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For centuries humans have been searching for precious metals.  The search 

for gold has greatly changed the landscape of the American West, beginning in the 

1850s and continuing today.  Various gold rushes around the country created 

mining colonies in remote areas, thereby connecting the frontier with the rest of 

America and Europe.  This research attempts to expand on the previous industrial 

archaeology literature, which focuses on historic mining sites and landscape 

patterns, by concentrating solely on dredge mining.   

This study analyzes dredge mining activity in the Elk City Township (T. 29 

N., R. 8 E.) of North Central Idaho.  Dredge mining leaves behind a mark on the 

landscape in the form of tailings piles, which are uniquely patterned due to 

different technologies.  Through a detailed analysis of the tailings pile patterns, an 

archaeologist can determine what dredging technology was used, the time period of 

the operation, and the number of workers employed.  In order to understand the 

technology used, part of this work is dedicated to the various forms of dredges that 



 

 

 

 

were used, along with the various dredge mining methods.  This research provides 

a set of guidelines for archaeologists to properly document dredge tailings piles and 

determine their significance.  The major contributions of this thesis are to clarify 

the historical context for dredge mining in North Central Idaho, to identify visible 

footprints left by this industrial activity, and to identify both pedestrian survey and 

remote sensing techniques to locate and differentiate between the various dredging 

technologies.  The remote sensing techniques used include classifying Advanced 

Spaceborne Thermal Emission Reflection Radiometer (ASTER) imagery and 

comparing it with digitally orthorectified photos (DOQ), to determine which 

imagery is more adept at detecting dredge tailings patterns.   

For better or worse, dredge mining has reshaped many areas in the 

American West.  Currently, riverine and riparian restoration projects are destroying 

dredge tailings piles and attempting to return the river to its ‘original’ condition.  

However, these projects are destroying a piece of history that is not well 

understood and holds important information for archaeologists studying historic 

mining sites.  This research will benefit not only archaeologists, but land managers 

as well, by explaining the significance of dredge tailings and providing them with a 

greater ability to protect and manage these irreplaceable resources.   



 

 

 

 

 
 
 
 
 
 
 
 
 

©Copyright by Sarah Elizabeth Purdy 

June 7, 2007 

All Rights Reserved 



 

 

 

 

Analysis of Dredge Tailings Pile Patterns:  

Applications for Historical Archaeological Research 

 

 

by 

Sarah Elizabeth Purdy 

 

 

 

 

A THESIS 

 

submitted to 

 

Oregon State University 

 

 

 

 

in partial fulfillment of 

the requirements for the 

degree of 

 

Master of Arts 

 

 

 

 

Presented June 7, 2007 

Commencement June 2008 



 

 

 

 

Master of Arts thesis of Sarah Elizabeth Purdy presented on June 7, 2007. 

 
 
APPROVED: 

 
 
 
                                         

Major Professor, representing Applied Anthropology 

 
 
 
           

Head of the Department of Anthropology 

 
 
 
           

Dean of the Graduate School 
 

 

 

 

I understand that my thesis will become part of the permanent collection of Oregon 

State University libraries. My signature below authorizes release of my thesis to 

any reader upon request. 

 
 
 
           

Sarah Elizabeth Purdy, Author 



 

 

 

 

ACKNOWLEDGEMENTS  
 
 

 I would like to thank all the individuals who have helped me through this 

process.  My family has been there for me through everything; therefore, I would 

like to thank Mom, Dad, Stephen, Laura, and all my extended family for believing 

in me and supporting me.  I have to especially thank my great grandma Thelma for 

inspiring me to follow my dreams, my grandma Judy for always being there for me, 

my grandma Helen for her support, and my grandpa Bill for instilling a love of the 

outdoors in me.   

 I would also like to thank the BLM Cottonwood Field Office staff, 

especially David Sisson and Bob Lewis.  Without David’s help and support I would 

not have had the opportunity to work in the Elk City area.  He also helped me 

develop the idea for my thesis.  Bob has been influential in teaching me more about 

mining; I only wish I could understand half of what Bob knows on this subject.  I 

would like to thank the staff at Idaho Geologic Survey, especially Sherry Pixley, 

for providing me with all the historic mine information they have for the Elk City 

area.  My summers of fieldwork were spent with archaeological crews and I would 

like to thank Cyrena Undem, Karen Belvin, Noelle Glines, and Tiffany Brunson, 

for the knowledge and insight about archaeology they shared with me, and for their 

patience with my obsession with historic mining sites.  I would also like to thank 

Brooke Boulware for helping me with some fieldwork and always encouraging me 

along the way.   

 I would especially like to thank my committee for their participation.  I 

would like to thank Dr. David Brauner for serving as my major professor, 



 

 

 

 

reviewing my thesis multiple times, and encouraging me that dredge mining is an 

applicable thesis topic.  I would like to thank Dr. Anne Nolin for serving as my 

minor advisor and for inspiring me to use remote sensing applications in 

archaeology.  I would like to thank Dr. Loren Davis for all the hard work he spent 

revising and commenting on my work, and his help with the formulation of many 

ideas, charts, and maps.  I would like to thank Dr. Tina Bull for serving as my 

graduate council representative and for being a mentor and inspiration in music to 

me for my entire college career.  Lastly, I would like to thank Roxi Wolfe for her 

help in formatting this thesis.   

 



 

 

 

 

TABLE OF CONTENTS 
 
 

Page 
 

Chapter 1:  Introduction ...................................................................................................... 1 

1.1 Research Questions and Motivations ........................................................................ 4 
1.2 Study Area ................................................................................................................. 7 

Chapter 2:  Literature Review ........................................................................................... 12 

2.1 Industrial Landscape Archaeology .......................................................................... 12 
2.2 Remote Sensing Applications for Dredge Mining .................................................. 20 

Chapter 3:  Dredge Mining and Methods .......................................................................... 24 

3.1 Mechanical Dredge Mining .................................................................................... 24 
3.1.1 Floating Dredges / Mechanical Continuous Systems ....................................... 27 
3.1.2 Dryland Dredging / Mechanical Repetitive Systems ....................................... 32 

3.2 Sediment Processing and Disposal ......................................................................... 34 
3.3 Comparison of Dredge Mining Systems ................................................................. 40 
3.4 Dredge Miners......................................................................................................... 42 

Chapter 4:  Dredge Mining in the Elk City Township ...................................................... 47 

4.1 Historic Context of the Elk City Township ............................................................ 47 
4.2 American River ....................................................................................................... 53 
4.3 East Fork of the American River ............................................................................ 58 
4.4 Buffalo Gulch .......................................................................................................... 58 
4.5 Elk Creek ................................................................................................................. 60 
4.6 Little Elk Creek ....................................................................................................... 61 
4.7 South Fork Clearwater River .................................................................................. 62 
4.8 Crooked River ......................................................................................................... 62 

Chapter 5:  Data Sets and Methods ................................................................................... 65 

5.1 Data Sets and Software ........................................................................................... 65 
5.1.2 Historical Information ...................................................................................... 65 
5.1.3 Archaeological Surveys ................................................................................... 65 
5.1.4 Satellite Imagery .............................................................................................. 66 
5.1.5 Aerial Photography .......................................................................................... 67 

5.2 METHODS ............................................................................................................. 68 
5.2.1 Historical Information ...................................................................................... 68 
5.2.2 Archaeological Surveys ................................................................................... 68 
5.2.3 Satellite Imagery and Aerial Photography ....................................................... 69 

 



 

 

 

 

TABLE OF CONTENTS (Continued) 
 
 

Page 
 

Chapter 6:  Results and Discussion ................................................................................... 80 

6.1 Dredge Tailings Patterns ......................................................................................... 80 
6.1.1 Bucket Line Dredges ........................................................................................ 80 
6.1.2 Power Shovels .................................................................................................. 86 
6.1.3 Draglines .......................................................................................................... 88 
6.1.4 Cultural vs. Natural Landscape Modification .................................................. 96 

6.2 Satellite Imagery and Aerial Photography .............................................................. 97 
6.3 Digital Image Analysis .......................................................................................... 104 
6.4 Limitations ............................................................................................................ 105 
6.5 Recommendations ................................................................................................. 106 

Chapter 7:  Conclusions .................................................................................................. 108 

BIBLIOGRAPHY ........................................................................................................... 111 

 
 



 

 

 

 

LIST OF FIGURES 
 
 

Figure                                                           Page 
 
1:  Map of Idaho and Idaho County, showing study area of Elk City Township..... 10 
 
2:  Map of Elk City Township, showing rivers and township boundary. ................ 11 
 
3: Map showing Bannock, MT and Warren, ID. ..................................................... 25 
 
4: The Fielding L. Graves, first successful bucket-lift dredge in the United States, 

1894 (From Janin 1916: Plate II, B) ................................................................ 26 
 
5: Development of Buckets. Left to right: 5 cubic feet, 10 cubic feet, 13 cubic feet, 

9 ½ cubic feet, 7 ½ cubic feet, and 16 cubic feet. (From Janin 1916: Plate 
XXVII, B) ........................................................................................................ 29 

 
6: Bucket pins from different dredges showing development: Left to right: 13 cubic 

feet, 5 cubic feet, lock pin from 13 cubic feet, lug pin 13 cubic feet, and 7 ½ 
cubic feet. (From Janin 1916: Plate XXVI, B)................................................. 30 

 
7: Side elevation of an 18 cubic foot gold dredge, Yuba Manufacturing Company 

(Peele, 1941) (From McCulloch et al. 2003: 109, Figure 7.16) ....................... 30 
 
8: Yuba floating dredge operating in California.  Photo courtesy of Bob Lewis, 

BLM. ................................................................................................................ 31 
 
9: Dragline dredge and floating washing plant operating near Elk City in 1941 

(From Elsensohn 1951: 48, Plate 7). ................................................................ 33 
 
10: Examples of typical setups for stationary washing plants using power shovels 

(From Gardner and Allsman 1938: Figure 7). ................................................. 35 
 
11: Typical setups for moveable washing plants using a dragline or shovel (From 

Gardner and Allsman 1938: Figure 2). ............................................................ 36 
 
12: Typical setups for floating washing plants using a dragline.  Sketch A shows 

the dragline following the channel discarding tailings behind it.  Sketch B is 
an example of dredging by taking successive 15 – 20 foot cuts back and forth 
in a zig zag pattern across the channel.  Sketch C is an unusual example, in 
which a shovel and bucket line dredge are both used with a floating washing 
plant (From Gardner and Allsman 1938: Figure 1). ........................................ 37 

 
13: Essential features of a floating washing plant, showing the hopper, trommel, 

and tailings stacker (From Gardner and Allsman 1938: Figure 8)................... 38 



 

 

 

 

LIST OF FIGURES (Continued) 

 

 

Figure                                                           Page 

 
14:  Sauerkraute placer mine, a two dragline and portable wash plant operation near 

Lincoln, MT (McCulloch et al. 2003:105, Figure 7.14). ................................. 39 
 
15: Types of dredge mining operations and their approximate locations within the 

Elk City Township.  The data were assembled from Annual Reports to the 
Office of State Inspector of Mines and other historic documents.  Darkly 
shaded areas (American River Mining Co. and the Clair Johnson Dredge) 
represent operations with exact section locations given in the historic records.
 .......................................................................................................................... 52 

 
16: The Clair Johnson Dredge operating along the American River at T. 29 N., R. 8 

E., Section 24 NE ¼ NW ¼ , on July 6, 1981.  Photo courtesy of Craig 
Johnson, BLM. ................................................................................................. 55 

 
17: The Clair Johnson dragline dredge and floating washing plant operating in the 

American River, T. 29 N., R. 8 E.,  Section 24 NE ¼ NW ¼ on July 6, 1981.  
Photo courtesy of Craig Johnson, BLM. .......................................................... 56 

 
18: H & H Mining Company bucket line dredge operating along the Crooked River 

in July 1940 (From Elsensohn 1951: 48, Plate 7). ........................................... 60 
 
19: Sketch of a 4 cubic foot Yuba bucket line dredge used on the Crooked River 

from 1938 – late 1950’s (From Siddall 1992:5). ............................................. 64 
 
20: Flow diagram of methods used in the project. ................................................... 71 
 
22: Non-directional (sobel) filter applied to ASTER layerstacked image. .............. 73 
 
23: Final ISODATA unsupervised classification. .................................................... 75 
 
24: Maximum Likelihood supervised classification. ............................................... 76 
 
25: Layerstacked subset image with polygons of dredge types, created using GPS 

ground truth points. .......................................................................................... 77 
 
26: Unsupervised classified image with polygons of dredge types, created using 

GPS ground truth points. .................................................................................. 78 
 
27: Supervised classified image with polygons of dredge types created using GPS 

ground truth points. .......................................................................................... 79 



 

 

 

 

LIST OF FIGURES (Continued) 

 

 

Figure                                                           Page 

 
28: Tailings piles along the Crooked River. ............................................................ 82 
 
29: Tailings piles and a tailings pond along the Crooked River. ............................. 83 
 
30: Tailings pond near dredge tailings along the Crooked River............................. 84 
31: Generalized illustration of an aerial view of dragline tailings piles (Note scale 

will vary depending on size of dredging operation.)........................................ 85 
 
32: Generalized illustration of an aerial view of power shovel tailings piles (Note 

scale will vary depending on size of dredging operation.). ............................. 87 
 
33: Tailings piles from the Clair Johnson Dredge along the American River. ........ 90 
 
34: Dragline tailings piles and a tailings pond along the American River. .............. 91 
 
35: Tailings piles along both sides of the American River. ..................................... 92 
 
36: Generalized illustration of an aerial view of dragline tailings piles (Note scale 

will vary depending on size of dredging operation.)........................................ 93 
 
37: Generalized comparison of the profile view of bucketline dredge tailings (Cross 

Section A), dragline tailings (Cross Section B), and power shovel tailings 
(Cross Section C).  (Note scale will vary depending on size of dredging 
operation.). ....................................................................................................... 95 

 
38: Gravel bar created during the 1996 floods. ........................................................ 97 
 
39: Comparison of the unsupervised image and DOQ showing dredge tailings along 

American River. ............................................................................................. 101 
 
40: Comparison of the supervised image and DOQ showing dredge tailings along 

American River. ............................................................................................. 102 
 
41: Comparison of the unsupervised image and DOQ showing dredge tailings along 

Crooked River. ............................................................................................... 103 
 
42: Comparison of the supervised image and DOQ showing dredge tailings along 

Crooked River. ............................................................................................... 104 
 



 

 

 

 

LIST OF TABLES 
 
 

Table                                                                                                     Page 
 
1:  Mechanical dredge mining systems with types of dredges and washing plants 

discussed in this report. .................................................................................... 27 
 
2:The dredge crew and wages based on those at Oroville, California in 1905. ....... 42 
 
3:  Labor costs in Northwest for bucketline dredge crews in 1918. ......................... 43 
 
4:  Average crew required to operate a bucketline dredge in 1932. ......................... 44 
 
5:  Buzzer signals for dredge miner directions......................................................... 45 
 
6:  Outline of recorded dredge mining in the Elk City Township, including location, 

type, time, and the name of the operator of dredge, corresponding to Figure 
15. ..................................................................................................................... 51 

 
7:  NASA ASTER imagery characteristics (From Jensen 2005:84). ....................... 67 
 
8: Field guidelines for identifying dredge tailings pile patterns. ............................. 94 
 
9:  Error Matrix for the unsupervised classification, resulting in an overall accuracy 

of 79%. ............................................................................................................. 99 
 
10:  Error Matrix Statistics for the unsupervised classification ............................... 99 
 
11:  Error Matrix for the supervised classification, resulting in an overall accuracy 

of 85.92% ......................................................................................................... 99 
 
12:  Error Matrix Statistics for the supervised classification. ................................ 100 
 

 



Analysis of Dredge Tailings Pile Patterns: 
Applications for Historical Archeological 

Research 
 
 

Chapter 1:  Introduction 

 The search for the elusive “mother lode” has greatly influenced the history 

and landscape of the American West spurring a series of gold rushes beginning in 

1829 with the Georgia Gold Rush in the Southern Appalachians.  The California 

Gold Rush of 1849 led to the development of multiple mining towns in California 

and its entry into statehood in 1850.  The 1850s also witnessed multiple gold rushes 

with the discovery of gold at Jacksonville, Oregon in 1851, the Comstock Lode 

near Virginia City, Nevada in 1859, and the Colorado Gold Rush (Koschmann and 

Bergendahl 1968).  The Colorado Gold Rush began with the discovery of gold at 

Idaho Springs in 1859, and continued with the Pike’s Peak Gold Rush and 

discovery of gold at Gregory Gulch near Central City, Blackhawk, and 

Nevadaville.  The mining district centered at Central City became known as the 

“richest square mile on earth” (Western Mining History 2006).   

 Discoveries of large gold deposits continued into the 1860s in Eastern 

Oregon near the town of Baker City in 1861, in Idaho near the Elk City and Buffalo 

Hump areas around 1862, and in Montana near Helena in 1864 (Koschmann and 

Bergendahl 1968).  The Black Hills Gold Rush along Deadwood Gulch in 1876 

resulted in the formation of the town of Deadwood, South Dakota and brought 

thousands of miners to the area.  The Klondike Gold Rush, which began in 1897 in 



 
 

 
 

2

Dawson City, Yukon, opened up Alaska to settlement opportunities and 

exploration.  This gold rush extended geographically over a vast amount of space 

reaching from the Yukon Territory all across Alaska.  The last major gold 

discovery after 1900 was in Goldfield Nevada in 1902.   

 The major gold rushes ended after 1900; however, mining continued in 

many of the towns established during the gold rushes into the 1950s.  The legacy of 

historic gold mining remains at more than 80,000 inactive mining sites located in 

the United States (United States Department of the Interior, BLM 2006:1).  The 

gold rushes have heavily influenced the nature of Euro-American settlement in the 

Pacific Northwest, resulted in numerous broken treaties and the removal of Native 

Americans from their traditional homelands, and introduced new technologies of 

the Industrial Revolution.   

Within the subdiscpline of industrial archaeology, a great deal of research 

has focused on historic mining, led by Donald Hardesty.  Hardesty is one of the 

most prolific authors on this subject and has spent his career focusing on the 

significance of historic mining sites on the development of the American West.  

Hardesty (1988) offers researchers a guide for documenting and understanding 

archaeological sites in historic mining districts.  He describes mining sites as 

clusters of trash dumps, houses, privies, roads, mills, and mines organized into 

feature systems, which he defines as a group of visible archaeological features or 

objects that are the product of a specific human activity (Hardesty 1988:11).  In this 

guide he also discusses the importance of combining thorough documentary 
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evidence with archaeological evidence, and he outlines the laws and regulations 

involved in preserving historic mining sites (Hardesty 1988).  Hardesty provides 

researchers with guidelines for properly evaluating the significance of historic 

mining sites and identifies several mining features that may contribute to the 

historical value of the site (1990).  In other research, Hardesty (2003) has focused 

on landscape archaeology, and describes how this approach involves the 

development of historical models for the transformation of natural landscapes into 

cultural landscapes. 

Following Hardesty’s lead; Knapp, Bell, Lawrence, Simmons, and 

Douglass have also contributed to the body of literature on historic mining sites.  

Knapp’s research focuses primarily on landscape archaeology at mining sites, 

where Knapp and Ashmore (1999) use the terms ideational, conceptual, and 

constructed to define landscapes.  The relationship between mining, settlement, and 

landscape differs depending on the scale and level of production (Knapp 1999).  

Lawrence (1998) focuses on gender and community structure within Australian 

mining camps, applying a feminist approach.  She attempts to highlight the role of 

women and families in shaping the culture of mining communities (Lawrence 

1998).  Simmons (1989 and 1998) also analyzes gender in historic mining sites by 

studying the role prostitutes played in early mining communities.  She presents a 

profile of the prostitute along with the settlement patterns and material culture 

associated with this occupation (Simmons 1989).  Simmons links the spatial 

arrangement of prostitutes with larger sociopolitical structures in the mining 
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community (1998).  Douglass (1998) used a social anthropological approach to 

study mining camps.  He discusses the mining camp as a community that would 

relocate whenever a new discovery was made; however, it maintained kinship, 

friendship, business, and ethnic ties (Doulass 1998).  Sheridan (1998) discusses 

race, class, and labor relations in Arizona mining communities.  There are many 

other researchers that focus on aspects of mining in the United States and abroad in 

Europe and Australia. 

1.1 Research Questions and Motivations 
 The area of archaeological mining research that Hardesty and others have 

not yet covered in any depth is dredge mining.  Dredges were used along rivers all 

over the American West to mine gold and other precious metals, which left behind 

tailings piles scattered across the landscape.  The tailings piles have distinct 

patterns based on the specific dredging technology used.  These patterns can be 

analyzed by archaeologists, and through these analyses one can discover the dredge 

technology used, number of workers employed, and potentially the time period of 

operation.  Further research may also allow researchers to discover names of the 

miners who actually worked on the dredges.   The differences in dredging methods 

reflect the miners’ adaptations to different geologic settings and environments.  

These adaptations are evident in the patterns of tailings piles left by certain dredges.  

Therefore, this thesis will add to the existing mining research by focusing on 

historic dredge mining.  Following Hardesty’s feature systems approach, this 
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research will address the components of dredging systems and identify the patterns 

of tailings piles created by the different technologies.   

 The research questions addressed by this study are a response to the lack of 

information available for archaeologists studying historic dredge mining sites.  The 

overriding research question was to determine whether patterns could be 

distinguished between tailings piles which were created by different dredging 

technologies, and if these patterns had specific characteristics that could be used for 

identification purposes.  The second set of research questions focused on the 

incorporation of remote sensing imagery to aid archaeological interpretation of 

dredge tailings piles.  The primary question was to determine whether Advanced 

Spaceborne Thermal Emission and Reflection Radiometer (ASTER) satellite 

imagery could be used to accurately classify dredge tailings piles.  The secondary 

question was to determine whether remotely sensed imagery could be used to 

distinguish patterns of dredge tailings, and to decide if spatial or spectral resolution 

was more important when identifying tailings patterns. 

 This research provides a set of guidelines for archaeologists to document 

the history of dredge mining in Central Idaho.  The synthesis of information on 

dredge mining, testing of remote sensing techniques, and fieldwork will contribute 

not only to industrial archaeology but also the broader spectrum of cultural 

resource management.  Archaeologists will be able to use this information in the 

field and with satellite imagery to correctly identify and interpret historic dredge 

mining sites.  The remote sensing aspect of this research enables archaeologists to 
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better understand the human activities of the past by what is visible presently on the 

ground.  It also provides a different perspective and allows researchers to view a 

larger landscape, which is not possible during a pedestrian survey.  Archaeologists 

can use the remote sensing imagery to determine the amount of the landscape the 

tailings encompass and their patterns.  No remote sensing research has yet 

attempted to classify dredge tailings using ASTER imagery.  This investigation is 

also the first study to compare the spatial resolution of digitally orthorecitifed 

photos (DOQ) with the spectral resolution of ASTER imagery, to determine which 

is more accurate in detecting dredge tailings patterns. 

 This research originated from archaeological surveys which recorded 

dredge tailings scheduled to be destroyed for riparian improvement projects.  

Future projects in the Elk City area may include road construction, mineral 

materials sales, and road obliterations; which may potentially impact these historic 

sites.  Similar riparian restoration projects are underway across the United States 

and have a great impact to historic dredge mining sites.  Therefore, archaeologists 

must be aware of the potential significance of these sites and the information that 

can be obtained through an analysis of the patterns of dredge tailings piles.   

 The major contributions of this thesis are to clarify the historical context for 

dredge mining in North Central Idaho, to identify visible footprints left by this 

industrial activity, and to provide both pedestrian survey and remote sensing 

techniques to locate and differentiate between the various dredging technologies.  

All of the contributions will increase the archaeologist’s ability to protect and 
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manage this irreplaceable resource.  This thesis will provide a body of information 

allowing land managers greater capacity to protect and manage these finite 

resources.  Beyond the cultural resource management aspect of this study, my work 

contributes to the body of understanding of industrial mining sites and contributes 

to the archaeological understanding of industrial archaeological human land use 

patterns in the American West.   

1.2 Study Area 
 The study area encompasses the Elk City Township (T. 29 N., R. 8 E.), 

located in Idaho County in the upper South Fork Clearwater River drainage of 

north – central Idaho (Figure 1 and Figure 2).  It includes the town of Elk City, and 

is centered at 45 º 39’N and 115 º 25’ W.  The township covers an area of 

approximately 6 miles x 6 miles and is located within the Nez Perce National 

Forest.  However, the township itself is currently owned in large part by the Bureau 

of Land Management.   Elevation in the Elk City area ranges from 3980’ – 6000’.  

Land cover is composed primarily of Lodgepole Pine with some Spruce, 

Huckleberry bushes, and various other herbaceous species.  Geologically, the area 

is composed of metamorphic rocks, extrusive igneous rocks, and plutonic igneous 

rocks.  These rocks form a geologic complex of quartz – mica gneisses, quartz – 

mica schists, and quartzites that have been locally intruded by granitic dikes and 

sills (Shenon and Reed 1934:10 – 17).  The river systems are extensive and well 

developed.  The South Fork Clearwater River and the American River are the main 

waterways in the township, and bear sediments derived from the erosion of regional 
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gold bearing bedrock units.  Because the surficial deposits in these two river 

systems held significant economic potential, they were the target of intensive placer 

mining operations, including dredge mining. Tailings piles, testaments from these 

mining practices, are widespread in the Elk City area along the South Fork 

Clearwater River, Crooked River, American River, Buffalo Gulch, and Little Elk 

Creek.   

 The remaining sections of the thesis are outlined as follows.  The Literature 

Review provides a more detailed analysis of previous research in mining 

archaeology, landscape archaeology, and remote sensing applications in 

archaeology.  In Dredge Mining and Methods, I will review mechanical dredge 

mining, discuss the processing and disposal of gravels, compare the three different 

types of mechanical dredges, and then focus on the miners who worked on the 

dredges.  The following chapter, Data Sets and Methods, briefly describes all the 

data sets I used for my research and the methods that were used in the pedestrian 

surveys and the remote sensing analysis.  I examine how DOQ and ASTER satellite 

imagery can be used to interpret dredge tailing patterns, and which method is 

superior.  In Dredge Mining in the Elk City Township, I discuss the types of 

dredges used in the Elk City Township, where these dredges were located, and who 

owned and worked on the dredges.  The Results and Discussion chapter examines 

the various possibilities of dredge tailing patterns and the accuracy assessment 

results from the remote sensing imagery classification.  The Conclusion chapter 
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provides a synopsis of my thesis once again highlighting the main goals I have 

accomplished through my research. 
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Figure 1:  Map of Idaho and Idaho County, showing study area of Elk City 
Township. 
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Figure 2:  Map of Elk City Township, showing rivers and township boundary. 



 
 

 
 

12

Chapter 2:  Literature Review 

2.1 Industrial Landscape Archaeology 
 To achieve the research goal of determining whether particular tailings 

patterns indicative of specific dredge mining technology can be correctly identified, 

an overarching link must be made between the dynamic past and the observed 

present.  The observed present being defined as the condition and state an 

archaeological site is in at the time it is recorded and analyzed by the archaeologist.  

Therefore, Middle Range Theory is the guiding theoretical perspective for this 

investigation.  Middle Range Theory is practiced by almost all archaeologists and 

allows researchers to create linking arguments between the observed archaeological 

data in the present and the activities that took place in the past.  This theoretical 

approach looks specifically at the dynamics of past societies with regards to the 

way they functioned, developed, and were transformed (Johnson 1999).  This 

approach appropriately addresses the research goals by providing the researcher 

with a set of guidelines they can follow to link dredge mining technologies of the 

past with the observed patterns of tailings piles in the present.  The methods 

outlined by this thesis include a review of historical documentation, which is used 

to link the past information on dredging technology with the tailings piles, and the 

incorporation of remote sensing imagery, which acts as a tool enabling researchers 

to understand how dredge mining affected vast landscapes and the patterns it left 

behind. 

 This thesis contributes to previous archaeological research in industrial 

landscape archaeology and settlement pattern studies.  This research will provide 
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readers with a historical context for dredge mining which can be applied to dredge 

mining sites around the country and world.  The thesis follows Teague’s 

(1987:200) definition of Industrial Archaeology as “the systematic problem-

oriented study of the material remains of the workplace and the worker within the 

context of the industrial revolution.”  This non-traditional approach to Industrial 

Archaeology is appropriate for this research because historic mining sites do not 

always contain machinery or standing buildings.  The research also follows 

Crumley;s (1994:6) definition of landscape as “the material manifestation of the 

relation between humans and the environment.”  Using this approach, dredge 

tailings piles are the material manifestation of human’s use of the environment for 

resource extraction.   

 A great deal of archaeological work and research has focused on historic 

mining sites.  As previously mentioned, Donald Hardesty (1988, 1990, 1998, 2003) 

is one of the main contributors to our current archaeological understanding of 

historic mining sites.  Along with Hardesty; Knapp (1998), Bell (1998), Lawrence 

(1998), Simmons (1989), and Douglass (1998), are just a few who have contributed 

to the body of literature on historic mining sites.  These different works focus on 

the composition of mining settlements, gender and community structure, 

prostitution in mining communities, and ethnicity in mining communities.  

However, no major archaeological research has been devoted to developing a 

historical model of dredge mining for other archaeologists.  The current body of 

literature that provides information on dredge mining is written by geologists, 
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historians, and mining experts and will be discussed in detail in Chapter 3: Dredge 

Mining and Methods. 

 Hardesty (1990) investigates the many problems with the evaluation of 

historic mining sites, identifies these problems, such as lack of coherent research 

design, and proposes solutions, such as a significance evaluation matrix.  He 

identifies several mining landscape features that may be contributing features to the 

historical value to the site under criteria (a), (c), and (d).  Criterion a being sites that 

are associated with events that have made a significant impression on the broad 

patterns of our history, criterion (c) being sites that embody distinctive 

characteristics of a type, period, or method of construction, or that represent the 

work of a master, or that possess high artistic values, or that represent a significant 

and distinguishable entity whose components may lack individual distinction, and 

criterion (d) being a site that has yielded or may possibly yield information 

important in prehistory or history (National Park Service 2007).  Features may be 

contributing through criterion (a) if they reflect the introduction of a new 

technology into the area that contributed to the mining industry.  Francaviglia 

(1988:34) states that the significance of landscape features can be emphasized by 

highlighting their importance as representations of the technological and 

geomorphic history of mining districts, thus fulfilling the criteria (c) and (d).     

  “The Archaeology of Mining and Miners; A View from the Silver State,” 

serves as a guide for documenting and understanding archaeological sites in 

historic mining districts (Hardesty 1988).  Hardesty emphasizes the importance of 
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combining both documentary evidence and archaeological evidence when working 

on historic mining sites, and outlines the appropriate methodology for documentary 

research.  Documentary records that Hardesty recommends when researching 

historic mining sites include: federal census records, store inventories, tax 

assessment rolls, company books or records, personal diaries, community plats, 

cartographic sources, iconographic and pictorial information, professional and 

technical journals, government publications, newspaper accounts, and city 

directories.  He also provides options for preservation planning in mining districts 

and describes the laws which affect these sites (Hardesty 1988).  However, in this 

work Hardesty (1988) focuses solely on hardrock gold and silver mining in Nevada 

between 1860 – 1930.   

 Hardesty (1988) describes the mining frontier as a network of “islands” 

colonized by the miners, who brought with them imported social and cultural 

environments.  The frontier is thereby linked to American and European 

civilization through the islands’ participation in world systems (Hardesty 1988).  

According to Wallerstein (1979 – 1980), world systems include three types of 

interactions: 1) materials, which are transported between the frontier and heartland; 

2) population, where the frontier serves to link people from various parts of the 

world into a population pool; and 3) information, which encompasses the exchange 

of ideas, information, and symbols.   

 Hardesty (1988:11) defines mining sites as “geographical clusters of house 

sites, trash dumps, privies, roads, mill sites, and mines organized into feature 
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systems.”  Hardesty (1988:9) introduces the concept of a feature system and defines 

this as “a group of archaeologically visible features and objects that is the product 

of a specific human activity.”  A feature system is properly identified first through 

documentary accounts of the morphology and the activity of mining.  There are 

three main aspects of features systems which Hardesty outlines.  First, a feature 

system may include archaeological features that are widely dispersed 

geographically.  Second, the same archaeological feature may be included in 

different feature systems.  Third, feature systems may include features and objects 

from more than one feature system.  Hardesty uses Kelly and Kelly’s (1983) 

arrastra description as an example of a feature system.  An arrastra is a drag stone 

mill used to crush ores and extract precious metals.  Kelly and Kelly (1983) 

construct a “historical model” of arrastra morphology and activity, which is used as 

a guide to search archaeological sites for remnants of these features.   

 This thesis follows Hardesty’s feature systems approach and applies it to 

historic dredge mining sites.  The dredge tailings piles are identified first through 

documentary accounts of dredging technology, methods, and actual mine reports.  

Dredge mining sites can be considered feature systems because they are a group of 

archaeologically visible features produced by human activity, typically they are 

widely dispersed geographically, if multiple dredging operations worked on the 

same stretch of river they can include tailings from more than one feature system, 

and dredge tailings piles could consist of multiple different types of patterns from 

different technologies in a single area.  This investigation constructed a “historical 
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model” of dredge mining morphology and activity similar to Kelly and Kelly’s 

(1983) arrastra study.  The goal of the research is to provide archaeologists with 

enough information to correctly interpret dredge tailings in the field and determine 

which type of dredge mining technology was used at specific sites.   

 Hardesty also describes the multiple characteristics of mining sites, 

including: cycles of occupation and abandonment which create “layers” of feature 

systems, “horizontal stratigraphy” where site components are often separated 

horizontally rather than vertically, and “mutilation” of previous landscapes and 

features due to typical cycles of occupation, abandonment, and resettlement 

(Hardesty 1988).  This mutilation aspect can often be seen at dredge mining sites 

where some dredge tailings have been destroyed by new dredging operations, roads 

have been built on top of tailings or by crushing the tailings into gravel, or through 

river reconstruction projects that level or remove toxic dredge tailings.  According 

to Hardesty (1988:11), the structure of mining sites must be viewed as 

“discontinuous surviving remnants of multiple occupations and feature systems.”  

 Hardesty (1988) addresses the three most common features left behind in 

the archaeological record: technology, settlements, and households.  The most 

visible feature left behind is the mining technology, which includes dredge tailings, 

waste dumps, shafts, adits, mill foundations.  Hardesty (1988) describes settlements 

as a group of people who interact on a daily basis and live in the same place, which 

is the focal point of social information about the mining frontier.  Hardesty (1988) 
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defines the household as a group of people who share the domestic activities of 

consumption and production.   

 Mining landscapes have been studied by multiple people researching 

landscape archaeology (Hardesty 2003, Knapp 1998 and 1999).  Hardesty 

(2003:81) states that the study of landscape archaeology involves the interaction 

between specific landscape patterns, elements or components and the “meaning” 

that they have within historical, social, or cultural contexts.  Knapp (1998) also 

states that the mining community provides information about human activity on an 

industrial frontier.  Elements of past landscapes can be documented, analyzed, and 

interpreted through landscape archaeology.  Hardesty addresses the importance of 

archaeological methods to better understand the landscape, including: remote 

sensing, geographic information systems, geoarchaeology, and palynology. 

 Hardesty (1988 and 2003) discusses the concept of mining colonies and 

how they are typically short lived and the individuals only plan on living their 

temporarily.  There is a significant material expression of these “colonization” 

events left behind in these mining landscapes.  The study of settlement history and 

the evolution of settlement patterns have been influenced by landscape learning of 

the history and patterns of mining landscapes (Hardesty 2003).  Landscape 

becomes a culturally meaningful resource through routine occupancy (Knapp and 

Ashmore 1999).  The United Nations Educational Scientific and Cultural 

Organization (UNESCO) has specific criteria for categorizing cultural landscapes: 

1) clearly defined landscapes were designed and created intentionally, such as 
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gardens and parks, 2) organically evolved landscapes began as particular socio-

economic, administrative or religious initiatives which evolved in response to the 

natural environment, such as industrial landscapes, 3) associative cultural 

landscapes are sacred features or religious settlements (Knapp and Ashmore 

1999:6).  However, Knapp and Ashmore (1999) use the terms ideational, 

conceptual, and constructed to define landscapes.  Constructed landscapes are those 

that consist of industrial remnants.  The relationship between mining, settlement, 

and landscape differs depending on the scale and level of production (Knapp 1999).   

 The miners brought geological knowledge with them concerning the best 

locations to prospect, the distribution of the ore bodies, and the characteristics that 

should be present in these deposits (Hardesty 2003).  They also brought with them 

technological knowledge about the best way to extract the minerals from the rock 

in certain situations.  According to Knapp (1998), technology is a part of the people 

who used it, their daily life and abilities, ideology and beliefs, and their capacity to 

negotiate relationships in the mining frontier.  The miners also transformed 

landscapes by giving these places social and cultural meaning (Hardesty 2003).  

“Mining landscapes in the modern world represent an enormous variety of 

colonization events ranging from short to long in duration, from small to large in 

geographical scale, and from small to large in population size (Hardesty 2003:93).”  

Hardesty (1988) also suggests that the Optimal foraging theory is one way to better 

understand the movements of miners and their environmental decisions.  Using this 

approach the ore bodies can be viewed as meaningful landscapes in terms of 
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economic value as a commodity, with varying costs due to technology of extraction 

and transportation (Hardesty 2003).  Rubertone (1989:50) states that “landscapes 

do not simply reflect human existence, they are an active way in which humans 

express themselves and their ideas, and they are vital sources of historical evidence 

for peoples’ lives, work, and ideas.”   

2.2 Remote Sensing Applications for Dredge Mining 
 Advanced Spaceborne Thermal Emission Reflection Radiometer (ASTER) 

data are used to investigate geology, soils, and land surface among other things 

(Yamaguchi et al. 1998:1).  During my literature review I limited my scope to 

papers concerned with ASTER imagery in archaeological research or mine tailings 

research.  I also attempted to find articles that compared ASTER data and digital 

orthophoto quadrangle (DOQ) images in the same study.  However, in the peer 

reviewed literature I was unable to find any papers addressing my specific research 

questions.  There were no studies using ASTER imagery to analyze dredge tailings 

piles. 

 Many archaeological studies used ASTER imagery to create Digital 

Elevation Models (DEMs) and many geological studies used ASTER to map 

lithographic units.  Lambers and Sauerbier (2006), Maples (2004), Tripcevich 

(2004), and Williams (2003), all used ASTER imagery as an aid to create more 

accurate landscape and predictive models for their study areas.  They created a 

DEM with ASTER imagery and used slope, elevation, aspect, and other factors to 

determine where potential sites would be located.  Rowan and Mars (2003) used 
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ASTER imagery to classify a wide range of lithologic types in California.  They 

based their map on the spectral emittance of the first nine bands of the ASTER 

data.  Argialas and Tzotsos (2004) used ASTER data and a DEM perform to object 

oriented image analysis for the recognition and classification of alluvial fans.  They 

based their classification on the spectral, topographic, topologic, geometric and 

contextual knowledge from the ASTER imagery and DEM.  The classification is 

similar to my classification which will be based on spectral, geometric, and 

contextual data. 

 Since there were no studies similar to my own that involved ASTER data, I 

looked for studies that used different imagery but focused on similar research 

questions.  Hornsby et al. (1989) use Landsat TM imagery to monitor the 

vegetation regrowth on placer tailings piles.  Landsat TM, or Landsat Thematic 

Mapper, is a scanning optical-mechanical sensor that records energy in the visible, 

reflective-infrared, middle-infrared, and thermal infrared regions of the 

electromagnetic spectrum (Jensen 2000).  The TM bands were specifically chosen 

for their ability to penetrate water, discriminate vegetation type and vigor, measure 

plant and soil moisture, differentiate clouds, snow, and ice, and identify 

hydrothermal alteration in certain rock types (Jensen 2000).  Therefore, due to the 

TM bands and the frequent repetition, this imagery is useful for monitoring 

vegetation growth.  Their study area contained tailings piles of varying ages and a 

variety of mining methods.  They classified the imagery into 10 classes and found 

that the methods used to mine the placer gold and the structure and composition of 
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the tailings piles was the dominant factor in vegetation regrowth (Hornsby et al. 

1989).   

 Girel et al. (1997) used a combination of multispectral and panchromatic 

SPOT images to analyze the present landscape along a previously braided channel 

to determine the effects of human engineering and activity in the past 300 years.  

The SPOT satellite was developed by the French National d’Etudes Spatiales 

(CNES), and has a panchromatic spatial resolution of 10 meters and a multispectral 

spatial resolution of 20 meters.  The SPOT imagery can be used well in vegetated 

situations and has a revisit time of 26 days allows for good temporal coverage of a 

study area (Jensen 2005).  They used historical reconstruction techniques, similar to 

those I have used in my study, to understand all the ways the valley was 

transformed.  Girel et al. (1997) also used a merging method, similar to the merge I 

will use in my analysis, for floodplain land cover mapping and performed a 

classification of landscape patterns using both spatial and spectral properties.    

 Wilson (2004) used ASTER imagery to create a hybrid 

supervised/unsupervised classification of land cover types in a national park.  A K-

means unsupervised classification was used to obtain 28 classes, which were 

reclassified using a Maximum Likelihood supervised classification.  Wilson (2004) 

compared the 28 classes to a 1m DOQ and Universal Transverse Mercator (UTM) 

coordinates of known vegetation types to insure the accuracy of the classes and had 

an overall accuracy of 89.27 %.      
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 Although the previously mentioned articles are similar to my research; there 

was no literature I could find which used remote sensing imagery to analyze mining 

sites from a historic archaeological perspective.  There were no studies found that 

used ASTER imagery to study tailings piles, even though it is frequently used to 

map geologic deposits.  However, the ASTER webpage has a section devoted to 

ASTER images of well known archaeological sites around the world, 

http://asterweb.jpl.nasa.gov/gallery.asp?catid=80.   

 Therefore, to answer the research goals addressed in this study, Middle 

Range Theory was used to develop guidelines for linking the dynamic past with the 

observed present.  Hardesty’s feature systems approach was used to interpret the 

historic dredge mining sites, and to create a historical context for dredge mining.  

The ASTER remote sensing imagery and DOQ imagery were used to help link the 

dredge mining activities with the actual observable tailings patterns.  These data 

provide researchers with a different perspective on historic mining sites, and enable 

larger amounts of the landscape to be analyzed.  This thesis adds to the previous 

research in industrial landscape archaeology by providing an outline of dredge 

mining technology and the proper methodology and theoretical approaches for 

interpreting the products of this technology, the tailings piles. 



 
 

 
 

24

Chapter 3:  Dredge Mining and Methods 

3.1 Mechanical Dredge Mining 
 The adaptation of dredging to placer gold mining first began in New 

Zealand in 1882, and the first successful application of the method in the United 

States occurred at Bannack, Montana in 1894 (Janin 1916) (Figure 3 and Figure 4).  

By as early as 1897, dredge mining became a fully mechanized activity in Idaho as 

a steam shovel was used on the placer grounds of Meadow Creek, below the town 

of Warren (Gardner and Johnson 1935:25) (Figure 3).  However, the steam shovel, 

which lifts material from the bottom upward with a scoop, was not generally used 

for mining purposes.  Dredges excavated stream gravel deposits along the entire 

river channel in search for gold and redeposited the waste material in large tailings 

piles behind the dredge.  The most successful and profitable period for dredging in 

the United States occurred between 1895 and 1942 (Romanowitz, et al. 1970: 3).  

In 1934, the government raised the price of gold to $35 per troy ounce, which made 

dredge mining more popular and profitable (McCulloch et al. 2003: 5).  Most of the 

placer gold operations in the United States were forced to close down in 1942 due 

to the War Production Board Limitations (order L-208) issued during World War 

II, which labeled gold mining a non – essential industry (McCulloch et al. 2003: 5).   
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Figure 3: Map showing Bannock, MT and Warren, ID. 
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Figure 4: The Fielding L. Graves, first successful bucket-lift dredge in the United 

States, 1894 (From Janin 1916: Plate II, B) 

 The dredge mining process, as applied to gold recovery, consists of two 

systems which are classified as hydraulic and mechanical (Romanowitz, et al. 

1970:3) (Table 1).  Hydraulic systems use suction dredges; however, they are 

generally used for recreational dredging and will not be discussed in this research.  

Mechanical systems are further divided into three types; dryland excavators with 

floating wash plants, dryland excavators with portable wash plants, and floating 

dredges.  These are also classified as mechanical continuous and mechanical 

repetitive by Romanowitz et al. (1970: 3).  Floating dredges, also referred to as 

mechanical continuous systems, include a floating platform upon which a 

mechanized series of buckets are used to dig sediments, and a washing plant that 

allows for continuous digging and separation of waste rock and gold.  The bucket 

line or bucket ladder dredge is an example of a mechanical continuous system 

(Romanowitz, et al. 1970:7).  Dryland excavators also referred to as mechanical 
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repetitive systems, use an excavator with a bucket attached for digging placer 

deposits.  Unlike the other method, a mechanical repetitive system includes a 

washing plant that is separate from the excavator aspect.  Typical excavators 

include power shovel or dragline assemblies that are used in conjunction with a 

stationary, floating, or moveable washing plant in all cases (Romanowitz, et al. 

1970:10).  Mechanical methods operated most efficiently in these areas where 

placer gold occurred in large flat deposits that could not be mined using hydraulic 

methods (Romanowitz, et al. 1970:2).   

Table 1:  Mechanical dredge mining systems with types of dredges and washing 
plants discussed in this report. 

 

 
Mechanical Dredge Mining 

  
Systems Types of Dredges Washing Plant 

   
Floating Dredge 

 
Bucket Line Dredge 

 
Located on dredge 

 
   
Dryland Dredging 

 
Power Shovel 

 
Stationary, Mobile, or Floating 

 

 
 

 
Dragline 

 

 
Floating or Mobile 

 
 

3.1.1 Floating Dredges / Mechanical Continuous Systems 
 Floating dredges are self contained units that work with a small crew with 

extremely low cost (McCulloch et al. 2003: 107).  They are most effective on 

alluvial deposits because of the large volume and low, but predictable grades 

(McCulloch et al. 2003:107).  The first floating bucket line dredge was developed 
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in Europe during the 16th Century to excavate harbors (Romanowitz, et al. 1970:2).  

Since this time, the design and efficiency of dredge mining has greatly improved.  

A 19th Century gold dredge consisted of a flat-bottomed boat equipped with 

excavation and gold-washing machinery (Rohe 1984:5).  These first floating 

dredges were made of wood; however, they were soon replaced by large, steel-

hulled, electric powered dredges.   

 Mechanical continuous systems consist of a bucket line dredge, also 

referred to as a bucket-ladder or bucket-elevator dredge.  This style of dredge 

consisted of a wood or steel hulled barge with a continuous chain of buckets, a 

screening and washing plant equipped with trommels and sluice boxes with riffle 

tables to save the gold, and one or more conveyer belts for removing tailings (Rohe 

1984:5-6).  Trommels were a combination of screening and scrubbing units 

comprising an efficient and economical device for disintegrating and washing 

gravels.  They contained revolving screen plates made out of rolled steel or cast 

manganese steel, punched or drilled with holes 3/8 inch to 5/8 inch diameter, and 

typically 16 – 20 feet long (Gardner and Johnson 1935: 58).  Sluice boxes were the 

simplest method to concentrate the gold.  Riffle tables were used on top of the 

sluice box and trapped the gold using mercury.  The excavation capacity of the 

bucket line dredge ranged from 1½ - 20 cubic foot buckets, which were changed 

depending on the composition of the deposit and the volume of material to be 

processed  (Figure 5 and Figure 6) (Romanowitz, et al. 1970:7).    The bucket line 
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dredge was a complete mining unit, comprised of a compact gravity-based 

processing plant and a waste stacking unit made of steel with a hull – mounted 

conveyor belt to discard tailings (Romanowitz, et al. 1970:7) (Figure 7 and Figure 

8).  It excavated and processed sediments in order to recover any inclusive free 

gold in sluices and then stacked the tailings behind the dredge (Rohe 1984:6).  This 

complete method allowed the bucket line dredge to process large quantities of 

material in a relatively short period of time.  However, the bucket line dredge 

typically did not recover more than 50% of the gold in the deposit (Bob Lewis, 

personal communication 2006) 

 
Figure 5: Development of Buckets. Left to right: 5 cubic feet, 10 cubic feet, 13 

cubic feet, 9 ½ cubic feet, 7 ½ cubic feet, and 16 cubic feet. (From Janin 
1916: Plate XXVII, B)   
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Figure 6: Bucket pins from different dredges showing development: Left to right: 

13 cubic feet, 5 cubic feet, lock pin from 13 cubic feet, lug pin 13 cubic 
feet, and 7 ½ cubic feet. (From Janin 1916: Plate XXVI, B) 

 
 

 
Figure 7: Side elevation of an 18 cubic foot gold dredge, Yuba Manufacturing 

Company (Peele, 1941) (From McCulloch et al. 2003: 109, Figure 7.16) 
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Figure 8: Yuba floating dredge operating in California.  Photo courtesy of Bob 
Lewis, BLM. 

 
 The shape and size of the bucket and the design and capacity of the 

processing plant were influenced by the depth, character, and quantity of the 

gravels (Romanowitz, et al. 1970:15).  Dredge bucket design was also influenced 

by the size of boulders and cohesiveness of the formation, its clay content, the 

character of the bedrock, and the way in which gold was concentrated or trapped in 

the deposit (Romanowitz, et al. 1970:15-17).  Knowledge of the pond levels as well 

as the fracture pattern, contour, and slope of the bedrock influenced the direction 

and pattern of dredging (Romanowitz, et al. 1970:19).  Water was needed to wash 

the sediments and gravels through the trommel.  Bucket line dredges did not 

require a large crew, and typically used 3 – 6 men per shift to work as winchman – 

dredge master, oilers, and shoremen (Romanowitz, et al. 1970:19).   
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3.1.2 Dryland Dredging / Mechanical Repetitive Systems 
 Dryland dredging used derricks, cableways, inclines, and mechanical 

excavators in the 1930s (McCulloch et al. 2003: 102).  However, these are not 

commonly used today and for purposes of this report only the power shovel 

excavator will be discussed.  In the 1930s, as a result of attempts to reduce costs 

and work on deposits too small for floating bucket line dredges, new dragline 

dredges called “doodlebugs” appeared (Rohe 1984:9).  These combined a dragline 

excavator or power shovel with a floating or land based washing plant (Rohe 

1984:9).  The first successful operation of this kind in the United States began in 

1933 and was built by Horace Oynett (Merrill 1938:521).   

 The dragline consisted of a movable power unit upon which a long, 

revolving boom and bucket was mounted (Merrill 1938:522) (Figure 9).  The 

dragline bucket was the most important part of the operation and often included a 

special cutting lip to plane off the upper portion of bedrock (Evans 1936:258).  The 

bucket was loaded by dragging it toward the power unit with a cable.  Another 

cable hoisted the bucket where it could be swung to any position within the range 

of the boom (Merrill 1938:522).  Once full, the bucket was raised and swung over 

the washing plant to discharge the gravel into a hopper for further processing.  The 

dragline was always worked from the bank and had to keep retreating slowly as the 

pond advanced toward it (Gardner and Allsman 1938:7).  Four men worked on the 

dragline each shift, acting as an oiler, an attendant, and two repairmen (Evans 

1936:258).  Bulldozers were also used to clear ground, smooth a path for the 

dragline, and to build ditches and levees for water flow control. 
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Figure 9: Dragline dredge and floating washing plant operating near Elk City in 
1941 (From Elsensohn 1951: 48, Plate 7). 

 The power shovel consisted of a machine that loaded and dug sediment by 

means of a forward thrusting dipper on a rigid arm or a dipper stick (Gardner and 

Johnson 1935:25).  From 1890 – 1910, power shovels were often mounted on 

floating dredges (Romanowitz, et al. 1970:11).  The dipper and bucket capacities 

ranged from ¼ to 20 cubic yard capacities, but 2 cubic yard capacity shovels were 

typically used.  The power shovel had a variable digging radius of 12 – 25 feet and 

could excavate cuts 25 – 50 feet wide, 5 – 10 feet below grade, and empty buckets 

15 – 25 feet above the ground (Gardner and Johnson 1935:25).  Power shovels 

were not always successful due to their intermittent capacity to supply the treating 

plant, relatively high energy consumption, and inability to clean up bottom gravel 

(Romanowitz, et al. 1970:11).  Although the power shovel could not dig from the 

bank, it did have advantages in tight boulder deposits (Romanowitz, et al. 1970:11).   
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3.2 Sediment Processing and Disposal 
 In the case of mechanical repetitive systems, the washing plant is separated 

from the excavation equipment.  “Washing plants are an assemblage of equipment 

that prepares the sample for separation and then removes the gold with allowing 

waste material to flow out of the plant (McCulloch et al. 2003: 153).”  The size of 

the plant and the feed rate are determined by the type of deposit, lode source, 

sample size, and material in the sample (McCulloch et al. 2003: 153).  There are 

three types of washing plants associated with this type of dredging; floating, 

mobile, and stationary (Gardner and Allsman 1938:4).  The costs of floating 

washing plants were less than moveable plants, which were in turn, less expensive 

than stationary plants (Gardner and Allsman 1938:6).  According to Bob Lewis 

(personal communication 2006), the type of washing plant used depended solely on 

the mine owner’s mining preferences and financial abilities.   

 Stationary plants varied widely in design and typically had enough capacity 

for hours of uninterrupted operation (Gardner and Johnson 1935:14).  When used 

with a power shovel, the plant could process large amounts of material, but from 

only a restricted radius (Gardner and Johnson 1935:25).  Stationary plants were 

often used for treating gravels at great depths or with widely scattered deposits 

(Gardner and Allsman 1938:7).  However, the advantages of this washing plant 

were that the design of the plant could be customized, and the pit could be laid out 

to the best advantage for digging (Figure 10).   
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Figure 10: Examples of typical setups for stationary washing plants using power 
shovels (From Gardner and Allsman 1938: Figure 7). 

 The moveable washing plant required no trucking costs for the shipping of 

mined materials and allowed for easy disposal of tailings on the cleaned bedrock; 

however, these plants were often smaller and weaker in design, lacked storage 

room, and could not process as much material as other kinds of washing plants 

(Gardner and Johnson 1935:4).  Depending on the character of the deposit, 

moveable washing plants could be used with draglines or power shovels (Gardner 

and Allsman 1938:7).  If used in conjunction with a dragline, the plant could be 

located on the bank or in the pit; however, if a power shovel was used the plant 

must be in the pit with the excavator since the shovel could not otherwise reach into 

the hopper (Gardner and Allsman 1938:7) (Figure 11).   
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Figure 11: Typical setups for moveable washing plants using a dragline or shovel 
(From Gardner and Allsman 1938: Figure 2). 

 The design and setup of floating wash plants eliminated most of the 

disadvantages of moveable plants (Figure 12).  Floating washing plants were 

always used with dragline dredges and sometimes with power shovels.  Most of the 

plants in use during the 1930s through the 1950s were built by The Bodison 

Manufacturing Co. of San Francisco, and Harry F. England of Oroville, California 

(Gardner and Allsman 1938:4).  These washing plants contained all the standard 

washing, screening, and gold saving equipment, similar to the bucket line dredge, 

which permitted continuous operation (Gardner and Allsman 1938:4).  Floating 

washing plants required a pond to float the boat on, which limited the digging area.  
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Figure 12: Typical setups for floating washing plants using a dragline.  Sketch A 
shows the dragline following the channel discarding tailings behind it.  
Sketch B is an example of dredging by taking successive 15 – 20 foot cuts 
back and forth in a zig zag pattern across the channel.  Sketch C is an 
unusual example, in which a shovel and bucket line dredge are both used 
with a floating washing plant (From Gardner and Allsman 1938: Figure 1). 

 The character and depth of the gravel deposits and bedrock determined 

whether a floating plant could be used or not.  The hull and superstructure of 

floating washing plants were constructed of wood or steel and a hopper; usually 

about 15 feet above the surface of the pond was constructed at the front of the boat 

(Gardner and Allsman 1938:20).  The hull size was designed to carry the load and 

to give stability to the boat and prevent swaying, which interfered with the sluices 

(Gardner and Allsman 1938:20).  The hull of the boat typically carried a pump to 

deliver water to the hopper, trommel, and sluice boxes (Merrill 1938:522) (Figure 

13).   
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Figure 13: Essential features of a floating washing plant, showing the hopper, 
trommel, and tailings stacker (From Gardner and Allsman 1938: Figure 8). 

 The ideal wash plant contained a grizzly, which was a metal grate made up 

of bars spaced 8 to 10 inches apart with a rock chute on the side (McCulloch et al. 

2003: 153).  The gravels were dumped onto this and fed with a high pressure spray 

of water into the trommel, which typically used two different sizes with smaller 

holes in the upper portion.  The slope of the trommel was usually 1½ inches per 

foot (Gardner and Allsman 1938:22).  The oversize particles were discharged from 

the lower end of the trommel onto a stacker which formed the tailings piles at the 

rear of the washing plant, and the undersize clasts passed through the holes of the 

trommel into sluice boxes with riffle tables where the gold was recovered (Merrill 

1938:522) (Figure 14).  Some trommels were equipped with Archimedean or spiral 

type retarding rings that equalized the flow of the gravel, and some had longer 
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scrubbing sections due to higher clay concentrations in the gravels (Gardner and 

Allsman 1938:21).  

 

Figure 14:  Sauerkraute placer mine, a two dragline and portable wash plant 
operation near Lincoln, MT (From McCulloch et al. 2003:105, Figure 7.14). 

 The grizzly and trommel part of the wash plant were used primarily for 

cleaning the gold and separating it from the rest of the matrix.  Sluice boxes 

consisted of an open top metal channel with 10 to 12 inch sides, 12 inches wide at 

the bottom, and 4 to 8 feet long (McCulloch et al. 2003: 156-157).  Sluice boxes 

and riffle tables were generally used to hold back gold particles that settled to the 

bottom of the flowing stream of water and gravel where they would become 
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trapped in mercury for ease of recovery (Gardner and Johnson 1934:69).  The riffle 

table was made up of 1 inch by 1inch angle iron in 4 foot lengths and each riffle 

was tilted back about 15º (McCulloch et al. 2003: 157).  Wooden riffles were used 

on some floating plants and consisted of 1 inch by 1 inch slats topped with strap 

iron in sections of 10 each (Gardner and Allsman 1938:22).  Carpet was placed 

between the sluice box and riffles to prevent loss of gold (McCulloch et al. 2003: 

157).  Some plants were also equipped with jigs that stratified the material 

according to size, using water and a pulsating motion (McCulloch et al. 2003: 159). 

The jigs could be used with sluice boxes or separately as the primary recovery 

system.  Jigs were more work intensive than sluices.  They required more intensive 

care and maintenance than sluice boxes; therefore, jigs were best used in stationary 

plants where they could be level and properly adjusted (McCulloch et al. 2003: 

159).     

3.3 Comparison of Dredge Mining Systems 
 The bucket line dredge, dragline dredge, and power shovel were all used in 

Elk City because each had advantages over the other depending on the gravel 

deposits and terrain.  In extensive, deep gravel of low ore yields the bucket line 

dredge was more economical (Romanowitz 1970: 10).  Draglines and power 

shovels both lost gold in the recovery process through leaky shovels and movement 

of the sediments when digging, which forced some gold to settle away from the 

bucket (Gardner and Johnson 1935:26).  The dragline dredge had greater mobility 

than the bucket line dredge, required less original investment, retained a high resale 
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value, and could work profitably in small bodies of gravel that typically could not 

be worked with a bucket line dredge (Merrill 1938:523).  Draglines and shovels 

were caterpillar track-mounted and fully revolving, which made them very mobile; 

whereas the bucket line dredge was more difficult to move (Gardner and Johnson 

1935:26).   

 Compared to mechanical continuous methods, the mechanical repetitive 

systems required less set up and move time, had better maneuverability in narrow, 

shallow, or large boulder deposits, were adaptable to different deposits and terrain, 

and had lower initial costs than a bucket line dredge (Romanowitz, et al. 1970:10).  

The dragline dredge also had a greater excavating range than the power shovel and 

could be used with floating washing plants (Gardner and Johnson 1935:25).  In 

spite of these advantages, the dragline did not efficiently clean bedrock, where 

much of the gold might be found, and it had a comparatively high cost of operation.  

Although the power shovel was restricted in use due to the stationary washing 

facility, it moved boulders aside more readily than the dragline and dug better in 

tight spaces or hard ground (Gardner and Johnson 1935:25).  When used in 

conjunction with adequate dump truck service the power shovel could be more 

productive than a dragline or bucket line dredge (Gardner and Johnson 1935:25).  

The primary drawback of the repetitive systems as opposed to the continuous is a 

general inefficiency; moreover, they had higher unit operating costs (Romanowitz, 

et al. 1970:10).   
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3.4 Dredge Miners 
 The actual dredge miners consisted entirely of men, and they worked eight 

hour shifts sometimes year round.  There were no historic records of women 

involved with dredge mining found during this research, however; this does not 

rule out the possibility of women dredge miners.  The dredge crews varied 

depending on the size of the dredge that was used and the number of hours the 

dredge was in operation.  Typically dredges operated for 24 hours a day to increase 

the overall efficiency of gold extraction.  In 1905, the number of men working on 

bucketline dredge crews and the wages are shown in Table 2 (Aubrey 1905).   

Table 2:The dredge crew and wages based on those at Oroville, California in 1905. 

Crew Daily Rate Total Per Day 

1 foreman $5.00 $5.00 - $5.00 

3 winchmen $3.00 - $3.50 $9.00 - $10.50 

3 oilers $2.00 - $2.50 $6.00 - $7.50 

1 blacksmith $3.50 $3.50 - $3.50 

1 helper $2.00 - $2.50 $2.00 - $2.50 

2 Chinamen $1.75 - $2.00 $3.50 - $4.00 

Total  $29.00 - $34.00 

 

In addition to the above listed employees they also hired a superintendent.  

The winchmen and oilers worked eight hour shifts while the blacksmith and helper 

worked ten hour shifts (Aubrey 1905).  The Chinamen cleared the ground of brush 

and trees, “buried dead men,” which was the making of fasteners for the lines, and 
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did other general chores (Aubrey 1905).  Notice that in 1905 ethnic distinctions 

were made in the records and specific difficult tasks were given to the Chinese 

miners, for less pay. 

 In 1916, the dredge crew still generally worked an eight hour shift, three 

shifts for a 24 hour operation (Janin 1916).  The labor costs for bucketline dredge 

crews in California, Montana, and Alaska during 1918 are outlined in Table 3 

(Janin 1918).  

 Table 3:  Labor costs in Northwest for bucketline dredge crews in 1918. 

Crew California Montana Alaska 

Dredgemasters $150/month $6/day $200/month 

Winchmen $4/day $5/day 50 – 60 cents/hour 

Oilers $3 – 3.50/day $3.50/day 50 – 60 cents/hour 

Shoremen $2.50/day $3.50/day 50 – 60 cents/hour 

Helpers $2.50/day $2.50/day 50 – 60 cents/hour 

 

As shown by Table 3, the wages the dredge miners were paid varied 

depending on the region in which they worked and the company they worked for.  

Much of the information on crew size and wages is taken from publications focused 

on the larger mining operations with huge capacities.  The Elk City dredging 

operations were smaller than those discussed above from California; however, they 

would have had the same size of crew since the same basic tasks were required on 

all dredges.     
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 In 1932, a 6 foot capacity bucket line dredge in continuous 24 hour 

operation required a crew of 2 men per eight hour shift, along with three additional 

men on the day shift (Patmon 1932).  Therefore the average crew to operate this 

size of dredge was as shown below in Table 4. 

Table 4:  Average crew required to operate a bucketline dredge in 1932. 

Classification Rate per Day Total 

3 winchmen $6.00 $18.00 

3 oilers $5.00 $15.00 

1 bankman $5.00 $5.00 

1 shopman $7.20 $7.20 

1 man on settling ponds $5.00 $5.00 

Total = 9 men  $50.20 

 

Another source on California dredging in 1932 lists the crew as consisting 

of 1 dredge master, 1 chief mechanic, 1 blacksmith, 1 carpenter, 3 winchmen, 3 

motor men, 3 oilers, and 1 teamster (Requa 1932).  The wealthier a dredging 

operation was the more readily it could hire men.  The more men there were to 

keep the dredge running smoothly, the less shut down time would be required, 

which ultimately resulted in higher profit margins for the operation.  Often in 

dredge mining the roar of the engine and ladder were so loud no one could be 

heard.  Therefore, buzzer signals were used to communicate directions to the 

miners, see Table 5 (Webb 1994). 
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Table 5:  Buzzer signals for dredge miner directions. 

1 long 1 short = step ahead 1 long = stop 

2 long = start 3 long = bow oiler to winch room 

4 long = stern oiler to winch room 1 extra long = BIG ROCK coming 

5 short = bow oiler to front deck  

 

 Depending on where the dredging operation was located the miners lived 

either in a nearby mining community or outside of it and near the dredging 

operation.  In Elk City, the dredging operations were close enough to town that the 

dredge miners could live either in or near the mining community.  In the 1930 

Federal Census, the Elk City Precinct consisted of 45 miners, all of which were 

men and of various ethnicities.  Various miners were from China, England, 

Finland, Denmark, Canada, Germany, Norway, Switzerland, and Scotland.  There 

was no distinction made in the census records whether these men were hardrock 

miners, placer miners, or participated in the dredging operations.  With all the 

dredging activity in the township in 1930 it is possible a majority of these men 

were employed by the local dredging companies.  There was a total of 75 men 

listed in the Federal Census, 32 women, and 55 children, in Elk City during 1930 

(United States of America, Bureau of the Census 1930).  This is another example of 

how few women were in mining communities.  Almost all the women listed were 

wives of miners or ranchers.  There does not appear to be a large prostitution 

population in the mining community of Elk City.  However, Elk City is a rare 
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example of a mining community where there were many children, much more than 

are typically represented in other mining communities.      
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Chapter 4:  Dredge Mining in the Elk City Township 

4.1 Historic Context of the Elk City Township 
 Prior to Euroamerican arrival in the Elk City Township, the area was part of 

the traditional homelands of the Nez Perce Indians.  A Nez Perce trail remains 

along the ridges that rise above the South Fork Clearwater River, running through 

the meadows of present day Elk City.  The trail extended from Elk City to the 

American River and then on to Red River.  The trail branched with one path 

traveling across the Magruder Corridor to traditional buffalo hunting grounds in 

Montana, and the other path leading to high country for gathering huckleberries and 

hunting (Elsensohn 1951: 424).  The meadows in Elk City were probably used as 

temporary encampments for travelers along the trail, and provided access to the 

seasonal salmon runs.   

 Mining has been a central part of Idaho’s economy since the 1850s and 

continued in Elk City through the 1950s.  Elk City is the oldest mining town in 

Idaho County, and mining has played a key role in its economic development.  

Gold was initially discovered in the Elk City Township in May 1861 by Captain E. 

D. Pierce, who led a group of prospectors to the South Fork Clearwater drainage, 

and found gold at the bottom of Ternan Hill at the mouth of Glass Gulch 

(Elsensohn 1947: 159) (Figure 2).  A mining district was formed by the local 

miners on June 14, 1861, and Elk City was established by July of the same year 

(Idaho State Historical Society 1985: 9).  By August, more than 2000 prospective 

gold miners had arrived in Elk City; however, by September of 1861, most of the 
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miners had left for the newly discovered, productive gold fields in Florence, 36 

miles southwest of Elk City.   

 Many miners returned to Elk City in June of 1862 and participated in the 

construction of extensive ditch networks to facilitate placer mining (Idaho State 

Historical Society 1985: 9).  These ditches carried water from the rivers for great 

distances to generate enough water pressure necessary for hydraulic mining.  

Ditches were built along all of the major waterways, including the American River, 

Elk Creek, Little Elk Creek, and Kirks Fork (Figure 2).  The American River Ditch 

was 9 miles long and the Elk Creek Ditch, the next largest, fed water to hydraulic 

mining operations at Buffalo Hill Mine (Elsensohn 1947: 159).  Placer mining was 

the dominant method in Elk City’s early days and yielded the largest profits among 

all processes.  Placer miners used hydraulic giants to erode the hillsides near rivers 

in search of gold, and recovered the gold in sluices.  Between 1872 and 1884, 

reduced gold yields lowered interest among the Euroamerican miners, and provided 

opportunity for Chinese miners who leased the ditches and worked most of the 

claims in the Elk City Township during this time (Building Big 2000).  However, 

in 1889, a judge ruled that aliens could not legally hold mining grounds, forcing the 

majority of Chinese miners to leave the area (Elsensohn 1947: 172).     

 Quartz lode mining began in Elk City in 1870 but no large scale production 

began until 1902 (Idaho State Historical Society 1985: 9).  Lode miners followed 

productive quartz veins into the hillside using tunnels and shafts.  The gold ore was 

present as free milling, which could be processed simply by crushing the rock; or as 
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a sulphide, which required cyanide or another suitable chemical to remove the gold 

from the host rock.  The largest and most profitable lode mines in the Elk City area 

were the Buster Mine and the American Eagle Mine, which is south of the 

township.  Estimates of the total value of lode deposits produced in the Elk City 

district range from $725,000 - $5,000,000 (Idaho State Historical Society 1985: 9, 

and Building Big 2000).     

 The first attempt at dredge mining in the Elk City Township occurred in 

1891 along the Red River; however, dredging was not very economically 

productive until the 1930s (Shiack et al. 1903:445 and Elsensohn 1947:177).  

Although the machinery was light enough to be packed in on mules, it ultimately 

proved to be undersized and ineffective.  The next attempt was made in 1899 by the 

Butters Bros. of Michigan (Elsensohn 1947: 177).  They built another dredge, 

which was used for only a few seasons.  In 1909, two dredges were operating in the 

Elk City area: one on Little Elk Creek and the other at the confluence of Elk Creek 

and American River (Elsensohn 1947:30).   

 Although the first attempts at dredge mining in the Elk City Township were 

unsuccessful, new technology and better transportation routes allowed dredging to 

take hold in the 1930s and flourish into the 1940s and 1950s.  Therefore, the Elk 

City dredging era began in 1935 and continued through the 1950s.  All the major 

and minor waterways in the Elk City Township were dredged during this period 

(Gallaher 1976:58).  According to Gallaher (1976:58), the South Fork of the 

Clearwater was dredged from Crooked River Bridge to its origin at the confluence 
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of American River and Red River.  The American River was dredged from its 

mouth to the Flint Creek Trail, which lies above Telephone Creek, along with Little 

Elk Creek and lower Buffalo Gulch (Gallaher 1976:58) (Figure 15).  Dredge 

mining alone recovered almost $1,000,000 in the Elk City Township alone 

(Building Big 2000).  Considering all methods, the total production value for Elk 

City gold mining has been estimated at $16,000,000 (Idaho State Historical Society 

1985: 25).  Current land uses in the township include livestock grazing, timber 

harvests, agriculture, and road development work.  Presently, mining activity is 

only a shadow of its former intensity and is limited to hand methods and 

recreational suction dredging.  The following sections will provide a historic 

context for dredge mining in the Elk City Township.  They will focus on specific 

locations of dredge mining, types of dredges used, and the known operators in the 

area.  Table 6 and Figure 15 show the recorded locations and types of dredge 

operations in the Elk City area. 
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Table 6:  Outline of recorded dredge mining in the Elk City Township, including 
location, type, time, and the name of the operator of dredge, corresponding 
to Figure 15. 

 

 
Dredge Mining in the 

Elk City Township   
Location Type Time Operator 

    
American River    
confluence with Elk Creek Unknown 1909 Unknown 
south side above Elk Creek 3ft. Bucket dredge Prior to 1938 Unknown 
Section 27 Dragline dredge/floating plant 1939 - 1942 American River Mining Co. 
Section 24 Dragline dredge/floating plant 1981 - unknown Clair Johnson Dredge 

Buffalo Gulch    
lowest 1/4 mile Power shovel/moveable plant 1926 - 1928 Unknown 
lower 3/4 mile Bucket line dredge 1950 - 1952 H & H Mines Inc. 

Little Elk Creek    
 Unknown 1909 Unknown 
2 1/2 miles above Elk Creek Unknown Prior to 1938 Unknown 
 Dragline 1940 Tyee Mining Co. 
 Power shovel 1940 Frank Ruby 

Crooked River    
near confluence with S. Fork  Bucket line Dredge 1941 - unknown H & H Mines Inc. 
 Bucket line Dredge 1938 – 1950s Mt. Vernon Dredge 
 Bucket line Dredge Unknown Yuba Dredge 

South Fork Clearwater River    
along river in Elk City Township 
 

Unknown 
 

Unknown 
 

Leased contracts 
 

 



 
 

 
 

52

 
Figure 15: Types of dredge mining operations and their approximate locations 

within the Elk City Township.  The data were assembled from Annual 
Reports to the Office of State Inspector of Mines and other historic 
documents.  Darkly shaded areas (American River Mining Co. and the Clair 
Johnson Dredge) represent operations with exact section locations given in 
the historic records.     
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4.2 American River 
 Most of the American River has been dredged except for its lower half mile, 

which consists of a narrow canyon with steep walls.  Above this point and 

continuing for ¾ of a mile, the valley is open and placer deposits range from 50 – 

150 feet wide along its course (Lorain and Metzger 1938:18).  Prior to 1938, no 

mining had been conducted along the American River because it was too narrow 

and the boulders were too large to permit the efficient use of a bucket line dredge.  

The land was owned by C. E. Whitter of Spokane, with part held in location and 

part patented (Lorain and Metzger 1938:18).   

 From its confluence with Elk Creek to a point two miles upstream, the 

gravels of the American River were thoroughly tested by Fisher and Baumhoff, 

who held title to the ground in 1938 (Lorain and Metzger 1938:18).  According to 

Fisher and Baumhoff, several acres on the south side of the American River just 

above Elk Creek were dredged prior to 1938 (Table 6).  The tailings contained few 

large boulders and much of the dredging could have been accomplished using a 3 

cubic foot bucket line dredge (Lorain and Metzger 1938:18).  In 1938, Fisher and 

Baumhoff stated future plans of dredging their property along the American River, 

which may have occurred in the 1940s (Lorain and Metzger 1938:18).  There were 

a few small gravel bar placers just below the bridge of the Elk City – Dixie Road, 

and east of the road 300 feet north of the river associated with the American Hill 

placers; but no major dredging operations took place here prior to 1938 (Lorain and 

Metzger 1938: 18-19).    
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 Baboon Creek, which is a tributary of the American River, was also tested 

for its dredging potential.  Two or three lines of holes were drilled across the river 

bottom above Baboon Creek where the Buster and Allamance lode veins cross the 

valley (Lorain and Metzger 1938:19).  The testing produced values of a few cents 

to 25 cents a yard, with a 10-12 cent per yard average (Lorain and Metzger 

1938:19).  The most promising dredge areas were located on the west side of the 

creek, from the confluence of American River with Baboon Creek north to 

Greckwell Ranch, where the eroded gold bearing, upper channel deposits between 

the American River and Little Elk Creek would be redeposited (Lorain and Metzger 

1938:19).   

 From Figure 16 and Figure 17 it is clear that dredging continued along the 

American River well past 1942, even into the 1980s.  The Clair Johnson dredge 

was a dragline dredge that operated in conjunction with a floating plant.  According 

to Bob Lewis (personal communication 2006), the dragline was build by Northwest 

Model 6.  The dredge operated in 1981 along the west side of American River 

northeast of Elk City near Baboon Creek and east of the Allamance Mine (Figure 

15).  

 The land south of the American River and its eastern fork was private land 

used for mining and agriculture.  Many of the claims between Baboon Creek and 

Box Sing Creek were owned by the Allamance Mining Co. and the Congress 

Mining Co. (Lorain and Metzger 1938:20).  From Box Sing Creek to the 

confluence of the American and East Fork of American Rivers the land was owned 
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by Mark Lyons and Mrs. L.B. Feltz, except for some areas which are owned by the 

Bureau of Land Management (Lorain and Metzger 1938:20).  According to Lorain 

and Metzger (1938: 20), James Dyer owned land along the American River two 

miles upstream of the confluence with the East Fork of American River, while the 

lower two miles of land along American River was held by Mark Lyons, Jim 

Lewis, and others.  The land above Greckwell Ranch was unpatented as of 1938 

(Lorain and Metzger 1938:20).   

 
Figure 16: The Clair Johnson Dredge operating along the American River at T. 29 

N., R. 8 E., Section 24 NE ¼ NW ¼ , on July 6, 1981.  Photo courtesy of 
Craig Johnson, BLM. 
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Figure 17: The Clair Johnson dragline dredge and floating washing plant operating 

in the American River, T. 29 N., R. 8 E.,  Section 24 NE ¼ NW ¼ on July 
6, 1981.  Photo courtesy of Craig Johnson, BLM. 

 
 The American River Mining Co. worked placer deposits along the 

American River 1½ miles from Elk City, in the SW ¼ of the NW ¼ and the NW ¼ 

of the SW ¼ of Section 27 (American River Mining Co. Annual Report 1939) 

(Table 6 and Figure 15).  The company was owned by president G. B. Peterson, 

secretary C. E. Cummings, and vice president/agent Walter B. Peterson.  In 1939, 

the company had a floating dredge and a dragline with a 1½ yard capacity that 

could process 2,500 cubic yards a day (American River Mining Co. Annual Report 

1939).  According to the American River Mining Co. Annual Report (1940), the 

floating dredge was built by Bodison Manufacturing Co. and consisted of a 54 inch 

trommel, which was 30 feet long, and a 30 foot x 44 foot hull, equipped with 

electric generators and motors.  The company employed 12 men steadily and other 
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additional men for prospecting and testing during part of the year.  In one year they 

moved an estimated 200,000 cubic yards of placer material (American River 

Mining Co. Annual Report 1939).  In 1939, they owned 12 patented claims and 12 

unpatented claims: A-1-Hoover; C; E 1 – 2; and Gold Leaf 1 – 8 (American River 

Mining Co. Annual Report 1939).  The property was leased from The Washington 

Trust Co. and C. E. Mann of Spokane (American River Mining Co. Annual Report 

1939).   

 In 1940, the American River Mining Co. owned 15 claims (2 patented and 

14 unpatented) on 320 acres, named as follows: American River Mining Co 1 – 4, 

AC Placer Claims 1 – 5, owned by F. T. Hickcox of Puyallup; Admiral Placer 

Claim, owned by Earl W. Morgan of Lewiston; Nugget Placer Claim, Red Elk 1, 2, 

owned by W. C. Bickford of Spokane, G. M. Carter, and G. W. Bickford 

(American River Mining Co. Annual Report 1940).    

 In 1941, the company owned 13 claims, all unpatented, and the floating 

wash plant and dragline equipment had the capacity to move 3,000 cubic yards of 

material a day (American River Mining Co. Annual Report 1941).  The company 

employed 12 men who were paid $8 per day as operators, $4.10 per day as oilers, 

$6.50 per day as floatation men, $8.25 per day as repairmen, $4.50 per day as 

swampers, and $8.25 per day for all other jobs (American River Mining Co. 

Annual Report 1941).   

 In 1942, the American River Mining Co. listed the replacement cost of the 

Bodison Mfg. Co. washing plant and diesel power dragline at $60,000 (American 
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River Mining Co. Annual Report 1942).  They employed 15 men this year who 

were paid between $4 and $10 per day, and could move 4,000 cubic yards of 

material per day (American River Mining Co. Annual Report 1942).  Work stopped 

after 1942 due to a governmental ban on gold mining during World War II.  The 

American River Mining Co. was not reported to have begun operations again after 

the war.   

4.3 East Fork of the American River 
 The East Fork of American River, which flows south and into the American 

River two miles above Baboon Creek, was not dredged prior to 1938 (Lorain and 

Metzger 1938: 20).  However, John Oberhoffer worked several hundred cubic 

yards of placer deposits using hand methods and ground sluicing 1 ½ - miles above 

the fork to Flint Creek, producing an average gold yield of 25 cents per yard 

(Lorain and Metzger 1938:20).   

4.4 Buffalo Gulch 
 According to Lorain and Metzger (1938:21), Buffalo Gulch enters the 

American River one mile above the confluence of the American River and the Red 

River, and only has placer gravels on its lower ¾ - mile stretch.  The lowest ¼ - 

mile of Buffalo Gulch was worked by a small power shovel and portable washing 

plant around 1926 – 1928 (Lorain and Metzger 1938:21) (Table 6).  Tailings from 

the Buffalo Hills Placer Mine were dumped along the upper ½ - mile section of the 

lower ¾ - mile stretch of Buffalo Gulch (Lorain and Metzger 1938:21).  The entire 

area was covered in hydraulic mine tailings 8 – 20 feet deep; however, the original 
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gravel, below the hydraulic tailings, was tested in 1932 by Lorain and Metzger and 

values as high as 50 cents per yard were found (Lorain and Metzger 1938:21).  

 H & H Mines Inc. worked along Buffalo Gulch from 1950 – 1952 (Table 6 

and Figure 15).  The company was owned by president L. J. Burrows, secretary R. 

S. McClintock, and agent W. J. Noon, all of Spokane (H & H Mines Inc. Annual 

Report 1950).  The dredging operation consisted of a two cubic foot capacity All 

Steel Washington Iron Works bucket line dredge, powered by two Caterpillar 

diesel electric generators mounted onboard (H & H Mines Inc. Annual Report 

1950).  The bucket line dredge was built in 1940 (Figure 18).  The dredge was 

moved during the winter of 1950 from Red Horse Creek where H & H Mines Inc. 

had previously been dredging to Buffalo Gulch where operations began on April 

25, 1950 (H & H Mines Inc. Annual Report 1950).   

 In 1951, the company held 20 claims encompassing 120 acres under lease 

and bond and had operations consisting of 10 buildings with replacement value 

estimated at $150,000 (H & H Mines Inc. Annual Report 1951).  The bucket line 

dredge had a capacity of 2,000 cubic yards per day (H & H Mines Inc. Annual 

Report 1951).  In 1952, the company disposed of its holdings in Idaho and 

relocated elsewhere (H & H Mines Inc. Annual Report 1953).   
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Figure 18: H & H Mining Company bucket line dredge operating along the 
Crooked River in July 1940 (From Elsensohn 1951: 48, Plate 7). 

 

4.5 Elk Creek 
 Elk Creek enters the American River ¼ - mile above Buffalo Gulch.  A ¾ - 

mile long section near the mouth of the creek was tested thoroughly by Fisher and 

Baumhoff prior to 1938, who subsequently determined the ground suitable for 

dredge mining and planned future operations (Lorain and Metzger 1938:21).  The 

Elk Meadows area, which extends six miles up Elk Creek east of Elk City, holds 

one of the largest alluvial gravel deposits in the upper basin of the South Fork 

Clearwater River.  Prior to 1938, limited testing for gold without dredging had 

taken place in the Elk Meadows area.  All the land in the Elk Meadows was 

patented by Mark Lyons and his associates, the Litchfield estate, Gertrude 

Maxwell, and Mrs. L. B. Feltz (Lorain and Metzger 1938:22).   
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4.6 Little Elk Creek 
 Little Elk Creek joins Elk Creek one mile north of Elk City.  A majority of 

the gold mining in this drainage took place near the head of the creek and on 

several of its small tributaries (Lorain and Metzger 1938:22).  According to Lorain 

and Metzger (1938:22), a dredge operated in Little Elk Creek prior to 1938 about 

two and a half miles above the junction with Elk Creek.  As of 1938, mining 

operations using ground sluicing and shoveling methods were in progress on two 

small Elk Creek properties (Lorain and Metzger 1938:22).  Shuck Placer, owned by 

Hark Shuck, and Smith Placer, owned by the Smith brothers, were two small scale 

ground sluicing and shoveling operations that took place along Little Elk Creek.  

The Smith Placer was located on Pete Ericson Creek, and included dams to 

impound water for sluicing purposes (Lorain and Metzger 1938:23).   

 Late in 1937, Little Elk Creek was tested for dredge mining potential by 

Frank J. Friedle, of Oregon, with promising results (Lorain and Metzger 1938:23).  

A major portion of the land along Little Elk Creek was patented by George Barnett, 

George Bartunk, Hark Shuck, and A.M. Miller of Elk City (Lorain and Metzger 

1938:23).   

 In 1940, the Tyee Mining Co. installed a dragline dredge along the creek, 

which could process approximately 2,500 cubic yards of material a day when 

operated by an eleven man crew (VanBuskirk 2004) (Table 6 and Figure 15).  

According to VanBuskirk (2004), Frank Ruby was also operating a power shovel 

and washing plant on Little Elk Creek in 1940 (Table 6 and Figure 15).   
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4.7 South Fork Clearwater River 
 The South Fork Mining and Leasing Co. Inc. had claims along Buffalo 

Gulch and the South Fork Clearwater River.  Most of the land is owned by the 

BLM today.  According to the South Fork Mining and Leasing Co. Inc. Annual 

Report (1950), they contracted dredging operations on their land.  Company 

president Ken Bush, secretary W.F. Hofsteater, and agent Walter Hevey Hill, 

worked 24 claims along the South Fork Clearwater River and American River.  In 

1951, the dredging operations were conducted by contract with lease royalties of 

$21,342.87 from 220,187 cubic yards of sediment (South Fork Mining and Leasing 

Co. Inc. Annual Report 1951).  There are no records of the type of dredge used in 

the contract work or the specific location of the South Fork Mining and Leasing 

Co. Inc. property.  The company was reported as inactive in 1956, and there are no 

other known records of dredging activity along the South Fork Clearwater River 

(South Fork Mining and Leasing Co. Inc. Annual Report 1956).   

4.8 Crooked River 
 The Crooked River is a southern tributary of the South Fork Clearwater 

River, and lies just west of the Elk City Township.  According to Siddall (1992:5), 

dredge mining affected 150 – 300 acres, or 6 ½ - miles of the Crooked River 

drainage (Figure 15).  According to a photo taken by Al Leist, the H & H Mining 

Company bucket line dredge was also in operation along the Crooked River in July 

1940 (Elsensohn 1951: 48, Plate 7) (Figure 18).  Several different large bucket 

dredges, including the Mt. Vernon Dredge and YUBA boat dredge operated along 

the river from 1936 – 1958 (Siddall 1992:5) (Figure 15 and Figure 19).  A small 
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dragline and floating washing plant operated along the Crooked River between 

Relief Creek and Five Mile creek in the late 1950s (Siddall 1992:5).   

 The Mt. Vernon Dredge was built in 1935 at Washington Iron Works of 

Seattle for $37,350 (Siddall 1992:5).  The dredge was 55 feet long with a 2 cubic 

foot capacity that enabled it to dig a maximum of 1530 cubic feet of material per 

day, when operated 24 hours a day, in 8 hour shifts, with 20 men (Siddall 1992:5).  

According to Siddall (1992:5), the Mt. Vernon Dredge began operations on the 

Crooked River in 1938, stopped work during WWII, and from 1947 – 1952 

operated on Red River and Buffalo Gulch.  In 1953, the dredge was returned to 

Crooked River where it continued operations through the late 1950s.  The Mt. 

Vernon Dredge topped annual production in the Orogrande Mining District, which 

is located directly west of the Elk City Township, recovering a total of 17,000 

ounces of gold and silver, mostly from the Crooked River (Siddall 1992:5).  The 

dredge remained on the Crooked River until it was transported to a museum in 

Virginia City, Montana in 1987 (Siddall 1992:5).  
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Figure 19: Sketch of a 4 cubic foot Yuba bucket line dredge used on the Crooked 
River from 1938 – late 1950’s (From Siddall 1992:5). 
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Chapter 5:  Data Sets and Methods 

5.1 Data Sets and Software 

5.1.2 Historical Information 
 The historical information for all the mining sites in the Elk City Township 

was obtained from multiple sources.  I visited the Idaho Geologic Survey and 

scanned all the annual reports which were submitted by the mine owners to the 

Inspector of Mines.  Some mines also had other information specific to their mine 

history located in the files.  The files were organized by mine number, designated 

by Mitchell et. al (1991).  I also used mineral survey reports of mines in the area 

written by Shenon and Reed (1934) and Lorain and Metzger (1938).  These reports 

provided important details for mining production such as what type of dredge was 

used, where dredging occurred, and who was in charge of the operations.  Another 

very useful report, Gallaher (1976), provided information on mine locations and 

their conditions in 1976.  Other resources I used were local histories of the area, 

which provided general overviews of when dredging first began in the township 

(Elsensohn 1947 and 1951, Idaho State Historical Society 

1985, Shiach et. al 1905, and Siddall 1992).   

5.1.3 Archaeological Surveys 
 Specific information on the field methods used during the archaeological 

work is discussed later in this chapter.  However, data gathered during 

archaeological surveys included UTM coordinates of dredge tailings recorded using 

a Trimble Geo XT GPS unit with TerraSync software, and information specific to 

different dredge mining sites; such as tailings patterns, size of tailings, amount of 
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vegetation present, etc.  Pathfinder software and ArcGIS 8.9 were used to clean up 

and analyze the global positioning system (GPS) data and to create maps.   

5.1.4 Satellite Imagery 
 ASTER data from August 5, 2003, obtained from NASA’s Earth Observing 

System (EOS) Data Gateway, were used for this project.  This sensor is located on 

the Terra satellite and serves as the only high spatial resolution instrument on the 

satellite (Table 7).  ASTER data have very high radiometric resolution and 

reflective capabilities.  The ASTER sensor has three visible near infrared (VNIR) 

broad bands between 0.5 – 0.9 um with 15m spatial resolution with stereo 

capability.  The third band has a nadir and backward facing detector.  The sensor 

also has six short wave infrared (SWIR) bands ranging from 1.6 – 2.5um, with 30m 

spatial resolution.  These bands use pushbroom detectors.  It also has five thermal 

infrared (TIR) bands ranging from 8 – 12um, with 90m spatial resolution.  ASTER 

has a swath width of 60km and is quantized in 8 bits or 12 bits (thermal bands).  All 

the data were imported, reprojected, classified, and analyzed using Earth Resources 

Data Analysis System (ERDAS) Imagine software.  ArcGIS 9.1 was used to create 

the final product images and to import some of the GPS points. 
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Table 7:  NASA ASTER imagery characteristics (From Jensen 2005:84). 

Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) 

Band 

VNIR 
Specral 

Resolution 
(um) Band 

SWIR 
Spectral 

Resolution 
(um) Band 

TIR Spectral 
Resolution (um) 

1 (nadir) 0.52 - 0.60 4 1.6 - 1.7 10 8.125 - 8.475 

2 (nadir) 0.63 - 0.69 5 
2.145 - 
2.185 11 8.475 - 8.825 

3 (nadir) 0.76 - 0.86 6 
2.185 - 
2.225 12 8.925 - 9.275 

3 (backward) 0.76 - 0.86 7 
2.235 - 
2.285 13 10.25 - 10.95 

  8 
2.295 - 
2.365 14 10.95 - 11.65 

  9 
2.360 - 
2.430   

Technology 
(detector) Pushbroom  Pushbroom  Whiskbroom 

Spatial 
resolution 
(m) 15 x 15  30 x 30  90 x 90 
Swath width 60 km  60 km  60 km 

Quantization 8 bits  8 bits  12 bits 
 

5.1.5 Aerial Photography 

 Panchromatic DOQs of the study area with 1meter spatial resolution were 

also used for this study.  These data were obtained from GeoCommunity and cover 

the four 7.5’ USGS quadrangles in my study area: Elk City, Lick Point, Iron 

Mountain, and Center Star Mountain.  These were most likely taken in 2000 and 

projected in UTM, NAD83.  All the data were imported, reprojected, classified, and 
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analyzed using ERDAS Image software.  ArcGIS 9.1 was used to create the final 

product images and to import some of the GPS points. 

5.2 METHODS 

5.2.1 Historical Information 
 From the historical information I was able to create a historical context for 

dredge mining not only in the Elk City Township, but for each of the individual 

dredging operations.  I was then able to create a map showing all the dredge 

operations, including the type of dredge that was used and the name of the 

appropriate companies or individuals who worked the specific gravels.  This 

information is included in the results chapter of this thesis. 

5.2.2 Archaeological Surveys 
 Archaeological surveys were conducted during the summers of 2003 – 

2005.  I was part of the archaeological crew during the summers of 2004 – 2005.  

We were responsible for surveying areas along the rivers for riparian enhancement 

projects.  Dredge tailings were recorded in detail, measured, photographed, and 

mapped using a Trimble Geo XT GPS unit with TerraSync software.  The GPS data 

was downloaded using Pathfinder software and then exported into ArcGIS 8.9 to 

create geographical overlays.  Site forms were then created or updated using the 

Bureau of Land Management’s (BLM) Archaeological Site Inventory (ASI) 

database.  Information in the site forms included: UTM coordinates, elevation, 

artifacts or features if any, patterns of the dredge tailings, vegetation present, 

measurements of dredge tailings, photographs, etc.  ArcGIS 8.9 was then used to 
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create an overview map of all the mining sites located within the township.  The 

location of these sites was then compared to the historical information I gathered 

previously, enabling me to correlate the mine location with its historical name or 

names. 

5.2.3 Satellite Imagery and Aerial Photography 
 The methods outlined in Figure 20 were chosen based on the ultimate goal 

of determining whether dredge tailing patterns can be analyzed using aerial 

photography or satellite imagery, and on the secondary goal of determining which 

dataset worked better.  The main goal was to classify or attempt to classify 

landscape features that are unique in their spectral qualities but small in size.  As 

shown in Figure 20, after importing the ASTER imagery, it was reprojected into the 

same projection as the DOQs to enable comparison.  After analysis of the 

histogram of every band, all of which were already corrected, it was determined 

atmospheric correction was not necessary.  All 14 bands of the ASTER data were 

then combined and subset to focus only on the area covered by the DOQs (Figure 

21).  High pass filters, including the non-directional and 3x3 edge detect, were then 

applied to the stacked imagery in an attempt to delineate the tailings piles and 

highlight areas that were different from the surrounding landscape (Figure 22).  

These filters were chosen based on their ability to detect edges and differences 

between types of landscapes.  An unsupervised classification was also applied to 

the layerstacked image; however, due to the coarser spatial resolution with the 
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SWIR and TIR bands the classification was not useful and would have been too 

time consuming to differentiate and recode all the combined classes.   
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Figure  20: Flow diagram of methods used in the project.   
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Figure 21: ASTER layerstacked and subset image. 
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Figure 22: Non-directional (sobel) filter applied to ASTER layerstacked image. 

 
 In determining how many classes would be present in my classifications 

some basic assumptions were made.  One assumption was that for this particular 

study specific vegetation types were not a main concern, so they were broken 

down into very basic groups such as forest, clearcuts (older and recent), and 

grasses.  Also tailings piles were lumped together in a class with roads and bare 
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soil.  This is due to the fact that many of the roads are beside or on tailings piles; 

therefore, it is impossible to distinguish between the two.  Finally, a total of six 

classes were chosen to make up the classification and recode the images; forest, 

older clearcuts, recent clearcuts, grasses, tailings/roads, and water.   

 The VNIR bands were then subset to the same area and subjected to an 

unsupervised classification with 15 classes, 15 iterations, and a 0.95 threshold.  

Many of the classes were confused; therefore, the image was recoded and a mask 

was created, masking out the forest and clearcuts.  An unsupervised classification 

was applied to the masked image with 25 classes, 15 iterations, and a 0.95 

threshold.  This image was recoded and recombined with the first unsupervised 

classification to create an overlay.  However, some of the classes were confused 

and a second mask and third unsupervised classification were required (Figure 20).  

The third unsupervised classification was recoded and combined with the first 

overlay image to create a final overlay image (Figure 23).   
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Figure 23: Final ISODATA unsupervised classification. 

 
 A maximum likelihood supervised classification was also applied to the 

original VNIR band combination subset (Figure 24).  Areas of Interest (AOI’s) 

were created using the region grow tool in the signature editor.  The maximum was 

set at 3000 pixels and a Euclidian distance value of 10 was used for each region 
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selected.  A total of 38 classes were created and evaluated using mean plots to 

remove any overlapping classes (Figure 20).    

 
 
Figure 24: Maximum Likelihood supervised classification. 

 
 After both classifications were applied to the imagery, it was imported into 

ArcGIS to evaluate how well it classified known tailings piles.  Ground truth data 

in the form of GPS points were imported into the image as a point shapefile and 
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used to evaluate each classification (Figures 25, 26, and 27).  Finally Accuracy 

Assessments were applied to each classification using the DOQ’s as a ground truth 

reference.  A stratified random sample was used which took 50 points from each 

class.  Therefore, a total of 300 points or more were analyzed in each assessment.     

 
 
Figure 25: Layerstacked subset image with polygons of dredge types, created 

using GPS ground truth points. 
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Figure 26: Unsupervised classified image with polygons of dredge types, created 

using GPS ground truth points. 
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Figure 27: Supervised classified image with polygons of dredge types created 

using GPS ground truth points. 
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 Chapter 6:  Results and Discussion 

6.1 Dredge Tailings Patterns 
 Tailings piles are patterned differently depending on the type of dredge or 

the type of washing plant used.  This research compared technical information 

about dredge mining sediment disposal with known historically documented 

activities to create a model for other archaeologists researching dredge tailings in 

other areas.  This model provides archaeologists with clues they can use for 

pedestrian and remote sensing survey to interpret patterns in the dredge tailings 

piles.  This model can also be applied in areas that lack the detailed historic 

information of Elk City; thereby, allowing for significance interpretations of the 

dredge tailings piles.  The model addresses concerns with determining whether the 

tailings piles are a naturally forming gravel or point bar, or if they are in fact a 

result of human activities.  Therefore, this model provides researchers in industrial 

landscape archaeology with guidelines for interpreting large or small landscapes 

covered in dredge tailings piles.  This model has methods that can easily be 

employed by land managers and cultural resource managers to gain the full 

potential of site information from historic dredge mining sites.   

6.1.1 Bucket Line Dredges 
 Floating dredge tailings typically formed arcs because the boat pivoted 

back and forth around the impact anchor, or “spud” (McCulloch et al. 2003: 107).  

An example of this arc pattern can be seen on the Crooked River in the Elk City 

Township, where three different bucket line dredges worked.  As shown in Figure 
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28 and Figure 29, the tailings along the Crooked River have completely reshaped 

the river flow pattern.  The tailings piles force the river to form a zig zag pattern, 

and in this case the river was named after the effects of the dredge mining.  Areas 

that have been mined using a floating dredge also typically contain tailings ponds 

where the operator quit (Figure 29 and Figure 30).  These ponds can range in size, 

and the water level fluctuates according to the season.  These ponds are often 

surrounded by a great deal of vegetation.  The arc pattern of the bucket dredge 

tailings piles can also be seen in aerial photos.  Therefore, when attempting to 

determine if bucket line dredging occurred in an area, the tailings patterns can be 

analyzed using aerial photos to look for a aig zag pattern created by the tailings.  

Archaeological surveys are also important to evaluate the presence of tailings 

ponds and to ensure that the tailings piles are in an arc pattern.  Figure 31 provides 

a generalized illustration of dragline tailings piles as viewed from above.  The 

scale in the illustration will vary according to the bucket size of the dredge used 

and the area left to dispose of the tailings.  Examples of an actual aerial photo 

showing dragline tailings piles are presented later in this chapter.   
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Figure 28: Tailings piles along the Crooked River. 
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Figure 29: Tailings piles and a tailings pond along the Crooked River. 
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Figure 30: Tailings pond near dredge tailings along the Crooked River. 
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Figure 31: Generalized illustration of an aerial view of dragline tailings piles (Note 

scale will vary depending on size of dredging operation.). 
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6.1.2 Power Shovels 
 When used in conjunction with a stationary plant, the tailings of the power 

shovel would be taken by truck to the washing plant and disposed of either near 

the plant or taken by truck to a designated area.  Typically these tailings were 

returned to fill in the pit, which may make these tailings difficult to distinguish on 

the landscape.  However, if the waste rock was disposed of near the wash plant it 

produced large piles that may look like a string of pearls from above (McCulloch 

et al. 2003: 102).  Therefore, archaeologists need to be aware that dredging using a 

power shovel could have occurred in an area, but if the tailings were placed back 

into the pit then there would be no evidence of this activity.  If tailings piles are 

present from power shovel dredging they will be very large and concentrated 

around the area where the washing plant was set up.  Figure 32 provides a 

generalized illustration of power shovel tailings piles as viewed from above.  This 

illustration only takes into consideration operations that did not use the tailings 

piles to refill the pit.  Therefore, the scale in this illustration will vary depending 

on the size of the operation. 
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Figure 32: Generalized illustration of an aerial view of power shovel tailings piles 
(Note scale will vary depending on size of dredging operation.). 

 



 
 

 
 

88

6.1.3 Draglines 
 The typical sequence of mining with a dragline went as follows; pre-

stripping of the overburden, washing the pay gravel, and moving the dragline 

(McCulloch et al. 2003: 106).  Evidence of dragline dredging in conjunction with 

either a stationary or moveable wash plant can be seen in large, often heavily 

vegetated silt rich tailings piles, which are typically hummocky with side slopes 

facing the angle of repose (McCulloch et al. 2003: 105).  “The common sequence 

of gravel handling in the 1930s was to cast the waste rock on un-mined ground on 

either side of the cut (McCulloch et al. 2003: 103).”  The center of the cut will 

have tailings piles 15 feet apart at their peaks, which reflects the sheave pulley on 

the boom end and the closest point the bucket can approach the dragline 

(McCulloch et al. 2003: 105).  Therefore, one can determine the direction the 

dragline was digging and where the actual cut was located. 

 When a dragline is used in conjunction with a floating wash plant, it may 

be difficult to determine previously mined areas (McCulloch et al. 2003:106).  

There may be evidence of this type of activity due to remnant ponds left when the 

operator quit, or there may be cables and dead man anchors, which held the 

floating wash plants in place (McCulloch et al. 2003: 106).   

 An example of these tailings can be seen along the American River where 

the Clair Johnson dredge worked in the 1980s and created tailings piles (Figure 16 

and Figure 17).  In Figure 33, the tailings piles from the Clair Johnson dredge are 

shown as they appear in 2006.  Notice how much vegetation has been able to 

accumulate on these since the 1980’s.  Figure 34 shows dragline dredge tailings 
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along the American River, north of where the Clair Johnson dredge worked.  There 

are dredge tailings on both sides of the tailings pond in Figure 34 and both sides of 

the river in Figure 35.  However, the tailings piles near the sides of the hills have 

more vegetation due to their size which keeps the river from flowing over them at 

times of peak flow.  These tailings piles were probably created at different times 

by different operators.  Since floating washing plants and bucket line dredges were 

the main methods of dredging in the Elk City Township, many of the tailings 

throughout the area will appear to have the same general pattern; however, the 

piles vary in size.  Both dragline and bucket line dredges will have tailings ponds 

associated with them, because they needed some way to float a washing plant or 

dredge boat.  Figure 36 provides a generalized illustration of dragline tailings piles 

as viewed from above.  The scale in the illustration will vary according to the size 

of the operation and the area left to dispose of the tailings.  Table 8 shown below, 

provides researchers with a guide to take with them during pedestrian surveys to 

help guide their interpretations of the dredge tailings.  Figure 37 provides a 

generalized comparison of the profile views of all three types of dredging 

technology discussed in this thesis; bucketline, dragline, and power shovel.  The 

scale in this illustration is based off the general size seen in the Elk City area; 

however, this will vary based on the size of the dredging operation.  Researchers 

should focus on the unique profile shapes created by the different dredge types.   
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Figure 33: Tailings piles from the Clair Johnson Dredge along the American River. 
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Figure 34: Dragline tailings piles and a tailings pond along the American River. 
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Figure 35: Tailings piles along both sides of the American River. 
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Figure 36: Generalized illustration of an aerial view of dragline tailings piles (Note 

scale will vary depending on size of dredging operation.). 
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Table 8: Field guidelines for identifying dredge tailings pile patterns. 

Identification of Dredging Technology Based On Tailings Patterns 
Dredge 
Type 

Washing 
Plant 

Tailings 
Patterns 

Tailings 
Ponds Associated Artifacts 

Bucket 
Line N/A 

arc shaped, zig - 
zag pattern when 
viewed from 
above Yes 

spud (anchor), bucket 
pins, buckets, remnants 
of dredge 

Dragline Floating 

large, heavily 
vegetated, silt 
rich, hummocky, 
side slopes 
facing angle of 
repose, 15 feet 
apart at their 
peaks Yes 

cables (dead man 
anchors) for holding the 
washing plant 

Dragline  Moveable 

large, heavily 
vegetated, silt 
rich, hummocky, 
side slopes 
facing angle of 
repose, 15 feet 
apart at their 
peaks No N/A 

Power 
Shovel Floating 

large piles like a 
string of pearls 
when viewed 
from above Yes 

cables (dead man 
anchors) for holding the 
washing plant 

Power 
Shovel Moveable 

large piles like a 
string of pearls 
when viewed 
from above No N/A 

Power 
Shovel Stationary 

none if returned 
to fill pit, or 
large piles like a 
string of pearls 
when viewed 
from above No N/A 
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Figure 37: Generalized comparison of the profile view of bucketline dredge 
tailings (Cross Section A), dragline tailings (Cross Section B), and power 
shovel tailings (Cross Section C).  (Note scale will vary depending on size 
of dredging operation.). 
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6.1.4 Cultural vs. Natural Landscape Modification 
 Archaeologists must be careful not to mistake natural forming gravel bars 

or point bars along meandering rivers, for dredge tailings piles.  Figure 38 shows 

gravel bars created during the 1996 floods which washed rocks, trees, and 

sediments down the streams.  Sometimes it is difficult to determine the difference 

between natural gravel bars and man made dredge tailings.  Therefore, the 

archaeologist must take into consideration landscape ecology and geomorphology 

when determining how the gravels or tailings came to be in their present location.  

The dredge tailings piles should have a much higher angle of repose than the 

gravel or point bars.  This is unless they have been flattened to create roads or as a 

restoration project.  Dredge tailings piles will not contain stratified sediments, 

which will be evident from the patterns of deposition on the point bars.  The 

tailings piles consist of unsorted rocks of all sizes, which may have some orange 

staining due to the metal and mineral concentrations they were exposed to in the 

washing plants.  The context of the dredge tailings within the riverine landscape is 

most important when attempting to identify human modified landscapes. 
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Figure 38: Gravel bar created during the 1996 floods. 

 

6.2 Satellite Imagery and Aerial Photography 
 Through analysis and comparison of the classifications with the ground 

truth data, it appears that the dredge tailings are able to be well represented on the 

landscape; however, the patterns of these tailings piles are not distinguishable with 

15m spatial resolution.  Therefore, spatial resolution is more important in 

researching tailings piles than spectral resolution.  The original classification of the 

layerstacked image was so coarse that only the VNIR bands were useful, due to 

their higher spatial resolution. 

 The Accuracy Assessments show relatively high percentages for the 

classifications; however, tailings piles were classified in the same category as 
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roads because they were both spectrally similar.  The overall accuracy is 

determined by dividing the total correct pixels by the total number of pixels in the 

error matrix (Jensen 2005).  The producer’s accuracy, which measures the error of 

omission, is determined by dividing the total number of correct pixels in a 

category by the total number of pixels of that category (column total) (Jensen 

2005).  The user’s accuracy, or the error of commission, is determined by dividing 

the total number of correct pixels in a category divided by the total number of 

correct pixels that were actually classified in that category (row total) (Jensen 

2005).  The Kappa Analysis is a measure of accuracy between the classification 

and the reference data as indicated by 1) the major diagonal and 2) the chance 

agreement, indicated by the row and column totals (Jensen 2005).  The 

unsupervised classification had an overall accuracy of 79%, but a relatively low 

producer’s accuracy for the tailings/roads class (Table 9 and Table 10).  The 

supervised classification had much higher producer’s and user’s accuracies, 

including an overall accuracy of 85.92% (Table 11 and Table 12).  The supervised 

classification also had a much higher producer and user accuracy for the 

tailings/road category of 80% and 84%.  Therefore, in any further analysis the 

supervised classification should be used.   
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Table 9:  Error Matrix for the unsupervised classification, resulting in an overall 
accuracy of 79%. 
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Unsupervised Classification Error Matrix 
Reference Data 

 Forest 
Older 
Clearcuts 

Recent 
Clearcuts Grasses Tailings/Roads Water Total 

Forest 43 4 0 1 1 1 50 
Older Clearcuts 8 40 1 0 1 0 50 
Recent Clearcuts 1 5 38 4 2 0 50 
Grasses 0 2 8 35 5 0 50 
Tailings/Roads 1 0 0 4 44 1 50 
Water 0 0 0 3 10 37 50 
Total 53 51 47 47 63 39 300 

 
 
Table 10:  Error Matrix Statistics for the unsupervised classification 

Unsupervised Classification Statistics 

 
Producer's 
Accuracy 

User's 
Accuracy 

Kappa 
Statistics 

Forest 81.13 86 0.83 
Older Clearcuts 78.43 80 0.759 
Recent Clearcuts 80.85 76 0.7154 
Grasses 74.47 70 0.6443 
Tailings/Roads 69.84 88 0.8481 
Water 94.87 74 0.7011 
 
Overall Accuracy = 79% 
 

Overall Kappa Statistic = 0.7480 
 

 
 
Table 11:  Error Matrix for the supervised classification, resulting in an overall 

accuracy of 85.92% 

C
la

ss
ifi

ed
 D

at
a 

Supervised Classification Error Matrix 
Reference Data 

 Forest 
Older 
Clearcuts 

Recent 
Clearcuts Grasses Tailings/Roads Water Total 

Forest 75 2 0 0 1 0 78 
Older Clearcuts 4 41 6 2 1 0 54 
Recent Clearcuts 0 5 41 2 7 0 55 
Grasses 0 1 7 42 2 0 52 
Tailings/Roads 0 0 2 6 44 0 52 
Water 0 0 0 0 0 50 50 
Total 79 49 56 52 55 50 341 
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Table 12:  Error Matrix Statistics for the supervised classification. 

Supervised Classification Statistics 

 
Producer's 
Accuracy 

User's 
Accuracy 

Kappa 
Statistics 

Forest 94.94 96.15 0.9499 
Older Clearcuts 83.67 75.93 0.7189 
Recent Clearcuts 73.21 74.55 0.6954 
Grasses 80.77 80.77 0.7731 
Tailings/Roads 80.00 84.62 0.8166 
Water 100 100 1.0 
 
Overall Accuracy = 85.92% 
 

Overall Kappa Statistic = 0.8301 
 

 
 The classified images were imported into ArcGIS where they were 

compared with ground truth data for the tailings piles.  Figure 25 – 27 show the 

polygons that were created with the ground truth GPS points and designated 

according to type of dredge used.  All the areas had some of the pixels classified as 

tailings; however, there are not many easily discernable patterns in the classified 

images.  Figures 39 – 42 show comparisons of the classified images with the 

corresponding area in the DOQ.  From these images it is evident that spatial 

resolution allows the researcher to analyze the data more accurately.   
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Figure 39: Comparison of the unsupervised image and DOQ showing dredge 

tailings along American River. 
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Figure 40: Comparison of the supervised image and DOQ showing dredge tailings 

along American River. 
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Figure 41: Comparison of the unsupervised image and DOQ showing dredge 

tailings along Crooked River. 
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Figure 42: Comparison of the supervised image and DOQ showing dredge tailings 

along Crooked River. 

 

6.3 Digital Image Analysis 
 Despite the high accuracy percentages, spatial resolution is more important 

than spectral resolution in determining differences in patterns of dredge tailing 

piles.  Patterns of the bucket line dredge could only be seen along the Crooked 

River, where the tailing piles are far larger than other areas.  The classifications 
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were able to distinguish tailings piles from the surrounding landscape but not to a 

degree where any assumptions can be made as to the type of dredge used.  The 

DOQ’s highlighted patterns along Crooked River amazingly well; however, in 

other areas the image was so bright the tailings piles could barely be distinguished.  

Therefore, the ASTER classifications did not pick out any dredge tailing pattern 

well and the DOQ’s only distinguished patterns in some areas, not across the entire 

landscape.  The high accuracy values on both classification error matrices were 

surprising.  However, this may have something to do with the broad choices of 

classes, and the combination of the tailings and roads into one class. 

6.4 Limitations 
 There were many limitations and problems encountered during the 

research.  I was unable to get any pictures of the power shovel tailings piles in the 

Elk City Township.  This may be due to the tailings being placed back into the pit, 

or it may be because the area was dredged multiple times.  As for the aerial 

photography, the DOQ’s were the most recent for the study area, but were from an 

earlier date than the ASTER imagery.  Therefore, during the accuracy assessment 

some points had no ground truth data because they were obviously clearcut since 

the imagery was taken.  In this case the ASTER imagery was analyzed to see if the 

classification represented what appeared to be in the imagery; however, this 

creates a bias among some of the recent clearcut areas in the error matrices.  The 

most simple vegetation classes were chosen; however, better or more appropriate 
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classes may have been used by a researcher more comfortable with classifying 

vegetation.    

 Many of the tailings piles, depending on their age, size, and location, have 

varying degrees of vegetation on them which may result in misclassification of the 

spectral imagery.  Some of the areas classified as grass or recent clearcuts were 

actually tailings piles.  Therefore, this again leads to the conclusion that spatial 

resolution is more important that spectral resolution for these research questions.   

 Due to the small size of the tailings piles analyzed in this research, only 

three spectral bands of ASTER could be utilized.  Researchers may have better 

results with the spatial versus the spectral resolution if they have larger tailings 

piles in their study area.  No previous research has attempted to compare spatial 

and spectral resolution and analyze dredge tailings piles, and there is no research 

that has used ASTER imagery to analyze dredge tailings.  Whenever ASTER is 

used to answer archaeological questions it is usually on large sites or to create a 

DEM for a study area.  Therefore, this research is new and unique and definitely 

needs some refinement.  However, other researchers focusing on the same topic 

could use these techniques in their research. 

6.5 Recommendations 
 For further research into analyzing dredge tailings piles patterns using 

remote sensing imagery, a higher spatial and spectral imagery should be used such 

as IKONOS or Quickbird.  If available in the future, more recent DOQ’s of the 

area should be used to perform the comparison, preferably color DOQ’s.  The 
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color DOQ’s will probably distinguish between the tailings piles far better than the 

panchromatic, which makes all the tailings appear very white.     
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Chapter 7:  Conclusions 

 Dredge mining has greatly affected the history of the American West and 

its landscape and environment.  The fluvial landscape in the Elk City Township 

has changed greatly and in some cases been completely rerouted due to bucket line 

dredge, dragline, and power shovel mining activities.  In many places, mine 

tailings have been ground up to form roads, or used as rip rap to reroute local 

rivers; however, many tailings piles lie in their original position although some are 

now enclosed by a vegetative cover.   

 Post – depositional alterations to the tailings piles introduce potential 

problems when attempting to determine past dredging methods.  Many of the 

tailings piles around Elk City were ground up to form rock for the roads.  Also, 

many of the piles have been leveled for various reasons, or have so much 

vegetative cover it is difficult to determine their original pattern.  Multiple 

dredging methods used along the same stretch of river create further problems with 

analysis.  This is especially true along the American River and Little Elk Creek 

(Figure 33).  The mixture of dredging methods at a single locality could create 

entirely new types of patterns.  Despite these problems, it is possible to correctly 

interpret dredge mining methods used along a specific waterway by taking into 

account other data available such as historic records and photographs.  Recreating 

the historical context for dredge mining in the Elk City Township has revealed 

which dredging methods were used along local rivers, by whom, and the time 

period the dredging took place.   



 
 

 
 

109

 The differences in dredging methods reflect the miners’ adaptations to 

different geologic settings and environments.  These adaptations are evident in the 

patterns of tailings piles left by certain dredges.  As shown by the model created 

during this study, archaeologists can analyze the dredge tailings piles to identify 

which type of mining technology was used.  Floating dredges create arc patterns 

due to the movement of the dredge around the anchor point.  Floating dredges will 

create tailings ponds, as will draglines when used with floating plants.  Draglines 

will create large, linear hummocky tailings piles that are 15 feet apart at the peaks.  

Power shovels will create large single piles of tailings or the tailings will be 

reentered into the pit.   

 Through analysis and comparison of the classifications, DOQ’s, and the 

ground truth data, it appears that the dredge tailings can be classified using 

ASTER imagery; however, the patterns of these tailings piles are not 

distinguishable with the 15m spatial resolution.  Therefore, spatial resolution is 

more critical when researching tailings piles than spectral resolution.  As seen in 

the DOQ’s some of the dredge mining areas do have distinct patterns that can link 

them to a specific type of dredge that was used.  Researchers should not spend 

extra money on higher spectral resolution if they have DOQ’s or some other high 

spatial resolution imagery.  Further research could be done in these areas using 

color DOQ’s to determine if more distinct patterns can be seen in the tailings.   

 The techniques discussed in this thesis could also be applied to other 

dredge mining areas to better understand the dredge technology used, the time 
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period the river was dredged, economic factors that may have influenced the 

miners’ choices, and other potentially valuable information.   

 Therefore, the Middle Range theoretical framework for interpreting the 

industrial activities (dynamic state) associated with the modern day dredge tailings 

piles (observed state), allowed for the original research questions to be answered.  

This investigation presents idealized models of the dredge tailings patterns 

corresponding with particular mining methods.  The research and information 

presented in this thesis clarified the historical context for dredge mining in North 

Central Idaho, identified visible footprints left by this industrial activity, and 

identified both pedestrian survey and remote sensing techniques to locate and 

differentiate between the various dredging technologies.  This thesis will serve as a 

guide to other researchers and land managers, increasing their ability to protect and 

manage these significant historical resources.  Ultimately, this research has 

enhanced the body of understanding of industrial mining sites and human land use 

patterns in the American West.   
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