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INTRODUCTION
General Statement

The Water and Energy Research Instiltute (WERI) of the University of
Guam was responsible for two study sectors of the Northern Guam Lens Study
(NGLS): Mathematical Modeling and Hydrogeology. This report is a summary
of work completed within the Hydrogeology Sector.

Hydrogeology can be defined as the relationship between geological
features of a sequence of rock units and the occurrence and movement of
groundwater. Hydrogeologic investigations normally include a wide variety
of exploratory techniques and analytical methods to determine magnitude and
distribution of aquifer properties, type and location of aquifer
boundaries, composition and physical characteristics of the porous media,
structural fabrie of rock units, and any other hydraulic aspects of the
system that may affect groundwater movement. Field exploration techniques
often employed in hydrogeologic investigations include surface geophysical
methods (primarily seismic-refraction surveys and earth-resistivity
soundings), bore-hole geophysical applications, geological mapping and
detailed subsurface rock sampling (from exploratory drilling operations),
pump and tracer tests, and periodic or continuous flow-system monitoring
(both hydraulic and chemical aspects). Tield data, once collected, are
subject to a variety of analytical approaches which include megascopic and
microscopic examination of rock samples, and statistical and mathematical
data manipulations. Interpretations based on both field and analytical
results lead to an understanding of the sometimes complex interaction
between the solid rock environment and the enclosed hydrologic regime.

Many of the above-mentioned features of a hydrogeologic investigation
were, at least in part, employed in the NGLS. Because of budgetary
constraints and other factors, a complete investigation of this type could
not be performed.

Objectives

Geological investigations were conducted for the island of Guam twenty
five years ago by the U.S. Geological Survey (Tracey, et al., 1964}, The
products of those efforts in the form of geological maps and descriptioms
have adequately served as basis for subsequent work in hydrology and
geotechnical engineering. The original investigations were made in the
classical tradition of identifying formations, describing their properties,
mapping their surface distributions, and unveiling histories. The focus,
however, was not on hydrogeclogical relationships that are required for
properly assessing the extent, exploitability and reliability of the
groundwater resources.

The objective of the Hydrogeology Sector of the NGLS, therefore, was
to interpret the geology of northern Guam with respect to groundwater
hydrology. In particular, hydrogeological conditions and boundaries needed
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for mathematical and other types of model studies were to he defined.
Where existing geological informaclon wae inaccurate or was Insufficlent
for hyvdrogeolagical interpretations, additional field studles would he
necessary,

These hydrogeeological Investipations were ta he part of a set of
atudies aimed at fully describing the aquifers of norcthern Guam in three

dimeasions, Scparate  geophysieal surveys and an exploratory drilling
program were undertaken to assist In establishing the boundaries and
features of the aguifers. MNone of these efforte were considerad to be

independent of the others. The goal of the program was to achieve full
understanding of the limestone aquifers and how they can best be exploiced,

In order to accomplish these phjectives, certain tasks were suggested
in the scope of work for tha Hydropealopy Sector of the NGL3., These weret

{Task 1)} Definicion af cthe physical boundaries of the aquifers,

l. Critigue of the literature
2., Field confirmation or rebutcal of previous work
3. Additional field studies
a. BSpecial attention to be glven ta the Agana Swamp
Drainage Basin and to Agana Swamp proper
4, Quantitative description cf the boundaries

{Task 2} Division into regional aquifers,

1. Regiopalizarion based on published data supplemented
with field studics,

2. Duanticacive definition and description of regional
aquifers

{Task 3} Determination of aquifer features,
l. Cricigue of literature
?. Fvaluation of exposed agquiler formaticns and of drill
cote and cuttings
3. Participation in pump testing and evaluation of results
{Task 4) Mapping of lateral and vertlcal aquifer wvariations,
1. Formatlon discoatinuities
a. Continupus
L. abrupt {structural}
?. BRelationship between local and reglonal aquifer features

{Task 3} Drilling Frogram,

l. Participation in tescing and in evaluation of datas



(Task 6) Establish need for new information; propose methods of
obtaining it,

1. Hierarchy of needs
a. Formation characteristics
b. Geographical distributions
2. Review and discussion of methods of obtaining new
information
a. Locatien of exploratory drill holes
b. Application of geophysics
c. ©Others

To some extent all of these tasks were undertaken. However, as the
study progressed, it became necessary to emphasize certain tasks more than
others in order to accomplish the study objectives. Some reasons that led
to these changes in approach were:

L. Difficulty in accessing areas for surface field studies (and the
greater importance of devoting time to subsurface studies);

2. Delays in receiving histerical hydrological data and new
geological data generated during the course of the study; and

3. No pump tests were conducted,

Under these conditions, certain activities were undertaken to approach
the various tasks. These activities included:

Analysis of well hydrographs;

Analysis of salinity profiles;

Examination of geophysical logs;

Preparation and examination of cuttings and core samples;
Classification of rock properties;

Stratigraphic correlation of subsurface units;
Description and classification of porosity types; and
Estimation of hydraulic conductivity.

0o =~ Oy N B Lo B

These activities are described in the Methods section.

Review of Available Data

This section reviews the kind of data available as of early June 1952
for hydrogeologic investigation and discusses the usefulness of that data.
The data can be classified into a number of categories; each category is
discussed below.

Formation Sample Description

Lithological and paleontological descriptions are based on drill
cuttings and cores retrieved from drilling of twelve exploratory holes
during the course of the NGLS. In general, a reasonable quantity of sample
was acquired from the rotary-drilling operations and good to excellent core



vrecovery was experienced from EX-5 {only tetally cored hole). A small
number ©f short cores were taken from a few exploratory holes  at
pre-determined depths (primarily at the water table and within the
transition zomel,

Sample descriptions for holes EX-1, EX-4, EX-7, EX-9, and EZ-11 are
rresented Lo Appendix A, These descriptions, prepared by the .5,
Geologleal 3urvey, are preliminary and thes subject to change upen further,
more deralled seudy,

Detailled logs for EX-3, prepared by the WERIL, are presented in Plare
|l {appendix € with summary o Tithological descriptions in Appendix Al
Eoth geophysical lops and lithologie descriptions arve given in addicion to
other pertinent informaticn vbtalned from core samples. A large hlue-print
verslon of Plate 1 can be obraingd from WERL upon raguest.

A pumher ol thin sections from EX¥=1 €13 slides} and FX-3 {10 slides)
were made available to the WERI for petrographic examination. Relevant
features ckserved in these thin secrions are discussed in later sections,

Paleontolagical descriptions, preparad hy ULRI, have been completed
Tor E¥=% and F¥-7 and are presented In Appendix E.

Geophysical Data

Geophysical data are of two types surface surveys and borehole
peophysics, As sepatate parts of the NGLE gravicy and seismic-refraccion
surveys were conducted owver the northern plateau (gravity surveve ware
extended bo the sputharn half of the island}. Results from these survays
in canjunetion with drilling logs were used to produce a voleanic basement
wap, This map forms the basis for locating the impervisus Towsr houndary
to the proundwater-flow system of northern Guam and is ane of che most
significant contributions to the KCLS, There are, however, a number ol
locations for which information is scarce or lacking, particularly in the
vicinlty of Agana Swamp and narch of Dededo,

Borehale geophysical lopping was conducted hy the UW.5. Geelugical
Survey on most of the exploratery wells. ‘The types of logs obtained were
natural gamma radlacion, spontanegus  potential (5P}, single—point
resisciviey, fluid cenductance and a caliper leg, A general description of
the logs and the results of the logging effort are presented in Appendix L.

0f the lngs obtained from boreholes, the most useful are the callper
and fluld conductance. The electric logs (l.e., SP and single-point
resistivity) have limited usefulness. The natural gamma log appears to he
unusable due tn its senshitivity to changes in borehole diameter. ALl logs
represent raw measurements taken divectly from the strip-chart readouts.

Water—-level Measurements

Water-level records fall into two categorles;: sca-level measurements
and groundwater-level measurements.



The National Oceanographic and Atmospheric Administration (NOAA)
maintains and operates a tidal recording station at the entrance to Sumay
Cove in Apra Harbor. Water levels are recorded on a paper tape by the
recording instrument and are relative to staff zero, a datum used by the
NCAA at tidal stations. WERI and USGS personnel leveled the reference
staff to a nearby U.S5. government bench mark. Therefore, NOAA data can be
interpreted relative to the local datum used to establish elevations at
pertinent observation points of the NGLS. The Apra Harbor station is the
only operating tidal-recording facility of Guam since the destruction of
the USGS Pago Bay station formerly located at the Marine Lahoratory, a
research unit of the University of Guam.

The USGS maintains and operates a number of water-level recording
cbservation wells, These wells penetrate the fresh—water lens of northern
Guam and provide a continuous record of water—table elevation changes,
Hourly values for wells BPM, A-16, M-10A, M-11, and Harmon 107 were
processed for 1978 and 1979, However, a number of problems were
encountered. These problems included missing data, erroneous values in the
data record, and record breaks that required special treatment, An
additional problem that appeared in the original data is one of recorder
sensitivity, Every c¢bservation well hydrograph contains a significant
tidal signature. Often the float sensitivity (drag on borehole or casing
wall} was such that that most of the detail of the water~level fluctuations
due to tidal effects was lost, that is, peaks and troughs of the attenuated
signal tended to be truncated. Well A-16 is particularly plagued with this
problem.

Climatological Data

Daily rainfall data are provided by monthly climatological reports
issued by the NOAA, Rainfail values are recorded at a number of stations
including the National Weather Service station located at Finegayan. Other
rainfall data are provided by the U.S, Geological Survey.

METHODS OF INVESTIGATION
General

A variety of methods were used during the course of the investigation
in an attempt at describing and eclassifying rock types and hydrogeologic
features, In this section the wvarious {Investigative approaches are
discussed,

Formation Sample Examination

Two approaches were utilized in order to describe cutting and core
samples in terms of litholegy, type and amount of porosity, and
paleonteolegy. The two methods were hand specimen examination aided by a
binocular microscope and petrographic observations, which were are
restricted to EX-1 (13 slides) and EX-5 (10 slides).



Two rock elassification systems were used to categorize the examined
samples. The system of Dumham (1962), given in Table 1, was used EQ
clagsify samples examined megascopically {aided by hand lens or binocular
microscope). Dunham’s classification system for limestone is based ab
racognizable depusitional textures and is one of the simplest to use for
"fipst cut" examinations. The second classification system 1is that
presented by Folk {193%; 1962) and 1is reserved for describing thin
sections, Folk's oagcheme, summarized 1in Table 2, 1s based on the
petrographic relationship between allochem types ("clascs") and  the
surtounding matrix.

The nomenclature and classification of porosity wused by this
inveatigation are based on the work of Choquette and Pray (1970). Their
syatem, ocutlined in Table 3, is designed to aid in geologic description and
interpretation of pore systems and theiv carbonate host Tocks. It is a
descriptive and genetic classification system In which 13 basic porosity
types are recognized: seven abundanc types {interparticle, intraparticle,
intercrystal, moldic, fenestral, fracture, and wug), and elght more
specialized types, Modifying tarms are used to characterize genesis, size
and shape, and abundance of poresity. This classification svstem has been
applied In detaill to cores of EX-3,

Falepntological Examination

Preliminary identification of fossil material was prepared by WERI for
EX=5 and EX-7. (Additional samples were not avallable at rhe time of
report preparatien). Slabbed core sections and cutting samples were
examined, aided by rthe binocular microscope, for larger [oraminifera,
marine microfossils, and reef-assaclated organisms,

Faleontological evidence provides the basis for gtratipraphle
correlation and subsurface mapping of the wvarious limestone wunits
comprising the aquifer of northern Guam.

Ceophysical=-Log Examination

Geophysical logs obtained hy the USGS were examined on a gualitative
basis only (except for fluid conductance}. Because the logs, for che most
part, rTepresent raw data and have not been cortected for borehale and fluid
pffects, no quantitative evaluation is possible.

Fluld-conductance logs, unlike natural gamma and electrlc logs, are
not  subject to boreholie effects since the sonde only measures the
electrical conductivity of the f£luid within the horehcle. Therefere a
quantitative estimate can be made of the thickness of the transition zone
between the fresh-water region and the underlying salty groundwater. From
fluid- conductance logs, it 1s alse pessible to get an indication of
changes with depth in water guality within the fresh-water column.

Well-Hydrograph Analysis
Several approaches, both gualitative and quantitative, were utilized

to analyze water-level data from observatien—well rtecords. Short~term
records were used to determine the response of the agquifer to tidal changes



Table 1, Classification of carbonate rocks according to depositional
texture (adapted from Pettijohn, 1975).

RECOGNIZABLE DEPOSITIONAL TEXTURE

Mudstone

Wackestone

Packstone

Grainstone

Boundstone

original components are not bound together during
deposition; mud-supported with less than 10% grains.

original components are not bound togethetr during
deposition; mud-supported with more than 10% grains.

original components are not bound together during
deposition; grain-supported; contains mud (fine silt
and clay size particles).

original components are not bound together during
deposition; grain-supported; lacks mud.

original components are bound together during
deposition} coarse biogenic framework.

NON-RECOGNIZAELE DEPOSITIONAL TEXTURE

Crystalline carbonates




Table 2. Classification eystem ol carbonate rocks (adapted from Folk, 1962
and Pettijohn, 19753,

T IMEMUD MATRIX GHEATER THAN 273

Allochens
0 - 1% 1 - 10% 10 - 50% over 50X
Micrite and Faogeilliferous sparse packed
Ddamicrite Micrite Biomicrite Bipmicrite
{mlcro—¢crystal- {micro-cTystal- (<25% incra- {»25% Incra~
line rocke) line rocks) clasts and clascs and

oolites? oolices)

-

LIMEMUD MATRL1X AWD SPAR CEMEKT SUBEQUAL

Allachems over 50% poorly washed Biosparite

SPAR CEMENT GREATER THAN 2/3

Allochems owver H0OF

Sorting Foor Sorting Good Epunded & Abradad
unsorked GoTted rounded
Bingparice Sipsparite Bicsparite

NOW-CIASTIC LIMESTONE

Biohermite

REPLACEMENT DOLOUMITES

Allopchems Ghosts

#25% Intraclasts _725% Oolites <?5% Interclasts & Tolites
intraclascic nplitic Biogenic and Pellet
dolomica dolomite dolomlite

Mo Allochems Ghosts

coarse, medium, fine crystalline deleomite




Table 3. Geologic classification of carhonate rock pores and pore systems

(adapted from Choquette and Pray, 1970).

BASIC POROSITY TYPES

Fabric Selective

Not Fabric Selective

1 interparticle 1 fracture
2 intraparticle 2 channel
3 intercrystal 3 vug

4 moldic 4 cavern

5 fenestral

6 shelter

7 growth-framework

1l breccia

2 boring

3 burrow

4 shrinkage

MODIFYING TERMS

Genetic Modifiers

Size Modifiers

Process Direction Classes Size, mm

1 solution enlarged 1l megapore large, 256

2 cementation reduced small, 32

3 dinternal filled 2 mesopore large, 4
sediment small, 0.5

3 micropore

Fabric Selective or Not

less than, 0.625
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and ro rainfall events whlle leomp-term vecords weve used to determine the
magnicude of seasomal wvariastions in the positioen of che water table with
vespect to actual sea level.

Onle data from 1978, 1979, and part of 980 (30-manth period) were
praocessed hecause the numerical model was criginally calibrated and
verified utilizlng data from these years, and tidal data were available {ar
this pericd anly. Both tidal and ground-water levels were avajlable on oan
hrurly basis., All data were prucessed om the computey because of the
volume of measircments invelwved.

Shore~Term Records

Ferris §l%31} presented equations, based on heac ilow analegy, that
deseribe the hehavior of vewean rides propopated inland through a contined
aguiler svetem 1n terms ol the hydranlie properties of the porous media.
The relevant equations are

- in {R /R ) = X ¥5/Tr (1)
= r 3]
ani
b, = X ftus;an% L)

where B [s the tidal range in the ohservation well, K is the ridal range
in the Kocean, ¥ im the Inlarnd distance of the well? 3 iz the storuags
cocfEicient of the aquiler, T is the rransmissivicy of che aguifer, t_Is
the tidal peried, and t_ is the lag rime between the ocourrence of “the
tidal signal in the ocean and the occurremce ol tle tidal signal In the
well. According to Todd £1939) the equatiens ol Ferrils are applicable as a
good approximation to water-table fluctuations of an unceonfimed aqulfer 1f
the range of fluctuatics: is small ie comparisen to the saturated thickness.
Prr uncenfined aquifer conditions, the storage coeifdicient must be replaced
by the cffective porosity (specific yleld) of the system.

Both tidal and water-level] records for six observacion wells werg
scanned to determine a period that offored the most complete set ol range
values. & Y-dav period begimming in the latter part ol Janvary 19749
appeared ta Ye the best =wlted, Range values irr dinrnal and semidivrnal
companents of the tldal record and of the well hydrograpl were recorded and
equation | spplled to the data. A shevt FORTRAN prograr was written to
solve for the bydraelie conductlvity and run cn the computer with the
appropriate input parameters. A sensitivity test was alsp run teo determlne
the variabillty in the results Ly chanping the parametevs oi gpecifiic yield
and saturated thickness. Kesults of the application of the Ferris medel
are discussed in a later section of this report.

Long~Tarm Becords

%ell hydrographs for longer periods were used o derernmine the
magnitude of seasonal changes in the position of the warer table. iw thls
analysia, mean monthly values of sea level were removed from ohserved mean
monghly values of ground-water levels. The underlying assumpticn, thougl
utqualified, L5 that sea=leve] oscillations of a perind greater than a few
dayas does not significantly sffect the general trend ! water-table
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fluctuations due to seasonal variations in recharge. This assumption
appears to be sound, at least in general terms, based on the results
obtained. Prior to the removal of sea level, groundwater-level
fluctuations closely resemble those of sea level; however, after

subtracting sea-level from the observations, groundwater trends appear to
be related to seasonal variations in rainfall events and hence to recharge
(as would be expected).

RESULTS
General

Results of the hydrogeologic investigation presented here include a
number of new findings. Of special interest are the estimates of porosity
abundance and type obtained from visual inspection of cuttings and from
thin-section examination. This is probably the first attempt at
quantifying and describing the pore systems found in the limestones of
northern Guam. Other results of interest include lithologic descriptions
of cuttings and cores, paleontological information from EX-5 and EX-7,
calculations of hydraulic conductivity from tidal-response data, and
qualitative description of water-table response to seasonal rainfall.

The following discussicn presents the relevant findings of the
hydrogeologic investigation. Emphasis is placed on describing both
qualitatively and quantitatively characteristics observed in samples
retrieved from drilling operations and in water-level records obtained from
the few observation wells that penetrate the northern lens. The discussion
is subdivided into three sections which focus attention on the geology of
the limestones that make up the aquifer, on the response of the aquifer to
external factors, and on the hydrogeologic properties of porosity and
hydraulic conductivity.

Geology

In general, rocks of the Mariana and older Barrigada formations were
encountered during the drilling of exploration boreholes. These formations
are composed of permeable limestone and comprise the bulk of the aquifer
that underlies northern Guam., Volcanic material, tentatively assigned to
the Alutom formation, was encountered in three boreholes at varying depths
beneath a limestone overburdem. Geologic features and relationships
observed in drill cuttings and cores are described below, in general terms.
Special attention is given to the only fully cored exploration borehole
(EX-5).

Lithology of Borehole Samples
Lithologic descriptions, prepared by the USGS, are presented in

Appendix A. These descriptions represent "first cut” trials and are
subject to revision with further study. However, they serve the purpose of



this investlgation vy praviding information oo the aosi ubwiaus

characteristics ol  the subsurface tocks envonntered during drilling
aporations.

According to the classitication system of dunhaetn {1962y, the samples
examingd can he placed in one of four reategories of lismestone twpes.
Ypecificallw, these categorics ate (1) mudstone, (21 wackestone, (1)
packstone, and (41 boundstone. The wmejorlty of  saeples fall dute the
categories of types and 1 and 2. Upder the Classification system of Felk
flusB, 19%62), typea | and 2 are eguivalent te micrite and blamicrite,
respect ively,  Allochem ceonstituents include maloly Lletamioifera, shell
ragirents of pelecvpods and gastropods, algal fragment:, and coral debris,
With respect to the Agana arplillaceous member of the Mariana limestoenc,
clay nr clay-sized detritus {s an additlanal catiponent of the reck fakric,

ln thin section, the matrix is composed of micrite (micrcoryscalline
caleite less than 4 microas In sized, Some slides show evidence of
recrystallizatlon  of  micrite  £ao micyospar, Aslthoeugh  staining Lte
dilicrentlate calecite from arponite) was nof done, it iz rcerenin ihat a
portion of the original aragenitic (and probably high mp-caleicve} skeletal
material las heen removed and replaced with caleite. & luarpge partion of
the fossil debris, includinpg Halimeds sepments, has  been  removed Db
galutian and many [ragments have been replaced by sparry caicite, A oumbar
uf =slides particulariy those {rom TE-§, exhibit wug replagcepaent by sparyy
caleite.  Thin secticas for EX-1 alse show clay or rclav—gized grains
digzeminated throughout the micyitic marrix,

Beddlng vhuracteristics for the the most part are lacking; only crude
digeontinwcus Features that may bhave been hedding planes arve observed., In
nlabbed cores eom Ex=-5, och soft-sediment deformation is abserved; .
[eature rthar formed contemporancously with depesition of  the original
carhkiate nud,

Pileontolopy

Twonty={our species of Sarpger henchic Toraminiterasns have  boeeu
ldentiliod from FX=5 samples (Table 4), The foraminiferal asserblapge is
gonerally characteristlc of  specles acpociaced with Baonwa and Alilan
limestenes [Cole, 19633 rather than the Parrigada. Positive identification
could ve wade rnn 2 diagnestic foraminiferans, HKotalla atjiehensis and
Clyeloctypous {(Clvelnclypews)  indopacificus. Rotalla at'shensls 1=
diggnostic of Tertiary [ (Miocene) and is abundant 1s both the Booya and
Alifan limestones, but dogs not occur in vounger limestone (e.g. Barrigada
limestone) according to Cole (1963}, Clycloctypeus (¢.) 1undeopacificus is
assuriated with limestone unics ol the western Pacific tregicn which are
ralecntelegically sinilar ta the Bonya limescone,

The woliuscan assemhlage observed in FR=3 samples indicates upper reef
slope or deeper sheal depositional  envirccmments, The TNivalves are
generally  arclenlace, which suggests sheort transport ddistances, Major
meklugscan rones poccour at 322-338, 399-405, 425-4371, and 481-4%0 feet, YThe
first J molluscan zones arte characterized hy a Nemecardium hivalve which

has Tecent representatives found living in offshare heds at depths of 26T
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Preliminary checklist of benthic foraminifera in core sections
from the Northern Guam Lens Study expleratory hole 5, Dededo.

The surface limestome unit is mapped as Barrigada Limestone.

Uncommon specimens of planktonic formainifera
belonging to the genera Globiperina and Orbulina.

found

Acervulina sp.

Amphistegina radiata d'Orbigny

Calcarina sp.

Carpenteria monticularis {(Carter)
Cycloclypeus (cycloclypeus) indopacificus Tan
Ecrupertia semiornata (Howchin)

Gyspina cf. vesicularis (Parker and Jones)
G. cf. marianensis Hanzawa

Heterostegina sp.

Lepidocyclina (Nephrolepidina) sp.
Miogypsinoides cf. dehaartii (Vander Vlerk)
Nummulites cf. fichteli (Michelottl)
Operculina cf. ammoncides (Gronovius)

0. cf. bartschi Cushman

0. cf, rectilata Ccle

0. cf. venosa (Fichtel and Moll)
Operculina sp.

Planorbulinella larvata (Parker and Jones)
Rotalia cf, atjehensis (Vander Vlerk)*
Rotalia sp.

Sorites martini (Verbeek)

Sphaerogypsina globulus (Reuss)
Spirccylpeus cf. orbitoldeus H. Douville
Sporadotrema cyclindricum (Carter)

*Diagnostic of Teritlary f - middle Miocene



te MO ieet. The last molluscan zone is characterizred by a sedentary
boring hivalve, Lithephaga, which is found living today in coral te depths
of 300 fect.

Seventesn species of larger [eraminifera and [ species of  swoall
foraminifera hawe heen idest3fied in  samples  Evom EX-7 (Tahle 3.
Foraminifera! assemblages generally  characteristics  of  ghe Mariana
l4mostoene have heen identified within the upper portiec ol the boarehole (11U
to 223 feet) and those Lharacteristic of the Barrvipada limestons have heen
identified in the section bolow 225 Teer. Two diagnestic specles have heen
found in gaod conditien, Clycleclypeus (Olyeloclvpeus) postlodupacificus
and Opervulina rectilata, O, restilata has heen assigoned to Tertiary g
{Miavenay hy Cule (1963). Smaller [oraminifera (Table 53} occur in vellrw,
tan, and white mudstone below 334 feet, These small foraminifera are
psual 1y assaciated with lagoonal mud depesits.

Foraminiferal assemblages hetween 10 and 123 tect, chavasrevized by A,
radiara, are =Zadicative of shallow-—water envivonments, The assemblapges
belew 223 Leet contains A, bicvircuiata, Operculina spp., atud ﬂ}vuluc]yyeus
upp, and ore ussaliy associated wleh deeper water envivenments on seaward
slopes,

Leophysical Logs
i(1f the geoplysical leags chtained by the USGE (Appendlx U}, thesc frem

l%—d, Ex-5, F¥-9, Fi-10, ard LEX-1L are of interest. HRelevanl okscrvations
are summarized Selow,

X4

l. The caliper lug indicates s change 1n rock competency in the
vicinity ol the water table.  HNorehole roughness signiifcantly
increases hoelow akount 150 Jeet.

2, Llectric Jlogs and  wne  {luid-cenductance  foeg  shew o maier
crueurs[aon at akout fHO feet. These defleclicns may Lo related fo
1lthalegic  changes, however, toey  alsn corvelate  with
slgnificant  increase ia horehele Alameter, The nmnre  recent
conductance log does not Tesemble the earlier one, theretoerco,
deilling fluid may also be an iniluence on Che logs.

3. Flufd condustance  logs indicate & Sresb-water  column o
approsimately Lol feet.

X-58

1. The warn recent fluid eonductanee log (2-10-E23 shows a slight
decreasc in conduglivity then Temains constant to the top ol tne
transition zrme.

2. Flujd-conductarce Jope indicate a fresh-water colenn of abosp 1730

tret,
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Table 5. Foraminiferal checklist from chip samples of the Northern Guam
Lens Study exploratory hole 7, Dededo., The surface limestone
unit is mapped as Mariana Limestone.

Depth interval 10-225 feet

Amphistegina radiata d'Orbigny [common small specimens]
Amphistegina sp.

Gypsina vesicularis (Parker and Jones [common specimens]
Elphidium sp.

Marginopora vertebralis Blainville

Sphaerogypsina globulus (Reuss)

Depth interval 225-698 feet

lLarger Formainifera

Amphistegina radiata 4'Orbigny

A, bicirculata [common below 335 feet]

A, lessonii d'Orbigny

Amphistegina

Clycleoclypeus {clycloclypeus) poestindepacificus Tan [common below
475 feet]

Clvcloclypeus sp.

Heterostegina cf, depressa d'Orbigny

Heterostegina sp.

Marginopora cf. vertebralis {(Parker and Jones) [rare specimens])
0. bartschi Cushman

0. rectilata Cole

ﬁherculina sp.
Sporadotrema sp.

Smaller Forminifera*

Archaias sp.
Discorbis sp.

Eponides sp.
Osangularia sp.

Osangularia sp.
Plancrbulina sp.

S. globulus (Reuss)
Triloculina spp.

*common in allochems of vellow and white mudstone below 335 feet
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Ex-19
L. Both the electrhie and fluid-condvctance lops deflect arcupd 320
furt; these deflectiens do not correfate with excursions in Lhe

raliper log,

Finid-ronductance logs indicate a fresh—water rolumr of abouat 100
Teel.

LX=10

1. Fath  the electric ard fluid-conductance fops are similar  In
behavier ta thuse af EX-9,

T, The Flubd-conductance leg  dmd[eates o fresh-water colunn of
approxlnately 1l feoet.

EX-11

The etectric Llogs defiect sigeificantly at abuout 444 feet or near
the limecstnne-voleanic contact.

b

Water-Tabhle Flucturtions

Water—-tahle [luctuaricns abserved in wells that panetrate the northern
lens are due to nscillations aof sea tevel and varlatlons in techarge.
These exteornal factees I[nfluence the pesition of the water rable (and,
hence, the lensl an a lung-term as well as o short—tferm hasis.  Hea-level
effects are the dominant features observed din well hydeographs.  To
jllustrate this point, the graph of Figere 1 shows the relatlonship between
mean monthly values of sea level and mean morthly values of water levels
for a M=month period begiuning In Jdanuary, L1978, Water levels are from
records  for well 107 (Harmon). The correspondence  hatween the two
hvdrographs is abvious; the peneral trend of Fluctuat lon in sea level is
reflected in the well hydrograph, an additioma! peint of inreresc is thar
ses-level changes rvange over a significant dnterval lapproximately 0.8
feet) for the 30-month pericd. This annual fluctuation in sea level has
heen attributed to steric ellecis (Shaw and Donn, L%84Y, thart iz, to
temperature-relatec density varlabtivns io the upper few hundred feetr of rthe
ocean. the magnicude o the aovnual fluctuation indicared in the sea-lewvel
graph of Figutre | iz in agreeswnt with that recorded by Wyrtki and lLeslie
(1980% for longer period sea-level records.

Spa—level pffuects mask water-table 1 luctudtions due to warialions 1o
recharae, A totally different well hydrograph is obtained when sea level
iz rewmoved [rom the monthly wvalues derived From observation-well records,
The graph of Figure 2 illustrates this point, Water-table flucrwacions
refiect the seasrnal variabilitv ol rainfall and, henve, recharge. Durinp
the dry season water levels ate low and during the wet seasen water levels
are hlgh as cxpected. However, there may he a lag time ol a couple of
months between peak events in the rainiallt graph and peak events in the
well hydrograph, at least for the fiest hult of the 30-month perfod.
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Figure 2.
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Monthly water-table fluctuations acress the lens of northern Guam
appear to be relatively uniform. Several well hydrographs are presented in
Figure 3. It 1is apparent that there is a general correspondence of
water-table fluctuations between observation wells. Although small
differences in magnitude are present, as evidenced by the deviations
between hydrographs, the implication of this correlation is that the
distribution of recharge from month to month is more or less uniform across
the portion of the lens represented by the areal distribution of
observation wells.

Short-term hydrographs for all observation wells contain a
significant, although attenuated, tidal signal. Both diurnal and
semi—-diurnal components of the tides are represented in the hydrographs.
The attenuation rate of the tidal signal as it moves through the aquifer is
shown in the graph cof Figure 4, This approximation is based on data from
three observation wells, 107 (Harmen), M-10A, M-11, located progressively
farther inland from the western shoreline of northern Guam. As would be
expected, the curve indicates that the rate of attenvation {1s an
exponential-decay function (see Todd, 1959). Tidal-signal attenuatien is a
function of the hydraulic properties of the aquifer (Ferris, 1951);
therefore, data related to the phenomenon c¢an be wuseful in the
determination of specific yield (effective porosity) and hydraulic
conductivity.

Hydraulic Properties of the Aquifer

The hydraulic properties of dinterest are porosity and hydraulic
conductivity. In this section the results of attempts at quantifying these
parameters are presented.

Porosity

In very general terms, the type of porosity observed in rock samples
is formed from secondary solution of either the micrite matrix or fossil
skeletal detritus. By far the most abundant porosity type can be
classified as wvug porosity or moldic porosity. Locally, however, channel
porosity may be the dominant type, particularly near the water table. In
the description of EX-5 given in Plate ! (See Appendix A) the porosity
observed in slabbed cores has been classified and abundance estimated for
the length of the borehole (including EX-5A). The classification system
used is based on the work of Choquette and Pray (1970).

Estimations of porosity abundance in thin sections were made from the
slides for EX-1 and EX-5 {(Table 6}. Porosity percentages in EX-1 slides
were relatively low, generally less than 4%, A great amount of void space
has been filled with sparry calcite, thus greatly reducing the abundance of
void spaces. Thin-section counts for EX-5 indicate a greater abundance of
voids relative to EX-1. Average values of 13% above the water table and
21% below the water table were computed. It should be noted that
considerable variability in porosity abundance existed across most of the
slides that were examined.
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Table 6, FEstimates of parnsity abundance in thin-secclons,

E¥-1 EX=5
Depth {ft) % Paresity Depth (fe} 1 Porsicy
an 1.5 L5 12.5
DD 1.5 1Y 11
L20 16 105 3
12% 4 i7 g
k50 3 05 19
217 & 313 22
122 4 382 14
40 25
4890 14
530 26

Talile 7. LIstimates af hydraulic conductivity based on caleculations using
tidal-sipgnal data,

Distance {rom " Depth of Hydraulic
WELL. Shoreline (ft) Basement®* {it) Conductivity (fc/idd
EPM 4550 600 3950
107 4590 500 G350
M—104 1200 550 11330
A-16 Ay B0 13590
M-11 10300 530 2UBT0

=Average depth of sloping basement.
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Hydraulic Conductivity

Estimates of hydraulic conductivity based on tidal-signal attenuation
data are listed in Table 7. Four of the five wells are located on the
western side of the island and thus receive a tidal signal which originates
in the Philippine Sea. One well (BPM), located in the eastern portion of
the island, receives its tidal signal from the Pacific Ocean. Average
depths to the volcanic terrane were obtained from the basement map derived
from geophysical and drilling Information and distances to the shoreline
were measured on USGS topographic maps.

The estimates of Table 7 range from about 4000 ft/day in the vicinity
of BPM to about 20,000 ft/day around M-11, There appears to be a large
contrast in hydraulic conductivity for opposite sides of the northern
plateau. Also, there is an apparent increase in hydraulic conductivity
inland from the eastern shoreline. These aspects of the results of
applying the work of Ferris (1951) to the attenuation data are discussed in
the next section.

DISCUSSION
General

A number of interpretations based on the field data and analytical
results given above are presented here in an effort to describe pertinent
geological features, aquifer response, and hydraulic characteristics of the
limestone units that underlie the northern plateau. These interpretations
are preliminary and therefore subject to re-evaluation as additional
information is acquired through the administration of future geologic and
hydrologic studies.

Subsurface Geolegy

Except where volcanic material was found, all exploratory boreholes
were drilled into rocks that have been tentatively assigned to either the
Mariana or Barrigada limestones (Table 8). In general, these rocks can be
classified as biomicrites (classification system of Folk} or the equivalent
wackestones (classification system of Dunham). However, the depositional
environment of Barrigada limestones is very much different from that of
Mariana rocks. Paleontological evidence from EX-5 and EX-7 indicates that
the Barrigada formation is related to the Bonya and Alifan limestones
(Cole, 1963) and may be a deeper water facies of the reef-associated units
of the Alifan., From lithologic descriptions, 1t appears that rocks of the
Mariana limestone, encountered during drilling, resemble those related to
shallow-water lagoonal environments.

Diagnostic foraminifera identified in samples from EX-5 and EX-7
indicate a slight age difference in biota. That is, foraminifera from EX-5
are lower to middle Miocene while foraminifera of EX-7 (below 225 feet) are
upper Miocene. The implication is that during Miocene time the Barrigada
prograded seaward. Fossil assemblages and the generally broken condition



24

Table 8, Top and bottem stratigraphy of HGLS expleration boreholes.
Tatal Formaricm
Borehole Daopth (£t} Top Bottom
EX-1 513 Mariana* Mariana*
EFX=-2 300 Barripada Alutam (7]
EX-3 313 Mariana Alucam (7]
EX-4 &0u Mariana¥* Mariana*®
EX-5{5a) B0 Barrigada Barrigada
F¥-6 462 (not drilled} Barrigada Barrvigada (%}
FX-7 658 Hariana Barrigada
EX-H as7 Myriana Unknown
EX¥-9 513 Marigna* Mariana (7}
H¥-10 a4 Mariana Unknown
E¥-11 513 Mariana Alutom (7)

*hpana Argillacevus member of the Mariasna limestone,
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of skeletal material from the Barrigada indicate a depositional environment
similar to that of a near reef shoal at a depth of between 300 and 1000
feet. Carbonate sediment, originating on the reef flat or back-reef lagoon
was probably transported to the site by debris avalanche or turbidity
currents.

Stratigraphic correlation of subsurface units on a plateau-wide basis
is not possible at this time. Fossil identification has been completed on
only two of the twelve exploration holes drilled for the NGLS, However, a
probable contact between the Marlana and underlying Barrigada has been
placed at about 225 feet below ground surface in EX-7. Since EX-5 is
presumably located entirely in Barrigada, the land surface expression of
the contact appears to be well-approximated by the mapping efforts of Tracy
et al. (1964). How much of the remainder of the northern plateau is
underlain by the Barrigada limestone and to what depth are not known from
the results of this study.

Aquifer Response

Response of the aquifer system to ocean tides is readily observable in
well Thydrographs. Water-level records for each of the recording
observation wells exhibit diurnal and semi-diurnal components of the tidal
cycle. Since the attenuation of inland propogating tidal signals 1is a
function of aquifer properties, it can be inferred from well records that
the hydraulic conductivity of the northern aquifer is relatively high.

From analysis of well hydrographs, it was found that the amplitude of
the attenuated tidal signal is significantly less at BPM than that at 107.
Both wells are located at about the same distance from the shore and
presumably in the same rock type (according to the geologic map). This
apparent anomally may be related to a difference in shoreline geology.
According to the geologic map (Tracy et al., 1964), the reef facies of the
Mariana limestone crop out along the eastern shore in the vicinity of BPM,
however, along the western shore, opposite 107, only the headland is mapped
as reef facies. Since Mariana 1limestone is presumed to be in the
subsurface in these areas, it is possible that either the reef facies or
fore-reef facies (over which the reef facles prograded) is present along
the shoreline. The point to be made is that shoreline rocks may be lower
in hydraulic conductivity and thus increase the tidal-signal attenuation
rate. In other words, the subsurface rocks of the reef or fore-reef facies
act as a dam to the inland propogating tidal signal.

Aquifer Properties

Estimates of porosity and hydraulic conductivity, based on available
information, represent an attempt at quantifying the hydraulic properties
of the aquifer.

Estimates of porosity abundance based on megascopic examination of
rock samples indicate a range of porosity between 15 and 25 percent. In mno
samples was porosity estimated to be higher tham 30 to 35 percent. These
estimates were made only on samples retrieved during drilling and do not
necessarily reflect the true "in situ" abundance of porosity. Small
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pencil-sized soletlen tubes, for example, would be destroyed by the rotary
blt recurning only pravel=sized cuttings to the surface for examination,
Thus, estimates based on cuetings alone provide only limited information on
porosity abundance, diseribution, and type. More reliable data are
obtained from cored holes such as EX-5 which provide not only "in situ"
approximations of abundance buc alsoe information on porosity iypes and
their distribution within the reck column, It is readily apparent., fer
example, {hat. near the present water table, channel porosicy i3 the
dominant type while elsewhere wug poreslty or nmoldic parosity types are
dominant {see logs in Appendix C). Thus zones of higher permeabilicy
assoclated with interconmected porTosity types {e. g. channel or fraccure}
can ba idenrified.

Examination of thin sectlons provided an estimate of the abundance of
porosity {and type) on a microscoplc level, However, a large number of
slides are requirved to make staciscically valld approximatdoms. Only a few
5lides were available and thus provided only a glimpse of the micropore
development 1n Cuam's limestones. From the thin-section examination an
eabimate of 21%¥ porosity was made {or rocks below the water table in EX-5
and less than 4% for rocks below the water table in EX=1. Two limitations
come ta mind immediately for data of this type. First, a2 thin section is
only 2 wvery small portion of the rock wvolume and may nort be a
representative sample. Material te be sectioned must he selected such that
it represents a relatively large wolume of rock, a task that is not easily
accomplished in a complex carbonate lichology. Second, on the =cale of the
thin section, little info.mation can be obtained ceoncerning the degree to
which pores are intarconnected., The degree of interconneccion is an
integral part of the concept of permeabhility,

In the previous sectlon, estimates of hydraulic conductivity based on
the work of Farrvis (19517 were presented. A& wide range of walues was
obtainad from che exercise of applying eguation 1 to the well hydreograph
data. This range in hydraulic condectivity, fn parc, may be related to the
sensicivity of equation 1 to the input paramecters of effeccive porosicy
{cpacific yield) and saturated rthickness. HKesults of a sensitivity test
where these paramerers were varied is listed in Table ¥, Input values of
effective porosity were varied from 0,15 to 0,40 while other parameters
were unchanged. A ser of computer runs was then made for each af the five
observation wells. A similar tesr was made to check the sensitivity of the
method to variations in saturated thickness. CObservatlon well 107 (Harmon)
was selected and the saturated thickness was varled from 300 feet to 630
feet. Test results Indicate that the Ferris model Is relacively sensitive
to variations in dinput parameters, particularly effective porosity, A
difference of 0.] in poresity inpuc valuea between runs hrings about a
significant difference in oucput values of hydravlic conductivity.

The progressive increase of hydraulic conductivity inland indicated by
the values given in Table 7 may be related to the physics of wave movement
along a sloping base, From the basement map, the volcanlc terrane slopes
upward from the shoreline inlamd. The Ferrls model assumes a herizontal
lower boundary and hence a constant saturated thickness. Changes in



Table 9. Results of sensitivity test of the Ferris model.

Calculated Hydraulic Conductivity (ft/d}

Well *N = 0,15 N =0.25 N = 0.40
e e e

BPM 2380 3950 6330
107 5610 9350 14960
M-10A 6790 11330 18130
A-16 8155 13590 21750
M-11 12400 20670 33070
Well Depth (ft) Hydraulic Conductivity {(ft/d)
107 300 15500

450 10350

500 9350

550 8470

650 7170

*Ne is effective porosity (specific yield)
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glevarlon of the Imperviocus houndary may cause an increase In wave
amplitude similar to the "tsupnami" effect along shorelines of slopinmg ocean
hottom topography.

The =significant difference between the Thydraulic conduceiviey
calewlated at  BPM and  that caleulated at 107 {both are located
approximately the same distance from the shere) may be related to acrual
differences in hydraulic properties of the aguifer, differences in the
character of sea-level oscillations on the windward (eastern) side of the
island, ar the daming cffect previously discussed. The seolution to this
problem will require further studwy.

Flectrie and fluld-conductance logs obtained shertly after drilling,
in some cases, show excuraionz in the lower portion of the freoshwater
column. These excursions or deflections of the recordings indicate either
a change in properties ol the borehole fluld {prebably «frilling foam) or a
zone of higher permeability. OGroundwater would probably be lower in total
dissolved constltuents 1in the low-permeablliry zone because of a shorter
residence time and, therefore, conductance logs would indicate relatiwvely
frasher water as iz the case. In wells where these deflections have been
observed, the relative depths are the =zame; that iz, the deflections appear
to occur consistently within the lower portion of the Fresh-witer colunn
and akove the rransition zone.

CORCLUSTIONS

Earh of the tasks outlined dn che scope of work for the Hvdropeolopy
Sectur of che 3GLY has, to scme cxtent, been addresscd by the hydropeolopic
investigation, Following is a bricf summary of tho major findings far each
uf these tasks.

Task 1; Definition of the physical boundaries of the aquirters,

Based on the results ai the geophvsical survey and the drilling
program addition to previcws work, a volcanic hasement map was prepared iby
octher participants in the NCL3}, Volcanic rtocka are presumed impermeable
and thusg act as 4 lower ne-flow boundary co the groundwater=f£low system of
northern Guam. Limited field-checking of previous geologle mapping has
been undertaken as part of the  Thydrogeolople investigation. ALl
abzervations thus far confirm previous results. Activities related to this
task are still ongoing,

Task 2: Division inte regional aguifers.

At this stage in the hydrogeologic study of the nerthern aguifer, it
geemy reasonable ta consider the Apana argillaceous member of the Mariana
limestone #s & soparate unic with different hydrawnlic conductivity and
effective porosity as compared to rthe remainder of the more permeable
limestene wiilts of the northern plateau. Additionsl]l stwdy is needed before
differences between the clean limestone wnlts of the Mariana and the
Barrigada formations can be quantif led,
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Task 3: Determination of aquifer features,

Physical characteristics of limestone units comprising the northern
aquifer were determined, at least in part, from surface and subsurface rock
samples. Well hydrographs were examined in an effort to describe and
quantify the properties of hydraulic conductivity and porosity. From the
study results, it seems reasonable that the majority of the aquifer is
composed of rocks with an average porosity that probably does not exceed

0.25. Hydraulic couductivity values may Trange over 4 considerable
interval. it 4is wunlikely that the high values obtained by this
investigation are realistic. Intuitively, it {1s doubtful that the

hydraulic conductivity for clean permeable limestone exceeds 10,000 ft/day.
However, much work has yet to be done in order to obtain quantitative
values for the hydraulic conductivity.

Task 4: Mapping of aquifer variations.

Some indications of homogeneity and anisotropy of the aquifer were
obtained from a few geophysical logs and the core from EX-5. Zones of
higher permeability and porosity abundance appear to be associated with the
water table and the lower portion of the freshwater column which implicate
positional and directional variations in permeability. However, not enough
data was available to map these features,

Task 5: Drilling program.

Evaluation of rock samples obtained from the drilling operations was
an activity included in Tasks 3 and 4.

Task 6: Establish need for new information,.

A brief discussion on future hydrogeologic studies is presented in the
following sectiomn.

RECOMMENDATIONS FOR FURTHER STUDY

The various study activities associated with the hydrogeoclogic
investigation of the northern Guam aquifer conducted by the WERI have
provided only limited information about the charactetristics of the complex
relationship between the groundwater body and the limestone terrane within
which it moves. This includes knowledge of the physical properties of the
aquifer, their distribution in space, and their effect on the movement of
water. Thus, other study sectors of the NGLS that depend on this
information (such as modeling of groundwater movement and estimates of
sustainable yield) should be cautious in formulating final conclusions.
Finally, management policies formulated as a result of the NGLS should be
conservative as, in general, a great deal of information is still required
before one will be able to predict with confidence how the aquifer will
respond to present, proposed, or predicted development. The most important
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result ot the Hydengeclogy Sector of the NGLS is that it has provided the
maans tn define those subjects that will requive detailed study in the near
future.

1n arder tn fnrcher the vnderstanding of the hydrogeslogic envirooment
i the norrhern agquifer, it is recommended that future studies invelve the

following tasks:

[. Stracipraphie correlation of subsurface units.

Z. Determinacian of  poresity typos, their develapment  and
distributian,
3. Uetarminacion oi hydraulic conductivity in terms of homogeneity

and anisotropy.

b, Evaluation eof aquifer response to independent external factore
{e.p. rainfull, tides, and pumping).

9. Development of analvtical approaches appropriate to igland
groundwater—flow systems,

These tasks would necessarily involve a number of activitics such as

detailed gevlopic studies, nuclear geophysical  logeing, long-term

monitoring of the flow system, and development of methods to analyze new

data. In addition to the collecrion and interpretdtion of new information,

it will be necessary to re-evaluate the resules of the NCLS and eco “fill
nr

in'" the data pap. This task would probably require additional drilling,
surface peophyrical surveys, and [low-system monicoring.
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APPENDIX A

LITHOLOGIC DESCEIPTIONS

AppendIx A contains the licthelogic descriptions of the reck chip
samples obtained from cthe drilling waperatlons. These descriptions were
prepared by the L., 5, Ceclogical Survey and are hased on preliminary
eramination of rock samples,

Licthologic descriptions of EX=5, prepared by the WERI, appear on Plate
1, The EX-5% lithological descriptions and porosity classification of core
smaples, which arc presented im plate 1, are summarized in this appendix.
Rock names are based on the classification svstem of Bunham (1962).
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EX-1: Sample Description

(feet)
From To
0 15
15 20
20 25
25 30
30 35
35 40
40 43
43 47
457 50
50 55
55 60

Clay, organic, medium to high plasticity, moderate yellowish
brown, very low porosity. Made up of some organic silts.

Clay with coarse carbonate sand medium-grained dark yellowish
orange, low porosity. Made up of foraminiferal detritus,
broken spicules.

Limestone with clay, well-cemented, fine to medium grained,
yellowish orange, low porosity. Variable texture. Made up of
chips of white calcite.

Limestone, crystalline, medium to coarse grained, pale
yellowish orange, low to moderate porosity. Argillaceous.
Well indurated. Made up of white calcite rhombs and detritus.

Limestone, crystalline, medium to coarse grained, pale
yellowish orange, moderate porosity. Argillaceous. Made up
of vellow calcite-replaced mollusc shell fragments, and white
calecium carbonate rhombs.

Limestone, crystalline, medium to coarse grained, pale
yellowish orange, moderate porosity., Argillaceous. Made up
of platy fragments with euhedral calcite replacing shell
material,

Limestone, crystalline, ccarse grained, pale yellowish orange,
moderate to high porosity. Argillaceous. Made up of abundant
euhedral calcite rhombs, fossil molds of bivalves, replaced
shell fragments {casts), clear vein calcite, and circular
foraminifera,

Limestone, crystalline, ccarse grained, pale yellowish orange,
moderate porosity. Argillaceous. Made up of recrystallized
shell fragments and pure white to clear euhedral calcite in
fossil relics.

Limestone, crystalline, medium to coarse grained, pale
yellowish orange, moderate porosity. Argillaceous. Most
fossils not recognizable. Recrystallized.

Limestone, crystalline, medium to coarse grained, pale
yellowish orange, moderate porosity. Argillaceous. Made up
of light brown calcite replacing shell fragments.

Limestone, crystalline, medium to coarse grained, pale
yellowish orange, moderate porosity, Argillaceous. Made up
of light brown calcite-replaced fossil fragments.
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Dapth Interval

EX-1: continged

{feat)
From Tu
Ll ah
A3 70
T 75
75 B0
&1 g5
af 945
g5 98
95 100
100 105
105 110

Limestone, crystalline, ¢oarse grained, pale to dark yellewish
arange, moderate porosity. Arglllaceous. Made up of plary
detrital fragments. rteplaced by caleite with small (<lmm) dark
inclusions.

Limestane, crystalline, medium to caarse grained, pale
vellowish oranpe, moderate porosity. Argillaceouws. Made up
of platy fragments with dark Inclusions, and euhedral caleite
thombs in voids,

Limestome, crystalline, medium to cearse grained, pale
vellowish orange, moderate porosity. Argillaceous. Made up
of platy detrital f{ragments, calclte-veplaced foraminifera,
and branching coralline algae.

Limestone, crystalline, medium to coarse gralned, very pale
orange, moderate porosity. Argillaceous. Mada up of
detricus, with dark  inclusionsg shell fragments  and
forgminifera replaced by clear white calcite with surrounding
recrvatallized cement pale orange in color,

Limestane, crystalline, medium to cnarse grained, very pale
arange, moderate porosity. Arglllacecus, made up of
recrystallized detritus, white to clear caleite with euhedral
crystals and replaced foraminifaral cescs.

Limestone, crystalline, medium grained., pale yellowilsh orange,
mederate poresity, Argillacepus. Made up of abundant shell
fragments, Madrepora corals, and discoid foramipifera all
replace by caleite, forming euhedral crystals, and nearly
obliterating primary structure.

Hp Sample,

Limeatone, crvstalline, coarse grained, pale yellowish orange,
moderate parasicy. arigillaceous, Made wup of replaced
fossils: echinodd splnes, two types of  foraminifera
{(football-shaped and discold-shaped}, branching coral molds,
worm tuhbes and coralline algae Halimeda.

l.imescone, crystalline, coarse greined, very pale orange,
mederate to high porosity. Argillacecus, Made up of replaced
fossila: foraminifera {disceid), echinoid spinea, fecal
pellets{?), coral iragments, and a coiled test (spirula?), all
teplaced by clear to yellow cagleite as suhedral rhombs.

Limestone, crystalline, coarse gralned, very pale orange,
moderate to high porosity. Argillacecus, HMade up of coral
and elpal fragments, mallusc shel] fragments, and foraminifera
all calcite-replaced,



Depth Interval
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EX-1l: continued

(feet)
From To
110 115
115 120
120 125
125 130
135 140
140 145
145 150
155 197
197 201
201 203

Limestone, crystalline, coarse grained, pale yellowish orange,
high porosity. Argillaceous. Made up of coral and algal
fragments, mollusc shell fragments molds.

Limestone, crystalline, coarse grained, very pale orange, high
porosity. Argillaceous. Made up of fossil molds and casts
replaced by calcite: coiled gastropod shell, thin shelled
bivalve, and foraminifera. "Phreatic zone fabric": leached
voids in framework, zones of dissolution with overall density
low.

Limestone, crystalline, medium grained, pale to dark yellowish
orange, low to moderate porosity. Argillaceous, Dark
red-brown clay present (probably in pockets). Made up of
broken mollusc shell fragments.

Limestone, crystalline, coarse grained, pale yellowish orange,
moderate porosity. Argilleceous. Red brown clay present.
Made up of broken gastropod and bivalve fragments.

Limestone, crystalline, pale to dark yellowish corange, coarse
grained, moderate porosity. Argillaceous. Red pronoxide
stains. Dark red brown clay fragments in cuttings (12%), also
fi1lling pore spaces. Made up of coral fragments, coralline
algae. Some disseminated fossils in clay.

Limestone, crystalline, coarse grained, pale yellowish orange,
moderate porosity. Argillaceous. Dark red brown clay
fragments in cuttings (15%). Made up of coral fragments,
whole clams, coralline algae fragments, and organic leaf
material,

Limestone, crystalline, medium to coarse grained, dark
yellowish orange, low porosity. Argillaceous. Dark red brown
clay fragments in cuttings (20-25%) filling pore voids. Made
up of coral fragments, discoid foraminifera, and coralline
algae detritus.

No Sample.

Limestone, crystalline, coarse grained grayish orange to very
pale orange, low to moderate porogity. Argillaceous, but very
little free clay (<1%) in cuttings. Made up of rhombs of
white calcite, mollusc shell fragments, coralline algae
detritus and abundant discoid foraminifera.

Limestone, crystalline, medium to coarse grained, pale
vellowish orange to grayish orange, low  porosity.
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Depth Interval
EX-1: continued

(fect)
From To
203 207
07 212
212 217
217 AN

w222
222 298
rad 2949
299 300
oo ani
a0z e
106 515

Arplllaceous; also brown sile in cuttings. Made up of brown
to light orange calcite replacing shell fragmencs; scme pute
white calecite rhombs also.

Ko Sample.

Limestone, crystalline, mediut to coarse grained, pale
vellowish orenge, low porosity. Argillaceous; also silt,
Madae up of platy frapments of molluse shells. coralline
debris, echinoid spines and small feraminifera {not many large
discoid type). Yellowilsh-orange calcite raplacement.

Limestane, crystalline, medium Lo coairse grained, pale
yellawish orange to grayiuh Drange, low  porosity.
irgillaceous; some red-brown clay in pore voids, Made up of
pute white calelte, coral caste, platy shell fraprents,
coralline algae, worm tubes, some foraminiferal tests.

Limestone, crystalline, coarse grained, pale
yellowish~arange,moderate parosity. drgillaceous. Made up of
platy fragments af coral dekris, coralline alpae, shell
fragments. pure white calclte, some discold foraminifera.

Limestone, crystalline, cearse grained, pale vellewish—oarange,
moderate porosity. Argillaceous. Made up of frapmentary
cotal moids, shell molds, disceid foraminifera, whirte and
brown calcite present as tossil replacement,

Mo Sample.

Limestone, crystalline, medium te coatrse gralned, wery pale
orange, low paresity.  Arglllaceous. Made up of coralline
debris, broken mollusk shellis, dizcoid foraminifera, some wuTe
white caleite,

Clay (50%) and limestonc {50%), dark vellowish crange to light
brown, Limestune, highly crystalline, mediuem to coarse
grained, very pale orange, low poresity. Made up of abundant
calcite, coralline algal frapgments, caralline debris, broken
mollusk shell molds, some orange caleire,

No Sample.

Limestane, (75%) and clay (251}, dark yellewish orange to
light brown. Liwesatone, crystalline, coarse grained, pale
yellowish orange, low porosity. Made wp of white and orange
craleite rhombs veplacing fosgil material: echineid spines,
broken mollusk shells, coralline algae detritus,

No Samrle.
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(feet) EX-1: continued
From To
@555.5 Limestone, crystalline, fine to medium grained, very pale
orange, low porosity. Argillaceous. Few recognizable
feossils, clear to white calcite.

524 525(7) Limestone, chalky to crystalline, fine grained, white, low
porosity. Large thick mollusk shell with brown to gray halo,
preserved growth striations.

526 527 No Sample.

527 532 Limestone, crystalline, fine grained, white to very pale
orange, very low porosity. TFew recognizable fossils,

532 537 Limestone, crystalline, fine grained, white to very pale
orange, low to very low porosity. Few recognizable fossils.
Yellow caleite rimming white calecite centers, vellow calcite.

537 542 Limestone, crystalline, fine grained, white to very pale
orange, very low porosity. Few recognizable fossils, yellow
to grayish orange calcite.

542 547 No Sample.

547 352 Limestone, crystalline, fine grained, white tc very pale
orange, leow porosity. Made up of pale yellowish orange
calcite, mellusc shell fragment.

552 557 Limestone, crystalline, fine grained, white to very pale
orange, very low porosity. Few receognizable fossils, pale
yellowish orange calcite,

557 562 Limestone, crystalline, fine grained, white to very pale
orange, low porosity. Few recognizable fossils, white
calcite.

562 567 Limestone, crystalline, fine grained, white to very pale
orange, low porosity. Few recognizable fossils.

567 572 Limestone, crystalline, fine grained, white to very pale
orange, very low porosity. Few recognizable fossils, broken
shell cast, white calcite.

572 582 Limestone, crystalline, fine grained, white toc very pale
orange, very low porosity. Few recognizable fossils, white to
yvellowish white calcite.

582 587 No Sample.
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Depth Interval

(feac) EX-1: continued
From Ta
587 5492 Limestone, cryetalline, fine grained, white to very pale

arange, very low porosity. Made uwp of several broken mollusc
shell frapments {collod), highly crystallized aspine.

542 597 Limestone, crystalline, fine grained, white to very pale
orange, very low porpsity. Few recognizahle fossils, white to
yoeellow caloite.,
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Depth Interval

(feet) EX-4: Sample Description
From To
0 9 Clay, moderate reddish brown, low porosity. Dense. Organic
discoloration,
9 19 Clay, moderate yellowish brown to dark yellowish brown. Dense.
Organic.
19 26 Mudstone with limestone sand-size fragments, moderate

yellowish browm.

26 30 Limestone, boundstone, fairly cemented medium-grained, dark
yellowish orange to light brown, low porosity, Argillaceous.
Made up of shell fragments, echinoid spines.

30 35 Limestone, boundstone, fairly cemented, medium to coarse
grained, orange, low porosity. Argillaceous. Few
recognizable macro-fossils. Abundant discoid foraminiferal
tests.

a5 40 Limestone, boundstone, fairly cemented, medium to coarse

grained, orange, low porosity. Argillaceous. Few recognizable
macro-fossils.

40 44 Limestone, boundstone, well cemented to crystalline, medium to
coarse grained, white to very pale orange, low perosity.
Argillaceous. Some foraminiferal tests.

44 49 Limestone, boundstone, well cemented to crystalline, coarse
grained, pale yellowish orange, low interparticle porosity.
Argillaceous. Few recognizable macro-fossils.

49 55 Limestone, crystalline, coarse grained, gray-orange, low
porosity. Argillaceous. Brown-gray calcite mottling. Few
recognizable fossils.

55 59 Limestone, grainstone, coarse grained grayish orange, low
intergranular porosity. Argillaceous. Few recognizable
fossils,

59 62 No Sample.

62 65 Limestone, grainstone, coarse grained, grayish orange, low to
moderate intergranular porosity. Argilliaceous. Few

recognizable fossils.

65 70 Limestone, crystalline, coarse grained, pale yellowish orange,
low porosity. Argillaceous. Stylolites? Few recognizable
fossils.
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Dapth Interval

(feat)

rrom

T

EX=4: continued

il

1

15

78

ED

95

LO0

105

110

13

15

78

a0

Ba

a0

93

45

Lovd

105

110

115

Limestone, packstone, well cemented to erystalline, coarse
grained, grayish orange feo medium gray, moderate Incergranular
porosity. Arpillacecus. Madium grav mudscone in pockets.
Few recognizable macro=-fossils,

Limestone, boundstone, well cemented to crystalline, coarse
grained, pale yellowish oranpge, moderate intergranular and
mpldic porosity. Arpgillaceous, Olive pray uiltstone In
pockets with hinged white clams (Bivalwvia), broken echineid
gpines. Black inclusions possihly organic.

Limestone, packstone, well cemented to crystalline, coarse
prained, grayish orange to medium gray, moderate intergranular
porasicy. Arpillacecus, Medium gray wmudstone in pockets.
Tew recognizable macro—fosgils,

Limestone, packstone, well cemented to crystalline, coarse
grained arange to wmedium grav, low ta moderate intergranpuiar
roroaity, Arpillacecus. Medium gray mudstome in pockets,
Some diacoid foraminifera, broken shell fragments,

Limestone, wackestone, =30% particles, coarse grained,
vellpwish gray, very low porosity. TFew recognizable frssils,

ho Sample.

Limestone, packstone, coarse gralned, yellowish gray, very low
porosity. Few racognizable fossils,

l.imastoneg, pralnsteone, coarse grained, yellowish grav, low
porasicy. Argillaceous. Few recognizable fossils.

Limestone, boundstone, coarse grained, very pale crange, low
poresity. Argiliacenus, Broken bivalve fragmencs
recrystallized to caleite. Light gray siltstone in pockets.

Limestone, houndstone, partially crystalline, coarse grained,
very pale oranpge, Moderate woldic porasity. Argillaceous.
Eroken coral molds.  Sphercid foraminifera, Ehell melds
albundant,

Limestane, crystalline, coarse grained, very pale orange,
moderate to high meldic porosity. Argillaceous, Coralline
and doraminiferal wmolds abundant as secondary porosity.
Broken gastroped shells, GSome light gray clay peckets.

Limestone, crystalline, cosrse grained, very pale orange.
moderate ta high maldde porosity. Argillaceous,
Foraminiferal molds abundant as secondary porosity. Broken
bivalve and gastropod shell. No clay,



Depth Interval
(feet)
From To

41

EX~4: continued

115 120

120 125

125 130

130 135

(core)

135 138

138 145
(core)

Limestone, grainstone, coarse grained, very pale orange, low
porosity. Highly argillaceous. Grayish orange clay as matrix
(<10%)., Broken bivalve and gastropod shell. No clay.

Limestone, boundstone, medium te coarse grained, pale
yellowish orange, low porosity. Argillaceous. Gray clay
present (<2%). Few recognizable macro-fossils.

Limestone, crystalline, medium to coarse grained, pale
yellowish orange, low porosity. Argillaceous. Black opaque
inclusions {(magnetite?). Few foraminifera present. Few
recognizable marco-fossils.

Limestone, crystalline, medium to coarse grained, very pale
orange, low porosity. Argillaceous. Abundant biconvex
discoid foraminifera; Amphistegina. Adequate gravel size
sample.

Limestone, cryvstalline, medium to coarse grailned, very pale
orange, low poresity. Argillaceous. Abundant hiconvex
discoid foraminifera; Amphistegina. Echinoid spines. Broken
molluscan shell mclds.

Bit sample. Limestone, packstone, fine to coarse gained,
moderate vyellowish brown to light brown, low porosity.
Abundant shell fragments. Opaque silt size fragments in clay
matrix.

Limestone, packstone, fine to coarse grained, white to very
pale orange, moderate to high moldiec porosity. Crystalline
near and along fractures (recrystallization) with Fe~stain,
Argillaceous. Some chalky fraction in interstices. The upper
half of core fairly cohesive with continuous cylinders. The
lower half tends tc be breoken up. Abundant macro-fossils:
coiling gastropod shells, biconvex foraminifera, small
bivalves also broken Halimeda algal plates,

A 0,5' section of a coral head in growth position with calcite
replaced septal walls, fine chalk-filled septal cavities. Pure
recrystallized calcite replacing original coral.

Limestone, packstone, fine to coarse grained, white to very
pale orange, moderate tc high moldic porosity.

Limestone, boundstone, fine to coarse grained, very pale
orange, moderate te¢ high moldic porosity. Argillaceous.
Abundant recrystallized gastropod fragments, foraminifera,
broken coral, and worm tube segments., Adequate gravel size
sample.
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Depth Interwal

Fr-4:  econtlnued

{feet]
From To
150 152
152 L55
155 168
160 L&5
i85 £70
170 175
175 180
180 18%

l.imestone, houndstone to cryatalline, fine ta coarse grained,

very pale orvange, mederate moldic peoresity. Arglllacequs,
Spme pure calcite rhombs, abundant recrystallized macro-feossil
molds  and  casts of gastropod, Tbivalvia, foraminifera.
sdequate gravel size sample.

Limestone, boundstone to crystalline, medium te coavse
rralned, wery pale orange, moderate to high moldic perosicy.
4rgillacecus. Recrystallized calcite and spar present, Some
bivalve mulds, foraminifera,

limvstone, crystalline, interlocking crystals, medium to
cearse grained, very pale orange to yellowish gray, moderate
intergranular porosity. Argillacecus. Few recognizable
fossila, Abundant recrystallization.

Limestone, crystalline, interlocking crystals, mediam ta
coarse gralned, wvery pale orampge to yellowish gray, low to
moderate intergranular porosicy. Argillaceous. Some clay as
matrix locally. Abundant white sparry ecalcite, Feaw
recognlzable fassils.

Limestone, crystalline, inmterlocking crvstals, medium teo
coarse grailned, wvery pale orange to vellowish gray, low
porosicty  {intergranular?}). Argillacecus, White  sparry
calcice present, Few recognleable fossils or particles.

Limestone, crystalline, infrerlacking wirh some recognlzable
particles, medium to cearse grained, wvery pale orange Eto
grayish orange, 1ow porosity {intergranular to vuggyl.
Argillaceous. White spar present, Few recognizable fossils
or particles. Obliterated by recrystallization.

Limestone, crystalline, interlocking with few rccognizable
particles, medium to coarse grained, very pale orange to
grayish orange, low wvuggy porosity. Argillacecus. Some gray
clay, White  sparry calcite in  platy  chips. Faw
macro—fossdils. Adequate gravel size zample.

Limestone, <rystalline with recognizable particles, medium to

coarse grained, very pale oramge to dark vellowish orange, low
toc moderate wuggy porosity. Argillacecus. Light brown clay
iTagments and medium gray clay, Abundant white spar calcite.
Broken bivalve f{ragmente, teplaced by vrecrystallirzation,
discoid foraminiferal tests; Amphistegina. Adegquate gravel
s5ize sample,




Depth Interval
(feet)
From

To

43

EX-4: continued

185

207

220

235

295

300

310

207

220

220

(core)

235

295

300

310

350

Limestone, crystalline with recognizable fossils and
particles, medium to coarse grained, very pale orange to pale
yellowish orange, low to moderate vuggy undifferentiated
porosity. Argillaceous. Abundant white spar calcite. Broken
ribbed bivalve fragments as molds and casts in recrystallized
limestone. Foraminiferal tests; Amphistegina, Colled
gastropod fragments. Adequate gravel size sample.

Limestone, boundstone with crystalline particles, possibly
mud-supported, medium to coarse grained, grayish orange to
pale yellowish orange, vuggy porosity but filled with mud.
Highly argillaceous, Abundant clay. Few recognizable
fossils.

limestone, crystalline with recognizable fossils and
particles, medium to coarse grained, very pale orange,
moderate to high vuggy undifferentiated porosity, some relict
moldic porosity. Argillaceous. Abundant macro-fossils:
large coiled gastropod (segment), bivalve fragments, separated
clam valve, coralline framework with clay-filled septal
cavities.

Limestone, crystalline, medium to coarse grained, very pale
orange to pale yellowish orange, mcderate vuggy
undifferentiated porosity. Argillaceous. Light brown clay in
pockets, Few recognizable macro-fossils. Foraminiferal
tests. Dark diffuse inclusions, possibly mafic minerals.

Limestone, micro-crystalline, fine to medium grained, pale
yellowish orange to grayish orange, moderate  vuggy
undifferentiated porosity. Highly argillaceous. Light brown
clay in pockets. Few recognizable nacre-fossils.
Recrystallized texture.

Clay with crystalline limestone fragments from surrounding
rock, moderate yellowish brown, low porosity. Probably mud
pocket in limestone.

Limestone, crystalline with interlocking crystals, medium
grained, grayish orange, moderate vuggy porosity.
Argillaceous. Light brown clay in pockets. Few recognizable
macro-fossils (obliterated by recrystallization).

Limestone cryptocrystalline with interlocking crystals, fine
to medium grained, dark yellowish orange, moderate to poor
vuggy porosity. Highly argillaceous. Light brown clay voids
and in pockets. Few recognizable macro-fossils; abundant
calclite rhombs as vein cale-spar.



i
S

Depth Interval

(fo=t)

From

Ta

E¥X=4: continued

a50

363

389

350
(eare)

34

165

384y

a

Limestone, crystallime to cryptocrystalline with interlecking
eryscals, moderate to coarse gralped, white to very pale
arange, moderate vuggy porosicy. Argillaceous. Coralline
debris with filled septal cavities., No continuocus cylinders,
just broken fEragments. Abundant recrystallizatien. N
bedding features.

Clay, with cryptﬁurystalline limestone fragments. light to
moderate brown, low porosity. Wo recognizable nacro-fossils.
Mud pocket In fTormacion, Some silt size clasts of possibly
voleandic origin in clay: gray green silestone from Alutom
volcanies(7),

Limestone, cryptocrystallice llmestone with interlocking
crystals, fine to medium grained. pale yellowish orange, low
tn moderate vuggy porosity. Argillacecus, Light brown clay
in voids and in pockets. Recrystallized cale-spar abundant.
Some placy shell chips.

Limestone, crystalline wit interlocking crystars, fine to
medium grained, very pale orange, moderate vugpy porosity.
hrgillaceous. Light browm clay in pockets. Recrystallized
frapments of echinoid spine and replace casc of coiled
pastropodl?} sghell in cryptocrystalline calcite. Fossible
hryozoan clusters., Discpold foraminifera. large oyater shell
with calcite crystals In between growth lavers and withino
fractures.

Limestone, cryptocrystalline with interlocking cystals. fine
grained, pale yellowlsh orange to grayish orange, moderate
vuggy porosity. Argillaceous. Abundant light brown clay i
pockets and voids. Recrystallized cale=apar. Few
recognlzable macro—-fassils.




Depth Interval

45

(feet) EX-7: Sample Description

From To

0 10 No Sample.

10 100 Limestone, grainstone, fairly well-cemented to finely
recrystallized, med{ium- to coarse-grained, white to very pale
yellow, 10% moldic microporosity <{(concavo-convex volds).
Abundant foraminifera: Amphistegina radiata. Recrystallized
shell casts, Abundant reef detritus, coral fragments, brecken
gastropod shell, «coralline algae, worm tubes. Slight
infilling with calcite.

100 135 Limestone, packstone, well-cemented te finely crystalline,
medium-grained white to very pale yellow, 15-20%
microporosity. Reef detritus sparse. Foraminifera sparse.
Limonite stains.

135 145 Limestone, packstone, well-cemented to finely crystalline,
medium-grained, very pale yellow 15%  microporosity.
Recrystallized reef detritus, hinged bivalve, shell fragments,
coral debris, foraminifera: Amphistegina.

145 170 Reef detritus; hinged bivalve, shell fragments, coral debris,
larger discoid foraminifera; Amphistegina.

170 175 No gradation - unconformable?

175 185 Limestone, packstone, very well-cemented to crystalline,
medium-grained, white to very pale yellowish tamn,
microporosity 15%2  moldic. Slightly argillaceous.
Recrystallized detritus: coral fragments, filled septal
cavities with fine-grained mud, burrows also infilled with tan
fine-grained material.

185 195 Foraminifera; Amphistegina.

200 220 Some dark opaque inclusions, slightly disseminated, possibly
mafic minerals in limestone.

220 275 Limestone, mudstone, well-cemented, slightly chalky to
fine—grained, extremely white, micro-porosity 10%Z. Few
recognizable fossils. Some coral debris, foraminifera.

275 285 Limestone, mudstone, poorly to moderately cemented, medium— to

core coarse-grained, white to very pale tan, mottled, moldic

microporosity 10%, but voids possibly further enhanced by
secondary dissolution; total porosity about 20%. Sandy with
chalky zones, Locally argillaceous. Very pale orange clay
infilling large voids. Large coral molds and fragments.
Abundant foraminiferal molds.
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Depth Interval

BEX=T7: continued

[feet)
From Ta
2B5 335
335 A40
150 385
395 415
435 445
445 460
il 525
5%5 551
550 575
515 585
585 598

Limestone, mudstene, well-cemented, fine- to medium—-grained,
white, microporosity 15% meldic, Rounded fragments of coral
datritus; rounded shell frapments. Foraminifera casts poor.

Limestone, wackestone, medium-grained, fairly well-cemented,
white to wverv pale vyellowish tan, mattled, woldic
wicroporosity 15%.  Slightly argillaceous. FPlaty {ragmencts.
Few recognizable foceils; echineid spine; less argillaceous.

Limestone, twudskone, fine-grained, white well-cemented to
finely crvstalline, moldic micreporosity slight solutien 15%,
Few recognizable fossils: broker recrystallized coval
fragments. Some caleite Thombs as spar.

Limestone, mudstone to cryatalline carbonate, fine- £a
medimm-grained, white to wvery pale tan, moldic wmicroparosicy
10%, salution vaids about 5-10% indicated by limonite-lined
voids, Same wvery fine-grained opaque minerals dn matriz
elongate baring clam; I.ithophaga Coral fragments replaced as
gitghtly arpillacecus fine-grained limestoune. Abundant spar.

Limestone, mudstone, poorly cemented, fine-grained, chalky in
places, white, moldic microporosity Lav, fractures
prcasionally.  Foorly indurated. Few recognizable fossils.
Limonite-lines fracturcs.

Abundant recrystallized coral fragmencs, arglllaceous
infilling matrix. TDoring clams; articulate; Lithophaga,

Limestonc, wudstone, very well-remented tu finely crystalline,

g1l

flne-prained, white, mnldic microporesity 13%, Few fossils.

Limestane, mudsione, very well-cemented to crystalline,
medivm-grained,  white, wmoldic  and  secondary  salution
microporesity 20%, Argiilaceous coral fragments ar 5357,
foraminifera {hiconvex).

Limestone, crystaliine, medium-grained, white, solution pores
*20%, Slightlv arglllacecus, Recrystallized ceral, brycian,
echinodd spines. Jagged placy fragments. BSpar present.

Sand and clay, limy, well-rounded, moderately sorted, tan,
uncemented. Black grains, Sample takep frem drill pipe.

Limestone, mudstone, very well-cemented to finely crystalline,
{ine-grained, white, moldic microporosity 153,



Depth Interval
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(feet) EX-7: continued

From To

598 613 Limestone, mudstone, very well-cemented to crystalline,
coarse-grained, white to pale orange, moldic porosity 15%.
Solution wveoids 10-15%, Slightly argillaceocus. Abundant
larger discoid foraminifera. Large oyster shell, worm tube.

613 649 Abundant foraminifera, white. Echinoid spines.

649 653 Abundant Amphistegina, recrystallized coral fragments (white
CaCoB) Spar.

653 678 Abundant fossils: coiled gastropods, bryozoan, hinged clam,
coral fragments. Moldic porosity with some calecite infilling
and limonite stains. Abundant Amphistegina.

678 693 Amphistegina - less fossiliferous.

693 698 Limestone, mudstone, fine-grained, white, well-cemented,

microporosity 8-10%.

Do
L&v i; i ni ¥ Q
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Depth Interval

{feer)

Fram

Ta

EX-9: Sample Descriptiom

0

20

&0

&0

100

1é0

L3

L&0O

170

20

&)

&0

100

1216}

130

L&0

170

1&0

Limestone, white to very pale yellow, crystalline, poresity 74
dlssolution, Abundant calcite  spar. Few recognizable
feasils.

Limestone, white, crystalline, perosicy 0% disaolution
openings,

Limestone, white to wvery pale vellow, finely crystalllne,
porosity 8% meldic and dissolution pores. Fossils! bryczoan,
foraminiferal molds, colled gastropod. Some ot the calcite
spar inm flne-grained white matrix, but =till well-indurated.
Platy Fragments.

Limestore, white to very pale vellow, finely erystalline,
porosity 5% meldie. Few trecognizable fessils. Abundant
sparry caleite.

Limestone, white ro very pale yellow, fine-grained, wery
well-cemented to crystalline., Salurinn porosicy about 9%,
Spar wvery pale vyellow to white in places. Boring tubes,
hroken ccoiled shell fragmeance. LiththaEa, echinoid apine
replaced tu c¢lear caleite. Locally white spar coating leaving
a rounded teXture.

Limestone, very pale yellow t£n light vellow-orange,
crystalline, solution pares 5% porosity. Dominantly yellow
caleite spar. Minupe amount of fragments of lacy Madreprra
roral, corval frapments, undiiferentioted replaced to pure
caleite. UWhite limestone surrouncded by vellower limestone.

Limestone, white to wvery pale yellow, crystalline, scolution
pores  7-9% porosity.  Minar moldic pores (?) foram casts.
Dominant white calcice spar. Few recognizable fossils,
Fragments with sugary texture coating.

Limestone, white to very pale tan, crystalline, solution
povosiey 10-12%,

Limestone, white to very pale kan to slightly pinkiahb,
crystalline, soluelon porosicy  abeour 153, Tan and piak
fragments show higher poresity and more argillacecus matrix.
fmicritic?y Trimodal sampling. Coiled gastropod fragments 1n
ervetalline matrix, sugary spar ceating. Black inclusiens
show fresh surfaces buc =lightly disseminated into surteunding
caleite. Some do not attract to mapgnet when separated, Others
do. Also small siliceocus §7?) starlike skeletons of bilological
origin after dissolution of CaCDE.
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Depth Interval

{feet) EX-9: continued
From To
180 190 Limestone, white to very pale orange to tan, very well

cemented to dominantly crystalline, solution voids, porosity
12-15%. Slightly <10% argillaceous matrix with brown calcite
veins. Recrystallized foraminifera tests; planktonic.
Abundant orange sparry calcite,

190 200 Limestone, white (70%) to very pale tan (30%), crystalline
dominantly, solution wvoilds =5%., Finely crystalline calcite.
Few recognizable fossils: coral mold. Mudstone.

210 330 Limestone, white, (mudstone) very well cemented to
crystalline. Solution weoid 7. Fine calcite, Very
fine-grained limy mud. Few recognizable fossils.

@240-250: Lessening amounts of crystalline, calcite.
aphanitic limestone.

@260-270: 15% porosity, solution voids.

330 340 Limestone, white, crystalline, solution voids, porosity 12%.
Few recognizable fossils. Fragmental mold of bivalve,

340 350 limestone, white (mudstone) crystalline, solution porosity
10-12%, possibly secondary porosity, Siightly argillaceous in
pockets, Limonite stains near voids. Some minor amounts of
clay infilling voids, Relict molds of bivalves(?). Few
recognizable fossils otherwise. White sparry calcite.

350 360 Limestone, white, crystalline, solution porosity 15%.
Limonite stains rare. Few recognizable fossils,

360 380 Limestone, white to very pale tan to light yellow,
crystalline, solution porosity 18%, some lenticular moldic
voids. Clay 1in 1interstices, some pale orange clay

disseminated into limestone via microporosity. Occasional
branching coral molds.

380 390 limestone, white to very pale vellow, coarse-grained
constituents, c¢rystalline, moldic poresity expanded by
secondary dissolution 20%, Relict coral septa still visible.
Large voids show limonite stains. Fine-grained limy mud
pockets. Non-homogeneous  sample. 3%  black {(opaque)
inclusions of equant shaped grains of magnetite(?).

400 430 Limestone, white to very pale crange, crystalline, scluticn
porosity 10%Z. Few recognizable fossils. Abundant white to
clear sparry calcite. 3% black inclusions of magnetite. Limy
mud pockets locally.



a0

Dapth Interval

{faat) EX-%: continued
From Ta
430 440 Limestone, white to very pale grayish tan, finely crystalline,
moldic solutlen povosity 15X Atundant  veef  detriral
components; coralline debris, bryoraan colonties, boring
hinged molluze wvalwves, Larger foraminifera: sphariodal.

Local dnfilling of wvoids with gray limy mud.

440 460 Limestore, white ta very pale yellow, crystalline, moldic and
solutien parosity B, Minor amount of veet detritus:
coralline debris, horing tubes, melluse shell fragments.
Locally limonite stains near volds.,  Abwndant pale tan and
white calecite spar.

GRAY 510 Limestone, white to very pale yellow, crystalline, solutlon
porosity 5-7%, TFew recognizalble fosgils. Abundant spatry
caleite, minor amountz of weln wvallow calcite 1nfilling
fractures,




51

Depth Interval
(feet) EX~11: Sample Description
From To

0 5 Limestone, white to very pale orange, finely crystalline,
solution porosity 8%. Few recognizable constituents: broken
bivalve fragment? Clear calcite infilling voids. Light brown
adobe clay (cascajo) from topscil layer.

5 20 Limestone, white, finely crystalline, solution poresity 5%.
Slightly mottled. Few recognizable constituents. Abundant
sparry calcite infilling irregularly shaped voids within
whiter more finely crystalline limestone.

20 60 Limestone, white, very well-cemented to dominantly finely
crystalline, solution porosity 10-15%. Calecite replaced
fossil fragments., Small gastropod shells: Olivella?. Broken
bivalve, coral fragments (lacy Madrepore}, echinoid spines,
boring tubes. Generally coarse-grained particles with clear
crystalline calcite.

60 100 Limestone, grayish white to very pale yellow, finely
crystalline, solution poreosity 8~10%. Abundant yvellow calcite
spar. Few fossils: infilled boerings, bryozoan colonies.
Rounded  inequigranular clasts of white limestone 1in
crystalline calcite. Oolites? locally floating in white
matrix,

100 110 Limestone, grayish white to very pale yellow, finely

crystalline, solution porosity 15%. Yellow calcite infilling
moldiec voids (original poroesity?).

119 140 Limestone, white, finely crystalline, solution porosity 5-7%.
No recognizable fossils. Abundant platy fragments.
Well-indurated. Localized calcite spar.

140 160 Limestone, white to very pale yellow, crystalline, solution
porosity 10%. No recognizable fossils.

440 (7 Sandstone, lithic, moderately cemented, poorly sorted, black
to dark  greenish gray, interparticle  porosity  <3%.

Volcanogenic sediment. Detrital phases:

30% Limestone, bioclastic, white, to pale tan, well-rounded
argillacecus. Fossils: gastropeds, <coral debris,
echinoid spines, bryozoa.

55% Siltstone, fine-grained, tuffaceous, greenish gray,
deeply weathered,

10% Voleanic fragments, black, ultra mafic minerals:
orthopyroxene? olivine-serpentine?
Authigenic:

3% Clay minerals: smectite?
<1% Calcite
<1% Quartz
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IFepth Interval
From [(feet) to

EX-5: GSUMMARY SAMPLE DESCREITION

Lithalapleal Description

0

11

21

28

bl

By

140

120

174

136

167

187

193

215

274

304

L1

21

28

iy

k1

-

100

120

129

187

193

215

274

304

344

Surface soll} no sample.

Wackestone; friable chalky =zone, white, moderately
fossiliferous.

Warksstone with gzones of mudstone, compact, white,
maderately fosailiferous,

Wackestene:; moderately=compact, chalky, white and
mottled, few fossils.

Wackestone with zones of medstone; compact, chalky,
white, moderately fossiliferous,

Wackestane; VELY friable, white, moderately
fogsilifarous,

Wackestone; chalky mud marrix, few fossils.

Vackestone; limonice stained fractures, white and
mottled, fossiliferous (large foraminifieral.

Mudstone; white to tan, filnely crystalline lined pures,
rare fassils,

Mudstone; compact, few large clarcs of caleareous
alpae, white, rare fossils.

Wackestone; friable, chalky, fossils primarily coral
debri=.

Wackestone with zones of mudatone, slightly chalky,
white, rare fossil debris.

Wackestone; moderately-compact, few foraminiferal tests
replaced by caleite, white.

Wackestone: dense, few chalky =zones, fossilifercous
{large foraminiferaj.

Mudstone with zone of wackestone, friuble, white to
pale veliow, mederately fossillfercus,

Mudstone; moderately-compact, white to pale yellow and
mottled,

Wackesctone with zones of mudstone; slightly chalky
zones, white to mottled, mwellusk debris.



Depth Interval
from (feet) to

53

Lithological Description

344

361

391

411

448

457

463

490

500

331

541

584

361

391

411

448

457

463

490

500

531

541

584

600

Wackestone; medium- to coarse-grained fossil debris,
white.

Wackestone with =zones of mudstone and packstone;
chalky, crumbly, white, fossiliferous.

Wackestone; chalky zones with clasts of reef debris,
white to pale yellow-orange, mollusk debris,

Wackestone; fine-grained reef debris, mollusk debris,
white to tan, mottled.

Mudstone; limonite staining in fractures, white to
vellow, rare fossils.

Poor sample, grout.

Wackestone; limonite staining in fractures, mollusk
debris {(Lithophaga), white to tan.

Mudstone; limonite staining in fractures, white, rare
fossils, foraminiferal tests replaced,

Wackestone; fairly compact, few chalky zones, £ine
grained tan matrix, mottled, uncommon fessils.

Wackestone; compact, limonite lined solution pores,
moderately fossilierous, tan matrix with white mud.

Wackestone; moderately compact to compact, large clasts
of «coral debris, tan matrix, foraminiferal tests
replaced by vellow calcite.

Wackestone; moderately well-cemented, chalky in pores,
tan matrix, traces of black opaque glass.
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Depth Interve|

Exa: POROSITY CLASSTFICATION SUMMARY

(feet]
Trom Ly Nominant Tvpe subordinate tvpe
I L1 Meso Lo small Fracrure
nepamold
T1% L45 Solution-enlarped cmall mepachannel
fraciure
125 182 Mesamald Fracture; =mall mpescvug;
mesachannel
1R? 195 Meso to small Solutian-entarped fracture
mepachannal
T Y Mcsa to small Fracture; snolubioc—enlarged
meganta ld fracturc
200 280 Meso to small tmall megawrcld! meso to small
megashannel mELAVUE
250 Zhf Solution-enlarged Mesavug to small megaveg; small
fracture mesomold o small wmegamoeld
256 31z Small megachannel  Mesomold; mesovag; solubinn-
enlarped fracture
Tl 357 Solucion-enlarged Mesomnld to small megamold
fracture
157 I Sfmall megachannel Solution—enlarged [Tacture;
mesuvug; reduced to I'1lled mesomold
36T 384 Srall mesovug Masochannel [(rare)
it 404 Salution-enlarged Kesomold
fracture
£01) A1 Gmall megachanncl Mesocmold; mesovug to small Megawvug:
gsoluticn=-enlarged fracturc
4110 415 Solution=cnlarged Mesomold: small mesovug
fracture
418 L4h Fracture Meso to swall megameld; mescvug,
gnlution—enlarge ftracture; small
megachannel
LA 457 Fracture Solution=-enlarge fracture; small

mesovuy; mesomold



Depth Interval
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(feet)
from to Dominant Type Subordinate type
453 492 Meso to small Meso to small megavug; fracture;
megamold solution-enlarged frature
492 505 Small megachannel Meso to small megavug; mesomold;
solution-enlarged
505 534 Mesemold Mesovug; fracture, small
megachannel (channel increases
between 520 and 526 feet)
534 542 Meso to small Mesomold; small and megachannel
megavug
542 600 Meso to small Mesomold; fractures; solution-

megavug

enlarged fracture




APPENDIX B

PALEONTOLOGLICAL DESCGRIFTIONG
oF
EX~3 AKD EX-7

bppendix B presents FPaleonctological Descriptions of E¥X-% and LEX=F
made at WFRI. Descriptions for EX~5 were based on micro- and macroscopic

examinations of split core samples and thin secticns of selected fossils.

Descriptiona for HEX-7 were based on microscopic examination of chip
aamples.



Paleontological log of EX-5 core samples.

CORAL
and
INTERVAL  DESCRIPTION OF LARGER OTHER CACLCAREQUS NOTES
{(ft.) LIMESTONE FORAMINIFERA FOSSILS ALGAE
11-110  Wackestone w/layers N. fichtell planktonic thin branching coral Zone of most
of mudstone; zones 5. orbitoides foraminifera: coral includes abundant foram
of abundant fossils; A. inhearns (7) Gleobigerina, Porities and Acropora between 100 to
fossils white w/few G. vesicularis Orbulina. massive coral. 110 feet below
chalky and some G. marianensis ground surface,
replaced with yellow 0. Ammonoides Serpulidae clasts of calecareous
calcite; limestone 0. bartschi worm tubes: aigae {encrusting and
ranges from friable 0. venosus Spirobis; massive).
to compact. 0. rectilata (?) pelcypods
R. atjehensis {bivaives). calcareous algae
M. dehaarti Gastropeds. encrusting coral
5. martini fragments.
P, Larvata
S. globulus
E. semiornata
Spiroclypeus sp.
Lepidocyclina sp.
110-197  Wackstone and mudstone . Semicrnata Serpulidae Possible Halimeda
{120-137); zones of . Ammoncides worm tubes: thin layers of

common fossils;
fossils white w/few
chalky and some
replace with yellow
calcite; from
fractured to compact

1710 0 1o Im

marianensis
Orbitoideus

at jehensis

calcareous algae,
branching coral
massive coral
{Favities 7)

LS



CRAL

and
INTERWAL  DESCEIFTION OF LARGER (THEE CACLCAREDUS BOTES
[ft.) LIMESTONE FORAM|KIFERA FOS51L5 ALGAE
197-283 Wackestone and mudstone E. semiornata Planktonlc Ciasts of calcarequs rase ooourrence
(220280 ) zones of 0. Ammompide: toramind fera: algae. af dark
ghundant fossila; tan Q. bartschi Glabigerina vilocantc graina
matri=; friable to G. marianensis Serpulidae massive caral. in pockets,
compact; traces of A. radiata warm ftubes: Clobigerira
yellow 1imonite 5. globulus Spirobis, Halimeda [7) ssp. found with
statning. K. atjehensis palecypors enerusting calcareous graing,
5. rylindricum [hivalwes], alyas,
A, dnhearns (7]
3. orhitoideus Lastrapods
Lepidocyclina (fragments ).
Jarities &p.
283310 Modstone wfiones of Wa forams Broyzoan, massive and branching
wackestone; Tow ampunt pel ecypad coral,
of foossil debris; valves,
modarately compacts cerithid ererusting calcareaus
white to pale yelliow, gastropod, algae
310-353  Wackasztone wfzomes of  E. semiornats Serpulidae massive and branching  Mollusk fousil
mudstons#; &1ightly . marianensis worm tubes: coral [Porites and Ione Between
chalky; zanes of {alcarina sp. Spirobis; Fungidas]. 322-3iE feet,
abundant fossils; Pulychaetis. Nemogardium sp.,
white, Bivalvia: very gbundant
kemgeargium  Clasts of calcarequs
Tridagna algas,
Cardiidae
Mytilacea
Fragum

Fectan,

Bt



CORAL

and
INTERVAL  DESCRIPTION OF LARGER OTHER CACLCAREQUS NOTES
(ft.) LYMESTONE FORAMINIFERA FOSSILS ALGAE
Gastropoda:
Conus
Terebra
Saginafusus
nerites,
353-399  Wackestone w/zones of Carpenteria Serpulidae massive and branching
mudstone and Heterostegina worm tubes: coral,
packstone; medium to Spirobis.
coarse grained fossii pelecypod and  Fungidae.
debris; white to pale gastropod shell
yellow-orange., debris,
399-439 Wackestone; chalky C.(c.) Serpulidae clasts of calcareous Mollusk fossil

zones; zones of
abundant fossil
debris; white to pale
yellow-orange; friable
to compact.

indopacifius

worm tubes:
Spirobis,
Serpula;
Polychaetia,
Pelecypoda:
Nemocardium
Fragum,
Pecten,
Cardiidae.

Gastropoda:
conus cf.
affinis,

Saginafusus.

Echinode Spines.

algae.

Encrusting calcareous
algae.

Halimeda.

Branching and massive
coral.

zones between
399-405, and
423-4313
Nemocardium sp.
very abundant.
€. (c.)
indopacifius is
diagnostic of
Tertiary f,

65



CapaL

and
INTERVAL  DESCRIFTIOM OF LARGER OTHER CRCLCARESUS NGTES
[fx. ) LIMESTONE FORAM IMEFERS FOo51LS ALCAE
44 0-480 wackestane and mud-= 59312123 171 Yerpulidac branching caral reef debris
itone; rones of cormon worm tubes. [Porities, Acreparz), genetally fipe
fossil debris, Limonice planktonic grainz. @ ush-
stained fracbures; foramini fera; 451 wirall lens
white tan and pale {lobigerina clasts af calcarenus af dark
yellow patecypod: algae. volcanic
fragments of grains,
Lithophaca,
Nastropog
fragments,
4A0-490 Wackestone; Timonite Mo Forams pelecyaods: Branchirg coral Mo’ Tusk fassil
stained fractures; Lithephags. [Fraities]) Lane bebwaen
abupdant fossiy debris; 487 -490;
white to tan Lithophaga sp.
wary abundant,
4Ar]=531 Mudstone and wacke- Ma Forars Serpul idae Halimeda vcalcareous foraminiferal
stone; rare fossils worm tubes. algae: Porolithon tests replaced
Limonite staiming In pelecypods: Branching coral: by yellow
fractures; fairly Lithophaga. (Seriotopora 7). ralcite.
compacty white to tan Flanktonic
foraminifera,
EX=5a wWackestone wiranes af E. semicrnata Serpulidae Large clasts nf caral foramiriteral
s20=600 rudstors; moderately 0, ammonoides WG T tubes: debric., tests replaced

fossiliteraus) chalky
in porec; moderately
compact o compact;
Timonite 1ines solu-
tion pores; tan matrinx
wiwhite mud.

Jorities sp.

Dperculing sp.

5. globulus
. marianesis

tpirobis.
Echinode

spines,
pelecypods:
Lithophaga,

fragments.

Halimeda.

Calcarenous Blgae.

Branching ang mazsive

by yellow
caloite,

Traces &f black
opaque graing

04



CORAL

and
INTERVAL  DESCRIPTION OF LARGER OTHER CACLCAREQUS NOTES

{ft.) LIMESTONE FORAMINIFERA FOSSILS ALGAE
Crab caripace. coral: from 585-600.
Castropod Parcillipora
fragments, Porities 7
Siticeous Seriatopora ?
spicule.

19



Paleontolagical log of EX-7 chip samples,

. CORML
and
| RTERW AL QESCRIFTION OF LARGER AOTHER CaCLEARESUS MOTES
[fr.} L1MESTOME FORAMINIFERA FOSIILE ALGAE
10-145  Wackestone; moderately G, wezicularis Pe ecypoda: Halimeda® i.ithophaga
compact; white wiyellow M, vertebralis Chama accyurs only
cavity fill; cammon 5. globulus Pectens clasts of caleareaus Bl EZ-105: A
pelecypod and gastropos A, of. radiata cardidae aigae radiata common
debirs; fem chalky Amphiztegina sp. Tridaca replaced roral in zones,
clastsy rare cormpact, Lithopnraga. fragments
fine=grained fragmerts Serpul idae:
between 106-185 feet few worm tubes Favities cartal,
fragrents of white Spirvabis, thin branching caral,
fessiliferous mudstane. Geiertaria.
Plyehastias, Alveapora?
cellana Hiltlepara
erarota
(keyhole
Timpet]. Copiastrea
Casiropods: forTapora
olivia
CYpred
Turbo
fragments.
Echirgde spines
and plakes.
Bryoczoan [Lacy
typel.
Gmaller forams:
Elghidium,
195-710  Packstone wiwackestone A, radiats Pelecypods: clasts af calgareous A. radiats
and -udstons; moderately Pectens algae. Aburdart in

compack Lo COMPAct;

fragrerts.

ZONEs

oY



CORAL

and
INTERVAL  DESCRIPTION OF LARGER OTHER CACLCAREDUS NOTES
{ft.] LIMESTONE FORAMIN| FERA FOSS1LS ALGAE
vhite w/yellow, tan, Gastropods: thin branching coral
pink cavity fill; Drupa {Porities].
common fossil debrisg fragments.
few ¢lasts of chalky Serpulidae Acopora,
mudstone; few tan fine- worm tubes: caryophyllidae coral
grained fragments, Spirobis {Ahermetipic),
Sedentaria Alveoporal?
Polychaetia Pavona
Echinode Favities
spines and
plates.
220-235 Packstone; compact; Heterostegina? planktonic No structures.
white w/small quanity foraminifera
of yellow cavity fill; (rare),
rare chalky clasts; rare
fossils, echinode spine.
235-325 Packstone, wackestone Heterostegina Pelecypods: clasts of calcareous many fossils

and mudstone mix;
moderately compact;
white w/vellow, tan,

Sporadotrema
Cycloclypeus

C. ammoncides
A. radiata

pink cavity fill;
slightly chalky; A
moderately fossili- Operculina sp.
ferous w/zones of 0. bartschi
abundant fossils; mud- 5. giobulus
stone w/smaller forams;

white mudstone very

fossiliferous; rare

limonite clasts.

M. vertebralis

fragments,
clasts and
molds,
Pectens,
Gastropods:
fragments.

Serpulidae
worm tubes:

Spirobis.
Polychaetia,

Echinode spines.

algae and encrusta-
tions.

coral fragments

Acorpora.

are chalky and
replaced.
cavity fill
w/bright
orange calcite
crystalls.
white mudstone
fragments con-
tain smaller
forams usually
found in lagoon
environments,

£g



CORAL

and
INTCRMAL  DESCRIFTIDN OF LeRGER OTHER CACLCAREQLIS HOTES
[ft.} LYMESTONE FORAMIM | FERS FOSSLELS ALGAL
220-235 Smaller forams: probably
[cont) frchaias. transparted.
335-425  Pachstone, wackestone A, hicirculata Smaller t7in brancking coral. yellow mudstane
and mudstons misy white 0. rectilata forams: w'lagoonal sp.
and tan corpact Cyclyoclypeus friloculing spp. af amaller
fragmenks; white chalky Calgarina? PDizcarkis foraminifera.
fragments; yellow and Hargi nopera Espendies repiaced coral f. bicirculata
arange calcike cavity H. depressa spirillira fragmenkts is a deeper
fill; tam and white Dsangularia, Pavona [?1. wakLer [*50m)
mudstone Fossili- Serpul idas species,
ferous; traces of warm tuhes: Seriatopora, Favities  comman. many
Timonite. spirabis foraminiferal
sedentaria. fossils chaiky
Falyshaetia. ard altered
Echinode spings, yreplacec].
Petecypoos:
fragments,
cotkle,
pectens.
planktonic
foraminifera.
Gastrapods:
fragments,
Cenus
475-435  HMudstone w/fwackestane C. [e.) pestin- Pelecypods: coval replaced and fossils in
and packstona moder- dopacificus Qsteres altered: white mudstone

ately campact; tan and
nhite w/yellaw, tan,
pink cavity fill;
stightly chalky;

Ao bicirnlate
A lessonii?

fragments,

Acropura,

¢3sts, malds, Alvegpora,

Pectens,
Lithaphaga,

Pavona,

very chalky.

9



CORAL

and
INTERVAL  DESCRIPTION OF LARGER OTHER CACLCAREQUS NOTES
{(ft.) LIMESTONE FORAMINIFERA FOSSILS ALGAE

425-485 moderately fossili- Fragum

{cont) ferous; traces of Gastropods:
limonite, fragments,

Limpet.

Smaller forams;:
Triloculina spp.,
Gaudryina.

Bryozoan (lacy

type)l.

485-525  Mudstone; yellow and Clycloclypeus Small forams: coral replace and smail forams in
white; moederately com- C. {c.) postinde- Triloculina altered: Pavona, yvellow mudstone
pact to friable; pacificus spp. Porities, are replaced
fossiliferous; fossils Operculina Pelecypods: Acropora and chalky.
slightly chalky; &traces fragments,
of white compact pack- casts,
stone. molds.

Serpulidae

worm tubes:

Spircbus,

Poiychaetia,

worm tubes,

Echinode spines,

525-580 Packstone and mudstone; Clycloclypeus Small forams: coral fragments: yellow mudstone

compact to moderately
compact; white pack-
stone; yellow and white
mudstene; traces yellow
limonite; mudstone w/
common fossils; traces

bicirculata

A,
G, rectilata

Triloculina  Acopora
Pianorbulina. Heliopora
Gastropod
fragment,
Pelecypods:
Ctena,

w/smail forams,
mostly replaced
or chalky.

S9



CORAL

and
INTERVAL DESCHIPTIOM AF LARGER UTHER AL CAREDLS ROTES
[fE.) LIMESTONE FORAMIHT1FERA FOSH1LS ABLLAE
525580 of cawity till; traces Pectens,
{eont) ot arange chalk, fragments,
casts, molds,
Lighophaga,
Fehinede spines.
Carpulidae and
Folychastia
warm Luoes.

SR0-58%  Sand(?); medium to fine
grains; whike and tan;
traces ot arange chalk; Wons Hone Hune
qratns are angular to
subrounded.

S40-698  Mudstone mfwackestone A. bicirgulata Pelecypnd: tnin branching coral many farams in
and small amount of M. wertepralis ? fragments, yallow mudstore
packatone; white and Clycloclypeus casts, mofas, are replaced.
yellow rudstone; com- Dperculina sp. Tridacna,
pact friable; few k. radiata Pactena, Seriatopara
chalky clasts; yellom 0. rectilata Lithophags, Millepora
mudstene fossiliferous; 0. ammencidis cardidar. Focillapora
traces of yellow F. Larvata Small forams: Pavora.
limanite. Sarities Trilocul ina

C. manticularis Quengualosu-

1ina.

Caztropods:
Terebra,
cerithids,
eonus, fragments,
Trochus.

G



590-698
{cont)

Olivia
Rhingclavis
Strombus,

Pyramidellidae.
Lacy Bryozoan.
Serpulidae worm

tubes; Jpricbus.
Polychaetia,

L9
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AFRENDLIX C
GEOPHYSLCAL LOGE

lntradpction

Appendix C centains a brief deseription of peoplivaical logs cbtalned

by the USUY In addition to the actual logs (Plates 1-7). Tracings of the
ligs wore made from stripecharts readouts and represent raw data (ic., mo
correction for horehole eflects mas Seen applied}. Some logs are missing

from the figures due to elther the lops were not run for that borehole or
the logs wete not available st the time of report preparation. Large scale
blue ot prints af rhe request. Enclosed plates, showing geophysical logs,
are obtainablce from WERT wpan,

Description of Geophysical Lops

Caliper Log

The caliper log provides a continwous record of the average borehale
diameter. The sonde physically measures the hoie diameter hy threc
extendad, spring-loaded arms. As the sonde is trelled up the hoele, the
sipgnal produced Dby the arms in integrated and sent to the contrel
elecrronics where ic is recorded on a strip chart.

The caliper log is used to evaluate the physical conditdon of che
horehole in order to carrece other logs for effects of wvarying hele
diameter. Lan addition, the log may provide information on lithology by
detecting breakouts or weaker rock strata., Some information concerning
well construction may be provided by the log.

Katural Camma lop

The =onde provides a continuous measurement of the natural gamma
photon emission of the surrcundting rock through which iv is trolled. The
gamma radiation received by the detector iz priwarily related to the decay
of Potassiut—40 and to a icsser extent, the daughter products of the
uranium~ and thorium—decay serties. Since clavs contain relatively large
amounts of potassium, the natural gamma log  is  used primarily io
gtratieraphic correlation work.

The natural gamma sande can be used In case, uncased, fluid-filled
a=or air-filled boreholes.

Spantanecus=-Fotentlal Lop

The spontancous-potential lop provides a continucus record ot the
natural potencials develpped between bovehole fluid, formacion water. and
the surrcunding rock. The potential has been attributed to two sources.
The first and of least effeet on the 5P magnitude, is the streaming
potential caused by the development of an plactromotive Force [emf) as an
gleccrolyte flows through the porous media. The second source and probably
most important in  the development of porential differences is the
electrochemical emf produced at the boundary between materfals of dillerent
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properties. Such  boundaries are mud-mud filtrate (drilling and
infiltration into the surrounding rock), mud filtrate~formation water,
formation water-shale, and shale-mud. These potential differences across
junctions cause current to flow near the aquifer boundaries of the
surrounding reck.

The continucus SP record is obtained by trolling a lead electrode
connected to an insulated conductor. The moving electrode senses the
potential drops caused by the flowing current at lithologic boundaries and
references the measurement to the constant potential of a second ground
electrode, usually located at the surface.

The spontaneous-potential log is used with success to distinguish
lithologies within shale-sandstone o¢r shale-carbonate sequences. In
conjunction wich resistivity logs, contacts between fine-grained sediments
and carbonates may he distinguished and bed thickness determined. The SP
measurements can only be successful in fluid-filled, uncased boreholes.

Single-Point Resistivity Log

The device used is a short normal toel which provides a continuous
record of the apparent resistivity of the surrounding rock. Measurements
are taken between a close-coupled lead electrode and the housing of the
measuring sonde. The same tool is used for both single-point resistivity
and spontaneous potential measurements.

The log provides information concerning the porosity and permeability
of an aquifer and is wused in determination of bed thicknesses and
lithologies., The log is also useful in establishing contacts between
strata of differing resistivity.

As with the SP measurements, the single-point resistivity sonde 1s
usually used in fluid-filled, uncased boreholes, although some applications

in cased holes have proved to be successful in locating corroded liners.

Fluid-Conductance Log

The fluid-conductance log provides a continuous record of the
electrical conductivity of the borehole fluid. Groundwater can be
considered as an electrolyte solution because nearly all its dissolved
constituents are present in fonic form. A general indication of the total
dissolved ionic constltuents can be obtained by determining the capability
of the water to conduct an applied electrical current. The property is
nermally reported as electrical conductance and is expressed in units of
micromhos.
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