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the company makes no representations, warranty, or guarantee in connection 
with this E & E publication and hereby expressly disclaims any liability or 
responsibility for loss or damage resulting from its use; for any violation of 
any federal, state, or municipal regulation with which this E & E publication 
may conflict; or for the infringement of any patent resulting from the use of 
the E & E publication. 



TITLE: GEOLOGIC LOGGING 

CATEGORY: GEO 4.8 REVISED: March 1998 

TABLE OF CONTENTS 


Section Page 

1. Introduction ......................................................................................................................... 1 


2. Drilling Logs ....................................................................................................................... 1 


2.1 Basic Documentation .............................................................................................. 1 


2.2 Technical Information ............................................................................................. 3 


3. Soil Classification ............................................................................................................... 4 


4. Core Logging..................................................................................................................... 12 


4.1 Handling of Core ................................................................................................... 12 


4.2 Rock Description................................................................................................... 12 


4.3 Core Labeling........................................................................................................ 19 


4.4 Core Box Labeling ................................................................................................ 19 


4.5 Core Storage .......................................................................................................... 19 


5. References ......................................................................................................................... 19 


iii 



1 

TITLE: GEOLOGIC LOGGING 

CATEGORY: GEO 4.8 REVISED: March 1998 

LIST OF TABLES 


Table Page 

Standard Penetration Test for Soil Density ................................................................... 4 


iv 



TITLE: GEOLOGIC LOGGING 

CATEGORY: GEO 4.8 REVISED: March 1998 

LIST OF FIGURES 


Figure Page 

1 Drilling Log................................................................................................................... 2 


2 USCS Soil Classification Chart..................................................................................... 5 


3 Rock Descriptive Terms................................................................................................ 6 


4 Rock Qualitative Designation (RQD) ........................................................................... 7 


5 Narrative Lithologic Description .................................................................................. 8 


6 ASTM Criteria For Describing Soil .............................................................................. 9 


7 Sediment Particle Size and Shape Estimates............................................................... 11 


8 Core Box ..................................................................................................................... 13 


v 



TITLE: GEOLOGIC LOGGING 

CATEGORY: GEO 4.8 REVISED: March 1998 

1. Introduction 

Geologic logging involves keeping detailed records during the drilling of boreholes, the 
installation of monitoring wells, and the excavation of test pits, and entering the geologic de­
scriptions of the soil and rock samples recovered on a standardized form.  E & E has adapted a 
standardized geotechnical logbook (see DOC 2.4 in E & E’s Standard Operating Procedures 
[SOPs]) that contains items deemed important to record when installing monitoring wells, pie­
zometers, and/or soil borings.  This document discusses general procedures for completing geo­
logic logs. 

2. Drilling Logs 

2.1 Basic Documentation 

When drilling boreholes, the project geologist should maintain a log that describes each 
borehole. The E & E Geotechnical Logbook contains records for boreholes.  The following ba­
sic information should be entered on the heading of each drilling log sheet (see Figure 1): 

 Borehole/well number; 


 Project name; 


 Site location; 


Dates and times that drilling was started and completed; 


Drilling company;


E & E geologist's name; 


Drill rig type used to drill the borehole;


Drilling method(s) used to drill the borehole; 
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Figure 1 Drilling Log 
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Bit and auger size(s); 


Depth of auger/split barrel sampler refusal; 


Total depth of borehole; 


Total depth of corehole (if applicable); 


Water level at time of completion measured from top of inside casing (TOIC); and 


A well location sketch. 


2.2 Technical Information 

During the drilling of a borehole, specific technical information about the unconsolidated 
material and rock encountered should be recorded on the drilling log sheet. The following 
minimum technical information should be recorded: 

Depth that sample was collected or encountered; 


Sample number assigned (if applicable); 


The number of blow counts required to drive the split barrel sampler 2 

feet at 6-inch intervals (see Table 1);


Description of soil components (see Figure 2); 


Description of rock profile (see Figure 3); 


Rock qualitative designation (RQD) (see Figure 4); 


Rock penetration time; 


Core run number (if applicable) and percent recovery; and 


Organic vapor readings in the sample. 
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Table 1 Standard Penetration Test for 
Soil Density 

N-Blows/Feet Relative Density 
Cohesionless Soils 
0 - 4 Very loose 
4 - 10 Loose 
10 - 30 Medium 
30 - 50 Dense 
50 Very dense 
Cohesive Soils 
2 Very soft 
2 - 4 Soft 
4 - 8 Medium 
8 - 15 Stiff 
15 - 30 Very stiff 
30 Hard 

3. Soil Classification 

Soils should be described using the Unified Soil Classification System (USCS) in the nar­
rative lithologic description section of Figure 5.  Figure 6 is a summary of the American Society 
for Testing and Materials (ASTM) criteria for describing soils.  Soil descriptions should be con­
cise, stressing major constituents and characteristics, and should be given in a consistent order 
and format. The following order is recommended by the ASTM: 

1. 	 Soil name.  The basic name of the predominant constituent and a single-word modi­
fier indicating the major subordinate constituent. 

2. 	 Gradation or Plasticity. Granular soils (i.e., sands or gravels) should be described as 
well-graded, poorly-graded, uniform, or gap-graded, depending on the gradation of 
the minus 3-inch fraction.  Cohesive soils (i.e., silts and clays) should be described as 
nonplastic, slightly plastic, moderately plastic, or highly plastic, depending on results 
of the manual evaluation for plasticity. 

3. 	 Particle size distribution.  An estimate of the percentage and grain-size range of each 
subordinate constituent of the soil. This description may also include a description of 
angularity (see Figure 7). 

4. 	 Color. The basic color of the soil. 
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Figure 2 USCS Soil Classification Chart 
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Figure 3 Rock Descriptive Terms 
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Figure 4 Rock Qualitative Designation (RQD) 
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Figure 5 Narrative Lithologic Description 
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Figure 6 ASTM Criteria For Describing Soil 
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Figure 6 ASTM Criteria for Describing Soil (cont.) 
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Figure 7 Sediment Particle Size and Shape Estimates 
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5. 	 Moisture content. The amount of soil moisture (dry, moist, or wet). 

6. 	 Relative density or consistency. An estimate of density of a granular soil or consis­
tency of a cohesive soil, usually based on the standard penetration test results (see 
Table 1). 

7. 	 Soil Structure or Mineralogy.  Description of discontinuities, inclusions, and struc­
tures.  Includes joints, fissures, and slickensides. 

4. Core Logging 

4.1 Handling of Core 

After the core has been recovered from the corehole and the core barrel has been opened, 
the core should be placed in a core box.  The top of the core should be placed at the back left 
corner of the core box, and the remaining core placed to the right of the preceding section (see 
Figure 8).  The core box should be filled in this manner, moving to the front sections of the core 
box.  The beginning of each run should be marked on the core and also noted with a marked 
wooden block. 

4.2 Rock Description 

Each stratigraphic unit in the core shall be logged.  A line marking the depth of the top 
and the bottom of the unit shall be drawn horizontally.  In classifying the rock, the geologist 
should avoid being too technical, as the information presented must be used by numerous people 
with widely divergent backgrounds. 

The classification and description of each unit should be given in the following order, as 
applicable: 

1. 	 Unit designation (Miami oolite, Clayton Formation, Chattanooga shale); 

2. 	Rock type; 

3. 	Hardness; 

4. 	 Degree of weathering; 

5. 	Texture; 

6. 	Structure; 
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Figure 8 Core Box 
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7. Color; 

8. Solution and void conditions; 

9. Swelling properties; 

10. Slaking properties; and 

11. Additional description, such as mineralization, size, and spacing shale 

seams, etc. 


Variations from the general description of the unit and features not included in the gen­
eral description shall be indicated by brackets and lines to show the depth and the interval in the 
core where the feature exists.  These variations and features shall be identified by terms that will 
adequately describe the feature or variation so as to delineate it from the unit.  These may be 
zones or seams of different color, texture, etc., from that of the unit as a whole, such as staining; 
variations in texture; shale seams, gypsum seams, chert nodules, calcite masses, etc.; mineralized 
zones; vuggy zones, joints, fractures; open and/or stained bedding planes; faults, shear zones, 
gouge; cavities’ thickness, open or filled, nature of filling, etc.; or any core left in the bottom of 
the hole after the final pull. 

Rock Type and Lithology 

1. 	 Rock will be classified according to the following 24 types: 


Sandstone 

�


� Conglomerate


 Coal


 Compaction Shale 


 Cemented Shale 


 Indurated Clay


 Limestone 


 Chalk 


Gneiss 


Schist 
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 Graywacke 


 Quartzite


 Dolomite


 Marble 


Soapstone and Serpentine 


 Slate 


 Granite


 Diorite


 Gabbro 


 Rhyolite


 Andesite 


 Basalt 


Tuff or Tuff Breccia 


Agglomerate or Flow Breccia 


2. 	 Lithologic characteristics should be included to differentiate rocks of the 
same classification.  These adjectives should be simple and easily under­
stood, such as shaly, sandy, dolomitic, etc.  Inclusions, nodules, and con­
cretions should also be noted here. 

3. 	 It is important to maintain a simple but accurate rock classification.  The 
rock type and lithologic characteristics are essentially used to differenti­
ate the rock units encountered. 

Hardness 

The terms for hardness, as outlined below, were modified to include the use of a rock 
hammer. 

1. 	Very soft or plastic - can be deformed by hand (has a rock-like character 
but can be broken easily by hand). 

15 
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2. 	Soft - can be scratched with a fingernail (cannot be crumbled between 
fingers but can be easily pitted with light blows of a geology hammer). 

3. 	Moderately hard - can be scratched easily with a knife; cannot be 
scratched with a fingernail (can be pitted with moderate blows of a geol­
ogy hammer). 

4. 	Hard - difficult to scratch with a knife (cannot be pitted with a geology 
hammer but can be chipped with moderate blows of the hammer). 

5. 	Very hard - cannot be scratched with a knife (chips can be broken off 
only with heavy blows of the geology hammer). 

Weathering 

The degree and depth of weathering is very important and should be accurately detailed 
in the general description and clearly indicated on the drill log.

 1. 	Unweathered - no evidence of any mechanical or chemical alteration. 

2. 	Slightly weathered - superficial discoloration, alteration, and/or discol­
oration along discontinuities; less than 10% of the rock volume is altered; 
strength is essentially unaffected. 

3. 	Moderately weathered - discoloration is evident; surface is pitted and 
altered, with alterations penetrating well below rock surfaces; 10% to 
50% of the rock is altered; strength is noticeably less than unweathered 
rock. 

4. 	Highly weathered - entire section is discolored; alteration is greater than 
50%; some areas of slightly weathered rock are present; some minerals 
are leached away; retains only a fraction of its original strength (wet 
strength is usually lower than dry strength). 

5. 	Decomposed - saprolite; rock is essentially reduced to a soil with a relic 
rock texture; can be molded or crumbled by hand. 

Texture 

Texture is used to denote the size of the grains or crystals comprising the rock, as op­
posed to the arrangement of the grains or crystals, which is considered a structure. 

1. 	Aphanitic - grain diameter less than 0.004 inch (0.1 mm); individual 
grains or crystals are too small to be seen with the naked eye. 
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2. 	Fine-grained, finely crystalline - grain diameter between 0.004 inch (0.1 
mm) and 0.003 (1 mm); grains or crystals can be seen with the naked eye.

 3. 	Medium-grained, crystalline - grain diameters between 0.003 foot (1 
mm) and 0.0175 foot (5 mm). 

4. 	Coarse-grained, coarsely crystalline - grain diameter greater than 

0.0175 foot (5 mm). 


Structure 

The structural character of the rock shall be described in terms of grain or crystal align­
ment, bedding, and discontinuities, as applicable.  The terms may be used singularly or paired. 

1. 	Foliation and/or lineation - give approximate dip uniformity, degree of 
distinctiveness, banding, etc. 

2. 	Joints: 
a. 	 Type - bedding, cleavage, foliation, extension, etc. 
b. 	 Degree of openness - tight or open. 
c. 	 Surface or joint plane characteristics - smooth, rough, undulating. 
d. 	 Weathering - degree, staining. 
e. 	 Frequency - see (4). 

3. 	Fractures, shears, gouge: 
a. 	 Nature - single plane or zone.  (Note thickness.) 
b. 	 Character of materials in plane or zone. 
c. 	Slickensides. 

4. 	Frequency: 
a.	 Intact - spacing greater than 6 feet (2 m). 
b. 	 Slightly jointed (fractured) - spacing 3 feet (1 m) to 6 feet (2 m). 
c.	 Moderately jointed (fractured) - spacing 1 foot (0.3 m) to 3 feet 

(1 m). 
d. 	 Highly jointed (fractured) - spacing 0.3 foot (9.1 cm) to 1 foot (0.3 m). 
e. 	 Intensely jointed (fractured) - spacing less than 0.3 foot (9.1 cm). 

5. 	Bedding is used to describe the average thickness of the individual beds 
within recognized unit, and the terms thick, medium, or thin should not be 
applied to the individual beds. "Parting" and "band" are used to describe 
single stratum as outlined below: 
a. 	 Massive - over 3 feet thick (1 m). 
b. 	 Thick - 1 foot (30.5 cm) to 3 feet (1 m) thick. 
c. 	 Medium - 0.3 foot (9.1 cm) to 1 foot (30.5 cm) thick. 
d. 	 Thin - 0.1 foot (3.0 cm) to 0.3 foot (9.1 cm) thick. 

17 
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e. 	 Band - 0.02 foot (6 mm) to 0.1 foot (3.0 cm) thick, described to the nearest 0.01 
foot. 

f. 	 Parting - less than 0.02 foot (6 mm). 
g.	 Paper-thin parting. 

The terms and descriptions for the structure of the rock are to be used to describe the 
character of the rock units recognized and are not to be used as a substitute for describing indi­
vidual discontinuities. Except for areas where the rock is intensely fractured or jointed, each dis­
continuity should be described on the log as to position, dip, staining, weathering, breccia, 
gouge, etc. 

Color is often valuable in correlating or differentiating samples, but can be misleading or 
uninformative. The color of a sample should represent the sample in terms of basic hues (i.e., 
red, blue, gray, black), supplemented with modifying hues as required (i.e., bluish gray, mottled 
brown). The core should be surface wet when describing the color; if it is dry, the log should 
indicate "dry color."  Subjective colors, such as buff or maroon, should not be used.  Specific 
color charts, such as the Mumsel Color Chart or the Color Index in the Colorado School of 
Mines, Quarterly, Volume 50, No. 1, are useful in describing color of samples.  When such a 
chart or index is used, it should be noted on the log in the remarks column. 

Solution and Void Conditions shall be described in detail, as these features can affect 
the strength of the rock and can indicate potential seepage paths through the rock.  When cavities 
are detected by drill action, the depth to top and bottom of the cavity should be determined by 
measuring the stick-up of the drill tools when the cavity is first encountered and again at the bot­
tom, as it is very difficult to reconstruct cavities from the core alone.  Filling material, when pre­
sent and recovered, should be described in detail opposite the cavity.  When no material is recov­
ered from the area of the cavity, the inspector should note the probable conditions of the cavity 
as determined from observing the drilling action and the color of the drill fluid.  If the drill action 
indicated material was present (i.e., slow rod drop, no loss of drill water, noticeable change in 
color of water return), it should be noted on the log that the cavity was probably filled and the 
materials should be described as best as possible from the cuttings or traces left on the core.  If 
drill action indicates the cavity was open (i.e., no resistance to the drill tools, loss of drill fluid), 
this should be noted on the drill log.  Partially filled cavities should also be noted.  All of these 
observations require close observation of the drill action and water return by both the inspector 
and the driller; accurate measurement of stick-ups; and detailed inspection of the core.  When 
possible, filling material should be wrapped in foil if left in the core box.  If the material is to be 
tested or examined in the lab, it should be sealed in a jar with proper labels and a spacer, with a 
note showing the disposition of the material should be placed in the core box at the point from 
which the material was taken.  Terms to describe voids encountered shall be as follows: 

1. 	Porous - voids less than 0.003 foot (1 mm) in diameter. 

2. 	Pitted - voids 0.03 foot (1 mm) to 0.02 foot (6 mm) in diameter. 

3. 	Vug - voids 0.02 foot (6 mm) to the diameter of the core. 

4. 	Cavity - voids greater than diameter of the core. 
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4.3 Core Labeling 

The top of the core should be shown on each piece of core with an arrow written in a 
black, waterproof marker.  The arrow will indicate which end of the core is nearer the ground 
surface.  Other core markings may include locations of mechanical breaks and drilling footages. 

4.4 Core Box Labeling 

Each core box should be labeled as follows: 

On the top left corner of the outer core box, the project name, site location (city and 
state), and project number should be written. 

On the lower right corner of the outer core box, the corehole number (e.g., MW1, 
BH2), core box number (e.g., 1 of 2, 2 of 2), and the interval of the core run contained 
in the core box should be written. 

The side panels should be marked as indicated in Figure 8. 

The inside of the core box cover should be marked as indicated in Figure 8. 

4.5 Core Storage 

It is important to use proper-sized (HQ or NQ) wooden core boxes for rock core storage.  
After labeling the box and before closing the box for final storage or shipment, wooden spacers 
should be inserted into each compartment that contains rock core.  This will prevent lateral 
movement of the cores, which could damage the rock material during handling. 

After properly logging, labelling, and packing the cores, the core boxes should be stored 
in a dry location, preferably off of the floor on a pallet.  The boxes can be stacked to a reasonable 
height so as not to be unstable, with end labelling facing out. 
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