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CHAPTER |

INTRODUCTION

Since the end of World War |1, and particularly
in the last 15 years or so, the City of Honolulu has under-
gone a rapid and extensive transformation. |+ has evolved
from an agriculture and military-oriented city into the
commercial center of the Pacific and a major world tourist
attraction. This transformation has been accompanied by
intense building activity which has produced a large number
of medium- and high-rise structures. This building boom
has been particular!y significant in the Waikiki area where
the one- and two-story wood frame structures which once
characterized this section of the city have given way to the
numerous 20-plus-story hotels and apartment buildings, which
now dominate the Honolulu skyline.

The construction of these buildings and other
structures throughout the city has given rise to a large
number of investigations of the subsurface conditions
underlying the structures. Such investigations provide

the subsurface information necessary for the development




of deslgn criteria for structure foundations. These founda-
tion studies include the drilling and logging of a number

of subsurface borings at each site. Thus, there exists a
large amount of subsurface data for the developed areas of
the city which represents a potential means of achieving a
more complete understanding of the geology of Honolulu than
was available previously.

It is the purpose of this thesis to synthesize
the extensive subsurface information now available in the
areas of Honolulu shown on the project area map (Plate I).
This includes Waikiki, Moiliili and Kakaako and some adjacent
areas, encompassing a total of 4.2 square miles. The data
from approximately 800 borings and some related sources
(such as excavation profiles and pile driving records) have
been utilized to produce a detailed description of the sub-
surface in this area.

This description is presented in three sections.
In the section on Subsurface Conditions, Chapter IIIl, the
materials present and their lateral and vertical distribu-
tions are discussed and shown on cross sections within the
accuracy of the available control. The geologic implica-
tions of these data and the geologic history of the project
area, as reflected in this information, is described in
Chapter IV. An Engineering Geology section, Chapter V,
presents the engineering properties of the subsurface ma-

terials and discusses them with regard to the suitability of



the various geologic units for the purposes of founda-
tion bearing layers.

The sources from which boring data have been
obtained for this project include the Engineering Division,
the Traffic Division and Sewers Division of the Depariment
of Public Works of the City and County of Honolulu, and the
Board of Water Supply and the Building Department of the
City and County. Information was also provided by the
Department of Accounting and General Services, the Depart-
ment of Land and Natural Resources, and the Department of
Transportation of the State of Hawaii. Well logs were
utilized from Stearns & Vaksvik (1938). The bulk of the
information used was obtained from the files of Dames &
Moore, consultants in the environmental and applied earth
sciences, which has maintained an office in Honolulu since
1960. In addition, a significant amount of information was
provided by the consulting engineering firm of Walter Lum &
Associates. Another source was Continental Drilling Company
of Hawaii, a drilling contractor.

Obviously, this wide range of sources presents
certain problems due to the variations in quality and
presentation of boring logs. The authors of the
logs range from engineering geologists and foundation
engineers to soils techricians and drillers. Furthermore,

the purposes for which the borings were performed range from
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well logging or defining high capacity pile bearing layers
to determining soil bearing capacities for the cages at the
Honolulu Zoo.

This wide range of sources was converted to a
common terminology for correlation purposes by classifying
each material description according tfo a single set of
geologic units. Units are assigned on the basis of the
probable geologic origin represented by each ftype of ma-
terial described on the source logs. In many cases, it is
necessary to interpret the source logs with a degree of
flexibllity and to base interpretations on correlation with
other nearby borings In order to clarify otherwise obscure
or misleading logs which may have been done by non-technical
personnel.

To illustrate the conditions encountered in the
project area, three cross sections are presented which are
generally developed either parallel or perpendicular to the
present coastline. These orientations permit a view of the
alluvial and volcanic units (generally oriented perpen-
dicular to the coast) and views of the marine units
(generally oriented paralle! to the coast).

The borings utilized in this project range in
depth to over 200 feet. Well logs extend to over 1000 feet
in some cases. However, the general control available
limits the effective depth of study to approximately

elevation -100 feet with shallower limits in many areas.
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The method of presentation of the cross sections indicates
the degree of control.

The use of most of the boring data for this
project is predicated on the agreement that particular
borings or their exact locations not be specifically identif-
ied. The private firms whose files were used require that
permission of their clients be obtained in writing before
the borings can be referred to specifically or shown on
maps. Since the number of clients involved make this
procedure prohibitive, the materials are shown and discussed
with a generalized, rather than specific, indication of
control. In particular cases, where specific reference is
permitted, sample boring logs are presented to provide an
indication of the nature of the interpretation which was
applied in classifying the conditions in different locations
and in different subsurface materials.

In addition to boring logs, pile driving records
have been used in the engineering geology portion of this
study and pile driving performance for a few representative
arecas is discussed briefly in the final section of this
paper to illustrate the general characteristics of pile
placement in the various materials enccuntered.

In summary, 1t is the aim of this thesis to
produce a description of the subsurface conditions in the
project area, and from this description, to develop a

better understanding of the geologic history and engineering
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geology of the area. This paper presents the results of the
most detailed geologlc study (in terms of a number of control
points) of any project completed to date on a section of a

Hawalian coastal plain.
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CHAPTER 11

METHODS OF INVESTIGATION

DATA SOURCES

The first step in developing this project involved
the identification of the sources and the collection of the
boring logs. In general, City and State sources include
borings taken from the building plans for highways, municipal
and state buildings, parking structures, sewer profliles and
well logs. Many of these sources are of older vintage, when
enginearing practice did not place as much emphasis on the
precise nature of foundation materials as is common in
modern practice. Consequently, borings from these sources
have a wide range of guality with the older information
being generally of a cursory nature. (An example of such
a8 log might be: 0-5 sand; 5-8 grit; 8-15 rock.)

In cases where sources are driller's logs, unique
problems of interpretation arise. On these logs, the sub-
surface materials are referred to in local terminology which
Is often unrelated to conventional engineering or geclogic

usage.
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To take advantage of these logs, the writer has
correlated local drillers' terms with probable geologic

equivalents as follows:

Driller's Term Geologic Equivalent
mudrock Tuff

puka puka rock vesicular basalt

blue rock basalt (usually massive)
grit sandy silt

An addltional difficulty is that in many cases,
drillers descriptions do not adequately reflect what is
actually in the ground. For example, cemented dune or
beach sand may be logged as coral. These data sources,
therefore, must be used with caution, but can be useful in
providing supplementary information, particulary where other
more reliable data can be correlated with it.

The most extensive source of information for this
study includes the borings taken from foundation investiga-
tions conducted by the consulting engineering firms. The
majority of these investigatlons were completed since
1960. The purpose of these borings is for the preparation of
foundation recommendations for various types of structures,
usually in situations where large loads and therefore, high
bearing strengths, are required. These projects require
detailed information of the subsurface conditions. Logs
from such projects are usually developed by engineers or

geologists and provide thorough and relatively reliable




inferpretation of the subsurface data. The logs from such
sources include not only detailed qualitative descriptions
generally based on established geological and engineering
practice, but aiso include quantitative information such as
blow counts per foot (for sampling attempts), percent core
recovery (for rock core runs), and in many cases, l!aboratory

test results.

GEOLOGIC UNITS

In order to convert the material descriptions
from the source logs into geologic units, a classification
system was developed which relates to the parameters that
are presented on most logs, i.e. color, hardness, and graln
size. Fortunately, Hawalian geology is such that two of the
most obvious characteristics, [.e. coclor and hardness
(consistency), are frequently sufficient to indicate the
general geologic classification of a given unit. Since
these parameters were the ones most consistently presented
in boring logs, their relationship to the geologic units Is
important. A description of the charateristics of the
geologic units used in this study is presented below
(additional discussion of the physical properties of these
units is presented in Chapter V}:

Lagoonal (tow-Energy) Deposits - Characterized by

gray to white color and very soft to soft consistency.

Gernerallv, the lagoonal deposits are clay and sil+t




with low permeability. These deposits frequently
include loose coralline debris and lenses of soft

and loose silty sand. The environment of deposition
includes low-energy zones in lagoonal areas, tidal
flats, and drowned stream channels. The latter

two environments are not strictly lagoonal, however,
the deposits of these environments in the project
area are quite similar. |In areas where peat deposits
are encountered within the gray clay, swamp conditions
are clearly indicated. Lagoonal deposits found in
Honolulu are frequently on the order of tens of

feet thick.

Diagnostic features of the lagoonal deposits
include the gray color, soft consistency, and low
blow counts (10 blows per foot or less during drive
sampling), and predominance of silt and clay size
particles.

Coralline Debris - This unit includes the hetero-

geneous material related to the reef environment
including isolated coral heads and coral fragments,
shells, sand and calcareocus silt. These materials are
generally permeable with occasional (sometimes large),
cavities. The color of coralline debris is less
diagnostic than for other units. Usually white, its
color may range from tan or brown to pink. |In

addition, hardness is extremely variable. lts
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classification is based principally on the nature of
the material, i.e., the presence of reef detritus which
is not hard enough to indicate a coral ledge. There is
no doubt that in some cases competent coral and coral-
line debris are misidentified for one another. This

is due in part to preoblems in sampling and generally
identifying coralline materials during drilling and

in part to the heterogeneous nature of coral reef
deposits. In general, where there was doubt, materials
were classified as coralline debris rather than ledge
coral.

Coral tedge -~ For the purposes of this paper,

coral ledges refer to hard zones of corai which are of
significant thickness and sufficient lateral extent to
indicate 2 continuous coral deposit. The largest,
strongest, and most consistent coral ledge occurrence
is generally along the algal ridge of the reef mass,
which is at the outer edge of the reef a few feet bzlow
sea level in the breaker zone. Its strength is derived
from the binding effect of the coral organisms and
their symbiotic calcareous algae known generally as

Lithothamnia. Weaker, less consistent coral ledges

may also occur in the back reef and fore reef areas
although such ledges are generally thin and do not
occur over large areas. (Further discussion of the
coral ledges found during this study is presented in

Chapters 4 and 5).
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It is significant to note that coral cannoft
withstand such environmental influences as fresh water
and siltation (Edmonson, 1928). Therefore, where
streams pass over the reef, the coral is killed and
eroded away. The result is that the ledges cannot be
expected to be absolutely continuous; however, they
tend to occur consistently at particular levels
relative to previous or present stands of the sea.
Therefore, for a particular site, coral presence at a
given elevation might be anticipated, based on nearby
informatlon, but its occurrence must definitely not be
assumed.

Dlagnostic properties of coral ledges include
unbroken skeletal structure In growth position, extreme
hardness and high blow counts on the order of 100 blows
per foot. In cases where cemented beach sand (beach-
rock) is encountered, its similar strength properties

cause it to be misidentified in the source borings, !n

some cases, as coral ledge. Wherever possible, dis-
tinctions are made between coral ledges and beachrock.
Alluvial Deposits - This unit includes stream

deposits which are generally composed of stiff silt
with varying amounts of sand, gravel! and boulders.
Compressibility and permeability are variable; however,
a brown color is generally characteristic. Alluvial

depcsits are, of course, the result of stream erosion
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and deposition. Although the alluvium is generally
characterized by a substantial fraction of detritus of
terrestrial origin, the alluvium found in Honolulu
frequently contalins a considerable amount of coral
grave! and/or coral sand. This coralline material
may be eroded from some point upstream or may have
been mixed with the alluvium during its deposition
in a reef zone. Localized alluvial lenses frequently
occur within coralline deposits.

Within some of the deeper alluvia!l channels,
low-energy alluvium with peat layers is found. This
material is similar in properties to the lagoona!
deposits discussed above; however, its location in
an alluvial channel suggests that it probably is a
product of a drowned channel, or estuarine, environ-
ment. In order to emphasize the alluvial origin of
the channels, the term low-energy alluvium is used
for such deposits.

Cinders and Uncemented Ash - Poorly graded fine

to coarse black sand characterizes this unit. It is a
volcanic/aeolian deposit occurring within and in the

lee of ash and cinder cones. Frequently, however,

cinders are reworked and redeposited by stream action

e

and found interbedded with alluvial materials. This

§ e

unit is highly permeable with firm to dense compact-

— =y
T

ness, and it is sometimes cemented.




Tuff - Tuff is a volcanic/aeolian deposit
generally composed of cemented ash with some cinders.
It occurs within and in the lee of tuff cones. Tuff
is usually dark brown in color with low permeability
and compactness ranging from firm to very hard depend-
ing on the degree of weathering. It also may be
reworked by stream action.

Residual Soil - Residual scil includes in-situ,

completely decomposed basalt or tuff with a variable
red-brown or dark brown color, respectively. 1+ is
composed principally of silt sized particles with
stiff to hard consistency and low compressibllity

if undisturbed. This unit usually occurs overlying
unweathered rock and often includes less weathered
boulders of the parent material.

Basalt - Partially weathered to unweathered basal+t
is included within this unit. Color ranges from gray-
black to red with high permeability due to vesicularity,
jointing, clinker layers, and lava tubes. It is usually
very hard, and where it occurs in substantial thick-
nesses, it has the highest strength of any material
available in the Hawaiian |slands. Basalt flows in the
subject area are generally found within sedimentary
sequences where their lateral and vertical distributions
can be highly variable.

Fill - Material placed by man is classified as

fill. This material is heterogeneous and highly




variable in composition and stfrength. Thickness of

fill is inconsistent, but fill deposits generally

become more extensive near the existing shoreline

where land areas have been reclaimed from previously

low lying wetlands. |[n many cases, the identification
of f1ll is difficult and its classification is generally
more tenuous than that of the other unlts.

Sand and Gravel| Layers - Subunits of sand and

gravel are found within many of the various units
mentioned above, including lagoonal deposits, coralline
debris, alluvial deposits, cinder, and fill. The
characteristics of these layers of granular material

generally depend on the unlt within which they occur.

In converting boring log descriptions to this
geoclogic unlt system, examples of distinctions which were
made between materials of similar grain size--on the basis
of color, include: alluvium (brown) versus lagoonal deposits
(gray), cinder sand (black) versus coral sand (white or
tan); and on the basis of degree of compactness, include:
coral ledge (very hard, high blow counts), lagoonal deposits
{very soft, very low blow counts).

Due to the frequent interbedding of facies in the
subject area, many of the subsurface materials encountered
in the boring logs do not satisfactorily fall within one

particular geologic unit. for this reason, a method of
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combining units was utilized in order fo indicate zones

of transition and to facilitate correlation. Combination
classifications were developed by assigning to a given
material as many units as appear to be significantly repre-
sented, with the most dominant unit providing the major
classification for that material. Therefore, a stlff brown
silt with coral gravel is represented as alluvium with
coralline debris. Such a deposit might be interbedded with
reef detritus.

This procedure allows for more realistic corre-
lation of materials. The Iinevitable inconsistencies and
inaccuracies in the source logs tend to become less signi-
ficant with this method of combining units; and general
trends may be more readily followed where They might other-

wise be masked by very local changes.

SAMPLE BORING LOGS

In order to specifically illustrate the method of
interpretation which was used in relating boring log des-
criptions to the geologic units described above, Sample
Boring Logs are presented on Figures 1 through 6. The

location of these borings are shown on the project area

map (Plate 1). In these figures, actual logs are reproduced

on the left side of the page and the interpretation of the

different units is indicated on the righf side.



Figure |, Sample Boring Logs A and B, shows the
occurrance of a coral ledge at +3.4 feet, and +3.5 feet,
respectively. This is a coral ledge which is consistently
found along the landward side of the project area and is
referred to as the +5 Coral Ledge on the geologic map
(Plate 11). This corel is typically described as "medium
and hard coral rock" on source logs and has been observed in
cores to be skeletal coral and/or calcareous algae. Empty
spaces occur in some areas in this coral--the larger spaces
presumably due to solution activity and the smaller ones
attributable to either solution or to the growth forms of
the coral. |Immediately above the coral is a cinder layer,
called "black sand", which consistently overlies the +5
coral. The surface unit, described as "brown gritty soil"
is interpreted to be fill and/or alluvium. Sample Boring
Log C (Figure 2) describes a lower occurrence of the coral
(-8 feet) at the seaward edge of the +5 coral ledge. (Boring
surface elevation is assumed to be +5 to +6 feet based on
U.S.G.5. Honolulu Quadrangle contours and the ground water
depth). The "fairly hardpacked to soft and loose finger
coral, sand, shell, and silt" described on this log is
somewhat confusing terminology which is frequently used in
source logs to describe the soft lagoonal deposits. The
layer of "locose dirty black sand™ is interpreted to be an
interval where the cinder is intermixed with some alluvial

silt, hence the "dirty" description. This material is
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included within the "cinder" interpretation. It is likely
+hat in many cases the cinder in the study &rea is reworked
to greater or lesser degrees and therefore can be assumed to
have at least a minor alluvial history.

Sample Boring Log D (Figure 2) describes coral
at -20 feet (assumed surface elevation is +3 feet). This
is part of the -15 coral ledge shown on the geologic map.
The interpretation of the source log in this case varies
somewhat from the original log description. The top of the

coral, based on the high blow counts, is interpreted to be

about two feet higher than that shown on the original log.
However, |t is possible that the entire "coral” unit here is
a cemented coralline debris. Thls is one of the diffi-

culties of interpreting logs without seeing the actual
cores. In lieu of actually looking at the core, it has been
necessary to rely on the availability of a large number of
boring descriptions of a given unit and to characterize

the unit by the description which occurs most frequently.
Also, descriptions have been double-checked where cores

are available. In the case of the -15 ledge, although it
may be characterized as either coral or coralline debris on
the basis of Sample Log D, consideration of nearby borings
and a review of nearby cores of this interval indicates

that the interpretation of this unit as being coral ledge
appears to be more realistic. The deséripfion of "traces of

basalt" within the coral in this log is baffling. It may be
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that these "traces" are actually cinders which fell from the
fill unit during drilling and were then brought up during
sampling. No "traces of basalt" have been found elsewhere
in this stratigraphic location.

Sample Boring Log E (Figure 3) describes coral at
-35.5 feet which reflects the -30 coral ledge shown on the
geologic map (Plate I1). Sample Boring Log f (Figure 3}
also shows the -30 ledge--at -39 feet. However, in this
boring, which is offshore of the existing shoreline, the
modern reef is found at -2 feet over the -30-foot ledge with
the two coral ledges belng separated by a layer of coralline
debris over a layer of lagoonal deposits.

Sample Boring Logs G, H, and | {(Figures 4 and 5)
describe the conditions in alluvial channels which cut the
various coral ledges. Log G presents a log which is diffi-
cult to interpret because of the lack of color descriptions.
The lower unit is assumed to be lagoonal based on the "soft"
description and the occurrence of coralline material. Due
to the lack of coralline material which might be subject to
solution, the "ewmpty space" described in the source log is
interpreted to be a layer of very soft clay through which
drill rods fell under their own weight with very little
resistance, thus giving the appearance of an "empty space".
In Log H, the "soft black mud, shell, and silt" is inter-
preted to be a swamp deposit grading to lagoonal with depth.

Log | interprets considerable "low-energy alluvial deposits".
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