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FOREW R 

The problem of subsidence resulting from the undermining 

of the surface has received a great deal of study over the 

past 100 years. Much of this work has been done in Europe 

where industry, population density, and coal mining tended to 

grow and develop in the same areas. Damage to surface struc

tures in highly urbanized areas such as the Ruhr and the English 

Midlands led to intensive investigations as to how to predict 

where and when subsidence would occur and how to prevent or 

minimize such subsidence. Until recently most of the signifi

cant research on surface subsidence was done abroad and has been 

published in journals which are not easily obtainable or are in 

a language other than English. 

In Europe, most underground coal mining is done by methods 

different than those commonly used in the Boulder-Weld coalfield. 

For this reason, one must be cautious in applying European theo

ries of subsidence prediction to the Boulder-Weld coalfield where 

e layout and condition of the mines are quite different. 

In the last decade, land develo ment has encroached on the 

und rmined area of t B u de -We d a f eld, a d the i or-

e f u d a z 
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In Europe land-use plans have evolved to take subsidence 

into account, and detailed records have been maintained over 

long periods of time. It is unfortunate that the level of record

keeping in the Boulder-Weld coalfield has not been geared to land

use needs, because the present lack of data severely limits the 

accuracy of subsidence prediction. Within the limitations imposed 

by the adequacy of mine data, this study is intended to bring to

gether a body of information that will be useful to planners and 

geologists involved in bringing the land to its optimum use. 
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I. MMARY 

This study is intended primarily to provide basic data 

concerning mine subsidence to local and state planners. It is 

also intended that other investigators preparing more detailed 

studies of specific areas can use this data. The project is 

not an exhaustive treatment of mine subsidence. Rather, it 

focuses on basic, subsidence-related problems and on practical 

approaches to land development in the project area. 

The purpose of this study is to define the extent of mining 

as accurately as possible, commensurate with the scale of the 

final maps, and to define the physical factors controlling sub

sidence. Such factors include the extent of pillar removal, 

the thickness of extracted coal, the depth of cover above mine 

workings, and the times of mine operations. 

The scope of this study is confined primarily to a review 

of existing data, a limited amount of field work, and the pre

paration of this report. Maps, tables, and photographs i 1us-

a ing the findings of t study are presented. chniques 

a w-sun-angle photograp and aerial h inter reta-

e d b i 
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can be expected over the various undermined areas. State and 

local planners and land developers will find this map particu

larly useful in making initial judgements about the feasibility 

of projects within the coalfield. 

Prior to the design stage of many projects, it will be 

necessary to gather additional information on the subsidence 

hazards of specific properties. This information will be mainly 

obtained from core drilling and geophysical surveys, and its 

acquisition is likely to be expensive. It is believed that, de

spite the increased costs and problems brought on by undermining, 

development in the Boulder-Weld coalfield can be undertaken pro

vided that good design and planning practices are followed. 
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II. DESCRIPTION OF PRO ECT 

Purpose and Scope of Studt 

The purpose of this study is to delineate the extent of 

mining in the major portion of the Boulder-Weld coalfield as 

accurately as possible and to define the physical factors con

trolling subsidence in the area. The scope of the study was 

confined primarily to a review of existing data and to limited 

field work. It included the preparation of this report and 

its accompanying maps. which summarize and illustrate the findings 

of the study. 

This report is intended to provide basic data to local and 

state planners and to other investigators preparing more de

tailed studies of specific areas. A comprehensive discussion 

of mine subsidence and related problems is beyond the scope of 

this study, which deals with the special problems of a limited 

area. 

The Boul 

a ut n 

r-Weld coalfield lies 

le rth and n r we 

a 

5 

n north-central Colorado 

f enver a hown n 
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Boulder County, the southwestern part of Weld County, and the 

northwestern tip of Adams County. 

Accessibility throughout the area is good. Interstate 25 

allows ready access to the northeastern half of the area, while 

the Denver-Boulder Turnpike provides access to the southwestern 

half. U. S. Highway 287 runs north-south and Colorado Highway 

7 runs east-west through the area. In addition to the paved 

major highways, there is a network of unpaved roads throughout 

most of the study area. As a result~ there are few points which 

are more than a half mile from either a paved or unpaved road. 

Maps and Photos 

The study area is completely covered by U. S. Geological 

Survey topographic maps (Figure 2) at the scale 1"=2000' 

(1:24000) and a contour interval of 10 feet. These maps are 

recent and vary in date of publication from 1949 to 1967. They 

were subsequently photo-revised in 1969 and 1971, and it is the 

revised editions which were used to construct the base maps for 

th s report. 

Aerial 

667 1: 

a 

hotography of the area, taken in 1969 at the scale 

00 , wa 

at 

tained fr 

6 
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INDEX MAP OF U.S. GEOLOGICAL SURVEY 
7V2' QUADRANGLE MAPS 

Map published 1965 
Mop photorev ised (1971) 
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areas where there appeared to be subtle subsidence depressions. 

It was believed that the long shadows cast while the sun was low 

in the sky would enhance the recognition of the depressions. 

The Geological Survey consented to our review of this photography 

and furnished copies of it. 

Previous Studies 

Three previous major studies of the coal mining industry in 

the Boulder-Weld coalfield have been made. The Colorado School 

of Mines Foundation {Grosvenor, 1964) compiled and published a 

study which showed the location and extent of mining in the area. 

In addition, the U. S. Bureau of Mines (Lowrie, 1966) published 

a study of the coal mining industry in the Boulder-Weld coalfield 

which included a map showing previous mining in the area. This 

map was updated and revised (Colton and Lowrie, 1973), and pub

lished by the U. S. Geological Survey as a map showing mined areas 

of the Boulder-Weld coalfield. 

n 

1 a knowledgment made to the 

made oal ne data and dividua 

e 

8 

1 rado D vis on f 

ap avail 



prepared microfilms of unclassified mine maps for our use. Per

sonnel of C. S. Robinson & Associates provided helpful comments 

on general subsidence problems in the area and allowed us to re

view certain maps and core-hole information which they had pre

pared for some of their projects in the area. Mr. D. L. Scroggs, 

formerly with Amuedo and Ivey, was of great assistance during the 

initial stages of this project. Finally. special thanks are ex

tended to the various city and county officials, residents, and 

coal miners of the area (see Appendix A) who gave their time and 

supplied useful information for this study. 
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III. GENERAL GE LOGY 

Two bedrock units, which dip generally eastward into the 

Denver basin, occur within the area. The Fox Hills Sandstone 

and the laramie Formation are both of Late Cretaceous age. The 

Fox Hills crops out extensively in the vicinity of Marshall but 

in other areas is covered by younger deposits. It is conform

ably overlain by the Laramie Formation, which contains the coal

beds mined in the Boulder-Weld coalfield. Outcrops of the 

Laramie are rare in the area because of extensive Quaternary 

deposits of colluvium, pediment gravels, and wind-blown mate

rial. The colluvium is ubiquitous; the pediment gravels are 

most widespread in the Marshall area; and the wind-blown depos

its are common in the Frederick-Firestone area. The general 

character of the bedrock and unconsolidated units in this area 

is summarized in Figure 3. 
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aramie For tion - This unit conformably overlies the Fox Hills 

Sandstone and is divisible into two parts. The lower part, which 

varies in thickness from 80 to 125 feet, is composed of sand

stone, claystone, clay, shale, and coal. The upper part, about 

600 to 700 feet thick, is made up of claystone and sandy shale 

with some lenticular beds of sandstone and coal. The total 

thickness of the formation ranges from 600 to more than 800 feet. 

Seven coalbeds of minable thickness occur in the Laramie, 

and they are numbered, from oldest to youngest, in ascending or

der. Coalbed No. 3, known as the "Main" or "Gorham Seam," has 

been the most extensively mined, and is the most widespread coal

bed in the field. In certain localities, such as the Imperial 

mine, the bed attains a maximum thickness of 14 feet. Because 

Coalbed No. 3 is the most widely distributed unit in the coal

field, it is used as a stratigraphic datum to which coalbeds 

above and below are referred. 

1. Coalbed No. 1 and No. 2 are thin and lenticular, and 

ave no kn wn mine workings within them. Coa bed 

o. 1 1 es at the base f the aramie a d is about 

5 t elow th ed. a d al 

1 
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No. 3 and No. 4 coalesce to form one bed as much 

as 12 feet in thickness. This combined bed has 

been mined ex nsively in these two districts and 

in the Columbine mine. 

3. Coalbed No. 5, locally called the "Middle Seam, 11 

is 35 to 80 feet above Coalbed No. 3. It has been 

mined in the area west of Firestone and east of 

Dacono. 

4. Coalbed No. 6 is known as the "Upper Seam 11 and is 

55 to 120 feet above the Coa1bed No. 3. The bed 

has been mined east and northeast of Erie by both 

underground and strip mining methods. 

5. Coalbed No. 7, the uppermost coa1bed, occurs 150 

to 190 feet above Coalbed No. 3. Because the bed 

is thin and very local in occurrence, it has not 

been mined commercially. 

he omplex ological cond tions of t area, namely, un-

er on and deposit on 0 fa u and 

14 



the sandstones, claystones, shales, and coalbeds of the Laramie 

Formation are a delta plain deposit. Unequal rates of deposi

tion caused by shifting channels within this deltaic environment 

produced lenticular coalbeds and lithologic units of highly 

variable thickness and composition. 

Fault movement contemporaneous with the deltaic sedimenta

tion also affected the depositional patterns of the two forma

tions. This "growth faulting" allowed increased deposition in 

the graben areas as these fault blocks moved downward, while 

deposition over the horst areas was reduced. As a result, vege

tal matter, which later formed coal, accumulated in greater 

thicknesses in the grabens than over the horsts. 

Quaternary Deposits - During Quaternary time, streams descending 

from the Front Range deposited a series of pediment gravels along 

the mountain front. The Rocky Flats, Slocum, and Verdos pedi

ment gravels cover the Fox Hills Sandstone and Laramie Formation 

south and east of Marshall. 

cent aeolian sand dunes e st in the v ini of Frederi 

a Fires ne The sand is d r ved f m the fl dp1a f 

er e w i lie to t e n t t. 
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The study area is located on the western flank of the Denver 

basin. Regional dip Qn this flank of the basin is gently east

southeastward through most of the area, and regional strike is 

approximately north-northeast. The north-south trending axis of 

the basin passes through the Frederick-Firestone area. 

The study area is complexly faulted into a series of narrow 

horsts (upthrown blocks) and grabens (downthrown blocks). These 

fault blocks average about five miles in length and are from 0.5 

to one mile in width. The trend of these structures is generally 

about Nl0°-20°E, and this is superimposed on a regional fault 

trend of N45°E. Beds in the grabens and horsts are folded into 

synclines and anticlines, respectively. Offset on individual 

faults may be as much as 500 feet,but the average offset is only 

about 200 feet (Spencer, 1961). Movement along the majority of 

the faults was dip slip. Faults with large displacements are 

natural barriers to mining and therefore define the limits of 

many mine workings throughout the Boulder-Weld coalfield. 

he faults are not obvious on the ur ce. heir recogni-

ti n ed, f r e st part, n ata tai ed 

f 
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Lowrie (1973) was adopted for this study with only minor changes. 

A few small faults shown on maps of the Baum and Boulder Valley 

No. 3 mines were added to the base map prepared for this report. 

It is believed that there are probably more faults within 

the study area than have been shown on the present and previous 

maps. Many of the faults shown on these maps are known only 

from underground mine workings. It would be expected that an 

equal number of faults would occur outside the areas of mining 

but, bwing to surface cover and lack of subsurface information, 

these faults have remained unrecognized. 

Physical Characteristics of the Geologic Section 

In the Boulder-Weld coalfield all of the mined coalbeds 

are within the Laramie Formation. This formation is composed 

of interbedded shales, claystones, sandy shales, coalbeds, and 

thin beds of sandstone. Generally, such rock strata are incom-

petent with respect to stresses induced by underground mine 

operations. If left unsupported they are subject to fairly 

api collapse after mining. 

a a1 miners wh ha e w rked i the C 1 

al, ad es rt that wh 

17 
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described by Spencer (1961). In the past, the ironstone cre

ated problems wherever it occurred immediately above the mine 

workings because of a tendency to bend rather than break. The 

bending created a "squeeze 11 on nearby pillars of coal and made 

it impossible to mine them safely. The floors of the previously 

mentioned mines were soft shale or clay, and a 11 Squeeze 11 on the 

pillars was sometimes relieved by a 11 heave 11 or rise of the 

adjacent mine floor. 

It is possible that the resistant ironstone layer has pre

vented caving from reaching the surface in areas of the Colum

bine, Washington, Eagle, Imperial, and Hiway mines. If so, 

voids or uncompacted rubble may remain beneath these areas. 

Similar conditions may exist over other mines of the area as 

well. 

The material that forms the floor of a mine also plays a 

part in subsidence. A hard sandstone floor might support a 

standing pillar of coal, while a floor of soft shale or clay 

(underclay) would allow the pillar to sink. The sinking would 

co t nue through the thickness of the soft a erial and would 

e of t e overly n stra a. ha e d 
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Diamond No. 2, Boulder Valley No. 1, Evans, Puritan, Shamrock, 

and Star Mines (Lowrie, 1966). It should be anticipated that 

mines with hard floors and standing pillars may have a greater 

percentage of remaining void space than those with soft floors. 

19 





I V • 

The basic questions asked with regard to subsidence are 

few in number and seem deceptively simple to answer. Given an 

underground opening of known vertical and horizontal dimensions, 

one wants to know: 

1. How much vertical subsidence will there be at the 

surface? 

2. What will be the lateral extent of surface subsidence? 

3. When has (or will) subsidence occur? 

4. Has the process of subsidence been continuous from 

beginning to end or has it been episodic? 

Generally, the subsidence theories used to answer these 

questions are based on the assumption that extraction of coal 

has been complete and that a continuous unsupported void has been 

created. These conditions do result where longwall mining meth

ods are utilized, as in Europe, However, n the Boulder-Weld 

a field, ining wa done the room-and- llar method, and the 

nd i reated ann ea made t fit uro-

f 
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referred to a recent work by Zwartendyck (1973). This publica

tion gives a thorough summary of the development of subsidence 

theory and contains an extensive bibliography. 

Modern attempts to relate surface subsidence to underground 

mining make use of the concept of the subsidence trough. The 

concept takes into account one of the most important observed 

facts regarding subsidence; namely, that the surface area af

fected is larger than the mined-out area. Because the concept 

can be diagrammed, it provides an easy way of looking at, and 

describing, subsidence problems. 

Figures 4 and 5 illustrate diagrammatically the development 

of a typical subsidence trough. The extraction of coal removes 

support from the overlying strata causing them to sag into the 

void space created. The sag is propagated upward to the surface, 

and, it follows, that the maximum surface subsidence can be no 

greater than the thickness of the coal bed mined. However, the 

a ra1 ex nt f sub iden e at the sur ce is greater than the 

ex nt f underground inin he ur e o it n of t e und 

en ar f id 
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Subsidence Trough before Mining Reaches Critical Width 

Figure 4 As a mine face advances from point 1 to point 2 the 

surface subsidence which occurs will take the form of a shallow 

trough, shown as curve abi. The greatest amount of subsidence 

for a given width of mine opening will be equal to ab and will 

be located over the center of the opening at b. The amount of 

surface subsidence will diminish on either side of b until, at 

points a and a', it is nil. Since aa' >AA' it can be seen that 

the area affected by surface subsidence is greater than the 

mined out opening. Subsidence ab will never be greater than 

AB and w 11 in fact be less than AB until a certain "critical 

width of the mine opening is reached. The line aA connects 

the o nt f ni s sidence and the edge f the mine opening 

f e t 

a z a 
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Subsidence Trough after Mining Reaches Critical Width 

Figure 5 As the mine face advances, ab and angle c~..will increase 

until a "critical width" of the mine opening is reached. At this 

point the amount of vertical subsidence, ab, reaches a maximum 

value, Smax. Further enlargement of the mine opening will subject 

a larger and larger area at the surface to maximum subsidence 

though Smax itself will not increase. In three dimensions the 

deepest part of the subsidence trough will change from an axial 

e, as wou d be the ase in F gure 4, to a flat bottom as shown 
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from 25° to 35° in most instances. The larger the angle of 

draw, the wider will be the zone on the surface in which sub

sidence should occur. By using the lar st of several possible 

angles of draw a greater margin of safety is established for 

those areas lying outside the boundary of possible subsidence. 

Subsidence usually occurs gradually when it is concurrent 

with mining. After cessation of mining, subsidence may continue 

to occur in a steady, gradual manner, or it may stop for a pe

riod, to be followed by failure at some later date. In some 

European mining districts, sufficient information has been col

lected so that the rate, amount, and direction of subsidence can 

be effectively controlled. In order to accomplish this, much 

basic information had to be gathered, and special mining pro

grams had to be designed. Subsidence problems are much more 

difficult to solve in areas where mining has occurred in the 

past, and where records do not include the data needed to devise 

means of controlling subsidence. This is true of areas which 

have be n mined in the past in the Boulder-Weld coalfield, but 

ne t true f area m ned n the future. 
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to collapse as the mine face is advanced. This is the common 

condition in Europe where the longwall method of mining is used; 

in the Boulder-Weld coalfield the room-and-pillar method was 

used almost exclusively. Even though it was common practice to 

remove the coal pillars after the rooms of a mining panel were 

fully developed, it was not possible to recover all the pillars. 

Some were left to protect main shafts and haulageways; others 

were left because they could not be mined safely. The pillars 

which remain in the mines continue to support the roofs of under

ground openings and prevent subsidence troughs from developing 

in an orderly and predictable pattern. Depending on the number, 

dimensions, and distribution of pillars which remain in a mine, 

the width of mine opening could be kept below the critical width 

for that mine, and subsidence would be prevented from reaching 

its potential maximum. Surface subsidence would remain below 

this maximum until the pillars finally gave way sometime in the 

future. 
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v. TA MAPS - CTION AND 

This map delineates areas of coal mining in the Boulder

Weld coalfield and thus, partly defines the limits of mine sub-

sidence hazard. Previous work on the extent of mining in the 

coalfield was conducted by the Union Pacific Railroad Company 

(1964), Grosvenor (1969), Lowrie (1966), and Colton and Lowrie 

(1973). The extent-of-mining map refines the boundaries of the 

coal mines as shown on earlier, published maps, and shows the 

differences which exist between this study and the work of 

Colton and Lowrie. 

This map was compiled by visually reducing the outlines of 

individual large scale 1"=200' (1:2400) mine maps to a scale of 

1"=2000' (1:24000). Most of these maps are on file with the 

Colorado Division of Mines, some are in the microfilm collection 
~ 

of the U. S. Bureau of Mines, and a few are in the collection of 

Roger B. Colton, U. S. Geological Survey. In some areas, air 

phot nd field observations of subs den e were valuable in re-

def ning t e x nt f u der ound workings and in determin ng 

e v ra n i h a t n t d 

# 
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Figure 6. Ste reo triplet of Marshall area. Much of the m1n1nq in the Marshall 
area wa s done be f or e adequate maps and records were kept. Fortunately, mining in 
this area was ve ry s ha l l ow, so that the outlines of the mines are delineated by 
surface subsi dence fea ture s . In the absence of good mine maps, these features, as 
obser ved in th e f ie l d an d on the aerial photos, were used to determine the e xtent 
of mi ning. The nor t hwe st portion of the mining area, as defined by this study 
(d ash e d line) , differs co ns i derably from the previously reported boundary ( s o l id 
line) . Ar e as A an d 8 ar e the same as Figures 29-30 and 31-32 respectively. Photo 
sc a le 1 11 =1667' (1:20000). Localities 1-11, subsidence-inventory map. 



The reliability of the extent-of-mining map is dependent 

upon several factors. First, it is limited by the accuracy 

of the original mine surveys. Post-1920 mine maps appear to 

be more carefully surveyed than earlier ones, which may be mere 

sketches of the mine layouts. The earlier maps may also lack 

accurate reference to the land surveys shown on surface maps. 

Second, many of the smaller mines and some of the earlier mines 

have been recorded with the Colorado Division of Mines, but no 

rna p s e x i s t for them . T hi r d , are as of 11 c h i s e 1 i n g 11 or 11 p o a c h i n g " 

of coal are not shown on the mine maps. The coal removed in 

this unauthorized manner was usually taken from the barrier 

pillars between mines. Although the problem has diminished in 

recent years, miners can point to areas where coal has been 

poached as much as 200 feet beyond mine boundaries. Some 

miners feel that wherever royalties are being paid on coal ex

tracted, poaching is common, and thus one might suspect inac

curacies in even the more recent mine maps. Lastly, it is 

evident from an examination of the only available maps of some 

nes eg. d Ash-Pit burg, Marshall No. that the maps do 

ow t e max mum ex nt of m n ng. In the ase of the Fox 

a a t t h ua ts f 
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Discrepancies which exist between this study, the Colton 

and Lowrie study (1973), and the Lowrie study (1966) are gen-

erally differences in the limits of the mine boundaries and may 

be accounted for by differences in plotting techniques, or by 

the utilization of different mine maps. Some of the more impor-

tant areas of discrepancy are: 

1. A small mine north of the Fireside (NE 1/4, sec. 7, 
T.lS., R.69W.) 

2. The area west of the Acme mine (SW 1/4, sec. 8, 
T.lS., R.69W.) 

3. The area northeast of the Vulcan mine (NE 1/4, 
sec. 10, NW l/4, sec. 11, T.lS., R.69W.) 

4. The area east of the Imperial and Eagle mines (SW 
l/4, sec. 11, NW l/4, sec. 14, T. lN., R.68W.) 

5. The southeast side of the Puritan mine (SW 1/4, 
sec. 2, T.lN., R.68W.) 

6. A lobe of the Lincoln mine (SE l/4, sec. 24, 
T.lS., R.68W.) 

7. A mine south of the Witherbee-Peerless complex 
(SW l/4, sec. 4, T.lN., R.67W.). 

T is stu ' utilizing the available mine maps, and some 

nt, nterv ews with residents and m ner ' ould not con f r 

s e f e work t a . 



In obtaining the depth-of-cover values, it was necessary 

to determine the elevations of the mine workings. When avail

able, this data could be taken from individual mine maps, from 

records of shaft depths as reported to the Colorado Division of 

Mines, and from drill-hole information of the Rocky Mountain 

Fuel Co. With this information, a structure contour map of the 

top of the extracted coalbed was made for each mined area. A 

surface topographic map was superimposed on this map, and struc

ture contour values were subtracted from surface contour values. 

The resulting overburden thickness values were plotted to the 

extent-of-mining base map and were contoured using the 50 foot 

interval. For mined areas with multiple seams, the overburden 

above the highest mining level was contoured. 

The main problem involved in determining the overburden 

thickness is the lack of elevation data on many mine maps, es

pecially pre-1920 mine maps. In such cases, drill-hole data 

and shaft-depth records were utilized as an approximation of 

the depth to mine workings. If these data were lacking, an es-

t on f overbu en thi kne s was made 1) extrapolating 

ure ntours from ad o n m ne work ng where the same 

n ne , r w ad 
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subsidence in other areas where the overburden thicknesses were 

known. In all cases in which only one data point was available, 

the coalbed was assumed to be horizontal, and overburden thick

ness was determined accordingly. The data available and the 

method used in obtaining overburden thickness determinations for 

different mined areas are shown on the map. 

The sources from which mine data were obtained generally 

gave elevations to the nearest foot and in some cases to the 

nearest 0.1 foot. Considering the 50-foot contour interval 

used, the depth-of-cover map is believed to be fairly reliable. 

Because of the scarcity of mine elevation data, all available 

information sources sometimes had to be utilized to make a rea

sonable estimation of depth of cover. Where information was 

sufficient and where different methods of determining overburden 

were available, an effort was made to cross-check the overburden 

determination by testing one method against another. For ex

ample, elevations taken from mine maps were checked against data 

from nearby drill holes. 

n on uities between overburden de rminations of differ-

t ed areas o this map are attributable ur variables. 

a ve d r a 
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throughout the area. Second, there is a considerable variation 

in the stratigraphic interval between the various coal seams 

throughout the coalfield. Third, faults disrupt the continuity 

of strata in the coalfield,and the resulting offset of coal 

seams has produced differences in overburden thickness in adja

cent mined areas. Finally, there is a slight amount of dip to 

the south and east throughout the study area. Coalbeds become 

progressively deeper, and overburden increases in thickness, in 

these directions. 

Mine-Pi 11 a r s r4a p 

The purpose of the mine-pillars map is to delineate within 

each mine, and mine level, the areas where pillars of coal have 

been removed ("pulled" or "mined-out 11
) and the areas where pi 1-

lars were left standing. It is important to realize that pillars 

which are shown in place on the most recent mine maps may have 

deteriorated, and possibly collapsed, since the maps were made. 

The reliability of the map showing areas where pillars have 

een pulled is commensurate with the accuracy and o 

he origina mine maps. 

I dividual oa i ne ma w t a 1 f I! 

d t d r 

eteness 

0 1: 4 0 



It became apparent during the compilation of the mine-pil

lars map that many of the individual mine maps were of dubious 

accuracy and are considered unreliable as far as delineating 

areas where pillars were pulled. Often, the individual mine 

maps merely indicated that large areas are 11 Worked-out;' but did 

not show the outlines of pillars which were left standing and 

pillars which were pulled. On such maps~ it is impossible to 

tell how many pillars, if any, remain in these "worked-out" 

a rea s. 

In fact, miners report that an average of 30% of the orig

inally available coal must be left in a mine, even under the 

best of conditions. Usually, the percentage of coal remaining 

is much higher, and commonly 40% to 50% of the coal originally 

in place is left behind. This residual coal is left in the 

backs of mines as a means of roof support, in mine floors, and 

in pillars. Some pillars are purposely left to protect main 

haulageways and shaft areas; others are left in order to maintain 

a margi of safety while nearby areas are worked. If it is as

sume tha 3 of the coal originally in place was left behind 

e area was 

i i t 

ined-ou" tis pr babe that some pil-

ar t h t n 
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likely that subsidence over that area occurred shortly after 

the cessation of mining and is now essentially complete. How

ever, in those areas where pillars are still standing it is 

likely that subsidence is not complete. Eventually the pillars 

in these latter areas will collapse due to the separate or com

bined effects of air slaking, ground water, stress build-up from 

other parts of the mine, and increased surface loading from newly 

constructed buildings. Therefore, areas shown on the mine-pillars 

map as having remaining pillars should be regarded as potentially 

more hazardous than those areas which are shown as having most 

of the pillars removed. 

Probable-Thickness-of-Extracted-Coal Mae 

The purpose of the probable-thickness-of-extracted-coal map 

is to determine the maximum possible height of the void space 

which could exist as a result of mining activities. The height 

of the void space is assumed to be equal to the thickness of the 

coal extracted in a given area. This thickness would then be 

equivalent to the maximum amount of surface subsidence which 

o 1d oc ur over that area. 

t h ld be ent ned th t, n ca es, ining pra ti e 

t t 



In spite of the above problems, the map is considered re

liable within certain probable minimum and maximum void-space 

heights. The heights of mine openings were seldom less than 

five feet because of economics and the limitations of machine 

mining (after 1946). Since there are few areas where coalbeds 

attain a thickness of more than 15 feet, it can be assumed that 

mine openings are usually less than that figure. The map shows 

that most of the maximum possible subsidence falls within the 

5 to 10 foot range, and that the areas of maximum possible sub

sidence greater than 15 feet occur mainly over those localities 

where there was multiple-level mining. 

Subsidence-Inventory Map 

The subsidence-inventory map is the result of a program 

composed of field observations and interviews with local resi

dents. The purpose of this program was to locate the known 

subsidence areas in the Boulder-Weld coalfield. Areas of pre

sently (1974) observable subsidence and areas of reported, but 

no longe observable, subsidence were noted. Also, observati ns 

were mad n areas where there s some ue ti n as t whether 

t e en r ined. 



Figure 7. Collapse over room of Marshall No. 1 mine. The 
collapse area is approximately 15 feet by 30 feet and is 
about three feet deep. From five to ten feet of coal were 
extracted from this area at a depth of about 50 feet. Lower 
slopes of hill in background are also shown in Figures 6 
(Area A), 8, 31, and 32. Locality 4, subsidence-inventory 
map. 

Fi gure 8. Col l apse area over Lewis No. 1 and No. 2 mines. 
Rooms of these mines are expressed by depressions and pillars 
by ri dges . Mi ning was a t a depth of less tha n 100 fe et , and 
f ive to ten feet of coal wa s extracted. Compare jo ints in 
exposed san dstone in foreground with same area shown on Fig
ur es 31 and 32 . Local i ty 7, subs i den ce -inventory map. 
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Figure 9. Collapse over room of Lewis No. 1 mine. Pit is 
about ten feet by 15 feet and is three feet deep. From five 
to ten feet of coal was extracted at a depth of approxi
mately 50 feet. Flume carrying irrigation water in middle 
background must be periodically re-set because underground 
mine fires in this area are causing continued subsidence. 
Locality 7, subsidence-inventory map. 

Figure 10. Recent subsidence over Lewis No. 1 and No. 2 mines 
brought on by underground fire. Note three puffs of grayish
white smoke. Mine is less than 50 feet deep and is above 
wa ter table. Co l lapse and fra cturing of overlying beds permi t s 
circula ti on of air for co nt i nued comb ustion. Between localities 
7 and 8 , s ubsi dence - inventory ma p . 
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Figure 11. Large subsidence oit over the Premier mine. The 
pit is approximately 30 feet in diameter and eight feet deep. 
Fi ve to ten feet of coal was mined at a depth of about 100 
feet. Near locality 1, subsidence-inventory map. 

Figure: 12 . Large~ well-deve loped subsidence pits over rooms 
of the Shanahan mine. Pits are eight to ten feet deep and 
are 15 to 25 f e et ac ross . The coa l seam a t this mine was un
us ua l ly t hi ck ( 10 to 15 fe e t ), whi ch acc oun t s f or t he large 
amount of ve rti cal subsidence. The min i nq depth was l es s th an 
50 feet. Loc a lity 21, s ubsidence-inventory map. 
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Figure 13. Collapse pit over the Allen Bond mine. Features 
such as this aided in locating the true position of the Allen 
Bond mine. The previously reported position of the mine 
showed no evidence of surface subsidence. A thick (10 to 15 
feet) coal seam was mined here at a depth of approximately 
50 feet . Locality 19, subsidence-inventory map. 

Fig ure 14. Numerou s subs i dence pits above an unreported mine 
just east of Erie. o maps were found of this mine in the 
f i les of either the Co l orad o Di vi sio n of Mines or the U.S. 
Bureau of Mi nes . Ex a mples suc h as this i llustrate the neces 
s ity f or field r econna i ssance of all pr ospective devel op ment 
area s . Based on conditions i n nearby mines . it is estimated 
t ha t f iv e to ten feet of coal wa s ext r acted at depths ot 50 
to 100 feet. Locality 67 , subsidence -i nventory map. 
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depressions (Figure 15), features of less positive subsidence 

evidence (swales and broad ground "sags, 11 Figures 16-17) and 

areas of reported but unverified subsidence were also noted. 

Recent {1969) aerial photographs were of some use in delineating 

areas of subsidence over areas of shallow mining such as the 

Fox, Allen Bond, Pluto, Northwestern, and an unknown mine in NE 

1/4, sec. 18, T. lN., R.68W. In Weld County, older (1949} aerial 

photographs were used to determine an area of subsidence over 

the Shamrock mine (depth of cover about 100 feet). This area 

was leveled and reclaimed for farming in 1956 and all surface 

evidence of subsidence was obliterated at that time. 

Interviews with local residents were valuable in pinpointing 

areas where subsidence and related structural damage had occurred 

in the past. Interviews with miners were especially useful in 

determining where subsidence had occurred because these men were 

aware at the time that a given area was being undermined, and 

were watchful for surface effects. Field observations of struc

tural damage to buildings, streets and sidewalks (Figures 20-24) 

we a so used to determine subsidence occurrence. 

pli ating factors were encountered in the i n-

f iden e atures. In add ti t e nd 

a 1 

42 



Figure 15. Water-filled depression over Nonpariel mine. De
pression is partially closed by base of section line road. 
This is a typical example of a questionable subsidence feature. 
Near local i ty 40, subsidence-inventory map. 

. 
: .. ~ :· .. 

Figure 16 . Broad swale over Lincoln mine. The swale in mid
dle f oreg r oun d is f or tu ito usly out l ine d by s ha dow s ca st by 
setting sun. Norma ll y , thi s fe a ture would be har d to discern 
by the unaided eye since i t is qui t e br oad (100 f ee t } an d is 
only two or three feet deep. Th e mining depth at this locality 
is 150 to 200 feet an d five to ten feet of coal has been ex
tra c te d. Tip ple of the Lincoln mine is in ba ckgr ound. 
Lo ca li t y 77 , s ubsiden ce- in ventory ma p. 
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Figure 17. Broad sag over Morrison mine. Depression has a 
relief of only a few feet and does not really provide defini
tive evidence of subsidence. Careful survey measurements 
might show that the depression is closeds and this would 
strengthen the case for a subsidence origin. Five to ten feet 
of coal were extracted at depths ranging from 100 to 150 feet. 
Near locality 69s subsidence-inventory map. 

Figure 18. Water-fi l led depression just east of Russell mine. 
This depression lies a few hundred feet beyond the reported 
eastern limit of the Russell mine. This may be a case of sub
sidence over an area which was poached and the mining was not 
r eported. The sh a l l ow (one to two feet) de pr e ss i on may also 
be the result of wi nd erosion. Loc al ity 94, subsidence
i nvent ory map. 
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Figure 19. Sand dune area one-half mile west of Firestone. 
Undulations of fence line indicate the irregular nature of the 
topography. This area overlies the Frederick mine where a 
five to ten foot coal seam was mined at a depth of 100 to 150 
feet. The poor, sandy soil of the area and the close proximity 
of an undoubted dune field indicate that the irregular topog
raphy is due to wind deposition rather than subsidence. 

Figure 20. Subside n ce over Strathmore mine, Sou t h Longmont 
St r ee t, La fa yette. The l ow sag in the front lawn and the 
front wal are subsidence related . This "subsidence" is ac
tu a l ly the result of compaction of tra sh and rubble used to 
fill a true subsidence pit which f ormed in 1956 (Denver Post, 
May 27, 1956). There was rapid co llapse and overnight develop
ment of a hole 40 f e et deep an d 15 to 20 feet square. Locality 
55 , subsidence-inventory map. 
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Figure 21. Subsidence over Strathmore mine, South Lonqmont Street, 
Lafayette. The most recent damage to the street has not yet been 
fully repaired. Note unpaved section of street and sagging side
walk. The coal seam in this area of the Strathmore mine was quite 
thick, and the probable thickness of coal extracted was 20 to 25 

46 

feet. Depth of mining was 100 
to 125 feet. Locality 55, sub
sidence-inventory map. 

Figure 22. Front stoop of house 
to the right in Figure 21. This 
house is immediately south of 
home shown in Fig ure 20. The 
walk has pulled away from the 
stoop and it in turn has pulled 
away from the house . Bricks 
have been jammed beneath the 
hou se and bene at h th e stoop for 
temporary support. Loc a lity 55, 
subsiden ce- inventory map. 



Figure 23. Subsidence pit at a trailer court in 
Lafayette. Ground began caving in the early morning 
of August 29, 1974, and cont i nued to enlarge until 
noon. Final dimensions of the subsidence pit were 
24 X 18 X 15 feet. The subsidence occurred in a 
vacant area and on l y minor damage to uti l ity li nes 
wa s sustained . Had one of th e l a rg e "mobi l e " homes 
shown i n t he ba ckgro und of t hi s f i gure been pa rk ed 
on top of th e s ub s idence a r e a i t is doub t f ul t hat it 
co ul d have bee n move d quickl y enough to s av e it. 
This re cen t event is a dramatic examp l e of c ontin uing 
su bsi den ce problems in an a re a whe r e minin g ceas e d 
ov er half a cent ury ago . 
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Figure 24. Detail of subsidence pit at trailer court 
in Lafayette. The upper 12 feet of the subsidence 
pit walls are composed of sand and silt size material; 
the lower three feet of the pit consists of bedded, 
angular gravel. The subsidence occurred over the 
Strathmore mine which lies at a depth of 100 to 150 
feet and was last worked in 1919. Normally only one 
level was worked in this mine but in the area of the 
trailer court two levels were mined and it is esti
mated that a total void space of 20 to 25 feet was 
created. 
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Figure 25. Garage over Black Diamond mine. At this locality, 
five to ten feet of coal were extracted at a depth of 150 to 
200 feet. The garage and house are fairly isolated, so t hat 
the surrounding terra i n is relatively undisturbed by man. No 
pits, swales, or other indications of subsidence were found in 
the fields around the house. For this reason, the damage to 
the garage is thought to be due to swelling soils. Note bow 
in roof line along gutter. Locality 15, subsidence-inventory 
map . 

Fi gure 26. Detail of garage shown in Figure 24. Stair step c r acks 
i n br i ckwo r k are one-half inch wi de. Win dow has rhomboid sh ape, 
a nd glass is cracked. This damage is s i milar to what one might 
expe ct if ground ben ea th fo und a tion had s ubsid e d. Locality 15 , 
subs i den ce-inventory map . 
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Figure 27. Damage to VFW hall, 
Main Street, Louisville. This 
part of Louisville was under
mined many years ago. A seam 
10 to 15 feet was extracted at 
a depth of about 100 feet. Be
cause the mining occurred so 
long ago, it is thought that 
the damage to this relatively 
recent building is related to 
faulty desi9n or construction, 
rather than to subsidence. 
Locality 43, subsidence
inventory map. 

Figure 28. Aba ndoned build i ng , Ma i n St r ee t, Louisv i lle. The un
dulatory line of the siding and t he r ho mboid s ha pe of t he wi ndows 
s uggest tor si ona l effects wh i ch might be ass oc iated wi th su bs i
dence . Ho we ver , t he obvi ou s a ge of the bu i l din g suggests that t he 
stru ct ura l wa rping is s i mp l y due t o gen e ral deterio ra t i on ov e r a 
l on g span of time. Local ity 43 , su bs i denc e- i nven t ory map. 
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in a great many areas of the coalfield, notably over the New 

Crown, Matchless, Helca, Rex #1, Mitchell, Morrison, Frederick, 

Puritan, Grant, and Witherbee-Peerless mines. 

Another complicating factor in subsidence identification 

is that surface effects above deeper mines (greater than 200 

feet) are likely to be faint. Unless observed immediately after 

mining, they may soon be totally obscured. Subsidence over 

deeper mines is not represented by well-defined pits and swales, 

but is typified by broad depressions several hundred yards in 

diameter. Even broad depressions over known mined areas may be 

suspect because "blowouts" (wind-eroded depressions) occur in 

the area, especially around Frederick and Firestone (Figures 

18-19). 

Damage to structures built over mined areas cannot always 

be attributed to surface effects of caving in the mines. Other 

factors which must be considered before ascribing damage to 

subsidence are 1) instability of the slope on which the struc

ture s built, 2) compa ton of fill, 3) swelling cl s around 

dat ns F gures 25-26}, 4) thermal effects, 5) fau1 de-

n t n Figure , a d 6 radual tru ral 

u F e u -
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Reports by residents and miners are useful in locating 

past evidence of subsidence, but are often difficult to verify. 

In one such instance, a miner pointed out that he had assisted 

in surveying a grid of points over the Eagle mine SW 1/4, sec. 

14, T. lN., R.68W., where the depth to mine workings is approxi

mately 300 feet. A subsidence of 23 inches was measured three 

to six months after pillar removal. The area is presently being 

farmed, appears to be a smooth slope, and no distinct subsidence 

evidence is discernible. 

After taking the above complications into consideration, it 

is estimated that 90% of the subsidence which can be presently 

observed has been identified. The subsidence inventory has 

shown that no well-defined, presently observable subsidence 

occurs in areas where overburden is greater than 150 feet. Sub

sidence in areas with a greater depth of overburden is difficult 

to verify by routine field observation. 



VI. 

Field work consisted of personal in rviews, foot traverses 

over mined areas, and examination of local historical records. 

Approximately 15 man-days were spent in interviews with persons 

having knowledge of past mining and subsidence in the area. Such 

people included active and retired miners, local librarians, his

torians, newspaper editors, city and county planners, and .land

owners with property overlying mines. Initial contacts were made 

through letters of introduction provided by the Colorado Geologi

cal Survey and through advertisements placed in local newspapers. 

As the interview program progressed, word-of-mouth suggestions 

led to meetings with additional knowledgeable people. A list of 

the individuals contacted is included as Appendix A of this 

report. 

Retired miners were most helpful in providing information 

on mining practices and subsidence over the more recent mines 

i Weld County. In Boulder County, rna local residents gave 

r t ns f past subs den e e ents and p inted ut present 

u e e a ure . A u den e re rt mm n fro 



mined area in the coalfield was walked and (or) driven over, or 

was, at least, observed from the nearest section line road. 

Aerial photographs were carried in the field, and the lo

cations of possible subsidence features were plotted on them. 

Observations were summarized in field notes written at each lo

cation visited. The results of the field survey were utilized 

in the construction of the subsidence-inventory map. In a few 

cases, field observations indicated that mine boundaries on the 

extent-of-mining map had to be enlarged or reduced. 

Historical records dealing with coal mining and mine sub

sidence were examined in the town libraries of Louisville and 

Lafayette and in the homes of long-time residents of the area. 

The State Historical Society library, the Denver Public library, 

and the Denver Post library provided access to back issues of 

local and regional newspapers now long defunct. With few ex

ceptions, the newspapers and records examined dealt with mine 

collapse only as it affected the miners or the mine workings. 

Instances of surface subsidence durin the time of greatest 

ing a tivi (1905-1945) usually occurred in sparsely in-

ha it d a e where land value we w and were e er n 

ven r we t un t d . 
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VI I. CTIVITIES 

In addition to the main programs of basic-data map com

pilation, field work, and interviews, certain other activities 

relating to mine subsidence detection were carried out. These 

activities consisted of a photogeologic review of recent (1969) 

aerial photography, a comparative study of this photography with 

aerial photos taken 20 years earlier, and a study of special, low

sun-angle, low-altitude aerial photos taken over selected mine 

areas. Acquisition and study of multi-band photography was ini

tially considered, but it was later decided that the low-sun-angle 

photography offered a more fruitful line of research. 

Photogeologic Review 

A photogeologic review of the coalfield was made using Agri

cultural Stabilization and Conservation Service (A.S.C.S.) photos 

taken in 1969 at a scale of approximately 1"=1667' (1:20000). 

Stereoscopic examination of the photos showed that soil and vege-

tati ver obs ured nearl all the bedro k eol nly two 

k u it ur within the area, a d neit have ny d stinc-
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faults. As noted above, most of the faults are based on sub

surface data, and their lack of recognition in the field and on 

the photos is probably due to a combination of low dip, soil 

and vegetative cover, and similarities in lithology between the 

two surface rock units. 

The air photos were useful in making a rapid appraisal of 

the surface overlying mined areas. The surface could be clas

sified as showing 1) well-defined subsidence features, 2) pos

sible indications of subsidence, and 3) no evidence of subsidence. 

Well-defined subsidence features usually take the form of small 

pits 10 to 30 feet across and 3 to 10 feet deep (Figures 7-14). 

Rarely, there are larger areas of collapse forming depressions 

50 to 100 feet across and 5 to 10 feet deep. At a scale of 1"= 

1667' (1:20000), the pits appear quite small on the photos and 

single, isolated pits are easily overlooked (Figure 6). For

tunately, they commonly occur in easily recognizable clusters of 

a half dozen to a hundred or more pits. In untilled pastureland, 

the pits have remained undisturbed since their formation and are 

easily recognized on the pho s, Where the land ha been tilled, 

he ts h ve t th r def nit o , eit be a e e ound 
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mottled vegetation patterns are produced by areas of darker

toned lush vegetation whose vigor is due to a more abundant 

supply of water collecting in subsidence-formed depressions 

(Figure 15). If too much water collects, however, the vegeta

tion is killed and the depression is marked by a small pond or 

by a mud flat (Figure 18). The latter sometimes bave alkali 

crusts whose white color is distinctive on the photos. Mottled 

vegetation, shallow depressions, and poor drainage are not de

finitive subsidence features. All can be produced by natural 

processes other than subsidence, such as wind (deflation), or 

by the activities of man, such as the construction of stock ponds 

and the opening of borrow pits. 

The photogeologic review showed that in the coalfield well

defined subsidence features are usually present in those areas 

where depth of mining is less than 100 feet. Where mining depths 

are 100 to 200 feet, good subsidence indicators are sparse, and 

one must work with less definitive features such as swales, shal

l w dep ssions, and areas of poor drainage. In those areas 

r h s been a pths greater than 200 et, the sur-

no ub ide e t re wh a b e ve 
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the effects of such subsidence are probably spread over a wide 

area. It is possible that these subtle subsidence effects 

might be detected in the field by comparing precise surveying 

measurements made before and after mining. 

Comparison of 1949 and 1969 Aerial Photography - A set of aerial 

photos taken in 1949 by the U. S. Geological Survey at a scale 

of 1"=1385' (1:16620) was examined and compared with the A.S.C.S. 

photography taken in 1969. As to be expected, the larger scale 

of the earlier photos made recognition of subsidence features 

somewhat easier. Moreover, the older photography in one case 

(Shamrock mine) showed subsidence pits which were not visible on 

the more recent photo coverage. Further investigation showed 

that between the two dates of photography an extensive program 

of pit-filling and land-leveling was carried out by local ranch

ers in cooperation with the Soil Conservation Service (U.S.D.A.). 

The older photos prove that,in at least one area,subsidence did 

occur even though present-day surface evidence of subsidence is 

ack ng, 
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conclusions. The first, and most obvious, is that no subsidence 

occurred over the areas mined between 1949 and 1969. The second 

conclusion is that subsidence has occurred, but that its ef cts 

on the surface are subtle and diffuse. The fact that the areas 

mined during the period 1949-1969 generally had an overburden 

thickness of more than 200 feet lends support to the second 

possibility. 

Low-Sun-Angle Photography - Through the cooperation of the U. S. 

Geological Survey, a number of large scale, low-sun-angle aerial 

photographs of selected areas in the coalfield were obtained. 

The photos were taken on July 23, 1974 during the early morning 

{7:00-8:30 AM), while the sun was still low on the horizon. The 

low angle of the sun caused ground features of low relief to 

cast long shadows, and it was hoped that these shadows would en

hance the outlines of the shallow depressions, pits, and swales 

which so frequently indicate subsidence. 

The areas selected for low-sun-angle photography included 

a rol area of well-known and well def ned subsiden e and a 

z a wh re t ere was doubt 1 eviden e f sur e 

e h t s d r st ave a f a prox -
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Figure 29. A.S.C.S. photo of 
area A, south of Marshall 

High-sun-angle Photo 

Figure 30. U.S.G.S. photo of 
area A, south of Marshall 

Low-sun-angle Photo 

The s hadows on the low-sun - an gle phot o enhan ce the out l ine of col
laps ed rooms at a and b. The sa me fea t ur es ( a ' , b') are near l y 
in disc ern ib l e on t he high - sun - angle photo. The subsidence pits at 
c (c') are also more strongly en hanced on the low - sun-a ngl e photo. 
The two figures are both enlargements and have an approximate 
scale of 1"=450' (1:5450). The enhancement of detail brought 
abou t by enla r gement is seen by comparing Figu r es 6 and 29 , both 
of whic h we r e made f r om the s ame negative. 
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Figure 31. A.S.C.S. photo of 
area B, north of Marshall 

High-sun-angle Photo 

Figu re 32. U.S. G.S. photo of 
area B, north of Marshall 

Low-sun- angle Photo 

Collaps e fe at ures a (a ' ) outlining the rooms and pill ar s of the 
Lewis No. 1 a nd 2 mines are enha nc ed by the s hadows of the l ow - su n
angle phot o. The sa me features become blurred on the high-sun
angle photo because of t he large amount of light reflected f r om the 
bare ro ck near mid-day. For the same reaso~ subsidence induced 
jo i nts at b (b ) are also better displayed on the low-sun-angle 
ph oto . Jo i n ts at b (b•) a re a l s o s hown i n f ore gr ou nd of Figure 8 
an d flume c (c') of irr i gati on ditch is i n mi dd l e gr ound of Fi gure 
9. The figures above are enlargements and have an approximate 
sc a le of 1"= 450' (1 : 5450). Fi gures 6 and 31 were made from the 
s ame ne ga t i ve. A comp a r i s on of th e tw o sho ws t he enh anceme nt o f 
det a i l br ought about by en l arge men t . 
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when the sun was high above the horizon; the latter were made 

from a low-sun-angle photo. Subsidence pits, room and pillar 

outlines, and subsidence induced fractures are all better ex

pressed on the low-sun-angle photos than on the more conventional 

photos. The use of low-sun-angle photography to relieve the 

doubt surrounding "subsidence" features in other parts of the 

coalfield was less successful. Features which appeared doubtful 

when visited in the field (Figure 17) still seemed doubtful when 

observed on the photos. 

This study has shown that aerial photographs have a number 

of applications, as well as some limitations, in mine subsidence 

investigations. Repetitive photo coverage can provide a histori

cal record of where subsidence has occurred in the past and, to 

some extent, when it occurred. It can also show where the ef

fects of subsidence have been masked by the later work of time 

and man. A major constraint on the use of aerial photographs as 

a means of determining past subsidence history is that the dates 

at w ich the various pho coverages were flown are not neces-

ar y th dates of grea st mining a tivi 
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Figures 29 and 31. The latter are merely enlargements of the 

former, but the subsidence features which they show have been 

greatly enhanced by an increase in perceived depth and detail. 

It should be noted that there is a trade-off involved when one 

is choosing between large and small scale photos. Large scale 

photos show subsidence features very well, but require a large 

number of photos to cover a given area. Fewer small scale 

photos are needed to cover the same area, but there is a greater 

likelihood of overlooking subsidence features. 

In areas of deep (more than 200 feet) mining, well-defined 

depressions and subsidence pits are lacking and subsidence as 

expressed at the surface is probably too subtle to detect by 

normal photo interpretation methods. It is possible that such 

subtle subsidence might be identified by using sophisticated 

photogrammetric plotters in conjunction with large scale photo

graphs taken before and after an area was undermined. Good 

plotters can measure very small differences in elevation, and 

h s of on y a foot or two over newly mined areas could prob-

The use of photos as a tu e histor cal 
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V I I I • D MINE S 

Mining activity in the Boulder-Weld coalfield started in 

the early 1860's in the Marshall area and presently continues 

only in the Eagle mine. Although instances of subsidence had 

been recognized for many years, little thought was given to the 

relationship between underground mining, subsidence, and man

made structures on the surface. Towns in the coalfield were 

small, and rural housing was widely scattered. Subsidence could 

take place and go unnoticed, and damage to existing, relatively 

small structures could easily be repaired. Fields and roads 

could be regraded and kept in usable condition. These inconven

iences apparently were not of sufficient magnitude or intensity 

to cause widespread concern, and subsidence-related problems 

were accepted as a part of life and were dealt with as they oc

curred. The subsidence-hazard issue remained one of limited 

in rest until recently, when accelerated population growth 

throughout t region produced s gnificant increase in the 

den f residential develo ment n-a a a e u r 
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increasing concern for the wise and safe development of land 

is reflected in the passage of House Bill 1041 by the 1974 

Colorado General Assembly. This law has brought subsidence 

problems (classified as a natural hazard) within the purview 

of the State, as well as the county and municipality. 

When considering land use in areas which have been under

mined, the following questions must be addressed. 

1. Is or was there coal under the tract to be developed? 

2. Has the full amount of subsidence occurred over 

worked-out areas, or can more subsidence be expected? 

3. If more subsidence can be expected, when will it 

occur, and what will be its magnitude? 

4. In an area in which subsidence is likely to occur, 

can remedial measures be taken so that the land 

can be developed safely? 

5. What are the legal problems likely to be associated 

with land development in-and adjacent-to areas of 

potential subsidence? 

1 advan ng chno o make it asible to re-

e r 1 d nes 
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will not be economically practical to obtain answers for them. 

In such cases, the land in question may best be left as open 

space or greenbelt. When answers to land subsidence problems 

are not clear cut and definitive, the potential land developer 

should follow a program of investigation which, hopefully, will 

provide the data needed. The first step in such a program would 

be to study the maps which accompany this report, particularly 

the subsidence-hazard map. 

Certain areas, because of land ownership or because of 

proximity to previously developed areas, will be subject to con

siderable pressure for development. In these areas it will be 

necessary to undertake detailed, and relatively expensive studies 

to determine the extent to which viable and safe development is 

feasible. 

Subsidence-Hazard Map 

Purpose and Procedures - The purpose of the subsidence-hazard 

map is to designate, insofar as possible, those areas where 

ve opment of the land surface may be affec d subsiden e 

re a ed ndermining. e t dire ap r ach to the pre a-

n ubs de e h wo 
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existed. It was hoped that such correlations would identify 

those factors which are most critical to the development of 

subsidence. 

Instances of known subsidence were evaluated with respect 

to the following factors and combinations of factors: 

1. Presence or absence of pillars 

2. Depth of cover 

3. Probable thickness of extracted coal 

4. Dates of mine operation 

5. Proximity to mapped faults 

6. Presence or absence of pillars~ probable 

thickness of extracted coal 

7. Presence or absence of pillars~ proximity to 

mapped faults 

8. Depth of cover ~probable thickness of 

extracted coal 

9. Depth of cover~ proximity to mapped faults 

pth of cover presen e r absen e of pillar 

A itive rela i n h wa b erved e een de th f 



2. In the depth-of-cover range 100-200 feet, instances 

of surface subsidence evidence occur twice as often 

over areas where pillars are absent as over areas 

where pillars are present. 

3. In the depth-of-cover range 200-300 feet, instances 

of surface subsidence evidence occur three times 

as often over areas where pillars are absent as over 

areas where pillars are present. 

4. In cases where the depth of cover is greater than 

300 feet, instances of surface subsidence evidence 

occur twice as often over areas where pillars are 

absent as over areas where pillars are present. 

These observations indicate that, as depth of cover increases 

to 300 feet, the occurrences of subsidence evidence over areas 

where pillars are absent become increasingly more frequent rela

tive to those areas where pillars are present, Below 300 feet 

thi trend is reversed, possibly due to the increased !!bridging" 

f t vided a thicker over ying r ck section. 

u d be stressed that ar ons an b mad n 
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The almost total lack of correlation in the above compari

sons (Nos. 1-9) is probably due to the complexity of the rela

tionship which exists between room-and-pillar mines and surface 

subsidence. In addition, the records kept throughout the years 

of mining activity in the area are not sufficient for a thorough 

analysis of the relationship between subsidence and other mining 

factors. Another major problem is that the subsidence-inventory 

map shows only observed subsidence, and does not record subsi

dence which may have gone unnoticed. It is possible that had a 

full and accurate record of subsidence been available, some 

correlations might have been established. 

Basic Assumptions Used in Map Construction - The problems des

cribed above indicate that no consistent rule can be adopted 

for predicting subsidence. The best approach appears to be one 

which is based upon the probable relative severity of potential 

subsidence in any given area. Since any undermined area may be 

cte by subsidence or post-subsidence settlement, all such 

a igned a degr e- f- a a d a f at n ba ed 
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to the surface it can be expected that no large 

voids remain beneath that particular area. 

3. Occurrences of partial collapse (that is, cases 

where subsurface caving has occurred, but where 

the caving has not reached the surface) were not 

detected during this study. Therefore, it is 

assumed that, where surface subsidence has oc

curred, the subsidence is essentially complete. 

This does not include post-subsidence compaction 

and attendant surface settling. 

4. The inability to confidently predict the relative 

stability of a given undermined area requires a 

conservative approach to hazard classification. 

Accordingly, it has been assumed that pillars left 

standing after mining ceased will undergo deterior

ation with time, and will eventually fail. The 

amount of time required for a pillar to completely 

deteriorate wil depend on rna 

in i ortance in dif rent area 

v n ua , all 1 ars w 1 pr 

r r 

71 

factors, which vary 

f t oa1fie1d. 

ly , a d 



of subsidence hazard in relative terms. This appears to be 

the most useful approach to the problem of the relationship be

een land subsidence and land use. The ca gories of subsidence 

hazard are severe, moderate, and low. 

1. - Areas labelled 11 Severe" are those in which 

rapid and violent subsidence effects may endanger 

occupants of the area by causing the failure of 

building foundations, roadways, gas mains, and simi

lar man-made features. These areas are characterized 

by either l) the presence of pillars (which are as

sumed to be undergoing decomposition) plus physical 

evidence of void space, or by 2) the absence of evi

dence of surface subsidence. The collapse of decom

posed pillars could alter the complex stress and 

strain patterns in the overlying rock. This could 

initiate almost instantaneous local surface subsi

dence or displacement, thereby causing equally rapid 

d stru ti n of stru tures n t e area. The nl ac-

pta 
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unusable. The rate of subsidence would probably be 

slow enough to allow time for recognition of the 

problem, and if necessary, for the sa and orderly 

abandonment of the area. Possibly, there would be 

sufficient time for remedial action which could 

offset the effects of the subsidence. 11 t4oderate" 

areas are characterized by the presence of subsi

dence features over undermined areas where pillars 

are reported to be present. This condition produces 

the potential for further subsidence and differential 

settlement. Appropriate land uses would include ag

riculture, open space, open storage areas, unoccupied 

warehouses, and similar uses which would require only 

a low population density. 

3. Low - Areas of "low" hazard are those in which the 

rate and magnitude of any anticipated surface dis

placement would be small enough to warrant repair 

of affected existing structures. By using adequate 

e eer ng design, future 

e u t w thst n 
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surface settling. The only restrictions placed on 

land use would be the requirement that structures 

planned for these areas would be designed to with

stand any small movements which might be induced 

by post-subsidence compaction. 

Safety Factor - Factors such as angle of draw, attitude of bed

ding, and presence of zones of weakness due to faulting can 

extend the surface influence of a particular void well beyond 

the limits of the undermined area. Determination of the extent 

of subsidence at the surface is further complicated by the possi

bility of significant inaccuracies in the original mine maps. 

The effect of the inter-relationship of the above factors 

is not amenable to quantification. It is therefore prudent to 

i nco r p or ate a 11 safety factor 11 i n to the deter m i n a t i on of the e x

tent of surface area which might be affected by mining. This 

has been done by assuming a nominal angle of draw (35°). This 

angle was used in conjunction with the maximum mining depth 

t} e orded he alf e d t a u a the w dth 
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Where faults, or intersections of faults, lie only a short 

distance beyond the 400 foot boundary, the zone of safety has 

en ex nded to those ults and in rsections. Small modifi-

cations in the width of the zone have also been made based on 

surface topographic control. 

Reclassification of Subsidence Hazard of S ecific Areas - The 

hazard classification of all areas within the coalfield was 

based on the data available for this study. Reclassification of 

any part of these areas could be justified by the accumulation 

of more or better information. Such information might be de

rived from 1) more detailed maps than those available for this 

study, 2) field observations and measurements of additional sub

sidence not observed during this study, and 3} subsurface tech

niques such as core drilling and geophysical surveys. It is 

certain that the economic attractiveness of land development in 

the coalfield area will prompt investigations to re-define the 

subsidence hazard in-and adjacent-to specific properties. 

at a 



to further investigations would be to acquire additional data 

similar to, but much more detailed than, that used in the prep

aration of this report. The pre rred map scale on which to 

display the detailed data would be 1"=200 1 (1:2400). 

For most areas, the development of large-scale maps showing 

basic data such as extent of mining, depth of cover, pillars, 

probable thickness of extracted coal, and subsidence occurrences 

will be only the first step in a land-use compatibility investi

gation. In some instances, the basic data will indicate that 

further investigations will be needed to demonstrate the via

bility of development. As in the case of hazard reclassification, 

such additional investigations will probably consist of subsur

face testing through core drilling and geophysical surveys. 

Subsurface investigations are expensive, and it should be 

expected that land development projects in the coalfield will be 

subject to some financial burdens not associated with projects 

of similar size in other areas. However, the area still appears 

to a tractive for development, and the more astu engineers, 

a d an er wi f d w s v r me the roble 



I X. 

1. Much of the land between the towns of Marshall (Boulder 

County} and Firestone (Weld County) is now undermined 

with abandoned coal workings. 

2. The workings lie at depths which range from 30 to 580 

feet. Most are within the 100 to 300 foot depth range. 

3. The coal mines were worked by the room-and-pillar 

method rather than by the longwall method. In most 

cases, the miners attempted to "pul1 11 as many of the 

pillars as they could during the later stages of 

development in any given mine. 

4. Most of the theories of coal mine subsidence and most 

of the methods of predicting the time, duration, and 

extent of subsidence are derived from European experi

ments and observations in longwall mines. These theo-

ries and predi tive meth s are n t entire a p icab 

to the r o a d-pi11ar nes of the u1der-Weld coal-

field. his is becau e the pre e f n ul ar 
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5. The extent of subsidence in the coalfield can be fairly 

well defined by field observations. Strong evidence of 

surface subsidence consists of well-defined pits and 

depressions; less definitive evidence consists of broad 

swales and shallow, poorly drained depressions. 

6. Unequivocal evidence of subsidence is often observed on 

the surface in those areas where the mining depths do 

not exceed 200 feet. In areas where mining depths are 

greater, surface subsidence is not readily observable 

by the unaided eye, even though its presence could log

ically be expected. Precise surveying in such areas 

might detect shallow, closed depressions and might show 

that previously established benchmarks have subsided. 

7. Observed damage to homes, streets, buildings, highways, 

and irrigation ditches should not automatically be as

cribed to subsidence because. in many cases, the damage 

could be induced in other w s. 

B. iew w t ca 1 r a r are f n 
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uncertain, and that reports of subsidence must be 

cross-checked through field observations or through 

other interviews. 

9. In some cases Federal government aerial photography 

is helpful in studying subsidence in the coalfield. 

Because the scale {1"=1667', 1:20000) of these photos 

is quite small, relative to the size and depth of the 

subsidence features being investigated, interpretation 

of subsidence is often uncertain. Nevertheless, a 

study of various sets of aerial photo coverage taken 

over the years (1937-1969) by different government 

agencies could provide a rough historical record of 

subsidence development in the coalfield since the late 

1930's. 

10. Low-sun-angle aerial photos, taken early in the morn

ing, are a decided improvement on the normal government 

photography because the long shadows cast at that time 

f d enhance he outlines f w-r ef subsidence 
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depth of cover, presence or absence of pillars, and 

probable thickness of extracted coal. There does 

seem to be a relationship between cases of surface 

subsidence and depth of cover coupled with the presence 

or absence of pillars. 

12. A classification of "severe," "moderate, 11 and 11 lOW 11 

hazard has been adopted for all undermined areas in 

the coalfield. These areas and their ratings are 

shown on a subsidence hazard map. The three categories 

of hazard are based on estimations of the relative 

amount of danger to which persons and structures in a 

given area might be subjected should subsidence occur 

in the future. 

13. When specific properties in the coalfield are con

sidered for development, an examination of the subsi

dence hazard map will give a first approximation as 

to the feasibility of the proje t. In most cases, 

more detailed nforma n tha s g ven n th s e-
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APPE DIX A 

CITY, COUNTY, STATE AND FEDERAL 
OFFICIALS; MINERS; LOCAL RESIDENTS AND OTHE 
I TERVIEWED D lNG COAL MI E S BSIDENC STU 

Brouillette, Jason, Boulder Co. Planning Dept., Head 
of Operations 

Heffington, William, Boulder Co. Eng. Dept. 

Pendleton, James, City of Boulder, Geologist 

Bedford, James, City of Lafayette, former Mayor 

Deppe, Daniel, City of Lafayette, Ass't. City Manager 

White, Daniel, City of Louisville, City Engineer 

Wurl, Leon, City of Louisville, City Administrator 

Lorenson, Burman, Weld Co. Planning Dept., Planning 
Director 

Olsen, Gill, Weld Co. Engineer•s Office 

Deborski, Andrew E., Colo. Div. of Mines, Chief Coal 
Mine Inspector 

t , at r 0 i L 6 

t, 



Appendix A - Continued 

Panek, Louis A., U.S. Bureau of Mines 

Morgan, Thomas A., U. S. Bureau of flines 

Darnell, Richard, U. S. Bureau of Mines 

Donner, Donald, U. S. Bureau of Mines 

Moreland, Donald, Soil Conservation Service, U.S.D.A. 

Active and Retired Miners 

Astle, John, Lincoln Mine, General Manager 

Amicarella, Lawrence 

Clyncke, Marion 

Clyncke, Oliver 

De Novellis, Anthony 

De Vischer, Andy 

Dhieux, August 

rguson, William, Lincoln Mine, former Mine Superin ndent 
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Appendix A - Continued 

sidents 

(Hrs.) Amicarella, Librarian, Lafayette 

Barlow, Niles, resident, Lafayette 

Bateman, Albert, owner of property above Electric Mine 

Coonts, Phyllis, resident, Marshall 

Dhieux, Vivian, City Councilwoman, Louisville 

Di Giacomo, Susie, owner of property above Paramount Mine 

Lewis, K. D., homeowner near Shanahan Mine 

Ostdiek, Walter, Paclamar Farms, Louisville 

Reichert, A. E., owner of property above Black Diamond Mine 

Rodelli, James, resident, Superior 

Sampson, Johana, resident, Marshall 

Waremburg, Clubert, owner of property above Acme Mine 

Zabler, (Mrs.) R. A., resident, Lafayette 
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Appendix A - Continued 

Miller, Dean, Public Service Co. of Colo., Supervisor, 
Transmission Engineering 

Rahmiamian, Victor, Colo. School of Mines, graduate 
student 

Russell, William, Rocky Mtn. Energy Co., Senior Engineer 

Sarchet, M. C., Former Reservoir and Irrig. Co., 
President 

Schreiner, Robert, Centaurus High School, Principal 

Waneka, George, Waneka and Sons Drilling Co. 

Weimer, Robert, Colo. School of Mines, Professor 
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