock weite added. Models were ready to be

built and interpretation of geologic characteristicshef basin.

A- $1 F WsBcliow follows the gravity transect and is approxinyad8lkm in length. The depth
of the cross-section is 8 km. Be J FeRtMdVis parallel to basin strike and intersectah® I
cross-section. The drill core data taken from Freema# ®ell was taken into account to
assume prospective geometry and estimated depth of thefdraB- % {1 F-SeRtd vV (Figure
3.3). As | mentioned before, GRAVMAG works based on denkifgrences between bodies
while building gravity models. Density differences are consideaame for all models. Density
value is 2.8 g/crifor igneous rocks, 2.3 g/&for sedimentary rocks and 2.7 gfcfar basement

rocks. Differences between them were used for modeling. Pablehows rock densities.
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Overall range of the gravity readings are between -224 to -246 H®aever, a correction of
+200 mGal to all gravity readings to remove the effechimkened crust. The goal of the model
is to better understand upper crustal Raton Basin and nallcsrestal thickening due to the

Laramide orogeny.

Figure 3.3.Conseptual cross-section of the Raton Basin souttegfitoposed Freeman 3-24
Well (Source: SWEPI) (taken from the paper named by Fre@a2ainwell Nontributary
determination Huerfano County, Colorado Raton Basin preparéddiiC Environmental &
Infrastructure, INC., 2012).

3.41.1.A$ 7 & USedtion
Laramide structure in the region is characterized by teesast compression and

thrusting (Cordell and Keller, 1984). So, it is evident andioss-section that a bunch of thrust
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faults on the western limit of the cross-section amel lsack-thrust on the eastern boundary of the
cross-section are squeezed the sedimentary units. Prgeologic studies pointed out long
north-south trending thrust faults might lie mainly te thest of the region. Whiskey Creek,
Cuchara Pass, and Coal Creek Faults could be thoseftulisthat were mentioned in previous
studies (Johnson, 1968). Nappes appear on the western side dusttoghi hrust faults on the
west trigger sedimentary rocks along the western edge diain to be extensively deformed

because it has a steep eastward dip of the sediment&syan the west limb.

Figure 3.4.Gravity cross-section A8 1XPEHUV LQ SDUHQWKHVised ioQGLFD W T
build cross-sections.

Pennsylvanian age Sangre de Cristo Formation is the leaadetary unit in the

survey area, and it comes out along the western sithe @foss-section due to thrusting. It is
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overlain by late Mesozoieearly Cretaceous thin section of sedimentary unitstPghale

covers them. Its thickness is 1.8-2.2 km. It is conformatérlain by late Cretaceous Trinidad
sandstone and Vermejo formatiddoth sedimentary units are cut by back thrust on the éast o
the cross-section. Late Cretaceous Raton formatieriies to the Vermejo formation. Thickness
of the Raton formation is 1.3-1.8 km. The Raton forarats conformably overlain by Paleocene
Poison Canyon formation. Eocene age Cuchara formateriies the Poison canyon formation.
At the top, Eocene age Huerfano formation covers thé&@adormation. Its thickness is 300-
400 m. Furthermore, there are sharp ascents betwlesm 58h km on the profile. They
correspond to presence of intrusive rocks. The westerrthinghtrusions are silicic intrusions.
Moreover, metamorphic aureole zone covers the eaststnmusion. Metamorphic aureole
indicates that contact metamorphism occurred in that Afesx that point, the gravity anomalies
start to decrease and the basin correspondingly deependedpest portion of the basin after

intrusion is almost 3 km. Thickness of Laramide orogesitirsents is 1.5-2 km.

3.41.2.B% Y &\BBcYOA

This cross section intersects the Freeman 3-24 well@rtirough the A$ fross-
section (Figure 3.5). The reason of the orientation istobine gravity and well log data.
Geologic information was derived from Freeman 3-24 wetl, applied tothe B% | FURVYV
section. The length of the model is 170 km. The deptheobasin is taken 6 km same as the
previous model. The purpose of this model is to gain much omaterstanding about geological
and geophysical properties of the Raton Basin (Figure 3.6)

Two thrust faults on the northern limit of the basil another normal fault at the
southern edge of the basin are compressed the sedignenits. Intersection point of the

Freeman 3-24 well is located at20m. Intersection point correspond to an anticline axis.
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According to the Freeman 3-24 well, Pennsylvanian age San@sasie formation is the basal
sedimentary unit of the basin. The depth of Sangre dgoGarmation is 2.7 km at the
intersection point of the Freeman 3-24 well. Cretaceg@asPierre shale comes out on the top of
the Sangre de Cristo formation. The Sangre de Cristcaf@mand Pierre shale are significantly
thicker in the southern part of the basin. The Trinidad sandsiverlies the Pierre shale. The
Trinidad sandstone is a thin layer of fine-grained samgstioat is cut by a normal fault on the
south. Late Cretaceous Raton formation overlies tiredid sandstone. Paleocene age Poison
canyon formation overlies the Raton formation, andeqsth is 1.8+2 km at the intersection of
Freeman 3-24 well. The Poison Canyon formation is comdbiy overlain by Eocene Cuchara
formation. The Cuchara formation appears just on ¢inthrof A-$ § F LsBction. Its depth is
approximately 700-800 m. Eocene age Huerfano formation e dop. Its depth is 300-400m.
The maximum depth of the sedimentary units is 4.6- 5 gmedus rocks intruded sedimentary

rocks between intersections of Freeman 3-24 well arflfA-F LsBcYiow.

Figure 3.5.Gravity cross-section B-f 1 XPEHUV LQ SDUHQWYakidsHisedi®Q GLFD W F
build cross-sections.
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3.42. Magnetic Cross-Sections

Magnetic anomalies collected in the field and magreitsceptibilities of rock samples
were used to produce the below magnetic models. The GRAVMAGamogas used to build
magnetic models. First, orientations of cross secticere designated. Two different profiles (C-
&Y DO® 'ZHUH WDNHQ IURP WKH ZKR O @ BRIROL QH DEHRRIYGD @6 .
magnetic susceptibility values were imported to the GRAVMAGriagnetic modeling.

Magnetic susceptibility meter measured magnetic susceptibidifieock samples as the s.i unit.
We had to convert the unit of susceptibility from s.i to iogsrder to use GRAVMAG for
magnetic modeling. Converting formula are stated below:

FJV VL » &

After converting magnetic susceptibility units, we used amaye magnetic
susceptibility value for all igneous rocks as 0.001 cgs. Reninelination and declination
values were required to match the amplitude of observedatiagmomalies. As the final step, a
bunch of bodies were created correspond to dikes. Mosesé tdikes were observed in the field,
but some were buried.

3.421.C&T & USRatioh

Length of the C& 1 FURVV VHFWLRQ L V(Fysrs 8 R.[ThxDfie @as P
created in order to find out dike locations and oriemtati®@edimentary rocks and basement
rocks ignored while preparing the cross section becausitiey area is characterized by radial
dike swarms and magnetic models would allow us to identifysite features of the Raton
basin.

In this cross section, 5 dikes were defined (Figure 3.8).ikdisdin this cross section

show remnant inclination that causes positive magneticnalies. We observed westernmost
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two dikes on the cross-section during fieldwork. Rest igethilikes was probably buried and we
FRXOGQTW V pteiningrK féatdie ¥rithe cross section, the eastetrofile is the highest
one according to the data. The dike is highly magnetizedr Qikes are relatively low

magnetized and mostly buried.

Figure 3.6.0Orientation of C&f FURVV VHFWLRQ ZLWK PDJIJRH® LBRPVDWLR
Google Earth).

3.4.2.2.D- & U-Backbn

Length ofthe D FURVYVY VHFWLRQ LV DSSUR[LPDWHO\ P )LJ
section is longer than the & F U R V VTNsHdrofld ikaQalso created in order to find out
dike locations and orientations. Sedimentary rocksbasegment rocks ignored as well.

In this cross section, we defined much more dikes ratlaarD-'§ F<3 Bection (Figure
3.10). Since orientation of the cross section is rougatpendicular to the Spanish Peaks. Dikes

in this cross section show both remnant inclination anthamt declination. The easternmost
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four dikes show characteristics of radial dike swarntbenRaton basin. Dikes are highly

magnetized. Consequently, show abrupt fluctuation on tifdeor

Figure 3.7.C-&Y FURVY VHFWLRQ 7RWDO ZLEBEWX WRWDRVEYHBEMFKVRR ¢
section is 500 m.

Figure 3.8.0Orientation of D-f FURVYV VHFWLRQ ZLWK PDJQHWWRP/V WDWLRC
Google Earth).
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Figure 3.9.D-'YT FURVYV VHFWLRQ 7RWDO ZLGWE& RIRPUIRGY/ G N SHWW LRRIQ
cross section is 500 m.
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CHAPTER 4

CONCLUSIONS

There have been a number of detailed geologic stodige Raton basin. However,

there have not previously been investigations thatlyoimterpreted geologic, gravity and

magnetic observations, such has been done here fdigerdis study concentrated on collecting

as much geophysical data as possible in the fieldworkridéetb reveal to tectonic frameworks

and magmatic history of the Raton basin. To reaclptingose, gravity and magnetic survey has

done, and structural models created in the GRAVMAG prog€onclusions of my thesis are

listed below.

1)

2)

3)

4)

The Raton Basin is characterized by a significant neg8puguer gravity anomaly. In the
northern Raton basin the anomaly is approximately 20 mgakeak in the southern portion
the negative anomaly is approximately 55-60 mgal.

Structurally, the Raton Basin is deformed into a highly asyniergtnform with shallow
dips in the east and steep to overturned dips along itsrwdisté. This synform is bounded
by multiple high-angle reverse faults in the west, @matains a zone of structurally repeated
nappes in the Sangre de Cristo Formation. Gravity modssralicate a forebulge and
possibly an eastward vergent thrust fault at the easternoédige basin.

Gravity models, constrained by surface geology, drill cata, and rock density
measurements, suggest that the Raton Basin thickens frooxepately 3 km in the north
to 5 km in the south.

The basin deepens at the central portion. Pennsylvaamgré&de Cristo formation is the
basal sedimentary unit of the basin, and it was thrugtdte western edge of the survey

area. Accumulation of the Sangre de Cristo formasarlated to the Ancestral Rocky
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5)

6)

7)

8)

Mountains. After the Sangre de Cristo range uplifting andi@npthe Sangre de Cristo
formation was formed. Sedimentary units that were aotated from the late Cretaceous to
the Tertiary time show continuous sequence in survey Smeayn-Laramide orogenic
sedimentation is continually represented in the surueg. a

The Poison Canyon, Cuchara and Huefano Formations mi@regenic Laramide age units
that were deposited in conjunction with the evolutiothefLa Veta Syncline and fill
depositional space along the syncline axis.

The Raton Basin is also characterized by an approximbetygal gravity high between the
northern and southern parts. This high is associatedhétBpanish Peaks. Gravity models
indicate a high density magmatic intrusion underlays nai¢his area.This is consistent
with the metamorphic rocks and small outcrops of intrusie& that occur in this area.

The significantly greater thickness of the Sangre dst@€FRormation in the southern part of
the Raton Basin suggests that it also may have beegeaftaeland basin during the earlier
Ancestral Rocky Mountains and that it has remainedwslo€ tectonic activity over much of
its history.

Magnetic susceptibility values of the Raton Basin igneouks are between 11*f@nd
25*103s.i. Magnetic susceptibility values represent induced magnetHowever,
interpretation of magnetic signatures of igneous raek®1t possible without remnant
magnetization. Furthermore, igneous rocks of the RB&min show both reverse and normal

magnetic polarity.
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APPENDIX A

DENSITY AND MAGNETIC SUSCEPTIBLITY TABLES

Densit Magnetic
Latitude Longitude Elevation Station Sample Formation Y Susceptibility | S.Deviation
~Pl uue s
(*10"-3 s.i)
37.35 -105.06 3224.60 13RB340A | Fne Grained | Cuchara 2.27 0.05 0.00
Sandstone Formation
Coarse- Cuchara
37.35 -105.06 3224.60 13RB340B | Grained . 2.23 0.05 0.01
Formation
Sandstone
37.35 -105.06 3238.30 13RB341 Fine-Grained | Cuchara 2.34 13.30 0.78
Sandstone Formation
37.35 -105.06 3241.40 13RB342 g?krephy”“c Granodiorite | 2.57 12.10 0.46
37.35 -105.05 3297.40 13RB343 g?krephy”“c Granodiorite | 2.81 21.80 1.16
Poison
37.35 -105.05 3304.60 13RB344A Conglomerate| Canyon 2.48 0.38 0.03
Formation
37.35 -105.05 3304.60 13RB344B gﬁ:ghy”“c Syenogabro | 2.72 25.40 0.15
37.34 -105.06 3108.30 13RB346A | Sill Syenodiorite | 2.53 15.90 0.60
Poison
37.34 -105.06 3108.30 13RB346B | Black Shale | Canyon 1.66 0.09 0.01
Formation
37.34 -105.06 3096.00 13RB347A | Siltstone Vermejo 2.17 0.09 0.01
Formation
37.34 -105.06 3096.00 13RB347B | Shale Vermejo 2.52 0.25 0.20
Formation
37.34 -105.06 3096.00 13RB347C | Sandstone | Y&rmelo 2.48 0.15 0.02
Formation
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Magnetic

Latitude Longitude Elevation Station Sample Formation Density N Susceptibility | S.Deviation
~Pl uu- :
(*10"-3 s.i)
37.33 -105.07 3062.90 13RB349A g?gghy”“c Granodiorite | 2.67 11.40 1.19
37.33 -105.07 3062.90 13RB349B | Black Shale | SUShar@ |5 g5 0.23 0.02
Formation
37.33 -105.07 3062.90 13RB349C | Shale Cuchara — | 5 4 0.57 0.08
Formation
Raton
37.43 -105.04 2364.00 13RB381A Sandstone . 2.26 0.48 0.01
Formation
Raton
37.43 -105.04 2364.00 13RB381B | Coal . 1.63 0.05 0.00
Formation
. Raton
37.43 -105.04 2364.00 13RB381C Siltstone . 2.32 0.17 0.02
Formation
Fine-Grained Sangre de
37.33 -105.11 2791.80 13RB392A Cristo 2.80 0.14 0.01
Sandstone :
Formation
Coarse- Sangre de
37.33 -105.11 2791.80 13RB392B | Grained Cristo 2.44 0.23 0.02
Sandstone Formation
Coarse- Sangre de
37.33 -105.11 2791.80 13RB392C | Grained Cristo 2.48 0.14 0.00
Sandstone Formation
A
37.34 -105.00 3042.00 13RB401 metamorphic | Gneiss 2.52 0.21 0.01
unit
37.34 -105.00 3073.00 13RB418 g‘i’;ephy”t'c Syenodiorite | 2.67 11.80 0.31
Red and
Green Morrison
37.35 -105.05 3267.70 14R07C variegated . 2.19 0.08 0.00
siltstone Formation
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Magnetic

Latitude Longitude Elevation Station Sample Formation Density N Susceptibility | S.Deviation
~Pl uue .
(*107-3 s.i)
37.40 -104.65 294539 | 14RoeA | ne;CGrained ) Dakola 2.34 0.07 0.01
Sandstone Sandstone
Grey Coarse- Poison
37.38 -104.67 2980.42 14R04A Grained Canyon 2.41 1.71 0.02
Sandstone Formation
37.34 1105.01 333208 | 14R17A éo'\gebtlzmorph'c Gneiss 2.69 0.25 0.00
Fine Grained Sangre de
37.32 -105.07 30251.62 14R11B Cristo 2.39 0.32 0.01
Sandstone :
Formation
37.35 -105.05 326770 | 14RO7A | Sreenish Morrison 5 47 0.15 0.01
Sandstone Formation
Coarse-Grained Cuchara
37.36 -104.70 3013.41 14R02A Reddish . 2.38 0.10 0.01
Formation
Sandstone
37.35 -105.04 336472 | 14r0sA | Soarse-Grained) Dockum o, 4 0.20 0.01
Sandstone Group
Red and Orange Entrada
37.32 -105.07 3031.63 14R10A Fine-Grained 2.35 0.66 0.09
Sandstone
Sandstone
37.35 -105.05 3267.70 | 14R07B | Chert/Mudstone | MOS0 | 5 14 0.75 0.01
Formation
Poison
37.38 -104.69 3002.21 14R03A Grey Sandstone| Canyon 2.45 14.70 0.12
Formation
Coarse-Grained Dockum
37.35 -105.03 3430.25 14R09A Maroon 2.39 0.85 0.04
Group
Sandstone

39




Magnetic

Latitude Longitude Elevation Station Sample Formation Density N Susceptibility | S.Deviation
~Pl uue ,
(*10"-3 s.i)
Coarse- Sangre de
37.33 -105.04 3345.72 14R11A Grained Cristo 2.51 0.28 0.04
Sandstone Formation
37.38 -104.69 3002.21 14R03B [P)‘i’gghy”“c Granite 2.69 7.96 0.33
37.39 -104.66 2956.78 14R05A Grey Shale | Pierre Shale | 2.38 2.75 0.33
37.35 -104.71 3041.72 14R01A Sandstone | Cuchara 2.31 0.19 0.01
Formation
37.35 -104.71 3041.72 14R01B g?l:ephy”“c Andesite 2.65 7.29 0.44
A Cobble of
37.35 -105.03 3430.25 14R16A Foliated Quartzite 2.72 0.16 0.00
Quartzite
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GRAVITY READINGS

APPENDIX B

Easti
. Mg Simple Simpl ng : Comp
Eleva Eleva . Dail al Absolut Calcula Free-Air | Bougue Free- e dista Interpol Spheri lete
Stati Latitud Longitu UTM. UTM tion tion Dial y fro e ted . gravity r Air Boug nce ated . cal Boug
northin eastin (MSL) read Bas . Gravity ) . Terrain cap
on e de error . m gravity correcti gravity Ano uer from uer
g g EGM9 ing e (sea ) Correct correc
6 (m) AV ba (mgal) level) on correcti maly Ano 13RB ion tion Anom
9. se on maly 370 aly
(m)
13RB | 37.3317 | 413167 | 491403 | 2820. 1172 | 1172 | 0.0 | 979128. | 979934. | 870.454 | 316.415 ; 4082. | 6.47191 ;
352 033 105097 1 474 .92 66 01 8 .25 5 8 5107 133 7165 64.75 | 2516 | g3 1 131 246.5
0343 7 0
13RB | 37.3302 | 413151 | 491189 | 2836. 1125 | 1172 | | 979124. | 979934. | 875.390 | 318.210 ; 3868. | 6.17120 ;
353 | 829 105.099 | 7 39 88 65 01 5 25 |39 | g6 3868 19 0052 6586 | 2523 | ;9 4 130 | 2474
4485 5 5 8
13RB | 37.3296 | - 413151 | 491189 | 2851. 1086 | 1172 | . 979121. | 979934. | 879.929 | 319.859 ; 3868. | 6.17120 ;
354 8748 105102 | 7 39 878 36 02 5 .25 72 | 5673 3349 0788 9207 67.16 | 252.7 | 79 4 1.29 2478
4598 4 0 2
13RB | 37.3295 | - 413145 | 490923 | 2870. 1051 | 1172 | | 979118. | 979934. | 885.975 | 322.057 ; 3601. | 5.77854 ;
355 6514 105106 |, ) .04 95 02 3 .25 101 6o 3242 7872 9384 70.25 | 2518 | g 1 1.28 2473
0267 21 1 1
13RB | 37.3292 | - 413143 | 490607 | 2892. 1012 | 1172 | | 979115. | 979934. | 892.621 | 324.473 ; 3285. | 5.54779 ;
356 6557 105109 | g 39 .034 49 01 4 .25 131 31 2981 1796 5815 73.64 | 2508 | o5 4 L2r 246.5
4212 49 4 6
13RB | 37.3276 | . 413140 | 490306 | 2907. 979. 1172 | | 979112. | 979934. | 897.356 | 326.194 p 2985. | 5.54779 p
357 | 6477 105112 1 5'g 268 83 03 1 25 |16 | g5 1586 0204 7301 75.70 | 2504 | g 4 126 | 2462
3138 30 9 0
13RB | 37.3254 | - 413122 | 490049 | 2925 924, | 1172 | . 979107. | 979933. | 902.721 | 328.144 ; 2728. | 5.33697 ;
358 | 9487 105114 1 g9 807 21 02 9 25 |20 | o3 9694 0404 9464 76.68 | 2514 | 4, 8 125 | 2473
7187 88 7 8
13RB | 37.3242 | . 413098 | 489836 | 2946. 867. 1172 | - 979103. | 979933. | 909.222 | 330.508 p 2515 5.33697 p
359 | 0167 105117 1 77, 458 28 02 5 25 |2 | o8 8566 008 0902 7845 | 2520 | 4 8 123 | 2479
6619 72 6 6
13RB | 37.3234 | . 413084 | 489575 | 2979 791. 1172 | - 979096. | 979933. | 919.446 | 334.224 . 2254. | 6.00919 p
360 | 7999 105.122 | 4 59 523 41 03 5 25 |32 |67 7937 2346 6628 8232 | 2519 | 44 1 121 ) 2471
2009 14 0 1
13RB | 37.3234 | . 413076 | 489173 | 3000. 743. 1172 | - 979092. | 979933. | 925.820 | 336.541 p 1852. | 6.78489 p
361 | 8673 125'125 5.04 274 07 02 7 25 fg 63 7943 3676 7015 84.66 §51'8 19 3 1.20 346'3
13RB | 37.3233 | . 413076 | 488914 | 3021. 697. 1172 | 979088. | 979933. | 932.303 | 338.898 . 1593. | 6.78489 -
362 | 1167 105126 | ¢ 15 654 07 03 5 25 |40 | 74 779 1278 2268 87.26 | 2516 | o 3 119 | 2460
9765 07 4 4
13RB | 37.3212 | . 413074 | 488750 | 3044. 644. 1172 | 979084. | 979933. | 939.452 | 341.496 . 1429. | 8.09122 .
363 | 5311 3234127 6.92 14 24 02 6 25 || 5996 1554 9446 90.12 551'3 05 2 117 52344'4
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Co

Sim Eastin mpl
Eleva Eleva Ililal 21/:9 C\tl:aSOI Calcula Free-Air Simple Free- glg 9 Spheri ete
S.ta . Longitu UTM. UTM tion tion Dial . Ba fro gravit ted . gravity Bouguer Air ugu distan Interpollate cal Bou
tio Latitude northi eastin (MSL) readi Gravity . ; ce d Terrain cap gue
de error se m y correctio gravity Ano er -
n ng g EGM (m) ng Ay bas (mgal (sea n correction mal An from Correction correc r
9% 9 level) Y 13RB3 tion Ano
g. e ) om
70 (m) mal
aly
y
13 - 11 - - -
RB 32.318773 105.128 ;1;304 ;18087568 gg84. 05 244. 7. 53.0 2789107 9378939533 3%.8310 345.996744 04.95 251 ;260.9 10.26021 114 242
365 3211 i 25 0 ) ) 74 62
13 - 11 - - -
RB 32.319054 105.134 21;36072 3838;43 3233. 0.2 42141. 7. 61.7 3719006 T:BQSS 826.9194 251.481468 ;00.6 250 ;309.2 10.26021 111 241
366 2986 i | 25 0 i i 87 71
13 - 11 - - -
RB 23'316526 105.137 ‘71;35092 387%11: i;76' 0.2 338' 72. 70.3 319505 9178979533 322'1503 256'290992 ;05'4 250 779.66 12.49649 1.07 239.
367 2969 i i 25 5 i i .88 45
13 - 11 - - -
RB 33.312654 105.140 gé22985 35176565 ggl& 05 532. 7 70.3 3749604 98759932 383.2531 261.053962 é09.8 251 23738 | 18.7443 1.04 233,
368 4071 ) ) 25 5 ) ) .19 49
13 - 11 - - -
RB 33'318765 105.141 3‘1133942 ‘7‘517%8 ggu. 0.4 264 | 72. | 76,6 2719505 9378929733 ggé.gsss 360583375 | 1107 | 249 | 16637 | 1498934 | 1.04 235.
369 2198 ) i 25 6 i i .86 91
13 - 11 - - -
RB i1.324755 105.143 333:{)9 1%78362 %93. 0.2 i26. 7. 71.4 3739905 997:49933 282.4082 358.202282 S1;08.8 249 0.00 12.04328 1.06 238,
370 1089 ) ) 25 2 ) ) .31 32
;38 1171 %; - 97912 978032
371 7 25 0.05 | 8.76 6771
13 - 11 - -
RB i;.332805 105.094 3337197 42199];1519 5828. 0.2 16167 7. O %0 2749112 967(;369734 325.8744 217.295529 66.68 250 451271.8 6.471911 1.30 245
372 902 ) ) ) 25 ) ) ) .62 45
13 - 11 - -
RB 23.332948 105.091 41233]%38 390139; 2257. 0.2 12112 7. 5 o 2779412 9671999234 282.8729 220.566530 70.99 249 451578.9 6.619564 1.29 244,
373 4355 ) ) i 25 ) ) i .58 24
13 - 11 - -
RB 37.331122 105.091 3338116 219011973 2274. 0.6 1570 7. 8 o 8729512 94769934 ?27.0892 322.462676 72.88 249 ;1612.9 6.619564 1.28 244,
374 0497 i i i 25 i i i .58 24
13 - 11 - - -
RB | 37329049 | 105088 | JLOLT | 1929 | 2894 | g5 10171 72, | ago | JOONL | 979934 | 8932723 | S24TI021T | 7468 | 250 | 57708 | 5012086 | 127 245.
375 1369 ) ) ) 25 6 ) ) .03 38
13 - 11 - - -
RB 22.328748 105.091 ié3‘il.73 ;19913897 2316 0.6 263. 7. 17.6 2719611 927593934 222.0757 327.183355 76.98 250 451551.8 5.912086 1.25 245,
376 7363 ) ) 25 4 ) ) .20 54
13 - 11 - - -
RB i;.326958 105.085 3%3311 g%ZﬂG 2354. 0.3 369. 7. 255 2729710 907997934 2;1.7645 231.432325 80.94 250 2146.9 5.921334 123 245,
377 0173 ) ) 25 4 ) ) .50 80
13 - 11 - - -
RB | 37322880 | 105080 | gi300 | 99284 | 2991 | g3 777 | 72 | 333 | 2709 | 979933 | 9231920 | 335586280 | g0 | 280 | 29212 | 5aae308 | 121 246.
378 7881 ) ) 25 6 ) ) .69 55
13 - 11 - - -
RB i;.320488 105.073 ézlé370; 11993;55 §g3l. 01 289. 7. 407 2709408 9573929933 332.4696 240.049286 89.97 250 (13130.9 5.541683 118 245
379 9042 i i 25 7 i i .08 71
13 - 11 - - -
RB 3;.315898 105.066 11;20%‘? 3951812 5284. 01 ;89. 7. 323 2749809 9173929333 252.9281 i34.763342 84.28 250 8799.0 6.752139 121 244
380 3587 ) ) 25 2 ) ) .48 94
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ISelmp Eastin Inte
Eleva Absol Calcul Free- Bou 9 rpol Spher Comple
Lati UT™M UT™M tion Eleva Dial Mgal ute ated Air guer Free- Simple distan ated ical te
Statio Longit . ; tion . Daily . . . .| Air ce Terr Bougue
tud northi eastin (MSL) readi from gravit Gravit gravity gravi Bouguer . cap
n ude error Base Avg. Ano from ain r
e ng g EGM ng base y y (sea correct ty Anomaly corre
(m) ; maly 13RB Cor : Anomal
96 (mgal) level) ion corr ction
! 370 rect y
ectio .
(m) ion
n
3 |- 327
13RB3 312 41294 49462 2920. - 97910 979932 901.19 . 7299.0 8.73
81 043 105.06 o1 0.166 28 0.1 935.3 1172.25 20.00 8.81 7967 71736 5910 77.21 -250.38 8 777 1.25 -242.90
38 07128 109
sr. - 323 10.4
13RB3 | 305 41287 49485 2881. 1020. - 97911 979932 | 889.29 : 7535.6 :
82 305 105.05 43.33 6.682 71 0.1 5 1172.25 12.81 6.00 2094 66318 2650 73.08 -250.18 0 590 1.27 -241.00
23 80385 869 2
13RB3 1162. 97912 978032
93 7 1162.7 0.00 8.80 6771
13RB3 - 97908 978032
94 681.5 1162.7 40.61 8.19 6771
37. 342 7.99
13RB3 | 330 | | 41314 49410 3052. - 97908 979934 | 941.96 ) 6787.1 ;
95 030 105.06 86.86 8.026 38 0.4 638.1 1162.7 44.28 453 3648 41594 4100 92.13 -250.28 2 517 1.16 -243.45
8 65061 744 5
sr. - 347 9.87
13RB3 | 335 41320 49497 3095. - 97907 979934 | 955.14 ) 7651.5 .
% 361 105.05 7763 2607 09 0.2 545.2 | 1162.7 5212 | 6.69 8296 50826 2014 | 97.00 | -250.20 2 997 1.13 -241.45
04 6753 253 2
8. - 356 9.08
13RB3 | 346 41332 49514 3180. - 97906 979935 | 981.40 ) 106.5 7826.8 :
97 243 105.05 05.04 7007 17 0.5 359.1 | 1162.7 67.82 | 0.98 7872 0462 7454 9 -250.15 2 874 1.07 -242.13
76 4782 258 4
13RB3 222 p 41339 49520 3260 - 97904 | 979936 | 1006.1 365. 113.6 7882.1 | 8.66
98 o16 | 19905 | o551 | 327 | 24 03 156.2 | 11627 8495 | 386 | .2818 | 10064 | /2% |8 -252.04 8 76 | 100 | 24438
2 4161 263
S 370
13RB3 | 349 41336 49589 3305. - 97903 979936 | 1019.9 . 119.3 85719 | 9.41
99 920 | 10504 | 9536 | 3002 | 00 05 58 11627 9324 | 557 | .0001 | 23 7486 | g -251.36 2 o041 | 096 | -24291
61 63718 18
ST 367 126
13RB4 | 337 41323 49943 3279. - 97904 | 979935 | 1012.1 p 118.8 12110. ’
00 744 105.00 106 1533 71 0.6 1315 | 1162.7 8703 | 1.77 0374 18506 9116 5 -249.06 15 274 0.99 -237.42
9 64175 338 2
7 373 119
13RB4 | 343 41329 49903 3331. - 97903 979935 | 1028.1 . 124.7 11717. ;
o1 504 105.01 89.58 8.833 50 0.1 17.4 1162.7 96.66 | 2.14 5475 05529 7230 0 -249.02 75 783 0.94 -237.99
2 08516 203 8
|- 356 127
13RB4 | 333 41318 49944 3178. - 97906 979934 | 980.84 : 108.8 12120. :
02 162 105.00 32 27 2076 36 0.2 379.1 1162.7 66.14 267 6379 0353 5418 7 -247.67 09 207 1.07 -236.02
P 62981 226 6
st | 347 12.2
13RB4 338 41324 49999 3097. - 97908 979935 955.89 ) 102.3 12677. p
03 846 105.00 62.74 8.774 53 0.8 603.6 1162.7 4719 1.62 1334 6215 4744 8 -245.10 69 521 1.13 -233.97
o1 00138 668 5
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Easti

Daill Mga Simple Simpl ng ! Comp
_Elevat Elevat . y | Absol Calcula Free-Air Bougue Free- e dista Interpol Spheri lete
Stati Latitud Longitu utMm UT™M fon ion Dial Bas fro ute ted gravity r Air Boug nce ated cal Boug
northin . (MSL) readi gravit Gravity . . Terrain cap
on e de easting error e m correcti gravity Ano uer from uer
g EGM9 ng y (sea ) Correct correc
(m) Avg bas on correcti maly Ano 13RB ) : Anom
6 (mgal) level) ion tion
. e on maly 370 aly
(m)
13RB | 37.3457 | - 413322 | 500220 | 2999. ga2. | 116 | - 97910 | 979935. | 925.727 | 336.507 : 12899 | 12.0789 :
431 | 1124 104.997 | 4 37 442 76 04 5 27 |20 | 178 | 732 1704 8237 OL77T | 2447 | 3g 4 1.20 2338
5111 2 3 5
13RB | 37.3388 | | 413245 | 501084 | 2888. 1008 | 116 | - 97912 | 979935, | 891531 | 324.077 : 13763 | 10.8710 :
432 | 0528 %gg'gm 8.29 836 96 1 7 27 | 540 | 340 | 1200 8216 5929 7980 | 2442 1 75 1 127 2346
13RB | 37.3202 | ° 413139 | 502273 | 277. 1377 | 116 | 181 | 97914 | 979934, | 856.811 | 311.456 : 14952 | 6.50300 :
433 | 4868 ;g;égm 8.32 885 45 09 8 27 |5 6.96 | 2966 5442 5471 69.47 ;41'9 80 9 133 i%'s
13RB | 37.3277 | ; 413123 | 503770 | 2666. 366. | - 37.5 | 97916 | 979934, | 822.950 | 299.147 : 16449 | 3.76155 :
434 | 5288 ‘1123'2957 2.92 928 72 02 8 781 | 5 635 | 1662 7178 9173 514 | 2440 1 gy 7 1.38 541'6
13RB | 37.3260 | | 413104 | 505238 | 2593. 532, | - 515 | 97918 | 979934, | 800.501 | 290.987 : 17017 | 2.94512 :
435 | 2506 513(73;"2940 2.03 143 98 02 2 781 | 1 031 | 0156 9194 6337 46.80 544'1 .06 7 141 542'6
13RB | 37.3262 | - 413106 | 506771 | 2535. ; 62.6 | 97919 | 970934, | 782.338 | 284.385 : 19449 | 2.69098 :
436 | 3756 ég‘21'7923 6.7 035 12 01 664 | 781 | 3 144 | 0341 3406 0551 39.74 244'6 95 9 143 343'3
13RB | 37.3206 | | 413044 | 508262 | 2469. 795, | - 73.7 | 97920 | 970933, | 761.945 | 276.972 : 20041 | 254674 :
437 | 4345 %gg.lgoe 7.43 924 04 02 5 781 | 3 254 | 5464 744 2141 30.94 246'0 84 4 145 244'9
13RB | 37.3247 | : 413090 | 509750 | 2421. 910. | - 834 | 97921 | 970933, | 747.378 | 271676 : 22429 | 2.60055 :
438 | 2584 ;gi.gssg 1.93 471 84 02 6 781 | 5 225 | 9023 5896 9501 25.73 245'9 39 4 1.46 i44'8
13RB | 37.3234 | - 413076 | 511263 | 2375 ; 922 | 97922 | 979933, | 733.103 | 266.488 : 23042 | 2.36419 :
439 | 9565 104872 1 '35 92 58 22 1015 1 781 | 6 106 | 7951 988 049 20.37 | 246.1 | “gq 7 1.48 2452
8645 2 3
13RB | 37.3108 | ° 413036 | 512790 | 2330. 1102 | - 99.6 | 97922 | 979933, | 719.071 | 261.387 : 25468 | 2.08181 :
440 | 6131 égg'9855 6.35 065 11 03 7 781 | 6 8.46 | 4783 6374 1986 14.06 247'3 98 4 1.49 246'7
13RB | 37.3222 | © 413063 | 514693 | 2278 1246 | - 111. | 97924 | 979933. | 703.083 | 256.575 : 27372 | 1.92243 :
441 | 2565 12‘2"2834 1.78 083 30 02 8 781 | 82 | 063 | 6844 6886 4757 10.03 545'5 90 8 1.49 245'1
13RB | 37.3233 | | 413076 | 515792 | 2255 1312 | - 117. | 97924 | 979933. | 696.019 | 253.007 . 28471 p
422 | 9823 %2‘1"2821 3.86 459 41 01 4 781 | 36 | 616 | 7866 2174 4946 8.40 i““’ 37 1.74585 | 1.50 244'3
13RB | 37.3189 | ° 413027 | 517349 | 2215 28. | ° 125. | 97925 | 979933. | 683.758 | 248.550 : 30028 | 155786 :
443 | 7024 104.804 | o7 496 68 01 5 121\ 507 | 431 | 4006 2308 5466 467 | 2438 | 4y 5 1.50 2438
1885 8.5 9 3
13RB | 37.3131 | | 412962 | 518555 | 2190. 334. p 131. | 97925 | 979932. | 675.855 | 245.677 . 31234 | 1.42713 .
444 | 0879 104790 | gy 668 07 01 7 121 1 09" | 989 | 8896 2934 7776 286 | 2428 | 5o 3 1.50 242.9
5916 8.5 2 0
13RB | 37.3087 | | 412014 | 520132 | 2142. 463, | ° 141. | 97927 | 979932, | 661.190 | 240.347 : 32811 | 1.19884 :
445 | 1234 éggéﬁz 3.92 219 55 01 2 ézsl 94 | 074 | 5064 93 1865 -0.58 340'9 13 6 151 541'2
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Easti

Daill Mga Simple Simpl ng ! Comp
Eleva Eleva ) y | Absol Calcula Free-Air | Bougue Free- e dista Interpol Spheri lete
Stati Latitud Longit! UM UTM tion tion Dial B fr ute ted ravit r Air B n ated cal B
atio attu ongitu northin eastin (MSL) o readi as 0 gravit Gravity gravity . oug ce Terrain cap oug
n e de error e m correcti graV|ty Ano uer from uer
g g EGM9 ng y (sea ) Correct correc
(m) Avg bas on correcti maly Ano 13RB | . : Anom
6 (mgal) level) ion tion
. e on maly 370 aly
(m)
13RB | 37.3150 | 412984 | 521423 | 2122. 544, | 148. | 97927 | 979933. | 655.037 | 238.110 ; 34102 | 0.94153 ;
446 218 104758 | 74 668 61 01 6 121 1 gy 7.61 0564 1374 243 041 1 2385 | 5o 4 151 2390
219 8.5 2 9
13RB | 37.3224 | 413067 | 522844 | 2099. . 157. | 97928 | 979933. | 648.039 | 235.566 ; 35523 | 0.90265 ;
447 1138 104.742 | 4 g5 307 93 01 642 | 121 | 43" | 583 | 7006 0152 3803 017 | 2354 | 5 3 151 ] 2360
1608 8.5 0 0
13RB | 37.3322 | 413176 | 523916 | 2070. ' 165. | 97929 | 979934. | 638.948 | 232.261 ; 36595 | 1.10276 ;
448 158 104730 | 4 34 614 48 01 746 | 121 1 gnT | 461 | 5553 585 95 100 1 2332 | 5o 7 151 | 2336
0229 8.5 6 7
13RB | 37.3408 | 413272 | 525080 | 2055. 811. | 171. | 97930 | 979935. | 634.432 | 230.620 ; 37759 | 1.39630 ;
449 6321 104.716 | 419 421 84 01 4 1211 3 0.13 3093 224 2235 075 1 2313 | 55 5 151 2314
8531 8.5 7 8
13RB | 37.3497 | | 413371 | 525959 | 2041. 868. | - 176. | 97930 | 979936. | 630.075 | 229.036 ; 38638 | 1.64998 ;
450 6405 104.706 | 4 56 204 72 01 7 121 196" | 496 | o854 7178 6053 105 | 2300 | 5 2 151 | 2299
8964 8.5 8 4
13RB | 37.3626 | 413514 | 526578 | 2013. 960. | - 183. | 97931 | 979937. | 621.338 | 225.860 p 39257 | 1.72551 p
451 6323 104699 | 796 .709 41 02 6 1211 g5 2.72 2103 6346 619 315 12290 | T, 4 151 2288
8513 8.5 1 0
13RB | 37.3751 | | 413653 | 527617 | 2002. 1016 | 188. | 97931 | 979938. | 617.881 | 224.603 ; 40296 ;
452 1951 104688 | ;55 713 21 01 3 121 1 6 7.42 2967 3888 8877 299 | 2216 | go 157291 | 1.51 2275
0665 8.5 0 3
13RB 37.3845 | 413757 | 528812 | 1980. 1086 | | 194. | 97932 | 979939. | 611.157 | 222.159 p 41491 | 1.32527 p
453 033 104.674 | 7 65 485 42 01 7 121 1 567 | 336 | 1153 9206 8635 459 | 226.7 | 44 1 151 | 2269
5314 8.5 5 4
13RB 37.3926 | 413848 | 529940 | 1956. 1160 | | 200. | 97932 | 979939. | 603.861 | 219.507 p 42619 | 1.07927 p
454 1459 104661 | g 768 78 01 5 1211297 | 059 | 8228 9994 7488 637 | 2258 | &g 9 151 | 2263
7498 8.5 8 0
13RB | 37.4025 | 413958 | 530794 | 1945, 1209 | 204. | 97933 | 979940. | 600.346 | 218.229 ' 43473 | 0.83056 )
455 0871 104652 | 5 59 948 39 02 4 121 191" | 372 | 686 4282 8159 662 | 2248 | g4 5 151} 2255
0542 8.5 5 2
13RB 37.4176 | | 414126 | 531640 | 1933. 1244 | 207. | 97933 | 979942, | 596.792 | 216.938 . 44319 | 0.63830 p
456 6164 104642 | ¢ 5g 624 87 02 8 121 190" | 671 | o082 8992 0851 851 | 2254 | g4 5 150 | 2263
4271 8.5 5 1
13RB 37.4265 | 414225 | 532596 | 1916. 1283 | | 211. | 97934 | 979942. | 591.309 | 214.944 | - . 45275 | 0.51480 p
457 1812 104.631 | 5 g9 084 10 01 8 121 1997 | 000 | 781 6944 9047 1147 | 2264 | oo 9 150 | 2274
5758 8.5 2 1
13RB | 37.4263 | 414224 | 535274 | 1886. ' 217. | 97934 | 979942, | 582.262 | 211.656 | - ' 47953 | 0.41467 )
458 8438 104601 | g g7 916 79 01 1364 1 121 | o6 | 577 | 7693 1596 0671 1374 | 24 | g3 2 150 | 2264
3096 8.5 0 8
1692 97912
14R12 7 8.80
14R13 | 37.3205 | 413043 | 493455 | 3031. 1211 97908 | 979933. | 935.559 | 340.081 ' 6134. | 5.54168 )
cor 0047 égg.sms 0.05 429 63 01 2 8.17 534 475 9301 90.19 549'8 34 3 118 545'5
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Easti

Dai | Mg Simple Simpl ng ! Comp
_Elevat Elevat ) ly al Absol Calculat Free-Air Bougue Free- e dista Interpol Spheri lete
Stati Longit UTM UTM fon ion Dial Ba fro ute ed ravit r Air Bou nce ated cal Bou
atio Latitude ongitu northin ’ (MSL) readi gravit Gravity 9 Y. . 9 Terrain cap 9
n de easting error se m correcti gravity Anom | uer from ) uer
g EGM9 ng y (sea ) Correcti correc
(m) Av ba on correcti aly Anom 13RB : Anom
6 (mgal) level) on tion
g. se on aly 370 aly
(m)
14R14 | 37.3513 | | 413384 | 495326 | 3267. 668. 97904 979936. 1008.41 366.563 1145 ; 8005. 9.04485 .
.cor 3426 105.052 9.49 519 70 01 7 2.38 2224 0677 814 7 252.0 43 4 1.00 243.9
7689 0 5
14R15 37.3460 h 413326 496620 3364. 437. 97902 979935. 1038.35 377.448 125.4 ; 9299. 10.4164 h
cor | 4126 105038 | 4 66 979 72 0.6 5 287 | 7608 3826 3428 6 2519 | gg 6 091 | 2424
1503 9 8
14R16 | 37.3484 | 413352 | 497769 | 3430. 300. 97901 979935. 1058.57 384.798 133.9 . 10448 | 10.7938 p
.cor 3056 105.025 6.34 272 25 01 6 1.31 9692 3607 364 2 2508 .19 5 0.85 240.9
1865 8 4
14R17 37.3436 - 413299 499032 3332. 543. 97903 979935. 1028.28 373.786 124.5 ; 11711 11.9783 p
.cor 2495 105.010 2.97 495 08 02 8 1.84 5501 0814 7374 7 249.2 41 8 0.94 238.1
9231 2 8
37.3205 | | 413043 | 493455 | 3031. 1209 97908 979933. 935.559 340.081 . 6134. 5.54168 .
14R18 | 0047 2973 | 0,05 429 63 01 3 801 | 534 475 9301 9003 1 2500 | 34 3 118 | 2456
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APPENDIX C
MAGNETIC READINGS

Distanc Base
. Total ) Correcte
. . UTM UTM . e East Altitud . Statio Anomal
Latitude Longitude casting Northing Stations from e \Flflll?e n IO—‘IiZICc)itaI y
RB51 Value
37.31372 | 10513903 13RBO0 | 36783 | 3208
8 2
8
i7'33184 105.09727 §3RBOO 357.02 | 2846.8
3
37.34883 | [0s o575y | 4949006 | 41335729 | 13RBOO | oo oo | s n | 5108 | g oo | g 8
9 : 1 1 4 8
37.34883 | [0c os7po | 4948898 | 41335728 | 13RBOO | oo | oo | SLAL | g oo | g 50
8 : 1 1 5 6
37.34883 | J0c 0s775 | 4948846 | 41335723 | 13RBOO | 2y | 30003 | 5140 | g1 00n | 402 230
4 : 7 7 6 4
37.34884 | 105.05786 ‘7194875'3 3133573'0 %3RB°° 326.20 | 3220.5 21'67 51,002 | 676 513
1
37.34882 | (0 05797 | 4948650 | 41335718 | 13RBOO | pior | g1 | 5194 | oo | gue 63
9 : 1 2 8 8
37.34884 | 105.05804 294858'9 2133573'0 gSRBOO 31247 | 32215 21’83 51,002 | 836 673
6
37.34879 | J0c oep1a | 494850.3 | 41335679 | 13RBOL | o0 00 | gooin [ 5178 | gig0n | 778 615
4 ; 0 5 0 0
37.34879 | 105.05820 294845'2 ‘1‘133567'5 i3RBOl 29546 | 3222 81’68 51,002 | 678 515
1
- 494833.8 | 4133564.1 | 13RBOL 51,78
3734876 | 1oc oopas | o . ) 28634 | 32224 | 2 51,002 | 786 623
37.34879 | [0c oepag | 494828.2 | 41335676 | 13RBOL | o000 | gooos [ 5166 | g1 | ess 205
1 : 5 3 3 0
S7.34873 | J0g ospag | 494819.1 | 41335617 | 13RBOL | peoue | aoong | 5104 | g1 | e 118
8 : 2 6 4 8
S7.34875 | J0s ospsa | 2948146 | 41335635 | 13RBOL | por oo | aooay 5034 | g; 00 | ess 622
4 ! 1 3 5 4
37.34874 | J0c (epso | 4948012 | 41335629 | 13RBOL | peron | aoony | 5080 | gp o0 | igg 263
9 : 3 9 6 3
37.34875 | J0s osg7e | 2947956 | 41335635 | 13RBOL | pucor | aoon s 5082 | g1 00 | a7a 238
4 . 5 5 7 8
37.34873 | 105.05883 | ;017090 | 41339008 | A3RBOL 55854 | 32227 | 3072 | 51,002 | 274 -438
6
37.34872 | - 494778.0 | 4133560.0 | 13RBOL 50,58
3 105.05896 | 3 . . 23444 | 32224 | 2 51,002 | -414 578
3734872 | J0c osens | 4947710 | 41335600 | 13RBO2 w24 | 5286 | 51002 | 1860 Leo7
2 : 3 1 0 2
ST | 105 gsgp | 4947672 | 41335590 | 13RB02 2222 | 549 [ 51002 | 096 633
2
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Distane Total Base Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value

3734872 | L6 mo11 | 4947644 | 4133560.0 | 13RBOZ | o1 o [ annas 5284 | g o0o | g 678

2 : 7 1 2 3

37.34874 | (0o 050 | 4947564 | 41335622 | 13RBO2 | oo | apraa | 5218 | gi00n | 118a oo

2 . 2 4 3 6

37.34869 | J0s 0sgp7 | 4947503 | 4133556.7 | 13RBOZ | 1o | anng | SL13 | g o0n | 4as 20

2 : 9 0 4 7

37.34869 | J0c 0soas | 4947349 | 41335568 | 13RBO2 | 0000 | gppas | 5055 | 51002 | 40 613

3 : 8 2 5 3

37.34868 | L5 osoao | 4947307 | 4133556.1 | 13RBO2 | oo o0 | annny (5075 | g oo | osg a1

7 ; 3 5 6 4

37.34869 | 105.05954 ‘3194726'0 3133556'4 %3RB°2 19325 | 3223.9 20'85 51,002 | -146 -310
7

37.34869 | (05 05063 | 2947185 | 4133557.4 | 13RBOZ | oo | gna s | 5092 | gio0s | g ot

9 : 1 9 8 0

37.34868 | 105.05976 394706'9 3133555'3 ;3RBOZ 17421 | 3223.6 20'88 51,002 | -114 278
2

37.34865 | [0c 0sopg | 494700.7 | 41335530 | 13RBO3 | oo | mooas | 5991 | gig0n | g 53

9 : 9 7 0 3

37.34865 | 105.06000 ‘2‘94685'8 2133552'0 13R303 153.04 | 3224.6 57_’0’93 51,002 | -65 -229
1

37.34862 | - 4946805 | 4133549.3 | 13RBO03 50,86

> 105.06006 | o . : 14781 | 32251 | 3 51,002 | -140 -304

37.34867 | 105.06014 ‘3‘94673'3 3133554'3 éSRBOS 14055 | 3225.8 57_’1’03 51,002 | 35 129
2

37.34868 | J0c 0s0pp | 4946656 | 41335556 | 13RBO3 | 1oooe | gone s [ 5096 | oo gon | o 202

2 . 3 4 4 4

37.34867 | J0s oson | 4946622 | 41335544 | 13RBO3 | 1040 | aoos s | 5093 | gig0n | ma s

1 ! 6 2 5 1

37.34863 | [0c 0s0aa | 4946468 | 41335501 | 13RBO3 | 1100 | gooe e [ 5093 | gig0n | 6 220

2 . 5 0 6 7

37.34862 | J0c osoag | 4946424 | 41335497 | 13RBO3 | o0 0 | gooe s [ 5091 | o s | g a7

9 . 2 7 7 9

37.34862 | J0c oe0sg | 4946338 | 41335490 | 13RBO3 | o0 o0 | gooe s [ 5090 | oo n | g 5s

2 : 3 0 8 8

37.34859 | J0s 0g06g | 4946253 | 4133545.9 | 13RBO3 | 0ot | 39075 | 5089 | 51002 | 105 260

4 ; 2 0 9 7

37.34858 | J0s 060gz | A9461L | 41335444 | 13RBO4 | Lo | (5096 | oo | o 100

1 : 5 7 0 7

3734860 | 105.06001 | 5740052 | 41335471 | WIRBOA 75 40 | m2282 | 309 | 51002 | -85 -249
1
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations | & East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.34858 105.06098 494598.4 | 4133545.0 | 13RB0O4 65.62 3228.4 50,90 51,002 | -97 261
6 8 0 3 2 5
27.34857 105.0611 ;194588.4 431133543.9 éERBO4 55.70 3228.9 20,89 51,002 | -107 271
37.34858 105.06118 494581.1 4133544.8 13RB04 48.34 3298.7 50,91 51,002 | -83 247
4 3 3 2 4 9
37.34857 105.06125 494575.0 4133544.1 13RB04 42.23 3229.4 50,93 51.002 | -65 229
8 > 2 6 5 7
37.34858 105.06134 494566.5 4133544.6 13RB04 33.73 3229.9 50,93 51,002 | -68 232
2 8 1 1 6 4
37.34859 105.06143 494558.4 4133546.0 13RB04 2567 3229.4 50,90 51,002 | -94 258
5 9 6 6 7 8
37.34860 105.06154 494549.3 4133546.8 13RB04 16.55 3230.1 50,89 51,002 | -104 268
2 5 3 4 8 8
37.34866 105.06165 494539.3 | 4133553.7 | 13RB04 6.55 3230.4 50,97 51,002 | -32 196
4 5 3 2 9 0
37.34871 105.06170 494535.2 4133559.3 13RB05 248 3229.9 50,98 51,002 | -15 179
5 1 6 8 0 7
37.34877 105.06172 494532.7 4133565.7 13RB05 0.00 3229.9 51,00 51.002 | 0 164
2 9 8 1 1 2
37.34881 105.06171 494534.2 4133570.9 13RB05 3230.4 51,00 51,002 | 4 -160
9 > 9 2 2 6
37.34892 | - 494538.9 | 4133583.1 | 13RBO05 51,01
9 105.06166 | 1 2 3 3230.4 2 51,002 | 12 -152
37.34896 | 105.06159 | ;o o443 | 41335865 1 A3RBOS s2316 | 3401 | 51002 |11 1153
9
37.34896 | 10506151 | oo oo+ | 31339865 1 13RBOS s2323 | 24O | 51002 | 13 1151
6
37.34894 105.06143 494559.1 4133584.5 13RB05 3232.8 51,01 51002 | 8 -156
2 > 0 5 6 0
37.34892 - 494565.4 4133582.3 13RB05 51,00
2 105.06136 | 8 3 7 3232.8 1 51,002 | -1 -165
37.34887 105.06126 494573.7 4133576.7 13RBO05 3233.7 50,99 51,002 | -3 167
2 7 1 8 8 9
37.34883 105.06115 494583.4 4133572.8 13RBO05 3234.2 51,02 51,002 | 21 143
7 7 5 9 9 3
37.34885 105.06106 494591.6 4133575.3 13RB06 3234.5 51,07 51,002 | 68 96
9 2 9 2 0 0
(;7.34888 105.06095 394601.0 471133577.8 i3RBOG 3234.7 31,08 51,002 | 85 79
8
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.34892 105.06086 494609.1 | 4133582.1 | 13RBO06 3235.7 51,05 51.002 | 55 109
1 7 4 9 2 7
37.34899 105.06074 494620.0 | 4133590.1 | 13RBO06 3236.1 51,04 51,002 | 42 122
3 n 4 7 3 4
37.34898 105.06066 494626.7 | 4133588.9 | 13RBO06 3236.1 51,08 51002 | 83 81
2 8 7 5 4 5
37.34902 105.06061 494631.2 | 4133593.9 | 13RBO06 3236.4 51,45 51,002 | 456 293
7 8 0 4 5 8
37.34907 105.06051 494639.9 | 4133599.7 | 13RBO06 3236.4 50,99 51,002 | -8 172
9 9 7 0 6 4
37.34914 105.06043 494647.4 | 4133606.9 | 13RBO06 3236.1 51,03 51,002 | 30 134
4 5 2 1 7 2
37.34914 105.06040 494649.9 | 4133607.0 | 13RBO06 3236.4 51,03 51,002 | 28 136
5 6 9 1 8 0
37.34919 105.06027 494661.5 4133612.7 13RB06 3237.1 51,04 51,002 | 38 126
7 6 0 8 9 0
37.34924 105.06018 494669.3 | 4133618.2 | 13RBO7 32373 51,03 51,002 | 34 130
6 7 9 1 0 6
37.34928 | - 494674.4 | 4133622.0 | 13RBO7 51,04
1 105.06013 | 4 9 1 3237.3 3 51,002 | 41 -123
37.34930 105.06006 494680.1 | 4133625.1 | 13RBO7 32378 51,05 51,002 | 49 115
9 6 1 9 2 1
37.34938 105.05998 494687.5 | 4133634.0 | 13RBO7 32385 51,05 51,002 | 54 110
9 > 6 6 3 6
37.34945 105.05990 494694.3 | 4133641.3 | 13RBO7 3239 51,04 51,002 | 38 126
5 5 8 8 4 0
37.34952 105.05981 494702.1 | 4133648.8 | 13RBO7 3240 51,06 51,002 | 61 103
2 7 8 1 5 3
37.34956 105.05971 494711.3 | 4133653.7 | 13RBO7 3240.5 51,06 51,002 | 65 -99
7 3 9 9 6 7
37.34960 105.05967 494714.6 | 4133657.7 | 13RBO7 3240.7 51,06 51,002 | 62 102
3 6 7 8 7 4
37.34967 105.05957 494723.7 | 4133665.3 | 13RBO7 3240.5 51,06 51,002 | 65 -99
1 2 1 2 8 7
37.34972 105.05947 494732.2 | 4133671.6 | 13RBO7 3240.9 51,18 51,002 | 185 22
8 8 2 4 9 7
37.34981 105.05940 494738.8 | 4133681.5 | 13RBO08 3240.2 51,06 51,002 | 66 98
7 3 7 1 0 8
37.34983 105.05934 394743.8 2133683.8 i3RBOB 3240.2 21,09 51,002 | 94 70
7
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.34987 105.05926 494751.1 4133688.0 13RB08 3240.9 51,09 51,002 | 93 71
6 2 8 5 2 5
37.34998 105.05912 494763.3 4133700.4 13RB08 3241.4 51,10 51,002 | 100 64
8 7 2 7 3 2
37.34999 105.05912 494763.4 4133701.5 13RB08 3242.1 51,12 51,002 | 125 -39
8 6 1 7 4 7
37.35007 105.05905 494769.7 4133709.8 13RB08 3042.4 51,16 51,002 | 166 3
3 2 9 9 5 8
37.3501 | 10508896 | 3247777 | 21337128 | 13RBOS 32433 | 20 | 51002 | 232 69
4
37.35013 105.05890 494782.9 4133716.3 13RB08 3044.1 51,44 51,002 | 439 276
1 5 9 2 7 1
37.35026 | 10505876 | o0 >4 | 51337306 | 13RBOS 32448 | V%% | 51,002 | 288 125
4
37.35026 105.05872 494799.0 4133731.1 13RB08 3245.3 51,19 51,002 | 195 32
5 n 3 7 9 7
37.35027 105.05859 494810.5 4133731.9 13RB09 3046 51,16 51,002 162 2
2 n 5 4 0 4
37.35029 105.05848 494820.4 4133734.8 13RB09 3245.8 50,82 51,002 | -175 339
8 > 7 2 1 7
37.35034 105.05833 494833.1 4133739.5 13RB09 3247 50,98 51,002 | -19 .183
1 9 4 8 2 3
37.35036 105.05827 494838.8 4133741.9 13RB09 3247 51,14 51,002 | 142 22
2 5 1 1 3 4
37.35036 105.05821 494844.3 4133741.9 13RB09 3247.9 50,98 51,002 | -21 .185
2 > 9 1 4 1
37.35042 105.05813 494851.3 4133748.6 13RB09 3248.2 50,66 51.002 | -336 500
3 3 9 7 5 6
37.35049 105.05801 494861.9 4133756.7 13RB09 3249.4 50,74 51,002 | -262 426
6 2 3 6 6 0
37.35052 - 494869.3 4133759.5 13RB09 51,08
1 105.05793 7 3 7 3249.6 9 51,002 | 87 =77
37.35056 - 494878.2 4133764.7 13RB09 50,78
s 105.05783 3 4 8 3250.3 7 51,002 | -215 -379
37.35062 105.05781 494879.6 4133771.2 13RB09 3250.8 50,91 51,002 | -84 248
7 2 5 8 9 8
37.35070 105.05774 494885.4 4133780.1 13RB10 3251.3 50,90 51,002 | -97 261
7 9 2 6 0 5
(;7.35075 105.05766 394892.5 2133785.1 i3RBlO 32527 20,92 51,002 | -76 240
9
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.35087 | 105.05747 | 5049095 | 133798.2 | 13RBI0 3253 | MOt | 51002 | 14 -150
7
37.35094 | - 494923.4 | 4133806.0 | 13RB10 50,96
1 105.05732 | 3 9 3 3253.4 1 51,002 | -41 -205
37.35099 105.05718 494935.6 | 4133812.5 | 13RB10 3253.9 50,96 51,002 | -38 202
9 5 5 2 4 4
37.35110 105.05699 494952.0 4133824.3 13RB10 3254.9 50,97 51,002 | -25 -189
6 7 4 8 5 7
37.35119 105.05679 494970.2 4133834.3 13RB10 3256.1 50,97 51,002 | -26 190
6 > 1 5 6 6
37.35125 105.05664 494982.9 4133840.5 13RB10 3257.3 50,98 51,002 | -17 181
2 8 6 6 7 5
37.35133 105.05646 494998.8 | 4133850.2 | 13RB10 3259 51,02 51,002 | 27 137
9 9 2 0 8 9
37.35141 105.05627 495015.6 4133858.8 13RB10 3259.7 50,99 51,002 | -6 170
7 9 5 4 9 6
37.35151 105.05610 495031.3 4133869.9 13RB11 3260.4 51,02 51,002 | 22 142
7 5 4 3 0 4
37.35158 105.05594 495044.9 4133877.4 13RB11 3261.1 51,01 51,002 9 -155
5 8 8 6 1 1
37.35171 105.05573 495063.5 4133891.5 13RB11 3262.3 51,03 51,002 | 31 133
2 9 0 4 2 3
37.35187 - 495083.7 4133909.7 13RB11 51,03
6 105.05551 | 9 3 3 3263.8 > 51,002 | 30 -134
37.35201 105.05524 495107.5 4133925.0 13RB11 3265.5 51,67 51,002 | 668 505
4 > 4 2 4 0
37.35214 105.05498 495129.9 4133939.6 13RB11 3266.2 51,05 51,002 | 49 115
6 9 5 5 5 1
37.35218 105.05466 495158.4 4133943.7 13RB11 3267.6 51,03 51,002 | 31 133
3 7 7 4 6 3
37.35218 105.05437 495183.9 4133943.9 13RB11 3269.1 51,00 51.002 | 6 -158
5 9 8 5 7 8
37.35200 105.05416 495202.5 4133923.6 13RB11 3270.3 51,01 51002 | 8 156
2 9 6 3 8 0
37.35177 105.05396 495220.5 4133898.0 13RB11 3271.2 50,99 51,002 | -6 170
1 6 3 0 9 6
37.35169 105.05371 495242.9 4133889.4 13RB12 3273.4 50,83 51,002 | -165 329
4 3 3 4 0 7
37.35155 105.05342 495268.6 4133873.9 13RB12 3274.4 51,03 51,002 | 33 131
4 3 0 0 1 5
i7.35144 105.05313 395294.1 451133861.3 %3R812 3275.8 21,04 51,002 | 43 121
4
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.35131 105.05290 495314.6 | 4133847.3 | 13RB12 3276.8 51,05 51,002 | 57 107
5 3 4 6 3 9
37.35117 105.05268 495333.7 | 4133831.3 | 13RB12 3277.7 51,23 51,002 | 236 73
1 7 6 7 4 8
37.35099 105.05251 495349.2 | 4133811.5 | 13RB12 3278.4 51,96 51,002 | 964 801
2 5 5 0 5 6
37.35080 105.05235 495363.1 4133791.1 13RB12 32794 51,18 51,002 178 15
9 5 5 9 6 0
37.35063 105.05212 495383.8 | 4133772.3 | 13RB12 3280.8 50,99 51,002 | -5 169
9 1 6 2 7 7
- 495398.9 | 4133749.1 | 13RB12 50,92
37.35043 105.05195 | 9 3 8 3282.5 5 51,002 | -77 -241
37.35030 105.05171 495419.9 | 4133734.9 | 13RB12 3285.4 50,52 51,002 | -482 646
2 3 7 1 9 0
37.35037 105.05141 495446.1 4133742.6 13RB13 3287.6 50,43 51,002 563 797
2 8 1 7 0 9
37.35039 105.05133 495453.5 | 4133745.6 | 13RB13 3288.3 50,27 51,002 | -724 -888
9 2 5 6 1 8
37.35042 | 10505125 | 50> 002 | 21337479 1 J3RBI3 3280 | 201 | 51,002 | -488 652
8
37.35041 105.05116 495468.6 | 4133747.7 | 13RB13 3289.5 51,10 51,002 | 107 57
8 3 9 6 3 9
37.35043 105.05109 495474.6 | 4133749.7 | 13RB13 3290.9 50,86 51,002 | -135 299
6 6 3 5 4 7
37.35042 105.05097 495485.0 | 4133748.4 | 13RB13 3290.9 50,86 51,002 | -139 -303
4 8 8 1 5 3
37.35053 105.05076 495504.2 | 4133760.9 | 13RB13 3291.9 49,75 51,002 | -1,243 1,407
7 > 1 4 6 9
37.35049 105.05082 495498.4 | 4133756.1 | 13RB13 3291.9 50,63 51,002 | -368 532
4 7 6 7 7 4
37.35058 | - 495515.0 | 4133766.1 | 13RB13 50,72
4 105.05064 | 2 5 8 3293.3 0 51,002 282 446
37.35063 105.05052 495524.8 | 4133771.3 | 13RB13 3295.7 50,77 51,002 | -228 392
1 9 6 6 9 4
37.35070 105.05034 495541.3 | 4133779.6 | 13RB14 3296.9 50,77 51,002 | -223 .387
6 3 3 7 0 9
37.35074 105.05012 495560.9 | 4133784.3 | 13RB14 3296.9 50,76 51,002 | -238 402
8 > 1 2 1 4
37.35080 105.04994 495576.6 | 4133790.4 | 13RB14 3297.4 50,68 51,002 | -321 485
3 2 8 1 2 1
:;7.35077 105.04988 ;195581.5 471133786.9 §3RBl4 3297.2 20,47 51,002 | -527 691
9
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Distanc

Base

. Total ) Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.35076 | J0s 0400 | 4955893 | 41337858 | 13RB14 2977 | 5945 | 51002 | 546 10
2 . 4 6 4 6
37.35075 | J0s 0407 | 4956003 | 41337854 | 13RB14 084 | 5995 | 51002 | 51 15
8 ! 2 1 5 1
37.35075 | J0s 04060 | 4956063 | 41337847 | 13RB14 o84 | 5124 | 51002 | 245 o
2 . 4 4 6 7
37.35072 | Jos 04051 | 4956147 | 41337818 | 13RB14 32003 | 5563 | 51002 | 632 469
6 : 6 5 7 4
37.35069 | ]os 0a0q; | 4956268 | 4133778.2 | 13RB14 33001 | 5560 | 51002 | 607 "
4 ! 9 9 8 9
37.35069 | J0s 0apg | 4956350 | 4133777.9 | 13RB14 ss01 | 586 | s1002 | 467 a0t
1 : 4 6 9 9
3735068 | 105 0401 | 495645.3 | 41337769 | 13RBIS w302 | 588 | s1002 | 838 -
2 . 1 5 0 0
3735062 | 105 04sgs | 495665.9 | 41337709 | 13RBIS 33025 | 587 | 51002 | 758 cos
8 : 4 5 1 0
37.35050 | - 4956850 | 4133757.6 | 13RB15 51,22
; 10500871 | & y : 33032 | 3 51,002 | 220 57
37.3504 | 105.04847 295706'8 ‘3‘133745'6 §3R315 3303.9 21'26 51,002 | 261 98
4
3735028 | 105 ouspp | 495728.9 | 41337329 | 13RBIS 33061 | 5528 | 51002 | 261 118
6 ; 8 8 4 3
37.35023 | 105.04796 295751'5 2133726'7 éSRBlE’ 3309.2 21’19 51,002 | 193 30
9
3735016 | Joc 047es | 495779.4 | 41337193 | 13RBIS w102 | 5814 | 51002 | 147 7
3 ; 6 1 6 9
3735016 | Joe 047ag | 4958029 | 41337195 | 13RBIS st | 52 | s1002 | 124 20
5 . 3 2 7 6
3735018 | | o 4015 | 4958255 | 41337213 | 13RBIS 23133 | 5297 | 51002 | 75 0
2 ; 1 9 8 7
3735017 | [ o ueo. | 4958419 | 41337207 | 13RBIS 23142 | 529 | 51002 | o4 0
6 : 0 2 9 6
37.35013 | | o oo, | 4958596 | 4133716.4 | 13RBI6 23162 | 529 | 51002 | 62 102
8 . 1 9 0 4
3735011 | J0s ouses | 495865.6 | 41337136 | 13RBI6 w164 | 09 | 51002 | 63 227
2 . 3 0 1 9
3735007 | 105 oassn | 495870.9 | 41337099 | 13RBI6 w169 | 5114 | 51002 | 138 26
9 . 4 4 2 0
3735004 | Jos osesg | 4958738 | 41337059 | 13RBI6 171 | 5825 | 51002 | 250 o
3 : 6 5 3 2
37.34989 | 105.04643 ‘7‘95887'6 2133688'9 fRBlG 3317.6 31,19 51,002 | 197 34
2
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.34969 105.04621 495906.7 | 4133667.7 | 13RB16 3318.6 51,15 51,002 | 149 15
9 6 9 7 5 1
37.34952 105.04604 495922.1 | 4133648.1 | 13RB16 3320.3 51,10 51,002 | 100 64
2 > 9 2 6 2
37.34929 105.04599 495926.3 | 4133623.0 | 13RB16 3321.7 51,10 51,002 | 103 61
6 5 4 5 7 5
37.34874 105.05795 494867.3 | 4133562.9 | 13RB16 51,01 51,011 | 3 152
9 1 9 5 8 4
37.34878 105.05782 494878.8 | 4133566.6 | 13RB16 51,02 51,011 | 15 140
2 > 2 0 9 6
37.34877 105.05761 494897.2 4133565.3 13RB17 364.46 3057.3 51,81 51,011 802 648
1 " 4 7 0 3
37.34874 105.05744 494911.9 4133562.0 13RB17 379.16 3064.1 51,56 51,011 558 404
1 8 4 3 1 9
37.34860 | 10505728 | 5249203 | 41335563 1 I3RBIT | 59359 | 30727 | 21 | 51,011 | 655 501
5
37.34862 105.05710 494942.3 4133549.5 13RB17 409.53 3079.9 51,26 51,011 255 101
9 5 1 9 3 6
37.34856 105.05692 494957.9 | 4133542.9 | 13RB17 22521 3081.8 51,14 51,011 | 130 25
9 8 9 2 4 1
37.34851 105.05681 494968.0 | 4133537.0 | 13RB17 435.30 3084.7 51,16 51,011 | 150 5
6 2 8 4 5 1
37.34843 105.05657 494989.2 | 4133528.0 | 13RB17 456.46 3087.4 51,08 51,011 | 70 -85
5 5 4 4 6 1
37.34846 105.05665 494981.8 | 4133531.4 | 13RB17 24911 3090 51,05 51,011 | 45 110
6 8 9 8 7 6
37.34842 105.05656 494990.3 | 4133527.0 | 13RB17 45761 3092.2 51,43 51,011 | 428 274
6 > 9 4 8 9
37.34841 | - 494992.3 | 4133525.4 | 13RB17 51,27
2 105.05654 | 4 8 9 459.56 3096.5 5 51,011 | 264 110
37.34840 105.05646 494998.7 | 4133524.9 | 13RB18 165.94 3102.3 51,39 51,011 | 388 234
7 8 2 3 0 9
37.34831 105.05624 495018.5 | 4133514.7 | 13RB18 485.77 3106.1 51,20 51,011 | 192 38
5 2 5 1 1 3
37.34820 105.05609 495031.9 | 4133502.2 | 13RB18 499 14 3108 51,08 51,011 | 72 83
3 3 2 7 2 3
37.34811 105.05595 495044.4 | 4133492.5 | 13RB18 511.62 3110.9 51,09 51,011 | 87 68
5 > 0 0 3 8
37.34803 | 105.05587 395051'4 ;‘133483'0 ‘113R818 518.70 3112.1 21,10 51,011 | 92 -63
2
37.34793 | 105.05570 1195065'9 ;‘133471'9 23R818 533.13 3114.3 21’09 51,011 | 87 -68
9

55




Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.34781 | - 495077.3 | 41334595 | 13RB18 51,16
; 10505558 | 3 . . 54455 | 31157 | 51,011 | 150 5
S7.34770 | (0o ossas | 4950892 | 41334465 | 13RB1S | oo | aiian [ 5008 [ g | 7a &
1 : 8 5 7 4
37.34763 | - 495097.6 | 4133438.7 | 13RB18 51,15
: 105.05535 | o . . 56491 | 31191 | - 51,011 | 143 12
37.3476 | 105.05525 395106'1 ‘3‘133435'3 fRBlS 573.32 | 3120.8 il'zo 51,011 | 190 36
5
3734744 | J0c oec1g | 4951167 | 41334176 | 13RB1O | conos | gipn | 5L [ gignn | 1aa 1
1 : 2 9 0 5
37.34732 | Js oms00 | 4951280 | 41334052 | 13RB1O | oo | (512 | oo | e 20
9 ! 5 6 1 6
$7.34721 | Joc ocagy | 4951346 | 41333924 | 13RBIO | (oo | oo [SLOL | oo | 148
4 : 8 9 2 8
37.34708 | J0c oeagg | 4951388 | 41333777 | 13RB1O | qoo oo | gioe (5109 [ oo | e 0
1 : 3 4 3 7
37.34694 | Joc (eagr | 4951447 | 41333627 | 13RBI9 | qiioo | ang | 5012 | g0 | 1n s
6 : 6 6 4 3
37.34680 | J0c (ea7g | 4951519 | 4133347.1 | 13RBIO | oo | giao, [ 5119 | oo | s a3
5 ! 3 1 5 8
37.34676 | 105.05470 295154'8 ‘2‘133342'1 éSRBlg 622.07 | 3131.4 21’10 51,011 | 97 .58
4
37.34661 | J0s osace | 4951565 | 41333258 | 13RBIO | rooh | giang | 5L09 | oo | g 8
3 : 2 1 7 8
37.34644 | 0c (ca7g | 495147.9 | 41333069 | 13RBIO | icu | aiaan [ 5104 [ g | g 117
3 : 2 5 8 9
37.34631 | J0g 0sa77 | 4951481 | 41332931 | 13RB1O | iooo | aiae (5106 | oo | g 102
9 . 7 9 9 4
3734623 | 105 os4go | 495146.1 | 41332843 | 13RB20 1359 | 5896 | g0t | s 104
9 : 3 2 0 2
3734607 | 106 ossgg | 4951387 | 41332659 | 13RB20 357 | 5897 | s1011 | 63 o
3 : 7 1 1 4
3734596 | oo oo | 495137.4 | 41332538 | 13RB20 1371 | 5507 | s1om1 | 65 o0
4 3 2 2 6
3734582 | Joc oaen | 4951322 | 41332386 | 13RB20 s1305 | 5806 | g0t | 52 103
7 : 9 2 3 3
3734570 | Joe osage | 495120.3 | 41332254 | 13RB20 s1305 | 5805 | g1 011 | a4 "
8 . 6 2 4 5
3734555 | Joc ocpng | 495125.7 | 41332080 | 13RB20 a0 | 5806 | g0 | s 103
1 : 2 1 5 3
37.3454 | 10508506 | 500 23t | 41331912 | 13RB20 s1a0.7 | 3% | 51011 | 32 123
1
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value

37.34525 | 10505508 | ooot2hS | 21331746 | 13RB2O0 sia0 | 209 |s1011 |21 134
1

37.34515 105.05507 495121.8 | 4133163.9 | 13RB20 3141 51,02 51011 | 17 138

4 5 8 7 8 8

37.34502 105.05507 495122.2 | 4133149.4 | 13RB20 3141.7 51,00 51011 | -7 162

3 1 3 3 9 4

37.34486 105.05505 495123.9 4133131.5 13RB21 3142.7 51,01 51,011 0 155

2 1 9 7 0 1

37.34492 105.05500 495128.3 | 4133138.2 | 13RB21 3142.7 51,01 51,011 | 7 148

2 > 3 2 1 8

37.34471 105.05504 495124.4 4133114.8 13RB21 3142.7 51,22 51,011 218 64

1 6 2 2 2 9

37.34455 105.05499 495129.1 4133097.9 13RB21 3144.8 51,06 51,011 53 102

9 3 1 5 3 4

37.34454 105.05500 495127.7 4133095.9 13RB21 3143.9 51,09 51,011 88 67

1 8 8 6 4 9

37.34436 105.05500 495128.3 4133076.7 13RB21 3143.4 51,16 51,011 157 3

8 1 9 6 5 8

37.34425 105.05493 495134.0 | 4133064.3 | 13RB21 3145.1 51,17 51,011 | 159 5

6 7 5 3 6 0

37.34411 105.05488 495139.0 | 4133049.0 | 13RB21 3146.3 51,18 51,011 | 170 16

8 1 0 2 7 1

37.34395 105.05482 495143.9 | 4133030.6 | 13RB21 31475 51,09 51,011 | 82 73

2 5 5 0 8 3

37.34383 | 105.05478 ‘3195147'1 ‘71133017'0 éSRBZl 3147.2 ?1’08 51,011 | 70 -85
9

37.34368 | - 495150.5 | 4133000.7 | 13RB22 51,07

3 105.05475 | 7 6 0 3147.7 2 51,011 | 63 -92

37.34357 105.05471 495154.0 | 4132988.6 | 13RB22 3147.9 51,07 51,011 | 64 91

4 1 2 6 1 5

37.34344 105.05461 495162.4 | 4132973.9 | 13RB22 3146.5 51,05 51,011 | 45 110

1 6 3 0 2 6

37.34332 105.05451 495171.3 | 4132961.3 | 13RB22 3146.7 51,09 51,011 | 88 67

8 5 7 6 3 9

37.34319 105.05439 495182.1 | 4132946.1 | 13RB22 3147 51,10 51,011 | 89 66

1 3 6 6 4 0

37.34311 105.05430 495190.0 | 4132937.9 | 13RB22 3147 51,04 51,011 | 36 119

7 2 4 4 5 7

37.34295 105.05411 495206.5 | 4132920.1 | 13RB22 31475 51,04 51,011 | 38 117

7 8 1 8 6 9

37.34274 105.05416 42195202.4 3132897.0 %SRBZZ 3147 31,05 51,011 | 46 -109
4
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value

37.34263 105.05431 495189.2 | 4132884.5 | 13RB22 3147.7 51,04 51,011 | 32 123

6 3 1 8 8 3

37.34248 105.05450 495171.8 | 4132867.6 | 13RB22 3147.2 51,09 51011 | 88 67

3 9 4 2 9 9

37.34236 105.05465 495158.9 | 4132854.4 | 13RB23 3146.7 51,05 51011 | 41 114

4 5 0 2 0 2

37.34227 105.05477 495148.3 4132844.3 13RB23 3146.3 51,07 51,011 59 96

3 " 6 3 1 0

37.34216 105.05488 495138.8 | 4132832.4 | 13RB23 3146.3 51,04 51,011 | 33 122

6 1 7 7 2 4

37.34205 105.05496 495131.2 | 4132819.9 | 13RB23 3146 51,05 51,011 | 46 109

3 7 5 4 3 7

37.34192 105.05510 495118.6 | 4132805.5 | 13RB23 31455 51,04 51,011 | 31 124

3 9 6 2 4 2

37.34182 | 105.05519 295110'9 3132794'1 é3R323 31453 | 209 | 51011 | a1 114
6

37.34168 105.05531 495100.4 | 4132779.3 | 13RB23 3145.1 51,05 51,011 | 39 116

7 5 0 5 6 0

37.34154 105.05536 495095.8 | 4132764.0 | 13RB23 3144.1 51,04 51,011 | 30 125

9 6 7 4 7 1

37.34143 105.05548 495085.5 | 4132751.8 | 13RB23 3143.6 51,05 51,011 | 39 116

9 > 9 5 8 0

37.34130 105.05563 495072.1 | 4132736.6 | 13RB23 3143.6 51,05 51,011 | 43 112

2 2 2 5 9 4

37.34123 | 105.05570 ‘7195065'4 ‘71132728'6 (1)3R824 3142.4 ‘;’1’05 51,011 | 40 -115
9

37.34105 105.05590 495047.7 | 4132709.4 | 13RB24 31415 51,03 51,011 | 25 -130

7 9 4 9 1 6

37.34100 105.05607 495033.3 | 4132703.4 | 13RB24 3141.9 51,02 51,011 | 18 137

2 1 9 0 2 9

37.34088 105.05618 495023.0 | 4132690.2 | 13RB24 31415 51,05 51,011 | 40 115

3 8 2 0 3 1

37.34079 105.05629 495013.2 | 4132680.2 | 13RB24 31405 51,03 51,011 | 24 131

3 8 7 2 4 5

37.34067 | 105.05643 ‘7195000'7 3132666'5 23RBZ4 3140 21’01 51,011 | 7 -148
9

37.34052 105.05654 494991.0 | 4132650.8 | 13RB24 3139.5 51,03 51,011 | 27 128

8 9 2 4 6 8

37.34040 105.05664 494982.4 | 4132637.5 | 13RB24 3139.3 51,02 51,011 | 17 .138

8 6 2 3 7 8

37.34028 105.05672 42194975.3 421132624.2 é3RBZ4 3139 31,03 51,011 | 28 127
6
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value

37.34013 | 105.05680 ‘1‘94968'4 3132606'6 33R524 3138.1 81'05 51,011 | 39 116
4

37.34001 | Jos osgag | 494960.8 | 41325039 | 13RB2S s1374 | 5194 | 51011 | 29 126

5 . 7 4 0 0

37.33993 | Jos osgos | 4949567 | 41325852 | 13RB2S szrs | 5108 | sion | 27 108

7 : 0 9 1 8

37.33983 | Jos 05715 | 4949375 | 41325744 | 13RB2S 1371 | 5992 | 51011 | 16 130

9 : 6 3 2 7

37.33976 | (o5 05700 | 4949250 | 41325662 | 13RB2S5 366 | 5100 | siomt | 6 140

5 : 7 3 3 7

37.33969 | Jos o747 | 494909.2 | 41325588 | 13RB2S5 m366 | 5992 | siom | o 146

8 . 9 0 4 0

3733964 | Jos os7ey | 4948965 | 41325524 | 13RB2S 21359 | 5992 | 51011 | 18 137

1 : 4 9 5 9

3733957 | 106 o577 | 4948829 | 41325452 | 13RB2S 21347 | 4% | s1om | 22 123

6 : 8 9 6 3

37.33949 | 105.05793 294868'4 ;”32535'7 %3R325 3133.8 21'02 51,011 | 17 138
2

37.33949 | - 4948748 | 4132536.3 | 13RB25 51,03

> 105.05786 | . : 31335 | o 51,011 | 28 127

37.33945 | Joc ocpo, | 4948611 | 41325314 | 13RB2S szz |57 | siomn | 162 o

1 ; 8 3 9 3

37.33938 | [oc osgyy | 494846.8 | 41325242 | 13RB26 sizzs | 5892 | siom | 12 143

6 : 2 3 0 3

37.33933 | 105.05834 394831'9 ‘3‘132518'0 13R326 3133.8 21’04 51,011 | 31 124
4

37.33926 | 105.05852 ‘3‘94815'7 ‘7‘132510'2 %SRBZG 3133.3 i’l’o“ 51,011 | 30 125
7

3733919 | [ o coco | 4948016 | 41325029 | 13RB26 s1328 | 589 | s1om | 22 133

4 : 4 6 3 3

3733017 | | o conc | 4947857 | 41325006 | 13RB26 siars | 5892 | s1om | 17 138

3 : 8 4 4 8

37.33908 | Joc oeanp | 4947718 | 41324908 | 13RB26 R 154

5 : 7 8 5 2

37.33905 | - 4947506 | 4132487.5 | 13RB26 51,03

S 105.05016 | 4 . . 31309 | o 51,011 | 24 131

37.33899 | - 494741.0 | 41324804 | 13RB26 51,03

3 105.05037 | 3 : ! 31304 | o 51,011 | 19 136

37.33889 | [oc osgss | 4947258 | 41324702 | 13RB26 s1209 | 5892 | s1011 | 15 140

9 . 8 8 8 6

31338 | 105 0sg7g | 4947112 | 41324609 | 13R85 sz | 510 [sion |1 154
6
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.33868 105.05976 494705.6 | 4132446.9 | 13RB27 31275 51,01 51011 | 8 147
9 9 7 9 0 9
37.33853 105.05976 494706.0 | 4132429.6 | 13RB27 3127 51,00 51011 | -5 160
3 5 1 9 1 6
37.33839 105.05969 494712.3 | 4132414.8 | 13RB27 3126.8 51,09 51,011 | 79 76
9 3 8 2 2 0
37.33829 105.05954 494725.7 4132403.7 13RB27 3127 51,05 51,011 | 42 113
9 5 5 1 3 3
37.33821 105.05942 494735.7 4132394.1 13RB27 3126.3 51,05 51,011 | 41 114
3 9 5 7 4 2
37.33812 | 10505028 | 2947484 | 71323838 | 13RB27 1258 | 209 | 51011 | 30 125
6
37.33804 105.05914 494760.6 4132375.0 13RB27 3124.9 51,04 51,011 30 125
1 8 3 7 6 1
37.33791 105.05901 494772.1 4132361.3 13RB27 3123.9 51,04 51,011 31 124
7 8 4 1 7 2
37.33785 105.05891 494781.0 4132354.7 13RB27 3122.9 51,02 51,011 10 145
8 7 8 5 8 1
37.33790 105.05891 494781.2 | 4132360.4 | 13RB27 31225 51,02 51,011 | 18 137
9 5 6 1 9 9
37.33782 105.05881 494789.8 | 4132351.3 | 13RB28 31225 50,82 51,011 | -187 342
7 8 5 1 0 4
37.33770 105.05869 494801.0 | 4132337.9 | 13RB28 3122.9 50,99 51,011 | -13 168
7 1 9 9 1 8
37.33761 | - 494814.4 | 4132327.8 | 13RB28 50,99
6 105.05854 | 6 9 > 3122.5 7 51,011 | -14 -169
37.33768 105.05858 494810.5 | 4132335.3 | 13RB28 3122 51,01 51,011 | -1 156
3 2 7 2 3 0
37.33761 105.05848 494819.5 | 4132327.3 | 13RB28 3121.7 51,25 51,011 | 247 93
1 3 1 3 4 8
37.33750 105.05835 494830.7 | 4132315.7 | 13RB28 31217 50,95 51,011 | -53 208
7 6 5 8 5 8
37.33739 105.05821 494843.3 | 4132303.3 | 13RB28 3121.3 51,34 51,011 | 331 177
5 2 2 5 6 2
37.33730 105.05810 494852.8 | 4132293.6 | 13RB28 3119.8 51,07 51,011 | 59 96
8 6 8 9 7 0
37.33718 | - 494863.1 | 4132280.1 | 13RB28 51,02
6 105.05799 | 5 5 8 3119.1 2 51,011 | 13 -142
37.33708 105.05786 494874.3 | 4132269.3 | 13RB28 3117.9 51,03 51,011 | 20 135
9 3 9 8 9 1
i7.33698 105.05777 42194881.9 3132257.4 (1)3R829 3116.7 21,02 51,011 | 14 141
8
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.33684 105.05767 494891.1 4132241.9 13RB29 3117.2 51,02 51,011 | 16 -139
2 2 2 7 1 7
37.33677 105.05760 494897.0 4132234.3 13RB29 3116.5 51,02 51,011 | 11 144
3 7 5 1 2 2
37.33659 105.05746 494909.6 | 4132214.3 | 13RB29 3115.5 51,00 51011 | -8 163
3 5 2 4 3 3
37.33644 105.05737 494917.5 4132198.0 13RB29 3114.3 51,02 51,011 | 13 142
6 5 8 2 4 4
37.33630 105.05728 494925.7 4132182.4 13RB29 3113.6 50,98 51,011 | -28 .183
6 3 2 9 5 3
37.33616 | 10505715 | 4049371 | 21321602 1 13RB29 s1126 | 209 | 51011 | 10 -145
4
37.33606 105.05705 494945.9 4132155.3 13RB29 3112.1 51,01 51011 | 1 154
1 n 9 0 7 2
37.33594 105.05696 494953.5 4132142.6 13RB29 3111.4 51,02 51011 | 16 139
7 9 1 4 8 7
37.33579 105.05689 494960.4 4132125.5 13RB29 3110 51,00 51,011 | -2 157
3 1 1 5 9 9
37.33566 105.05674 494973.6 | 4132110.9 | 13RB30 3109.5 51,01 51,011 | -1 156
1 1 9 0 0 0
37.33556 | 105.05668 294978'3 ‘9‘132099'6 13R330 3108.8 20’99 51,011 | -15 1170
8
37.33539 105.05672 494975.4 | 4132081.8 | 13RB30 3107.1 51,00 51,011 | -10 165
9 1 4 4 2 1
37.33542 105.05673 494974.1 4132084.6 13RB30 3106.6 50,95 51,011 | -55 210
4 6 1 1 3 6
37.33537 105.05676 494971.5 4132079.4 13RB30 3105.9 50,91 51,011 | -96 251
7 5 4 0 4 5
37.33528 105.05682 494966.3 4132069.1 13RB30 3105.9 50,76 51011 | -244 399
5 4 1 9 5 7
37.33522 105.05697 494952.8 4132062.5 13RB30 3104.9 50,63 51,011 | -372 527
5 6 4 5 6 9
37.33520 105.05710 494941.7 4132060.5 13RB30 3106.1 50,65 51,011 | -352 507
7 1 7 6 7 9
37.33522 105.05717 494935.3 4132062.6 13RB30 3105.6 50,70 51,011 | -307 462
6 3 9 7 8 4
37.33518 105.05725 494928.4 4132057.9 13RB30 3105.6 50,82 51,011 | -187 342
3 1 8 0 9 4
37.33517 - 494918.8 4132057.4 13RB31 50,81
9 105.05736 > 6 0 3104.4 6 51,011 | -195 -350
37.33521 - 494911.7 4132061.9 13RB31 50,80
9 105.05744 | 4 0 1 3104.7 0 51,011 | -211 -366
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
37.33520 105.05753 494903.5 | 4132060.5 | 13RB31 31035 50,90 51011 | -105 260
7 > 9 8 2 6
37.33525 105.05764 494893.2 | 4132066.2 | 13RB31 31035 50,91 51011 | -93 248
8 9 3 4 3 8
37.33525 105.05772 494886.7 | 4132066.2 | 13RB31 3103.2 50,92 51011 | -83 238
8 5 6 5 4 8
37.33522 105.05786 494873.9 | 4132062.5 | 13RB31 3102 50,96 51,011 | -50 205
5 7 1 9 5 1
37.33520 105.05793 494868.0 | 4132060.8 | 13RB31 3101.3 50,98 51,011 | -29 .184
9 3 7 2 6 2
37.33515 105.05798 494863.5 | 4132054.5 | 13RB31 3101.1 50,96 51,011 | -49 204
2 2 4 0 7 2
37.33509 105.05805 494857.3 | 4132048.0 | 13RB31 3100.6 50,95 51,011 | -58 213
4 " 4 7 8 3
37.33501 105.05812 494850.8 | 4132039.5 | 13RB31 3100.1 50,97 51,011 | -35 -190
7 7 7 3 9 6
37.33493 | - 494848.8 | 4132030.6 | 13RB32 50,97
7 105.05815 | 2 6 0 3099.2 5 51,011 | -39 -194
37.33489 105.05821 494842.8 | 4132026.1 | 13RB32 3099.4 50,96 51,011 | -43 198
6 7 9 1 1 8
37.33485 105.05824 494840.1 | 4132021.6 | 13RB32 3098.9 50,95 51,011 | -55 210
6 8 4 8 2 6
37.33476 | 105.05827 | 5000079 | 21320110 | 13RB32 30092 | 309 | 51011 | 80 235
3
37.33466 | - 494833.7 | 4132000.3 | 13RB32 50,88
2 105.05832 | 5 8 2 3098.4 0 51,011 | -131 -286
37.33458 105.05833 494832.7 | 4131991.4 | 13RB32 3098.9 50,81 51,011 | -201 -356
3 1 7 0 5 0
37.33460 105.05830 494834.7 | 4131993.7 | 13RB32 3098.2 50,99 51,011 | -18 173
4 9 2 2 6 3
37.33455 105.05835 494830.9 | 4131987.9 | 13RB32 3098.2 51,65 51,011 | 643 489
2 1 9 6 7 4
37.33448 105.05837 494828.8 | 4131980.7 | 13RB32 3098.2 51,11 51,011 | 107 .48
7 5 6 5 8 8
37.33444 105.05839 494826.8 | 4131975.8 | 13RB32 3097.5 51,95 51,011 | 948 794
3 8 2 7 9 9
37.33437 | 105.05838 394828'1 ‘71131967'7 (1)3RB33 3097.5 21’36 51,011 | 352 198
3
37.33426 | - 494828.4 | 4131956.0 | 13RB33 51,12
4 105.05838 | 0 1 1 3097 9 51,011 | 118 -37
37.33413 | 105.05839 1194826'7 2131941'1 %3RB33 3096.5 21’09 51,011 | 81 -74
9
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Distanc

Base

. Total . Correcte
Latitude Longitude UTN.I UTM . Stations e East Altitud Field Statio d Total Anomal
easting Northing from e value | M Field y
RB51 Value
- 494828.3 4131923.3 13RB33 51,09
37.33397 105.05838 | 8 9 3 3095.5 3 51,011 | 82 -73
37.33369 105.05829 494835.7 | 4131893.1 | 13RB33 3094.8 51,06 51,011 | 56 -99
7 7 2 0 4 7
37.33354 105.05823 494841.1 4131876.5 13RB33 3093.1 51,05 51011 | 39 116
8 6 1 7 5 0
37.34884 105.05827 494838.9 | 4133573.6 | 13RB33 3091.7 51,03 51,011 | 19 136
5 > 7 1 6 0
37.34872 105.05910 494764.9 4133559.9 13RB33 3089.8 51,03 51,011 | 22 133
1 8 2 0 7 3
37.34898 105.06161 494542.9 4133589.4 13RB35 51,01 51017 | 0 -149
6 5 0 4 1 7
37.34945 105.05988 494695.8 4133641.4 13RB35
6 0 9 2
9
37.35006 | 10505005 | 4947699 | 4133708.4 | 13RB3S 3100 | 53 017 | -12 -161
5 7 5 3 5
37.35041 - 495468.0 4133747.4 13RB35 50,96
5 105.05117 | 7 2 4 2 51,017 | -55 -204
37.35070 | - 495609.8 | 4133779.9 | 13RB35 50,96
9 105.04957 | 0 7 5 2 51,017 | -55 -204
37.35010 105.04663 495869.8 | 4133712.9 | 13RB35 50,95 51,017 | -63 212
6 3 8 4 6 4
37.33530 105.05684 494964.7 | 4132071.8 | 13RB35 50,96 51,017 | -49 198
9 > 2 6 7 8
37.33504 105.05808 494854.7 4132042.0 13RB35 50,94 51,017 | -73 222
3 7 8 8 4
37.33461 - 494831.0 4131995.2 13RB35 50,92
8 105.05835 | 9 8 9 4 51,017 | -93 242
37.32723 105.07086 493722.1 4131176.7 13RB36 50,88 51017 | -134 283
3 1 9 5 0 3
37.42956 105.04487 496029.6 4142528.5 13RB36 50,87 51,017 | -139 288
9 7 0 3 1 8
37.42964 105.04483 496033.0 | 4142537.0 | 13RB36 50,91 51,017 | -107 256
6 8 5 7 2 0
37.42973 105.04481 496035.3 4142546.9 13RB36 50,89 51017 | -118 267
5 > 6 5 3 9
37.42977 105.04478 496037.8 4142551.3 13RB36 50,91 51,017 | -102 251
5 2 3 8 4 5
37.42987 105.04473 496042.1 4142562.0 13RB36 50,85 51,017 | -161 310
1 5 7 3 5 6
é3RB36 20’85 51,017 | -165 -314
%3RB36 20’92 51,017 | -89 -238
é3RB36 20’89 51,017 | -125 -274
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Distance

Latitude Longitude g;s'\t/ilng LNJ-cl)—l!\tAhing Stations ngr: Altitude -Ilz—i%tl?jl gt?t?on '(I;gtr;?CtEd Anomaly
RB51 Value Value Field

13RB369 50,930 | 51,017 -87 -236
13RB370 50,757 | 51,017 -260 -409
13RB371 50,982 | 51,017 -35 -184
13RB372 50,939 | 51,017 -78 -227
13RB373 50,997 | 51,017 -20 -169
13RB374 50,920 | 51,017 -97 -246
13RB375 50,906 | 51,017 -111 -260
13RB376 50,947 51,017 -70 -219
13RB377 51,007 | 51,017 -10 -159
13RB378 50,893 | 51,017 -124 -273
13RB379 50,853 | 51,017 -164 -313
13RB380 50,978 | 51,017 -39 -188
13RB381 50,959 | 51,017 -58 -207
13RB382 51,018 51,017 1 -148
13RB383 51,013 | 51,017 -4 -153
13RB384 51,015 51,017 -2 -151
13RB385 51,060 | 51,017 43 -106
13RB386 51,031 | 51,017 14 -135
13RB387 51,100 | 51,017 83 -66
13RB388 51,061 | 51,017 44 -105
13RB389 51,036 | 51,017 19 -130
13RB390 51,025 | 51,017 8 -141
13RB392
13RB393 50,995 | 51,017 -22 -171
13RB394 50,915 | 51,017 -102 -251
13RB395 51,001 | 51,017 -16 -165
13RB396 50,703 | 51,017 -314 -463
13RB397 51,052 | 51,017 35 -114
13RB398 51,002 | 51,017 -15 -164
13RB399 51,206 | 51,017 189 41
13RB400 51,139 | 51,017 122 -27
13RB401 51,200 | 51,017 183 35
13RB402 51,143 | 51,017 126 -23
13RB403 51,206 | 51,017 189 41
13RB404 51,110 | 51,017 93 -56
13RB405 51,164 | 51,017 147 -2
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easting Northing from e value | M Field y
RB51 Value
37.33996 104.99804 500173.5 | 4132587.3 | 13RB40 51,18 51,017 | 163 15
9 1 3 2 6 0
37.33995 104.99812 500166.3 | 4132585.7 | 13RB40 51,17 51,017 | 161 13
5 > 5 7 7 8
37.33993 | 104.99811 | 2001667 | 4132583.0 | 13RB40 SLI7 | 51017 | 162 14
7 9 0 8 9
37.33997 104.99817 500161.6 4132587.7 13RB40 51,17 51,017 154 6
3 5 6 7 9 1
37.33998 104.99820 500159.0 | 4132588.8 | 13RB41 51,18 51,017 | 168 20
3 5 0 8 0 5
37.34000 104.99828 500151.9 4132591.7 13RB41 51,18 51,017 171 23
9 5 1 6 1 8
37.34000 104.99833 500147.2 4132591.5 13RB41 51,18 51,017 166 18
7 8 2 4 2 3
37.34000 104.99840 500141.4 4132591.3 13RB41 51,16 51,017 146 3
5 3 6 2 3 3
37.34000 104.99844 500138.0 4132591.6 13RB41 51,11 51,017 | 95 54
8 1 9 5 4 2
37.34002 | 104.99846 | 2001362 | 4132592.9 | 13RBAL 5121 | 51017 | 199 51
5 3 8 5 6
37.33999 104.99847 500135.1 4132590.4 13RB41 51,17 51,017 | 160 12
7 4 7 3 6 7
37.34001 104.99853 500129.5 4132591.9 13RB41 51,17 51,017 | 159 1
1 7 9 8 7 6
37.33998 104.99860 500123.2 4132589.5 13RB41 51,05 51,017 | 38 111
9 9 1 4 8 5
37.34002 104.99867 500117.4 4132593.2 13RB41 51,16 51,017 | 147 2
2 2 5 0 9 4
37.34004 104.99871 500114.1 4132595.8 13RB42 51,12 51,017 | 103 46
6 1 8 6 0 0
37.34003 104.99875 500110.0 4132594.9 13RB42 51,13 51,017 | 116 33
8 8 1 8 1 3
37.34001 104.99881 500105.3 4132592.2 13RB42 51,16 51,017 | 143 6
3 1 2 0 2 0
37.34003 104.99881 500104.6 4132594.3 13RB42 51,17 51,017 | 160 12
2 9 1 1 3 7
37.34002 104.99890 500096.6 4132593.8 13RB42 51,19 51,017 | 177 29
8 9 4 7 4 4
37.34002 104.99893 200093.9 11132593.3 éSRB42 21,21 51,017 | 197 49
9
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easting Northing from e value | M Field y
RB51 Value
37.34003 104.99900 500087.7 4132594.2 13RB42 51,19 51,017 | 181 33
1 9 8 0 7 8
37.34004 | 104.99907 | 0000822 | 41325952 | 13RBAZ 2120 | 51,017 | 184 36
1

37.34005 104.99911 500078.4 | 4132596.9 | 13RB42 51,18 51,017 | 171 23
6 2 8 7 9 8
37.34008 104.99921 500069.2 | 4132600.5 | 13RB43 51,19 51,017 | 175 27
8 8 7 2 0 2

13RB43 b9 151,017 | 181 33

J3RBA3 2410 1 51,017 | 88 -61
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APPENDIX D

ACTUAL GRAVITY MODELS

A-$7 *5$9,7< 02'(/

B-%T *5$9,7< 02'(/
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APPENDIX E

GRAVMAG GRAVITY MODELS SAVE FILES
A-$T *5%$9,7< &5-5&6TION
LeftEdge,-7508.189
RightEdge,58022.83
Bottom,6000
ProfileAzimuth,0
Latitude,36
Body,1,-0.4,0.001,71,0.0001,0,0.9680399
X,-1213.963,Z,-17.48852
X,57921.31,7,-17.48852
X,57870.55,7,-293.9082
X,57819.79,7,-846.7475
X,52185.44,7,-688.7934
X,50459.61,7,-649.3049
X,49647.45,7,-886.2361
X,49241.37,7,-1202.144
X,48936.81,7,-1636.518
X,47820.09,7,-1853.705
X,45891.22,7,-1873.449
X,45231.34,7,-1735.239
X,44774.5,7,-1281.121

X,43911.58,7,-1221.889
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X,42744.1,7,-1360.098

X,38886.35,7,-1510.757
X,36880.45,7,-1730.336
X,35383.92,7,-2209.102
X,34064.16,Z,-2494.774
X,32744.4,7,-2623.731

X,31323.13,Z,-2663.22

X,30054.13,7,-2682.964
X,28937.41,7,-2761.941
X,27769.94,7,-2880.407
X,26094.86,7,-2987.449
X,24521.3,Z,-2919.895

X,22896.99,7,-2821.174
X,21272.67,Z,-2742.197
X,19800.63,Z,-2663.22

X,18734.67,Z,-2623.731
X,17364.16,Z,-2623.731
X,15841.36,Z,-2623.731
X,15181.48,7,-2446.033
X,14775.4,Z2,-2228.846

X,14369.32,7,-1577.285
X,13557.17,7,-1142.911

X,12440.457,-905.9803
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X,12186.65,Z,-1182.4
X,12186.65,7,-2347.311
X,10054.73,Z,-2761.941
X,8887.256,7,-2998.872
X,8125.857,2,-3097.593
X,7313.699,7,-3137.082
X,7212.179,7,-2919.895
X,7212.179,Z,-2603.987
X,7618.258,7,-1360.098
X,7922.818,7,-76.72131
X,7465.979,7,-76.72131
X,7465.979,7,-511.0951
X,6653.821,7,-3216.059
X,6146.222,7,-3709.666
X,6196.982,7,-2051.148
X,6501.541,7,-247.718
X,6146.222,7,-748.0262
X,5892.422,7,-3176.57
X,2897.589,7,-4558.669
X,4927.984,7,-76.72131
X,4471.145,7,-116.2098
X,2897.589,7,-3885.344

X,2745.309,7,-4124.295
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X,917.9529,7,-5210.23
X,2948.349,7,-412.3738
X,3252.908,7,-76.72131
X,2948.349,7,-76.72131
X,968.7128,7,-4677.134
X,-198.7647,7,-4253.188
X,-554.084,7,-3770.23
X,-464.6369,Z,-2428.527
X,4.274836,7,-1513.98
X,308.8342,7,-477.9475
X,-554.084,7,-224.6951
Color,255,255,0
Body,4,0.1,0.001,6,0.0001,0,0.9680399
X,12491.21,7,-1162.656
X,13049.57,7,-1182.4
X,13607.93,7,-1379.843
X,13912.48,7,-2052.517
X,14318.56,7,-2784.423
X,12592.73,7,-2921.092
Color,255,0,0

B-%Y *5%$9,7< &5ZBHION
LeftEdge,0

RightEdge, 170000
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Bottom,6000
ProfileAzimuth,0
Latitude,36
Body,1,-0.3,0.001,47,0.0001,0,0.9680399
X,9334.248,7,-35.60831
X,169581.7,7,-37.87104
X,169581.7,7,-1282.018
X,151214.8,7,-765.5786
X,144330.8,7,-373.8872
X,139663.7,2,-373.8872
X,137446.8,2,-427.2997
X,133013,2,-943.6202
X,130212.8,7,-1210.682
X,127295.8,7,-1192.878
X,122745.4,7,-1264.095
X,121578.6,7Z,-1406.528
X,118720,2,-2172.107
X,114577.9,7,-3080.119
X,106293.8,7,-4219.585
X,102656.9,7,-4613.122
X,94291.25,7,-4833.858
X,89550.74,72,-4793.724

X,82858.25,7,-4713.456
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X,74910.92,7,-4693.389
X,70867.54,Z,-4532.854
X,67103.02,Z,-4231.851
X,63617.35,Z,-3770.313
X,59992.25,7,-3268.64

X,58179.71,Z,-2706.767
X,56227.73,Z,-2265.296
X,54415.18,7,-1783.69

X,52540.67,Z,-1623.155
X,49953.52,7,-1763.624
X,48698.68,7,-2385.697
X,49814.1,7,-3088.038

X,49953.52,7,-3449.242
X,46467.85,Z,-3870.647
X,43400.46,Z,-3810.446
X,41770.76,Z,-3525.223
X,39320.52,7,-3204.748
X,35313.71,72,-3308.774
X,33253.26,7,-3115.727
X,31269.73,7,-2919.881
X,26485.93,7,-2581.602
X,22985.59,7,-2599.407

X,18551.82,7,-2688.427
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X,17035,2,-2065.282
X,15168.15,7,-1299.703
X,13284.28,7,-900.7473
X,11084.42,7,-516.3205
X,9800.961,7,-267.0623
Color,255,255,0
Body,4,0.2,0.001,4,0.0001,0,0.9680399
X,19251.89,7,-3044.51
X,24735.76,Z,-2955.49
X,31619.77,Z,-3632.047
X,21585.45,7,-3489.614

Color,255,0,0
Body,5,0.1,0.001,4,0.0001,0,0.9680399
X,51068.94,7,-1785.953
X,53439.19,7,-1806.02
X,55391.17,7,-2488.294
X,50790.09,7,-2488.294

Color,255,0,0
Body,6,0.1,0.001,4,0.0001,0,0.9680399
X,34653.4,7,-3721.068
X,39670.56,7,-3632.047
X,43170.9,7,-4148.368

X,36053.53,7,-4059.347

74



Color,255,0,0
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