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FOREWORD

FOrR THE PAST SEVERAL YEARS COAL OUTBURSTS, COMMONLY
KNOWN AS 'MOUNTALN BumpPs", HAVE OCCURRED IN SOME OF THE
MINES LOCATED IN HARLAN COUNTY, AND AS PRACTICALLY ALL OF
THESE OUTBURSTS HAVE CAUSED THE DEATH OF ONE OR MORE WORK=
MEN, THE REASON FOR THESE BUMPS AND THE IR PREVENTION HAS
BEEN WIDELY DISCUSSED.

THIS DISCUSSION HAS 3EEN ENTERED INTO NOT ONLY BY LOCAL
MINE OFFICIALS AND WORKMEN, BSUT ALSO, BY MININS ENGINEERS
AND MINE OFFICIALS OF CONSIDERABLE REPUTE FROM WITHOUT THE
STATE, AS WELL AS IN FOREIGN COUNTRIES. THE VARIOUS OPIN=
IONS DISAGREED TO SUCH AN EXTENT, THAT IT WAS DEEMED ADVIS-
ABLE BY THE DEPARTMENT OF MINES AND MINERALS TO MAKE A
THOROUGH STUDY OF THE SITUATION, SO AS TO FULLY ESTABLISH
THE CAUSE OF BUMPS ANMD WHAT COULD BE DONE TO PREVENT THEM
FROM OCCURRING AND EL IMINATE THE LOSS OF ILIFE CAUSED THEREBY.

DUE TO THE ABOVE, PERSONS FULLY COMPETENT WERE SELECTED
TO CONDUCT THIS INVESTIGATION, AND THEIR FINDINGS WHICH HAVE
BEEN ARRIVED AT AFTER CONSIDERABLE STUDY AND COST ARE, WE
FEEL, VERY LOGICAL AND CONCLUSIVE.,

//‘£ j
> . DANIEL, CHIEF
/  DEPARTMENT OF MINES AND MINERALS



INTRCOUCTICN

AN INVESTIGATION OF THE CAUSES AND SUGGESTIONS FOR THE
PREVENT ION OF "Bumps" IN THE COAL FI1ELD3 OF HARLAN COUNTY,
KENTUCKY HAS BEEN MADE AT THE REQUEST OF Mr. Jomn F. DANIEL,
CHier oF TrHE DEPARTMENT OF MINES AnD MINERALS,

THE FIELD PARTY WAS composep oF Daniten J. JoneEs, GeoL-
oci1sT, NEweLl. M. WirLber, AssISTANT GEOLOGIST AND JOHN F.
Maurice, RIINING ENGINEZER.

THE PROBLEM HAS BEEN DISCUSSED FROM THE POINT OF VIEW
OF THE LOCAL AND REGIONAL GEOLOGICAL ASPECTS AS FUNDAMENTAL
CONTRIBUTING FACTORS. MINING METHODS ARE DISCUSSED IN RE=-
LATION TO BOTH GEOLOGIC CONDITIONG AND WHAT WE REGARD AS
SOUND MINING PRINCIPLES FOR OPERATING IN THE CUMBERLAND
OverTHRUST Brock. THIS RESTRICTED AREA, DUE TC HORIZONTAL
CRUSTAL MOVEMENT AND INTENSE CONMPRESSIONAL FORCES EXERTED
ON THE COALS, SANDSTONES AND SHALES DEMANDS NOT ONLY THE
ADOPTION OF CERTAIN RECOMMENDED MINING METHODS, BUT A CARE—=
FUL SUPERVISION OF THEZ MINUTE DETAILS OF THE REMOVAL OF
PILLARS. THE WRITERS FULLY REALIZE THERE ARE MANY CONTRIBU¥=
ING FACTORS TO BUMPS AND THEY ARE INTERWOVEN IN SUCH A WAY
AS TO DEMAMD FAR MORE ATTENTION TO THE DETAILS OF MINING THAN
IS NECESSARY IN ANY OF THE ADJACENT AREAS. ALSO IT I8 EVIDENT
THAT METHODS OF MINING THAT HAVE PROVEN SATISFACTORY IN OTHER
AREAS WILL NOT APPLY HERE FOR REASONS SET FORTH IN THIS REPCRT.

THE WEITERS WISH TO ACKNCWILEDGE THE ENTHUSIASTIC SUPPORT
OF THE VARIOUS OPERATORS /ND INDIVIDUALS OF HARLAN COunTY. THE
FOLLOWING MINES WERE VISITED AND WE WERE EITHER CONDUCTED
THROUGH THE MINES, PROVIDED WITH MAPS OR GIVEN AMPLE TIME FOR
DISCUSS 101, WHICHEVER WAS REQUESTED: PBrLack MounTaIN CORPORe
ATION, CLOVER SePLINT CoaL CompaNy, CLOVER FOrRK COAL COMPANY,
CorneTT-LEWIs CorL Company, DArey CoaL ComPany, KING HARLAN
CcaL Company, Mary HerLen CoaL CorporaTION, MELSROFT COAL
Comprany, PerkiIns HarLan CoaL CompPaNy, UNITED STATES COAL AND
Coke CompPaNy aND THE WisconsIn STeeEL COMPANY. ESPECIALLY,

WE WISH TO EXPRESS APPRECIATION TO THE UNITED STATES COAL AND
Coxe CompaNy ~ND THE WisconsiIN STESL COMPANY. THESE COMPAN-—
lES ASSEMBLED DATA, PLACED MEN AT OUR DISPOSAL FOR SEVERAL
DAYS AND ENABLED US TO MAKE A DETAIL STUDY OVER A LARGE AREA
BECAUSE OF THE MAGNITUDE OF THEIR OPERATIONS. WE ALSO WISH TO
THANK THE STONEGA COaL AnND Coks Company AT Big STonE CAP,
VIRGINIA, FOR COURTEOUS RECEPTION GIVEN US AT THEIR MINES AND
OFF ICES.,

WE ARE ALSO INDEBTED TO MR. JoserH F. DAviEs, DisTriCT
ENGINEER OF THE UNITED STATES Burcau OF MINES AT NORTON, VIR-
GINIA, Mr. JamveEs F, BRYsON, SAFETY DIRECTCR OF THE HAFRLAN
County CoaL OPERATORS AS3OCIATION AND MrR. ROY H. Gonta, MINE
INSPECTOR OF THE HARLAN D18TRICT, aND Mr. T. W. ENGLISH OF
THE ConsoLiIoATION Coal ComMpany AT JENKINS, KENTUCKY.

P



IN SECURING DAT& FOR THIS REPORT, WE MADE A SPECIAL
EFFORT TO GET THE VIEWROINTS OF EVERYONE CONCERNED. WE
DISCUSSED THE PROBLEM WITH VARIOUS CFFICIALS, OPERATORS,
ENG INEERS, SUPERINTENDENTS, MINE FOREMEN, ASSISTANT FOREMEN
AND ESPECIALLY WITH MINERS WHO HAVE ACTUALLY EXPERIENCED
BUMPS: WE HAVE ENDEAVORED IN THIS MANNER TO AVOID BIASED
OPINIONS AND THUS ARRIVE AT WHAT WE BELIEVE TC BE SOUND
CONCLUS I ONS.

WE HAVE TRIED TO BE PRACTICAL IN THE MATTER OF RECOM=
MENDAT IONS FOR CHANGES IN MINING. WHEREVER POSSIBLE, ONLY
SLIGHT MODIFICATIONS IN MINING METHODS HAVE BEEN SUGGESTED,
ALWAYS KEEPING IN MIND THE ADDED COST RESULTING FROM ANY
SUCH SHIFTSy THE RESULTS OF OUR INVESTIGATIONS LEAD US TO
BELIEVE THERE 1S NOTHING MYSTERIOUS IN THE OCCURRENCE OF
BUMPS IN THIS FIELD AND OUR REMEDIES ARE CONFINED TO THE
ADVOCATION OF SOUND MINING PRINCIPLES, WHICH IF FOLLOWED,
WE BELIEVE WILL LESSEN THE HAZARD OF BUMPS IN THIS PARTICU-
LAR AREA, AND THEREBY EL IMINATE LOSS OF LIVES FROM THAT
CAUSE.,

no



HISTORY
PRODUCT I ON

COAL WAS FIRST SHIPPED FROM THIs FIELD In 1911, wHEN
25,814 TONS WERE PRCDUCED FROM THREE MINES. THESE FIGURES
EV IDENTLY DO NOT INCLUDE COAL FROM LOCAL WAGON MINES. Propuc=
TION INCREASED STEADILY UNTIL 1929 when 15,050,367 TONS OF COAL
WERE MINED IN THIS COUNTY. THE PRODUCTION GRAPH FAR THE COAL
MINED EAST OF A NORTH AND SOUTH LINE THROUGH HARLAN OR IN OTHER
WORDS COAL MINED FROM THE "Bump AReA" SHOWS THE RATE OF EXTRAC—
Tion From 1910 To 1533 incLusivE. See PLaTe |.  THESE FIGURES
SHOW THAT APPROXIMATELY 75 PERCENT OF THE COAL MINED IN HARLAN
COUNTY HAS BEEN FROM THIS AREA.

REPORTS OF THE DEPARTMENT OF MINES REVEAL THAT PREPARATIONS
WERE BEING MACE FOR LARGE SCALE operATIONs IN 1910, THREE MINES
STARTED OPERATIONS AND OTHERS wenE READY IN 1811, THE NUMBER OF
OPERATORS INCREASED YEAR BY YEAR AND PRODUCTION FIGURES BHOWED
A STEADY INCREASE THROUGH THE YEAR OF |824 wHEN THE TOTAL PRODUC-
TION FOR THAT YEAR IN HaRLAN CounTy was 9,076,269 Tons. 1T 18
NOT ICEABLE THAT IN THE YEAR OF |925 THERE WAS AN INCREASE TO
11,765,259 TONS, WHICH 1S AN INCREASE OF 2,690,090 Tons over 1924,
PRODUCT ION FIGURES MOUNTED EACH YEAR UNTIL A ToTAL oF 15,050,367
TONS WERE MINED IN 829,

DURING THESE FIVE YEARS COF FEVERISH INDUSTRIAL ACTIVITY IN
THE UNITED STATES, STEADILY INCREASING DEMANDS WERE MADE ON THE
OPERATORS TO PRODUCE MORE AND MORE COAL. THESE DEMANDS NATURALLY
PUT AN ADDED BURDEN ON THE BNGINEERING DEPARTMENT OF THE VARIOUS
COMPANIES. |T BECAME IMPOSSIELE TO KEEP UP WITH ALL THE DETAILS
OF MINING, ESPECIALLY IN THE PROCESS OF PULLING PILLARS. s
DEMANDS INCREASED STUMPS AND PILLARS THAT COULD NOT BE EXTRACTED
AT A PROFIT WERE LEFT BEHIND IN MANY INSTANCES. PRODUCTION COSTS
WERE WATCHED CAREFULLY AT THE MAIN OFFICES OF THE VARIOUS COMPAN=
IES, AND CONSEQUENTLY COAL WAS MINED WHEREVER EXTRACTION COULD
BE CARRIED ON WITH THE LOWEST COST AND HIGHEST TONNAGE. THUS
WE SEE THAT ECONOMIC CONDITIONS MAY HAVE PLAYED AN IMPORTANT ROLE
IN SETTING UP POSSIBLE COMDITICNS FOR FUTURE BUMPS., THE EFFECTS
OF THE ABOVE MENT IONED CONDITIONS, WHICH WERE SET UP IN THE EARLY
STAGES OF WMINING ARE Discussep on Pacs 20 , V"CAUSES OF BUMPS'.

THROUGH THE FAULT OF NO ONE FROM THE MINER TO THE COMPANY
OFFICIAL, APPARENT AT THE TIME, THE STAGE WAS SET FOR THE CCURRENCE
OF BUMPS. ECONOMIC COMDITIONS AND NO THOUGHT ON THE PART OF ANY-
ONE THAT BUMP3 MIGHT APPEAR IN THI3 AREA RESULTED IN NO PRECAUT ION=
ARY MEASURES BEING TAKEN UNTIL THE DAVMAGE WAS DONEJ

BUMPS

THE FIRST BUMP, CAUSING A FATALITY, OF WHICH WE HAVE A RECORD
OCCURRED IN |923. As PILLAR WORK INCREASED IN THE VARIOUS MINES,

-



BUMPS HAVE INCREASED IN FREQUENCY AND INTENSITY. DURING THE FIRST
TEN MONTHS OF 1934 THERE WERE EIQHT FATALITIES, RESULTING FROM
THIS CAUSE, REPORTED FROM FOUR MINES.

REFERENCE TO THE PRODUCT ION GRAPH, PLATE |, INDICATES THAT
THE RATE OF EXTRACTION HAS A DEFINITE BEARING ON THE FREQUENCY
OF BUMP FATALITIES. |T DOES NOT FOLLOW, HOWEVER, THAT THE YEAR
OF THE HIGHEST TONNAGE SHOULD NECESSARILY BE THE YEAR OF THE GREAT-—
EST NUMBER OF BUMP FATALITIES. CONDITIONS THAT RESULT IN BUMPS
MAY BE SET UP IN ONE YEAR AND THE CRITICAL SECTION IN WHICH THE
BUMP FINALLY OCCURS MIGHT NOT BE MINED UNTIL A LATER DATE.

BUMPS OF VARYING INTENSITY, SHOOTING FROM A FEW POUNDE TO
SEVERAL TONS OF COAL FROM THE RIBS ARE OF FREQUENT OCCURRENCE.
THESE OUTBURSTS MAY OR MAY NOT RESULT IN INJURIES OR LOSS OF
TIME AND ARE NOT REPORTED.

LOCATION OF THE BUMP AREA

CoAL BUMPS HAVE OCCURRED WITH INCREASING FREQUENCY IN THAT
PART OF THE }IDDLESBORO SYNCLINE IN HARLAN COUNTY, KENTUCKY,
SOUTH OF THE PoOR Fork OF CUMBERLAND RIVER, EAST OF A NORTH
AND SOUTH LINE THRU HARLAN, NORTH OF STONE MOUNTAIN AND IN THE
WESTERN PART OF Wise COUuNTY, VIRGINIA. See PLaTE |1,

MINOR INSTANCES OF THE SHOOTING AND CLEAVING OF COAL FROM
THE RI1BS HAVE OCCURRED OUTSIDE THE AREA DESCRIBED BUT NOT OF
SUFFICIENT FORCE TO BE OF DANGER TO THE MINERS OR TO BE CLASSED
AS A "™MounTAIn Bump!"., THESE VIOLENT OUTBURSTS THEN, MAY BE SAID
TO OCCUF ALMOST WHOLLY IN THE PRONOUNCED STRUCTURAL TROUGH
KNOWN AS THE MIDDLESBORO SYNCL INE.

TOPOGRAPHY

THE PHYSIOGRAPHY OF THIS REGION 1S SHOWN IN DETAIL BY THE
TOPOGRAPHIC SHEETS OF THE U. S. GeoLogicAL SurRVEY. THIS AREA
1S INCLUDED IN THE HARLAN, NOLANSBURG AND Bia STONE GAP QUADRAN—
GLES.

RELIEF: THE SURFACE OF THIS REGION CONSISTS OF MOUNTAINS,
RIDGES AND VERY NARROW AND STEEP VALLEYS. TwOo OF THE MOUNTAIN
SYSTEMS STRIKING NORTHEAST AND SOUTHWEST ARE PANALLEL AND FORM
THE NORTHWEST AND SOUTHEAST DOUNDARIES OF THE MIDDLESBORO BASIN,
See PLATE |11. THESE Ane PingE MouNTAIN AND CUMBERLAND MOUNTAIN.
PINE MOUNTAIN RANGING IN ELEVATION From 2700 rFeeT 1O 3000 FEET
1S VERY STRIKING IN THAT IT MAINTAINS A FAIRLY STRAIGHT COURSE
AS CONTRASTED TO THE RADIAL STRUCTURE OF THE RIDGES AND MOUNT-
AINS TO THE SOUTH OF IT. |TS WESTERN SLOPE, WHERE THE PINE
MOUNTAIN FAULT COMES UP, 1S VERY STEEP, FALLING oveEr 2000 FeeT

i
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IN LESS THAN A MILE. THE EASTERN FLANK, SLOPING ON THE LEE
FORMATION 18 MORE CENTLE. Seg Prave |11,

CUMBERLAND MOUNTZIN 1S SOMEWHAT SIMILAR TO PINE MOUNTAIN
IN THAT ITS COURSE 18 MAINTAINED IN A GENERALLY STRAIGHT DIREC—
TION AND THAT §T ATTAINS ELEVATIONS SIMILAR TO THOSE OF PINE
MOUNTAIN. ALTHO ITS FLANKS ARE STEEP, THEY DO NOT DROP SHARPLY
AS DO THOSE ON PINE MOUNTAIN.

BLACK MOUNTAIN ENTERING FROM THE NORTHEAGT FOLLOWS A
RATHER TWISTING COURSE ON THE EAST AND SOUTH OF LYNCH AND BEN-
HAM, SOUTHWEST OF BENHAM IT CUTS EACK NORTH UNTIL IT REACHES
Poor FOrRk 0F CUMBERLAND RIVER WHERE IT LEVELS OFF PARALLEL TO
PINE MOUNTAIN AND TERMINATES IN THE VICINITY OF HARLAN,

BLACK MOUNTAIN, WITH AN ELEVATION OfF 3800 FEET ABOVE SEA
LEVEL RISES AT THE DousLE TO 4150 FeEeT, wHicH I8 some 1300 FeeT
ABOVE THEZ HEAD OF LOONEY CRreEExk. TC THE SOUTHEAST WHERE IT
PARALLELSZ PINE MOUNTAIN IT REACHES NEAR 2000 FEET ABOVE POOR
Fork OF CUMBERLAND RIVER. SOUTH OF BENHAM IT HOLDS AN ALTITUDE
oF 3900 fFEeT wHICH Is some 1900 rFEeT ABOVvE CLOVER FOoRrk OF CUMBER-
LAND RIVER TC THE SOUTH., BENHAM SPui OF BLACK MOUNTAIN WITH A
SUMMIT ELEVATION OF 3800 FEeT LIES JUST SOUTH OF BENHAM AND TAPERS
OFF TO THE JUNCTION OF LOoONEY CReEek AND CLOVERLICK OREEK AT
CuMBERLAND, KENTUCKY. LOONEY RIDGE WHICH RISES TO THE NORTH @F
LYNCH RUNS WEST OFF OF BLACK MOUNTAIN WITH A SUMMIT ELEVATION OF
2500 FEET AnND STANDS ABOUT 800 FEET ABOVE THE LEVEL OF LOONEY
CREEK AT LYNCH, KENTUCKY.,

LITTLE BLACK MOUNTAIN STARTING ON THE YIRGINIA-KENTUCKY L INE
JUST SOUTH OF THE DOUBLE RUNS SCUTHEAST AND FORMS THE STATL
BOUNDARY LINE FOR ABOUT 13 MILES. |T RUNS OUT AT THE JUNCTION OF
CLoveER Fonk AND MARTINS FORK AT HARLAN, KENTUCKY. THE ELEVATICN
OF LITTLE BrAck MouNTAIN 1S FrRom 3300 10 3750 FEET AROVE SEA LEVEL
AND 18 APPROXIMATELY 2000 rFeeT nsoveE CLOVER Fork AT KILDAV ON THE
NORTH AND A30uT |750 FEET ABOVE CRUMMIES CREEK TO THE SOQUTH,

THE REGION 18 DISSECTED BY MANY STHEAMS WHIC HAVE FORMED
DEEP V=SHAPED VALLEYS WITH VERY LITTLE FLAT LAND. THIS DISSECTION
HAS LEFT THE RIDGES WITH VERY NARROW CRESTS AND WITH SLOPES THAT
rRISE FROM 800 rreeT TO over 1500 rFeeT.

DRAINAGE: THE MAIN DRAINAGE SYSTEM FOR ALL THE WATERS OF
THIS FIELD 1S THE CUMEERLAND RIVER WHICH HEADS WITH POoOR FORK
NORTHEAST OF CUMBERLAND, KENTUCKY, AND WITH CLOVER FORK wi4ICH
LIES TO THE SOUTH OF EENHAM AND LYNCH, KENTUCKY, AND PARAL!ELS
LiTTLE BLACK MOUNTAIN, ON THE KENTUCKY=VIRGINIA STATE LINE. IN
THIS FIELD, THE CUMBERLAND RIVER 1S RUNNING SOUTHWEST AND PARALLELS
PINE MOUNTAIN ON THE SOUTHEAST SIDE. ABOUT 35 MILES SOUTHEAST OF
PINEVILLE THE RIVER TURNS SHARPLY TO THE NORTHWEST AND CUTS
STRAIGHT ACROSS PINE MOUNTAIN THRU THE PINEVILLE GAP. THIS 18
THE ONLY STREAM IN THIS REGION THAT HAS BEEN ABLE TO DIRECT ITsS
COURSE ACROSS THE PINE MUOUNTAIN BARRIER. THE SOUTHEAST FLANK OF
PINE MOUNTAIN IS CUT AT INTERVALS OF ABOUT EVERY %-MILE BY SMALL
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STREAMS WHICH DRAIN INTO CUMBERLAMD RIVER PROPER AND POOR FORK OF
CUMBERLAND RIVER. |IN CONTRAST, THE STEEP SLOPE OF THE OPPOSITE
SIDE OF THE MOUNTAIN 18 UNALTERED BY STREAM DISSECTION FOR A DIS=
TANCE OF OverR 30 MILES.

THE STREAMS DRAINING THE CENTRAL PART OF THE BASIN ARE LOoONEY
CREEK, WHICH HEADS ON THE WEST FLANK OF BLACK MOUNTAIN AND FLOWS
WESTWARD THROUGH A DISTANCE OF SOME O MILES TO CUMBERLAND, KENTUCKY
WHERE IT ENTERS POOR FORk OF CUMBERLAND RIVER; CLoveRLICK CREEK,
ABOUT 3 MILES SOUTH OF LOONEY CREEK, WHICH FLOWS NORTHWEST AND ALSO
ENTERS POOR FORK AT CUMBERLAND; AND STILL FARTHER SOUTH THE HEAD
WATERS OF CLOVER FORK DRAIN THE' AREA AT THE NORTH, OR RATHER THEY
DRAIN THE SLOPES ON THE SOUTH OF BLACK MOUNTAIN, WHICH AT THIS
LOCALITY HAS TURNED WESTWARD. OCLOVER FORK PARALLELS LITTLE BLACK
MOUNTAIN AND THE STATE LINE FOR ABOUT 5 MILES AND THEN TURNS®
NORTHWEST UNTIL IT APPROACHES WITHIN 25 MILES oF POOR FORK WHERE
IT LEVELS OFF AGAIN AND PARALLELS PINE MOUNTAIN TO. HARLAN, KENTUCKY
WHERE 1T TURNS NORTH AND JOINS CUMBERLAND RIVER AT THE Poor FORK
JUNCT ION., B3,

THE AREA SOUTH OF POOCR FORK AND SOUTHEAST OF HARLAN, KENTUCKY
1S TAKEN CARE OF BY STREAMS RUNNING SOUTHEAST,'NAME;Y, CruMM I ES
CREEK AND CRANKS CREEK WHICH ARE TRIBUTARIES OF MARTINS Fork.

MART INS FORK DRAINS NORTH AND NORTHWEST AND ENTERS CLOVER FORK
AT HARLAN, KENTUCKY. CATRON CREEK, SOUTH OF HARLAN, FLOWS NORTH=
WARD AND ENTERS MARTINS FORK JUST BELOW HARLAN, KENTUCKY «

ALL THE ABOVE NAMED STREAMS LIE WITHIN THE "BuwmP" AREAS, AND
THEIR WATERS FLOW INTO CUMBERLAND RIVER, PROPER, AT A POINT ABOUT

2 OF:A MILE NORTH OF HARLAN, KENTUCKY.

" GEOLOGIC STRUCTURE

THE TERM "GEOLOGI1C STRUCTURE" MEANS THE LAY OF THE ROCKS OR
THE MANNER IN WHICH THE STRATA ARE. ARFMANGED WITH REGARD TO FLAT=
NESS, DIP, FOLDING, BREAKING" OR FAULTING, ETC.

FAULT ING . HERE SHOULD NOT BE CONFUSED WITH THE COAL MINERS
DEFINITION OF A FAULT, WHICH USUALLY APPLIES TO A "roLL" IN THE
ROOF OR FLOOR OF A MINE, A SPLIT IN THE COAL.SEAM, OR A PARTING
OF SHALE OR M"RASH" IN THE SEAM. THE TERM "FAULTS"™ AS USED IN
THIS PART OF THE PAPER ARE GEOLOGIC FAULTS. THEY ARE BREAKS

. IN THE EARTH'S SURFACE, WHICH EXTEND TO 3REAT DEPTHS AND ALONG
WHICH THE ROCK STRATA ON ONE SIDE OF THE BREAK HAS BEEN PUSHED UP,
DOWN OR OVER, SO THAT IT 1S NO LONGER CONTINUOUS WITH THE CORRES=
PONDING STRATA ON THE OTHER SIDE OF THE BREAK.

STRATIFIED ROCK SUCH AS THOSE OF THIS REGION WERE DEPOSITED
IN A HORIZONTAL PLANE, OR IN A poslrnoN APPROACHING A HORIZONTAL
PL.ANE . SINCE THE TIME OF DEPOSITION THE CONTINUITY OF FLATNESS
HERE HAS BEEN DISRUPTED. ., DUE TC GREAT DlSTURBANCES CAUSED BY
COOL ING' AND CONTRACTION OF THE EARTH. IN THE SHRINKING OR COOL-

n Gy
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ING OF THE EARTH, THE CRUSTAL SURFACE MUST UNDERGO ADJUSTMENTS
SO AS TO OCCUPY LESS SPACE, AND SO 1T HAS HAPPENED HERE.

TO THE EAST OF THIS REGION, THE DIFFERENT STRATA OF ROCKS
WERE WARPED, WRINKLED, FOLDED OVER, AND BROKEN, THUS STACKING
UP ON TOP OF EACH OTHER. THESE EXCESSIVE OVERLOADS PILING UP
WERE IN TURN A SOURCE OF PRESSURE AND SET UP COMPRESS IONAL
STRESSES WHICH WERE TRANSMITTED TO OTHER ROCKS CAUSING FURTHER
DEFORMAT ION, TO ROCKS THAT WERE ONCE IN A FLAT=LYING POSITION
OR IN A NEARLY HORIZONTAL PLANE.

THESE HORIZONTAL FORCES COMING FROM A SOUTHEASTERLY DIREC-
TION CONTINUED TO THE VICINITY OF THE HARLAN COAL FIiELD WHERE
THE RESULTS OF DEFORMATION CAN BE SEEM IN A GENERAL NORTHEAST-
SOUTHWEST DIRECTION FOR A DISTANCE OF |25 miLEs. THIS PARTICU=-
LAR STRUCTURE 1S K.OWN AS THE CumBerRLAND OVERTHRUST BLOCK, SEE
PLATE 111, THE NAME GCUMBERLAND BLock was FiIrsT APPLIED BY C. K.
WENTWORTH. THE FORGES ACTING IN THiS DIRECTION FOLDED THE ROCKS
UNTIL THEY WERE BROKEN AND THEN THE WHOLE MASS WAS PUSHED, INTACT,
NORTHWES TWARDLY FOR A DISTANCE OF A FEW MILES. ACCORDING TO
BUTTS THE BLOCK SEEMS TO HAVE BEEN PIVOTED OR RETARDED SOMEWHAT
ON THE NORTHEAST END, WHICH IS BOUNDED BY THE RusSsteLL Fork FAULT.
WENTWORTH ESTIMATES THIS END TO HAVE MOVED OVER A HORIZONTAL
DISTANCE OF ABOUT & MILESs THE SOUTHWEST END WHICH IS BOUNDED
BY THE JACKSBCRO FAULT |S CALCULATED BY WENTWORTH AS HAVING MOVED
OVER A HOR:ZONTAL D!STANCE OF |0 miLEs. THE PRESENT WIDTH OF THE
BrLock 1s ABouT 25 MILES AND IS BOUNDED ON THE NORTHWEST BY THE
PINE MOUNTAIN FAULT AND ON THE BOUTHEAST BY THE HUNTER VALLEY
FAULT. BUTTS ESTIMATES THAT ORIGINALLY, BEFORE ERCSION, THE
WIDTH OF THE BLOCK MUsST HAVE BEEN 30 MILES, OR 5 MILES WEST OF
TS PRESENT LIMIT.

THE GEOLOGIC STRUCTURE OF THIS AREA IS THAT OF A BROAD FLAT-
BOTTOMED TROUGH OR SYMCLINE WITH THE AXIS RUNNING NORTHEAST-
SOUTHWEST, AND PARALLEL TO PINE AND CUMBERLAND MOUNTAINS. IT 18
ALSO NEARLY PARALLEL TO AND A LITTLE SOUTH OF CUMBERLAND RIVER.

IN THE AXIAL CENTER OF THE BASIN THE ROCKS ARE COMPARATIVELY FLAT
WITH THE EXCEPTION OF A FEW DIPS OF LOW ANGLE AND LOCAL DISTURB=
ANCES. IN GENERAL THE DIPS THRU HERE DO NOT AVERAGE MORE THAN

100 FEET TO THE MILE. THE BASIN IS DOTTED WITH LOW HILLS AND
MOUNTAINS, SOME OF WHICH ATTAIN ELEVATIONS HIGHER THAN THE BRIM OF
THE SYNCLINE.

GoING AWAY FROM THE AXIS ON EITHER SIDE, THE ROCKS RISE WITH
A GENTLE! DIP UNTIL THEY APPROACH THE EDGE OF THE SYNCLINE, WHERE
THEY ARE ABRUPTLY TURNED UP INTO THE TWO MOUNTAINS THAT BOUND THE
BASIN ON THE NORTHWEST AND THE SOUTHEAST, NAMELY, PINE MOUNTAIN
AND CUMBERLAND MOUNTAINe THE TOPS OF THESE TWO MOUNTAINS WHICH
PROBABLY REPRESENT THE OLD SCHOOLEY PENEPLANE LEVEL, HAVE LONG
WITHSTOOD EROSION AND ARE HELD UP DUE TO THE FACT THAT HERE THE
VERY RESISTANT LEE COMGLOMERATE SANDSTONE OF THE POTTSVILLE FORMA-
TION 18 BROUGHT UP TO THE SURFACE. ON 3TONE AND LITTLE STONE
MOUNTAINS THIS CONEBLOMERATE DIPS AS MUCH As 60 Tt0 90 DEGREES.
AN IDEA OF THE ENORMOUS AMOUNT OF BURDEN WHICH HAS BEEN THRUST
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OVER AN AVERAGE HORIZONTAL DISTANCE OF B MILES CAN BE REAL }ZED
WHEN ONE LOOKS AT THE SECTION OF POTTSVILLE, Miss1SsS1PP1AN
LiMES, AND DEVONSIAN SHALES THAT ARE BROUGHT TO THE SURFACE AT
THE PINE MOUNTAIN FAULT,

THIS MAJOR OVERTHRUST FAULT ACCOUNTS FOR THE UP-TURNING OF
THE STRATA ALONG PINE MOUNTAIN WHILE ON THE SOUTHEAST THE FORMA=
TION OF THE POWELL VALLEY ANT ICL INE, WHICH WAS WARPED UP AT THE
SAME TIME THAT THE MIDDLESBORO BASIN WAS FORMER, HAS CAUSED THE
UP=-TURNING OF THE ROCK STRATA IN CUMBERLAND MOUNTAIN, TRAVERSE
FOLDING 1S NOT NOTICEABLE EXCEPT IN THE VICINITY OF MIDDLESBORO
AND PINEVILLE, WHERE A BELT OF FAULTING AND CRUSHING CROSSES
THE BAS IN

THE cCALS 0oF THE HarLAN DISTRICT WHERE MouNTA IN BumPs
HAVE OCCURRED MCRE FREQUENTLY IN THE LAST FIVE YEARS, LIE WITHIN
THIS SYNCLINE OR BASIN AND WHETHER OR NOT THEY ARE AFFECTED BY
STRESSES THAT MAY STILL BE TIED UP IN THIS STRUCTURE IS NOT
DEFINITELY KNOWN. THIS 1S DISCUSSED FURTHER IN ANOTHER PART
OF THIS PAPER.

STRUCTURE AND TEXTURE OF COAL

THE cOALS OF THE HARLAN CounTy COAL FIELD LIE WITHIN THE
ROUGH=SHAPED BASIN KNOWN AS THE MIDDLESBORO SYNCLINE OR BASIN,
WITH THE AXIS RUNNING NORTHEAST—-SOUTHWEST. THIS SYNCLINE OR
BASIN 1S SITUATED IN THE CumRERLAND OVERTHRUST BLOCK. SEE
Peare 48l

On APPROACHING THE BRIM OR THE UPTURNED EDGES OF THE BASIN
WHERE THE STRATA 1S STEEPLY INCLINED, THERE SEEMS TO BE A GEN=
ERAL ABSENCE OF COAL =EDS. AN OCCAS}IONAL BED 1S NOTICEABLE
ALONG CERTAIN ROAD SECTIONS WHERE THE INCLINED STRATA SHOW
EXPOSURES OF GREAT THICKNESS. THE ABSENCE 9F THE COAL BEDS
HERE 1S ACCOUNTED FOR IN THAT THE THRUSTING AND THE FORMAT I ON
OoF THE PowerLr VaLLEY ANTICLINE ELEVATED THESE SEAMS AND SUBJECT=
ED THEM TO A MORE RAPID PRITCCESS OF EROSION SO THAT THEY ARE NOW
STRIPPED OFF.

THE STRUCTURE OF THE COAL SDEDS FOLLOWS THE GENERAL STRUCTURE
OF THE REGION, WHICH HAS BEEN DESCRIBED IN ANOTHER PART OF THIS
PAPER UNDER THE HEADiING M"GEOLOGIC STRUCTUREM". GENERALLY SPEAK-—
ING THE COAL BEDS ARE FLAT BUT DIP GENTLY FROM THE FOOT OF THE
UPTURNED STRATA ON EITHER SIRE OF THE SYNCLINE TOWARD ITS AXIS
WHICH 1S A LITTLE NORTHWEST OF THE CEHMTER OF THE BASIN.

LocAL DIPS AND SAGS ARE PRESENT IN NEARLY ALL CF THE MINES
AND SOMETIMES THE SAG OR DEPRE3SION 18 ACCOMPANIED BY A ROLL IN
THE ROOF,. LIKEWISE ROOF RCLLS MAY OCCUR WHERE THERE 18 NO DEPRES—
SION IN THE BASE OF THE COAL SEAM. SOME OF THESE ROLLS ARE KNOWN
T.0 EXTEND DOWN INTO THE COAL BED AS MUCH AS THREE FEET. WHEN THIS

y
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1S TRUE THE THICKNESS OF THE COAL 15 NATURALLY DIMINISHED, AND

1S DUE TO EROSION ON THE SURFACE OF THE COAL BED PRIOR TO DEPO-
SITION OF THE ROOF MATERIAL, WHICH IN THESE CASES |8 USUALLY
SANDSTONE. THE IDEA THAT THESE CONDITIONS ARE DUE TO THE EFFECTS
OF EROSION MAY BE FURTHER SUBSBTANTIATED BY THE FACT THAT ERODED
PEBBLES OF COAL ARE FOUND SOMETIMES QUITE FREQUENTLY IN THE OVER-
LY ING SANDSTONE ROOF. ONE OF THESE PEBBLE SPECIMENS, WHICH 1S
NOW IN POSSESSION OF CNE OF THE COAL COMPANIES, 1S ROUNDED VERY
NICELY, SHOWING THE EFFECTS OF STREAM OR WATER EROSION PRI1OR

TO ITS DEPOSITION. |T 1S FROM 2% TO 3 INCHES IN DIAMETER AND

THE SURFACE 1S PITTED WITH SMALL HOLES AND NICKS THAT ARE PAR-
TIALLY FILLED VWITH SAND GRAINS. THIS PARTICULAR SPECIMEN WAS
FOUND IMBEDDED IN THE SOL1ID SANDSTONE ROGF IMMEDIATELY OVERLY ING
THE COAL SEAM. [N THE3E INSTANCES, THE SANDSTONE ROOF WAS IN
DIRECT CONTACT WITH THE PURE COAL, THERE BEING NO PARTING OF
SHALE OR RASH IN BETWEEN. WHEN CONDITIONS LIKE THE ABOVE MEN-
TIONED ARE PRESENT IT MAY RIGHTLY BE ASSUMED THAT THE COAL SEAMS
WERE ONCE THICKER THAN THEIR PRESENT MEASUREMENTS INDICATE.

IN SOME INSTANCES THE COAL BEDS ARE ROLLING WITH SUCH FRE-
QUENCY THAT IN EFFECT THEY REPRESENT WAVES, WHILEZ IN OTHERS LONG
HILLS ARE ENCOUNTERED, DUE TO SUDDEN CHANGES IN THE DIRECTION
AND AMOUNT OF DIP,

ON THE WESTERN FLANK OF BLACK MOUNTAIN NEAR BENHAM AND LYNCH
A RATHER SHARP DIP IS SHOWN IN THE HARLAN COUNTY STRUCTURAL MAP
WHICH 1S BASED ON THE KeELLIOKA (FIRE cLAY) cOAL. |IN OUR VISITS
THRU THE MINES OF THIS ILOCALITY 18 WAS FOUND THAT ONLY A VERY
GENTLE DIP WAS PRESENT IN MOST PLACES AND A FAIRLY GENERAL LEVEL
SEEMED TGO PREVAIL THRU~OUT. THE COALS IN THIS PARTICULAR
LOCALITY LIE VERY NEAR THE AXIAL CENTER OF THE SYNCLINE AND IT
WOULD BE EXPECTED THAT THEY POSSESS A MORE OR LESS UNIFORM LEVEL.

IN THE PREPARATION OF THIS REPORT, STRUCTURAL CINTOURS HAVE
BEEN DRAWN ON THE "C" COAL OF THIS AREA SHOWING THAT THE DIPS ARE
RATHER GENTLE. Sg& PLATE V.

IT 1S OF NOTE TO MENTION THAT THE HARLAN COUNTY STRUCTURAL
MAP SHOWS SEVERAL LARGE BASINS, AND ONE IN PARTICULAR JUST S8OUTH
OoF CHAD, WHICH SHOWS A DEPRESSION OF aBouT |50 FEET MORE OR LESS.
FROM THE STRUCTURAL MAP REFERRED TO IN PLATE |V OF THIS REPORT,
IT 1S INDICATED THAT DEPRESSIONS ARE NOT SO PRONOUNCED IN THIS
AREA. PROSPECT LEYELS ON THE COAL JUST SOUTH OF CHAD, SHOW
ELEVATIONS DIFFEREING FROM THOSE ON THE COUNTY MAP OF AS MUCH
As 150 FEET OR MORE.

SOMETIMES A COAL SEAM SPLITS OR DIVIDES INTO TWO SEAMS AND
1S THEN KNOWN AS THE UPPER AND LOWER BENCH OF THE ORIGINAL SEAM.NAME,
MINING USUALLY FOLLOWS THE THICKER BENCH, DEPENDING, OF COURSE,
UPON THE THICKNESS OF BOTH BSENCHES, PURITY OF COAL AND THE
ABSENCE OF PARTINGS, IN ©0ME INSTANCES BOTH BENCHES ARE MINED
WHERE THE INTERVENING DISTANCE BETWEEN DCES NOT PROHIBIT THE
PROFATABLE EXTRACTION OF THE COAL. IT 1S NOT UNCOMMON TO ENCOUNTER
A SECOND SPLIT IN EITHER THE LOWER OR UPPER BENCH OF THE ORIGINAL.
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SOME#IMES THESE SPLIT SEAMS THIN QUT TO SUCH AN EXTENT THAT IT
I8 IMPRACTICAL TO MINE THEM.

SPLITS ARE PROBABLY DUE TO A LOCAL OR GENERAL SUBSIDENCE OF
A PART OF THE COAL FORMING SWAMP DURING THE PERIOD OF DEPOSITION,
THE INTERMEDIATE DEPTH BEING GRADUALLY BUILT BACK UP TO THE
: GENERAL SWAMP LEVEL BY THE DEPOSITION OF DRAINAGE MATERIAL AND
IMPURE CARBONACEOUS MATTER SUCH AS SHALES, ETC.

As TO THE TEXTURE OF THE COAL IT IS EXTREMELY BRITTLE AND
POSSESSES A GOOD HARDNESS FOR BITUMINOUS COAL. |T BREAKS AND
SHATTERS READILY UNDER A BLOW OR STRAIN. THIS UNUSUAL BRITTLE-
NESS MAY BE A DETERMINING FACTOR IN THE CAUstEs OF "Buwmps",

IN APPEARANCE, THE COAL HAS A DARK, GLOSSY, BLACK COLOR, BUT
UPON PULVERIZATION A DUST 1S PRODUCED THAT SHOWS THE TRUE DARK
BROWN COLOR OF BITUMINOUS COAL.

DUE TO THE INTENSIVE LATERAL PRESSURES THAT WERE TRANSMITTED
FROM THE SOUTHEAST TO THE cOALS, (See GEOLOGIC STRUCTURE), A weLL
DEVELOPED SYSTEM OF CLEAVAGE HAS BEEN ESTABLISHED THROUSH=OUT THE
FIELD. CLEAVAGE IS THE CAPABILITY OF EEING SPLIT INTO SMOOTH
FACES IN DEFINITE DIRECTIONS AND TRUE CLEAVAGE CAN BE PRODUCED
IN A GIVEN DIRECTION AT ANY POINT. THE CLEAVAGE IN THE COAL
I8 PRETTY WELL DEFINED TO A GENERAL NORTHEAST=SOUTHWEST DIREC=
TION, THE AVERAGE READING BEING NORTH 59° EAsT. THIS DIRECTION
PARALLELS THE PINE MouNTAIN FauLT (See JOINTING) AND IS PERPEN-
DICULAR TO THE DIRECTION OF THRUSTING.

THE CLEAVAGE FACES IN THE NORTHEASTERN PARY OF THE FIELD
NEAR BENHAM AND LYNCH RUN 1IN AN AVERAGE DIRECTION OF NORTH 650
EAST, WHILE IN THE VICINITY OF HARLAN THIS ANGLE 1S SOMEWHAT
SMALLER.,

THE FRACTURE OF THE COAL 1S VERY UNEVEN AND RAGGED AND NOT
AT ALL LIKE THAT OF CANNEL OR ANTHRACITE WHICH HAVE A CONCHOIDAL
FRACTURE. BuTT FACES, HOWEVER, ARE SOMETIMES VERY SMOOTH AND
NUMEROUS, AND USUALLY LIE IN A DIRECTION WHICH APPROXIMATES A
RIGHT ANGLE TO THE CLEAVAGE FACES.

BUTT: FACES SHOULD NOT =2€ CONFUSED WITH CLEAVAGE FACES AS
THEY ARE NOT TRUE CLEAVAGE PLANES. IF AN ATTEMPT IS MADE TO
SPLIT A BLOCK OF COAL JUST BACK OF A BUTT FACE, AN IRREGULAR,
HACKLY FRACTURE WILL OCCUR, WHILE IF THIS 18 ATTEMPTED ANYWHERE
BACK OF A CLEAVAGE FACE THE-RECURRENCE OF A SMOOTH PLANE IS
BROUGHT OUT.

THESE CCALS ARE VERY BRIGHT AND GLOSSY AND HAVE AN ADAMAN-
TINE LUSTER, WHICH IS THE APPEARANCE OF BROKEN GLASS. IN THE
NORTHEASTERN PART OF THE FYELDY  CLOSER" TO-WHESEDGEOF THE BLIOEK,
THEY SEEM TO HAVE A MORE FINISHED GLOSS .~ND REFLECT LIGHT MORE
EASILY. FARTHER SOUTHEAST, THE OCCURRENCE OF DULL OR SILKY
LAYERS BECOWES MORE NUMEROUS , SHOWING UP THE BEDDING PLANES IN
THE COAL.
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BEDDING PLANES ARE USUALLY WELL PRONOUNCED IN ALL OF THE COALS
AND ESPECIALLY IN THE CENTER OF THE SEAM WHERE THIN BEDDINGS OR
LAYERS OF THE SO=CALLED "MotvAsk CoAL" ARE QUITE FREQUENTLY PRESENT.
MMOTHER COALM™ IS A MORE OR LESS PURE CARBON AND STILL SHOWS THE
CELL STRUCTURE OF THE ORIGINAL PLANT WHEN STUDIED UNDER THE MICRO=
SCOPE. |IT IS VERY SOFT AND HAS A SATIN LUSTER.

ALL OF THE COALS THAT ,~RE BEING MINED AT THE PRESENT TIME
ARE QUITE PURE. THEY ARE RELATIVELY FREE FROM SULPHUR AND CONTAIN
ONLY SMALL PERCENTAGES OF ASH AND MOISTURE. (SEE ANALYSES BEL OW)
MOST OF THE MINES ARE VERY DRY, BUT IN CASES WHERE WATER DOES
ACCUMULATE IT 1S TAKEN CARE OF BY DRAINAGE DITCHES AND ELECTRIC
PUMPS. PARTINGS OF SHALE, RONE ANMD RASH SOMETIMES OCCUR AND THIS
IS VERY UNDESIRABLE AS THEY MUST BE SEPARATED AND THROWN OUT.
"BoNE" 1S A LAYER OF HARD, IMPURE COAL WHICH SOMET IMEE GRADES
UNIFORMLY INTO THE ADJACENT SOFTER COAL AND SOMETIMES IT I8
SHARPLY SEPARATED FROM IT. "3omng" 1S USUALLY A MIXTURE OF
CLAY PARTICLES WITH THE COAR, THE CLAY PARTICLES BEING WELL
DISTRIBUTED. "RASH!" 1S A SUBSTANCE GRADING ABOUT HALFWAY
BETWEEN A COAL AND A SHALE AND LOOKS SOMEWHAT LIKE AN OlL SHALE
EXCEPT THAT IT 1S MORE FLEXIBLE. |T USUALLY OCCURS IN VERY THIN
FLAKES OR SHEETS AT THE BOTTOM, THE TOP, OR WITHIN THE COAL SEAM.
THE COLOR IS USUALLY DARK BUT FREQUENTLY GRADES TO A LIGHTER
SHADE. "Draw SLATEM" 1S A LAYER OF HARD SHALE BETWEEN THE TOP
OF THE COAL EED AND THE SOLID ROOF. THE THICKNESS OF DRAW SLATE
IS UsuAaLLY Fzom 8" To 30%,

THE FOLLOWING ANALYSES ARE REPRESENTATIVE OF HarLAN, "C"
orR "KerLrLioka!" Anc DARBY COALSe

SEAM MOISTURE? VOLATthé"F!XED AsH | SULPHUR B, T
| MatTER | CARBON

HARLAN B0 | 36.6 56.1 %5 0.3 14,011

ng 248 25.8 58.5 8 8.5 14,580

DarBY 29 i 37.8 | b4.l 4,2 0.8 13,720

STRAT IGRAPHY

THE ROCKS EXPOSED IN THE HarLan COUNTY COAL FIELD ALL BE-
LONG TO THE POTTSVILLE SERIES OF THE PENNSYLVANIAN SYSTEM WITH
THE POSS IBLE EXCEPTION OF A FEW OUTLIERS OF ALLEGHENY, ALSO
PENNSYLVANIAN, WHICH ARE SHOWN ON THE GEOLOGIC MAP OF KENTUCKY.
Rocks OF THE MississiPPiAN AND THE DEVONIAN SYSTEMS ARE EXPOSED
JUST CUTSIDE THE FIELD ON THE WEST OF PINE MOUNTAIN AS REPRE=
SENTED AN PLATE Il THE POTTSVILLE 1S THE LOWER MEMBER OF THE
PENNSYLVANIAN SYSTEM OF ROCKS AND INCLUDES THE COAL BEARING
FORMAT IONS OF THE MIDDLESBORO BASIN, THE REGION UNDER DISCUSS ION.

THE POTTSVILLE SERIES HERE 1S THE SAME AS THAT OF THE
ADJOINING AREAS IN THAT IT IS MADE UP PRINCIPALLY OF SANDSTONES,
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SHALES AND COALS. SANDSTONES, SHALES AND THEIR INTERMEDIATE
GRADAT IONS OCCUPY NEARLY THE WHOLE OF THE SECTIONS WITH SAND—
STONES PREDOMINAT ING.

A SUBDIVISION OF THE PENNSYLVAN!AN ROCKS OF THE ADJACENT
COAL FIELD OF SOUTHWEST VIRGINIA AS MADE BY THE V4RGINIA GEO-
LOGICAL SURVEY IS SHOWN BELOW AT THE LEFT. AT THE RIGHT IS A
SIMILAR CLASSIFICATION MADE BY ASHLEY AND GLENN FOR THE Cum-
BERLAND GAP COAL FIELD, WHICH INCLUDES THE SOUTHWESTERN PART
OF THE REGION DEALT WITH IN THIS PAPER.

HARLAN FORMAT ION BRYSON FORMAT I ON
Wise rFormATION HIGNITE FORMAT ION
GLADEV ILLE SANDSTONE CATRON FORMAT I ON
NORTON FORMAT I ON MINGO FORMAT 1ON

i LEE FORMAT ION LEE FORMATION

IN THE GEOLOGY OF THE MIDDLESBORO Basin, WENTWORTH THINKS
THAT THE HARLAN FORMATION OF THE “WIRGINIA SUBDIVISION 1S REPRE-
SENTED IN THE CUMBERLAND GAP FIELD DY THE COAL MEASURES INCLUDED
IN THE HIGNITE AND BRYSON FORMATIONS. HOWEVER, NO ATTEMPT WILL
BE MADE HERE TO APPLY FORMATION NAMES EXCEPT WHERE POSITIVELY
IDENTIFIED, TO THE ACCOMPANYING SECTIONS OR TG CORRELATE BETWEEN
THESE TWO AREAS, DUE TO THE UNCERTAINTY OF CORRELATIONS BETWEEN
THE COALS ORF THE HARLAN FIELD, AND TO INSUFFICIENT TIME FOR
FIELD WORK. ONLY A GENERAL DESCRIPTION OF THE ROCKS EXPOSED
AND THOSE SHOWN 'IN THE SECTIONS WILL BE DISCUSSED.

THE LEE FORMATION WHICH IS BASAL POTTSVILLE DOES NOT OUT=

CROP WITHIN THE BASIN BUT 18 EXPOSED AT THE DRYM WHERE 1TS CON-
GLOMERATIC PHASE CAPS THE CREST OF PINE AND CUMZERLAND MOUNTAINS,
SEE PLATE [Il. 1T Is A VERY RESISTANT AND MASSIVE SANDSTONE CON-—
TAINING ROUNDED QUARTZ PEDSLES FROM ONE=EIGHTH TO ONE INCH IN
DI1AMETER, AND 1S COMMCNLY KNOWN AS THE LBE CONGLOMERATE. BELOW
THE LEE ForMATION ROCKS OF MISSISSIPPIAN AND DEVONIAN AGE ARE
EXPOSED ON THE WEST FLANK OF PINE MOUNTAIN DUE TO THEIR TEING
BROUGHT TO THE SURFACE BY THE PINE MOUNTAIN FAULT, SEE Prate |1

SANDSTONES OF THAT PART OF THE POTTSVILLE EXPOSED AT THE
SURFACE ARE OF VARYING THICKNESSES RANGING FROM A FEW FEET TO
Over 100 FEET. THICKNESSES OF SANDSTONES 1MMEDIATELY OVERLY ING
THE WORKABLE COALS RUN ALL THE WAY FROM A FEW FEET TO OVER 80
FEET AND IN SOME LOCALITIES AS MUCH As 90 FEET OF SAND ROCK IS
REPORTED AS IMMEDIATELY OVERLYING THE COAL. IN THE LOWER
POTTSVILLE, SANDSTONE MEMBERS OF THE LEE FORMAT ION ARE AS MUCH
As 200 FEET THICK AND SOMZ ARE IN EXCESS OF THIS.

THE SHALES ALSO RUN TO GREAT THICKNESSES AND OCCUR ALMOST &S
FREQUENTLY AS THE SANDSTONES. THE THICKER SANDSTONES ARE MORES
COMMON AT THE TOP AND BOTTOM OF THE SECTIONS AS SHOWN ON PLATES
V ano Vi

MississSIPPIAN LIMESTONES ARE EXPOSED ON THE WEST FLANK OF
PinE MOUNTAIN AND THE ONLY OTHER L IMS PRESENT IN THIS FIELD IS
OF PENNSYLVANIAN AGE AND LIES ABOUT 870 FEcT BELOW THE DOUBLE
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ON BLAck MounTain. See PLate V. THIS 1S A FINE GRAINED FOSSIL=~
IFEROUS LIMESTONE, DARK IN COLOR AND IS ABOUT 8 INCHES IN THICK=
NESS. AMONG. THE FOSSILS RECOGNIZED ARE LOPHOPHYLLUM, PRODUETUS,
OnrTHOCERAS, ASTARTELLA, CHONETES, AND OTHERS. THE MORE COMMON
PLANT FOSSILS OF THE PENNSYLVANIAN SANDS, SUCH AS LEPIDODENDRON,
SigiLLArRIA, CvcaAps, CALAMITES, ETC. WERE FOUND QUITE FREQUENTLY
BOTH ON THE SURFACE AND INSIDE THE MINES.

THE COALS IN THESE SECTIONS VARY FROM A FEW INCHES TO OVER
B FEET IN THICKNESS. IN OTHER PARTS OF THE FIELD SOME OF THE
COALS ARE KNOWN TO BE A3 MUCH As 8C INCHES THICK. THE NAMES
OF THE .COALS AS APPLIED IN THESE SECTIONS ARE THOSE USED BY
THE OPERATING COMPANIES.,

PLATE V OF THIS REPORT SHOWS A SECTION OF PENNSYLVANIAN
STRATA PROBABLY THE THICKEST EVER COMPILED IN KENTUCKY. THIS
1S THE BLACK MOUNTAIN SECTION AND IS COMPILED FROM DIAMOND
DRILL AND BORE HOLE RECORDS AND FRCM SECTIONS MADE BY THE
AUTHORS OF THIS REPORT. THIS SECTION EXTENDS FROM THE DouBLE
ON BLACK MOUNTAIN THRU THE PENNSYLVANIAN SEDIMENTS AND INTO
THE TOP PART OF THE MISSISSIPPIAN, A TOTAL THICKNES3 OF OVER
5000 ‘reeT.

JOINT ING

PRONCUNCED JOINTS IN THE SANDSTONES, SHALES, AND COALS OCCUR
IN THIS AREA. THE BTRIKE OF JOINTS AND CRACKS WERE MEASURED ON
THE SURFACE AS WELL AS [INSIDE THE VARIOUS MINES. THE CLASSIFI=-
CATION OF TWO HUNDRED JOINTS SHOWS THE FOLLOWING KESULTS: 47
AvERAGE N 54° E; 48 averace N 24° W; 37 Averace N - S; 22 AVER-
aee N 22° E; 35 averace N 859 W anp 14 averace E - W.

:

THE SETS OF JOINTS N & 83 N 249 W; anp N 229 E mIGHT BE
COMBINED AS ONE GROUP. THOSE EXTENDING EAST AND WEST ARE OB=
SERVED INFREQUENTLY. THIS GROUPING WOULD RESULT IN THREE MAIN
SETS OF JOINTS AND CRACKS} NAMELY, N = 8; N 649 £ ano N 659 W.

y

CLEAVAGE FACES OF COAL RANGE IN VARIOUS PARTS OF THE AREA
FrROM N 459 E 10 N 72° E, THE averace seine N 599 E. THe FAcEs
IN THE MINES RELATIVELY CLOSE TO THE STEEP DIPS FLANKING THE
PiNE MouNTAIN FAULT AVERAGE N 859 E OR APPROX IMATELY PARALLEL
TO THE STRIKE OF THE FAULT.

BUTT FACES ARPE NOT AS WELL DEFINED. THEY FREQUENTLY APPRO-
XIMATE RIGHT ANGLES TO THE FACES. IN SOME OF THE MINES THE BUTTS
ARE VERY IRREGULAR., AS A WHOLE THE CLEAVAGE FACES PARALLEL THE
PINE MOUNTAIN FAULT AND ALSG THE INTENSE FOLOING ALONG CUMBERLAND
MOUNTAIN TO THE SOUTH.

CRACKS AND JOINTS OBSERVED INSIDE THE MINES WERE AS FOLILOWS:
N 470 E; N 50° E¢ N 559 E, N 859 £ === N 659 W, N 850 W ~=—-
N =8, N I129W, N 25% E. THESE CRACKS FALL IN THE GENERAL CLASSG—
IFICATION OF THOSE OBSERVED ON THE SURFACE. JOINTING IN THE



MINES UNDER COVER.SUFFICIENT . TO NOT BE EFFECTED BY SLUMPING IS
MANIFESTED USUALLY BY. VERY FINE LINES OR CRACKS NOT EASILY
VISIBLE AND SELDOM ARE MINERALIZED BEYOMND “THE WALLS OF THE
CRACK. ON THE OTHER HAND, CRACKS IN THE ZONE OF SLUMPS OR SLIPS
"AND ON THE SURFACE ARE USUALLY MINERALIZED AND FREQUENTLY CLAY=
FILEEDRS

NEAR THE ENTRIES WHERE THE OVERBURDEN DOES NCT EXCEED
500 FEET THE CRACKS AND JOINTS ARE MORE PRONOUNCED. dJOINTS IN
THis zoNE ( 0 - 500 FEET ) ALSG CORRESPOND IN DIRECTION TO
THOSE FARTHER INSIDE THE MINES WHERE THE COVER 18 GREATLY IN
excess OF 500 FEeT. THEY ALSD CORRESPOND IN DIRECTION TO THE
SETS OF JOINTS OBSERVED ON THE SURFACE IN THIS AREA. THIS
CONDITION CAN B8E PARTICULARLY MOTED IN ONE OF THE MINES AT
COXTON.

JOINTING IN AREAS NORTH OF THE OVERTHRUST BLOCK

IMMEDIATELY NORTH OF PINE MOUNTAIN THE COAL MEASURES AR
JOINTED AND FISSURED TO ABOUT THE SAME EXTENT AS THOSE IN THE
MIDDLESBORO BASIN. IN A ZONE BEGINNING D5 TO 7 MILES NORTH
AND PARALLEL TO PINE MOUNTAIN AND NORTH OF THE NORTH Fomk OF
THE KENTUCKY RIVER, JOINTS OCCUR THAT FALL IN THE SAME GENER=
AL CLASSIFICATICN AS THOSE IN THE MipoLEsBORO BasiN. T 1s
NOTICEABLE THAT JOINTING IS NOT AS INTENSE IN THIS AREA IN
THE SANDSTONES AND SHALES. THE FACE CLEATS IN THE COAL ARE
NOT AS WELL DEVELOPED AND THE BUTT CLEATS ARE IRREGULAR.

SURFACE CRACKS

As A RESULT OF THE REMOVAL OF THE UNDERLYING GOAL, THE
ROOF BREAKS TO THE SURFACE IN LONG CRACKS. St PraTte VI,

Filegs. | anp 2. THIS COMMONLY OCCURS WHERE THE OVERBURDEN
DOES NOT EXCEeD 300 FEET. SURFACE CRACKS WHERE THE OVERBURDEN
15 MORE THAN 500 FEET ARE NOT COMMON. |T 1S LIKELY THAT MANY

SUCH CRACKS OCCUR THAT ARE NOT O0OSSERVED. ALSO THEY MAY NOT
OPEN WIDE ENOUGH TO BE VISIBLE THROUGH THE TOP 30IL.

IT IS REPORTED THAT IN THE VICIMNITY OF LEWELLEN ON CLOVER
Fork OF CUMBERLAND RIVER, A CRACK HAS COME THRU TO THE SURFACE
WHERE THE OVERBURDEN 18 ABOUT 800 FEeT. THE APPROXIMATE COURSE
OF THIS CRACK Is N 200 E,

CRACKS OF THIS NATURE WERE OBSERVED ON A SPUR OF LOONEY
RIDGE ABOUT ONE-HALF MILE NORTHEAST OF LYNCH, KENTUCKY. THIS
OPENING IS8 APPRCXIMATELY SIxX FEET IN WIDTH AND EXTENDS IN A
course N 70° W Fon A DISTANCE OF, AT LEAST, A QUARTER OF A MILE,
IT 1S SAID THAT WHEN FIRST DISCOVERED, THE DEPTH WAS SO GREAT
THAT A PEBBLE DROPPED IN AT THE SURFACE COULD NOT BE HEARD AS
IT HIT THE BOTTOM. THE VERTICAL DISTANCE FROM THE C SEAM TO

THE CREST OF THE RIDGE WHERE THE CRACK OCCURS IS APPROXIMATELY
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}0C0 FEET., AT THS PRESENT TIME, THE SPACE BETWEEN THE ROCK
WALLS 1S NEARLY FILLED WITH DEBRIS. THIS CRACK PROJECTED TO THE
MINED AREA 1S PARALLEL TC THE GOB LIME BUT IN SOLID COAL, 150
FEET BACK INTO THE PILLAR. A BURFACE CRACK LOCATED ON RAGGED
SpUR OF BENHAM SPUR BETWEEN MAGGARD AND GAP BIANCHES STRIKES
NORTH AND SAUTH. THIS CRACK PRCJECTED TO THE C.SEAM TAKES

A POSITION PARALLEL TO THE @08 LINE, VERY CLOSE TC THE PILLAR
LIME. IN A CONVERSATION WITH THE MAN WHO FIRST DISCOVERED THIS
CRACK, WE LEARNED THAT HE WAS SUPERVISING TWO TIMBER OPERATIONS
IN 1930 AND IN WALKING FROM ONE OF THESE TO THE OTHER, HIS

PATH LEAD ACROS3S THIS CRACK. THE DI3COVERY WAS NOT MORE THAN

90 pAYs AND POssiIBLY WITHIN 30 DAYS AFTER THIS OPENING APPEAR=
ED ACROSS THE SPUR. HE FURTHER STATED THAT HE WAS IMPRESSED

BY THE FACT THAT THE SURFACE WALLS WEKE NOT FRESH FRACTURES, 3UT
CECIDEDLY WEATHERED, WHICH wWOUILLD INDICATE PLANES OF WEAKNESS
PRIOR TO THE EXISTENCE OF THE OPEMING, THE CRACK 1S SLIGHTLY
MORE THAN FWo FEET IN WIDTH AND THE VERTICAL DISTANCE FROm NO.

C coAL Is APPROXIMATELY 2,000 FEET.

YWE UNDERSTAND, FROM THE STUNEGA COke AnD COAL COMPANY AT
Bic STonE GAP, YIRGINIA THAT SURFACE CRACKS OCCUR /BOVE THEIR
MINING OPERATIONS IN WiseE CounTY, VIRGINIA, WHERE THE OVERBUR=
DEN EXCEEDs 1000 reeT. THESE CRACKS CGNFCRM TO THE DIRECTION
OF REGIONAL JOINTING. Two OF THEM STRIKE AS FOLLOWS, ONE
N 40° E anc THE oTHeErR N 189 W

iie

SIGNIFICANCE OF SURFACE CRACKS

SURFACE CRACKS WHCRE THE OVERZURDEN 15 LEss THaAN 800 FeeT
HAVE NOT BEEN DIScUSSED. CRACKS FREQUENTLY OCCUR WHERE THERE
1S LITTLE OVERBURDEN IN THE COURSE OF ORDINARY PILLAR WORK. IT
IS TO BE NOTED THE CRACKS THAT APPEAR AT THE SURFACE IN THE AREAS
MENT I ONED ABOVE LINE UP VERY WELL WITH THE MAIN SYSTEMS OF
JOINTING FOUND IN THIS AREA. THESE CRACKS EMERGING AT THE SUR=
FACE THRU FROM 800 to 2000 FEET OF OVERBURDEN HAVE N2 DOUBT COME
UPWARD AL ONG JOINT PLANES AND PLANES OF WEAKNE3S. |T 18 EVIDENT
THAT BETTER MOUNTAIN CAVINGS ARE ATTAINED WHERE PILLAR LINES
PARALLEL ONE OF THESE MAIN SYSTEMS OF JOINTING.

THE TWO CRACKS DESCRIBED OM A SPUR OF LOONEY RIDGE AND ON
RAGGED SPUR OF BENHAM SPUR, ARE OVER PILLAR LINES IN EXCESS OF
4000 FEET IN LENGTH. ALSC, IN VIEW OF THE FACT THAT THESE GCRAGKS,
ONE NORTH AND SOUTH AND THE OTHER N 7OQ‘N ARE IDENTICAL WITH TWO
OF THE MAIN SYSTEMS OF JOINTING IN THIS REGION, IT IS ADVIS/ABLE
TO. 'PULL PILLARS. ON LONG LINES PARALLEL TO ONE CF THESE MAIN
SETS OF JOINTSe I[|F THIS PLAN I3 FOLLOWED 1T 1S LIKELY THAT THE
ROOF CAN BE MORE FREQUENTLY BROKEN T THE SURFACE THRU COVER OF
2000 FEET. PURTIONS OF OVERBURDEN IN WHICH TENSION HAS BEEN RE=
LIEVED IN THIS MANNER SHOULD GIVE NO FURTHER TROUBLE AND A CONTIN=
UATION OF PILL/AR WORK PARALLELING JCINT SYSTEMS SHOULD RESULT IN
THE PROGRESSIVE BREAKING OF ANY GVERBURKDEN ENCOUNTERED IN THE HARe
LAN FI1ELD. HOWEVER, WHERE LONG LINES ARE NOT PUSSIPLE, A SYSTEM
OF DRIVING ENTRIES AND ROOMS AND DRAWING NO PILLARS SEEMS ADV 1S=
ABLE. {SEE RECOMMENDATIONS FOR THE PrEVENTION OF Bumps)

Y-



EXPLANATION TO PLATE VI

FIGURE | 1S A VIEW OF A SURFACE CRACK WHICH OCCURRED
OVER A WORKABLE COAL. OCRACKS OF THIS NATURE HAVE OCCURRED
IN COVER OF over 2000 fFEET.

FIGURE 2 18 AN INTERIOR VIEW OF ANOTHER SURFACE CRACK
WHICH OCCURRED OVER COAL BEING WORKED BELOW. NOTE THE
SMOOTH FACE OF THE WALL WHICH 1S INDICATIVE OF JOINTING.
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SHERT PILLAR LINES NGT CONFORMING TO JOINT SYSTEMS ARE APT
TO RESULT ONLY IN SMALL FALLS AND VERY LITTLE TENSION IS RELEASED
FROM THE PILLARS, UNDER TH1S PROCEDURE ANY MINER IRREGULARITY
IN THE PILLAR LINE MIGHT EASILY RESULT IN A BUMP,

CHARACTERISTICS GF BUMPS

THE TERM "Bump!" 1s ENGLISH IN ORIGIN, ACCORDING TO GEORGE S.
Rice, CHiEF MINING EmGINEER OF THE U. S. BUREAU OF MINES. A BUMP
IN THE COAL FIELDS OF HARLAN COUNTY, KENTUCKY MAY BE DEFINED A4S
A SUDDEN VIOLENT EXPULSION OF COAL FROM ONE OR MORE PILLARS,
ACCOMPAN IED BY A LOUD REPORT AND EARTH TREMORS. SHATTERING AND
PULVERIZATION ARE ALWAYS CHARACTERISTIC OF A BUMPED PILLAR.
SEEPLATE V1ll, Fieures | anp 2o A FINE BROWN DUST. THE 'RESULT OF
EXTREME PULVERIZATION, 1S ALWAYS RRESENT. ROOF OR FLOOR MOVEMENTS
MAY OR MAY NOT BE PERCEPTIBLE.

OF ALL THE PROBLEMS TO BE SOLVED IN A COAL MINE BY THE
SAFETY ENGINEER, BUMPS ARE THE MOST DIFFICULT OF SOLUTION, BE=-
CAUSE THEY OCCUR SUDDENLY AND WITHOUT WARNING. THEY OCCUR, IN
ALL CASES INVESTIGATED, IN PILLAR WORK, PANELS OF ABOUT &

ROOMS ARE USUALLY PILLARED OUT, THE BREAK LINE FREQUENTLY BEING
AT A 45° ANGLE WITH THE ENTRY, BUT, AT LEAST, ONE COMPANY MA IN-
TAINS A BREAK LINE PARALLEL TO THE ENTRY. PILLARS ARE USUALLY
WORKED ON THE BACK END WITH ONE SIDE OF THE WORKING PLACE OPEN TO
THE PILLARED AREA, EXCEPT WHEN A PILLAR SECTION 1S STARTING THE
PILLARS ARE MINED BY PICK WORK, WITH FROM TWO TO FOUR MEN ON

EACH PILLAR,

SOME OF THE OFFICIALS AND WORKMEN QUEST IONED, HAVE STATED
THAT THERE 1S AN UNUSUAL "QUIETING" OF THE PILLAR AND THAT THE
COAL TIGHTENS OR BECOMES WOODY, JUST BEFORE A BUMP OCCURS. IN
OTHER CASES INVESTIGATED THIS WAS NOT TRUE, THE BUMP OCCURR ING
WHEN NO CHANGE TOOK PLACE IN THE USUAL WORKING OF THE PILLAR.

; THE VIOLENCE OF A BUMP 1S USUALLY MEASURED BY THE AMOUNT

OF COAL SHATTERED, THIS VARYING IN CASES INVESTIGATED FROM A FEW
Tons TO 3,000 ToNs. THE COAL 1S THROWN OFF IN GREAT V IOLENCE,
TAKING TIMBERS, TRACK, MINE CARS AND EVERYTHING IN ITS PATH
ALONG WITH 1T. SeeE Prate VIlIl, Fieure 2. MINE CARS, IF OF
WOOD, ARE BROKEN TO PIECES AND IF OF STEEL CONSTRUCTION, THEY
ARE BENT AND TWISTED OUT OF SHAPE. TWENTY AND THIRTY POUND
STEEL RAILS ARE BENT. OSOMETIMES THE FLOOR HEAVES WHILE IN

OTHER CASES THE ROOF BREAKS. SOMETIMES BOTH OCCUR, WHILE AGAIN,
NEJTHER OCCURS.

THE FORCE OF THE BUMP SEEMS TO COME FROM WITHIN THE PILLAR
AND NOT FROM THE GENERAL VICINITY OF THE PILLAR, EVEN THOUGH

THE WHOLE P1LLAR, OiRR ONLY A PART OF A PILLAR IS SHATTERED AND
COAL THROWN OFF ALL AROUND THE PILLAR, THERE SEEMS TO BE A WELL
DEFINED LINE OF GREATEST FORCE, LEAVING IN THE PILLAR A FUNNEL~-

SHAPED EXCAVATION SEVERAL FEET IN DIAMETER. SEE PLATE LT84 g
i
FICHRE |,
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EXPLANATION TO PLATE VIII

FiguriEs | AND 2 SHOW THE RESULT OF A MAJOR BUMP WHERE
HUNDREDS OF TOMNS OF COAL WERE EXPELLED FROM THE PILLARS,
IN FIGURE | THE FUNNEL=SHAPED OPENING
1S VERY CHARACTERISTIC, IN THAT IT 1S NEARLY ALWAYS PRESENT

IN A BUMPED PILLAR AND SHOWS THE DIRECTION FROM WHICH THE
GREATEST LINE OF FORCE CAME.

AT THE TOP &OF THE" SEAM

FIGURE 2 1S CHARACTERISTIC OF THE DAMAGING RESULTS OF
A BUMP, THE CODAL, ALONG WITH TRACK AND TIMBERS, WERE BLOWN
ACROSS THE HAULWAY AND COMPLETELY FILLED THE noom. A STEEL

RAIL MAY BE SEEN PRQJECTING FROM THE COAL AT THE EXTREME
RIGHT OF THE FIGURE.
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ONE BUMP IN wHIcH aBouT |00 TONS OF COAL WERE VIOLENTLY THROWN
OFfF, LEFT A COMPLETELY EXCAVATED HAULWAY IN THE PILLAR, THROUGH
WHICH A 48" GAUGE TRACK WAS LAID WITHOUT ANY CLEANING UP BEING
NECESSARY,

IN ANOTHER CASE, EIGHT PILLARS ABOuT B0 FeEeT sy 40 FEET BY
S5 FEET, WERE COMPLETELY SHATTERED, FILLING ALL OF THE EXCAVAT |ONS
AROUND EACH PILLAR WITH COAL. |N NEARLY ALL CASES, THE COAL
THROWN OFF IS BROKEN DOWN SMALL ENOUGH TO LOAD INTO MINE CARS BY
SHOVEL. A GREAT DEAL OF PULVERIZATION TAKES PLACE AS 1S EVIDENCED
BY BROWN COAL MARKINGS ON ROOF AND WALLS. IN MOST CASES, AFTER
A BUMP OCCURS, THERE IS A GAP OF FROM ONE TO SEVERAL INCHES BE=
TWEEN THE TOP OF THE PILLAR AND THE ROOF,.

THE MOST VIOLENT BUMPS ARE NOT ALWAYS THE MOST DANGEROUS.,
SoMET IMES A BUMP OF LITTLE VIOLENCE HAS CAUSED INJURY OR DEATH,
WHILE A BUMP OF GREAT VIOLENCE HAS CAUSED NO INJURY. THIS 18
SOMET IMES ACCOUNTED FOR BY THE LOCATION OF THE MEN IN THE WORK=—
ING PLACE AND SOMETIMES BY THE FACT THAT A BUMP MAY OCCUR IN AN
IDLE SECTION OR IT MIGHT OCCUR ON AN IDLE DAY, IN somE INSTANCES,
WHERE THERE ARE TWO MEN WORKING IN THE SAME PLACE, ONE MAY BE
KILLED, WHILE THE OTHER, ONLY FIVE FEET AWAY, ESCAPES INJURY.
THE MOST VIOLENT BUMP, WHERE AT LEAST THREE THOUSAND TONS OF
COAL WERE THROWN OFF OF SEVERAL PILLLARS, CAUSED DEATH TO BUT ONE
MAN, ALTHOUGH FOURTEEN MEN WERE INVOLVED. ANOTHER BUMP, WHERE
ONLY ABOUT |5 TONS OF COAL WERE THROWN OFF, KILLED TWO MEN,

EVIDENCE SHOWS THAT, GENERALLY, BUMPS DO NOT OCCUR WHERE THE
OVERBURDEN 18 LESS THAN 800 FEET, BUT THERE HAS BEEN AT LEAST
ONE BUMP UNDER 500 FEET OF COVER. IN THE LATTER CASE THERE WAS
VERY LIKELY A TRANSFERENCE OF WEIGHT FROM AN ADJACENT SECTION
OF THE MINE HAVING AT LEAST 800 FEET OF COVER.

PLATE IX SHOWS IN DETAIL THE ACTUAL CONDITIONS OF A BUMP
IN WHICH TWO MEN WERE KILLED IN THE HARLAN COUNTY FIELDS.

IN THIS CASE, A SLAB WAS BEING DRIVEN IN THE ENTRY PILLAR
BETWEEN NO. 4 anD No. 5 rOOMg., THE SLAB HAD BEEN DRIVEN ABOUT
|2 FEET WHEN THE BUMP OCCURRED., AS SHOWN BY THE SKETCH, THE
SLAB WAS ABOUT 25 FEET WIDE AT THE FACE. THE COAL WAS B5" IN
THICKNESS. TWO MEN WERE WORKING IN THIS PLACE. AT THE TIME
OF THE BUMP NO. | MAMN WAS WORKING IN THE LEFT HAND CORNER AT
THE FACE, NO. 2 MAN WAS WORKING AT THE LEFT HAND RIB ABOUT
|2 FEET BACK FROM THE FACE., A WITNESS WAS STANDING IN THE
ENTRY ABOUT 40 FEET FROM WHERE THE NO. | MAN WAS WORK ING, AN
EMPTY MINE CAR AND A GATHERING LOCOMOTIVE WERE IN THE PLACE,
THE MOTOR BEING OUTBY THE CAR.

FROM THE SKETCH IT WILL BE SEEN THAT ABOUT 45 TONs OF
COAL WERE SUDDENLY BLOWN OUT, ADVANCING THE WORKING FACE ABOUT

16 FEET. AsouT HALF OF THE BLOWN OUT COAL WAS IN ONE LUMP,

THE MAN WORKING AT THE FACE WAS THROWN, ALONG WITH THE
COAL, AGAINST THE END OF THE MINE CAR WITH A FORCE SUFFICIENT
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TO CRUSH THE END OF THE CAR. THIS MAN WAS FOUND INSIDE THE CAR,
WHICH WAS ‘FORCED DOWN THE TRACK A DISTANCE OF 25 FEET. THE MCTOR
WAS FORCED DOWN THE TRACK A DISTANCE OF A30UT 35 FEET AND THEK
DERAILED. THE MAN WONKING |8 FEET FROM THE FACE WAS FOUND ON

THE ENTRY. HE HAD BEEN KNOGCKED A DISTANCE OF |8 FEET. STANDING
TIMBERS THROUGHOUT THIS AREA AND 00 FEET FROM THE FACE WERE
KNOCKED OUT,

g THE SKETCH IN THE UPPER NIGHT HAND CORNER SHOWS THAT THE
FORCE OF THIS BUMP WAS COMING FROM THE ROBBED AREA. ITs DIREC=
TION WAS EXACTLY ALONG THE FACE CLEATS OF THE COAL.

TH13 PARTICULLAR ACCIDENT IS TYPICAL AND GIVES AN IDEA OF
THE INTENSITY OF A MINOR BUMP AFFECTING ONLY A SMALL PORTION OF
A PILLAR, T 1S EASILY SEEN THAT THE LOS8 OF LIFE MIGHT BE
GREATER, IN THE EVENT THAT MORE THAN ONE PILLAR 18 SIMULTANEOUSLY
AFFECTED.

RELATION OF BUMPS TO GEOLOGIC STRUCTURE

THE COMPRESSIONAL FORCES RESULTING IN THE NORTHWESTWARD
THRUSTING OF THE CUMBERL./AND BLOCK MAVE DEVELOPED 4~ SYSTEM OF
JOINTS AND FISSURES IN THE SANDSTONES, B8HALES AND COALS IN
THIS PART OF THE MIDDLESBORO SYNCLINE. THE FORCES NECESSARY
TO PUSH THIS HUGE MASS OF SEDIMENTARY ROCK AN ESTIMATED DISTANCE
OF 7 MILES ACROSS THE INCLINED PLANE OF THE PINE MOUNTAIN FAULT
HAVE RESULTED IN STRESSES WHICH MAY STILL EXIST IN THE COAL
MEASURES OF THIS AREA. AT ANY RATE, THE FORCES OF OVERTHRUST ING
HAVE DEVELCPED PRONOUNCED CLEAVAGE PLANES AND A MARKED BRITTLE-
NESS CF THE COAL. .

THESE CONDITIONS WORK HAND .IN HAND WITH THE EXCESSIVE OVERe
BURDEN SO THAT IN THE PRGCESS OF THE REMOVAL OF PILLARS CERTAIN
AREAS ARE THROWN OUT OF ADJUSTMENT. THIS SHIFTING OF PRESSURE
CAUSES SUDDEN OUTBURSTS OF COAL WHICH ARE COMMONLY CALLED
"Bumps"., THEY ARE OF VARYING VIOLENCE, FREQUENTLY RESULT ING
IN THE LOSS OF LIFE AND PROPERTY DAMAGE, IT 18, THEREFORE,

THE REGIONAL STRUCTURAL ASPECTS THAT ARE A CONTRIBUTORY FACTOR
TO BUMPS.

PLATE IV S8HOWS THAT THE DIPS IN THIS PARTICULAR PORTION OF
THE BUMP AREA ARE SELDOM IN e£xceEss OF JOC rFeeT PER MILE, THE
NORMAL REGIONAL DIP FOR EASTERN KENTUCKY RANGES FrROM 30 10 40 FEET
PER MILE, THE RATE OF DIP IN THIS AREA 18 SO SLIGHT THAT THE
SEAMS ARE CLASSED As "FLAT=LYING!,

THE DIPS AND TYPES OF FOLDING REMAIN FAIRLY CONSTANT THRU=
OUT THE BUMP AREA AND WE ARE NOT ABLE IN ANY CASE TO ATTRIBUTE
THE CAUSE OF A BUMP TO ANY LOCAL STRUCTURAL FEATURES.

-1 8-
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RELATION OF BUMPS TO OVERBURDEN

THERE 18 A DIRECT RELATION OF BUMPS TO OVERBURDEN. ALL OF
THE SEVERE BUMPS HAVE OCCURRED IN AREAS WHERE THE OVERBURDEN
RANGES FrROm 500 Tto 2000 reCT.

BumPs ORDINARILY DO NOT OCCUR IN AREAS WHERE THERE 1S A
COVER LESS THAN 500 FEET. ALSO, FALLS EXTENDING TO THE SURFACE
COMMONLY occur IN THIs zone (O - 500 FEET) AS THE JOINT PLANES
"ARE WEATHERED TO 80ME EXTENT .AND ARE FREQUENTLY CLAY=FILLED.
THE ROOF 1S EASILY GROKEN UNDER THESE CONDITIONS THUS REL IEVe
ING ANY EXCESSIVE STRESS ON THE PILLAR.

BumMPs O¢cum WHERE THE OVERBURDEN 1S IN ExCEss oF 500 rFeeT
AS A RESULT OF ADDED PRESSURE ON THE PILLARS AND THE INFREQUENGCY
OF ROOQF FALLS EXTENDING TO THE SURFACEs -

REFERENCE TO THE STRATIGRAPHIC SECTION, PLATE V, sHows
THAT APPROX IMATELY TWO=THIRDS OF THE STRATA ABOVE: THE "C" AnD
HARLAN sEAMS " OF COAL\CQN$!STS.OF<3ANDSTONE, AND OME-THIRD
IS SHALE. THE AVERAGE WZIGHT PER cUelIC ,FOOT OF SANDSTONE IN
THIS AREA 1S ABOUT |47 PUUNDS AND THAT OF SHALE 15 |R2 pouNDS
PER CUBIC FOOT. THE WEIGHT IN ROUNDS PER SQUARE £0OT WITH AN
OVERBURDEN OF 20C) FEET 15 APPROXIMATELY 304,000 pPOUNDS' AND THE
WEIGHT WITH 500 rFzeT oF OVERBURDEN 18 APPROXIMATELY 75;000 pouNDS
PER SQUARE FCOT. THE WEIGHTS PZR SQUARE INCH BEING 2,111 AND
52| POUNRS RESPECTIVELY.

O THE CASUAL C3SERVER, THESE OVERBURDEN WEIGHTS MAY SEEM
TO BE IN EXCESS OF THE CRUSHING STRENGTH OF THE COAL. ORDINAR—
LY THEY ARE NOT, BUT WHERE THE OVERBURDEN |S NCT PROPERLY
HANDLED ADDIT IONAL WEIGHT I8 SHIFTED TOWARD THE COAL, WHICH
FREQUENTLY 18 IN EXCESS OF ITS CRUSHING STRENGTH. FOR A FURTHER
DIsCUssION OF THIS, seEe CAUSES OF BUMPS.

CAUSES OF BUMPS

BUMPS ARE NOT LIMITED TO ANY ONE CAUSE. HOWEVER, AS A
RESULT OF A STUDY OF THIS PROBLEM, IT I8 EVIDENT THAT CERTAIN
CONTRIBUTING FACTORS ARE OUTSTAND ING.

THE FORCE REQUIRED FOR THE MOVEMENT AND CRUSTAL DEFORMAs
TION OF THE CUMBERLAND OVERTHRUST BLOCK SET UP COMPRESS }ONAL
STRESSES WITHIN THE SANDSTONES, SHALES AND COALS. UNDER CERTAIN
MINING METHODS, NOT_DESIGNED TO CONTROL OR RENDER THEM HARMLESS,
THESE POTENTIAL FORCES ARE SUDDENLY RELEASED RESULTING IN THE
SHATTERING OF A PART OR, IN SOME CASES, A WHOLE PILLAR.

BumMPS OF GREAT INTENSITY HAVE NOT OCCURRED IN ANY OF THE
MINES "IN HARLAN COUNTY WHERE THE OVERBURDEN 1S LESS THAN 500
FEET. EXCESSIVE OVERBURDEN, NOT PROPERLY HANDLED, THEN SEEMS
ONE OF THE REQUIRED FACTORS. THERE ARE AREAS IN THE ADJACENT
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EXPLANATION TO PLATE X

Fieure | sHows THE GRADUAL SETTLING OF THE ROOF BEHIND
THE LINE OF EXTRACTION. EVIDENTLY, SINCE SUPPORTING TIMBERS
NEAR THE COAL SHOW NO SIGNS OF BENDING, THIS CONDITION WOULD
HAVE NO EFFECT IN CAUSING A BUMP AS LCNG AS COAL EXTRACT ION
IS KEPT AHEAD OF THE RATE OF BENDING IN THE ROOF,

FIGURE 2 SHOWS THE METHOD OF REMOVAL OF GCOAL IN A
SINGLE PILLAR, THE CORNER "A" |3 USUALLY KEPT. AHEAD OF THE
OUTSIDE GORMER BUT WHEN IT 15 TOO FAR IN ADVANCE, IT IS LIKE=-
LY TO TIGHTEN AND A BUMP MAY RESULT. A PART OF THIS PILLAR
I8 LEFT PROJECTING IN THE GOB WHILE THE ADJACENT PILLARS HAVE
BEEN SLABBED ALL THE WAY ACROSS.

FIGURE 3 SHOWS AN INCORRECT WAY TO WORK A PILLAR AND 18
LIKELY TO RESULT IN A BUMP AT MAMW,

FIGURE 4 sHOwWS THE RESULT OF HOGGING THE LOOSE COAL AT
"AM".  TIGHT CORNERS ARE LEFT PROJECT ING BACK OF THE EXTRACT ION
LINE THUS CREATING A BUMP CONDITION.

FIGURE 5 SHOWS A CONDITION BROUGHT ABOUT BY GOUGING A
PILLAR. A SET UP LIKE THIS HAS CAUSED A WHOLE PILLAR TO BUMP
AND KILL TWO MEN,

F1GurE 6 sHows WORKING ROOMS OF ORIGINAL BARRIER PILLAR
WHICH HAS BEEN SUBJEGTED TO ADDITIONAL WEIGHT DUE TO POOR
ROBBING, ConDiITIONS LIKE THIS HAVE RESULTED IN BUMPS AND
THE DEATH OF MEN,

Fioure 7 sHows Two 45° piLLAR LINES (45° ancLE TO ENTRIES)
IN A PANEL CONVERGING AT "AM, THis CONDITION IS VERY LIKELY
TO RESULT IN A BUMP IN THE VICINITY OF MAM,
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COAL FIELDS OF KENTUCKY, WEST VIRGINIA AND VIRGINIA WHERE COVER
1§ SUFFICIENT TO PRODUCE BUMPS, IF THAT -WERE THE SOLE CAUSE. THE
FACT THAT BUMPS IN THIS REGION ARE CONFINED TO THE CUMBERLAND
OVERTHRUST BLOCK INDICATES THAT THEY OCGUR AT LEAST PART IALLY

AS A REBULT OF THE COMPRESSIONAL FORCES CAUSED BY THIS CRUSTAL
MOVEMENT ,

THE SUDDEN SHIFT ING IN THE OVERBURDEN OF CERTAIN AREAS AS
THE RESULT OF THE RELEASE OF PRESSURE AT ONE POINT AND ITS
CONSEQUENT INCREASE AT ANOTHER, CAUSES VIBRATIONS OF THE ROOF,
FLOOR AND COAL PILLARS SUFFICIENT IN INTENSITY TO CAUSE THE
RILLARS TO BUMP. THESE LOCAL EARTH TREMORS NEED NOT BE ACCOM=~
PANIED BY APPRECIABLE VERTICAL OR LATERAL MOVEMENTS.

AT THE TIME THE MINES IN THIS PORTION OF THE CUMBERLAND
OVERTHRUST BLock weRE oOPENED THERE WAS NO THOUGHT GIVEN TO THE
POSSIBILITY THAT THE STRUCTURAL CONDITIONS AND EXCESSIVE OVER=
BURDEN MIGHT RESULT IN BUMPS. MINES WERE, THEREFORE, NOT DESIQ@Ne -
ED TO COPE WITH THESE CONDITIONS. IN THE EARLY STAGES OF PILLAR
WORK AREAS WERE ROBBED, NATURALLY, WHERE THE COAL COULD BE MINED
AT THE LOWEST POSSIZLE cosT. As A RESULT SOME MINES HAVE ROB3ED
AREAS SCATTERED PROMISCUOUSLY THRUOUT THEIR PROPERTIES., THIS =
HAS BROUGHT ABOUT, AT PRESENT, CONDITIONS WHICH INDUCE SUMPS AND
WL CONTINUE TO DO SO IN A GREATER DEGREE UNLESS THESE SMALL
SCATTERED ROBBED AREAS ARE BROUGHT TOGETHER BY NEW ROBBING SO AS
TO GIVE A FEW LARGE ROBBED AREAS WHERE THE MOUNTAIN WILL BE CAVED
TO THE SURFACE AND BROUGHT TO REST ON THE FLOOR OF THE SEAM.

GENERALLY SPEAKING, AN EFFORT 1S MADE IN PILLAR WORK TO

REMOVE ALL THE PILLARS., HOWEVER, WHERE COAL IS THIN, DUE TO THE
PRESENCE OF A "FAULT" OR THE COAL DECOMES BADLY LAMINATED THERE
IS A TENDENCY TO LEAVE THESE PILLARS DEHIND. BAD SLATE FALLS
AND THE HIGH COST OF ITS REMOVAL MAKE IT SEEM ADVISAGLE TO
LEAVE CERTAIN PILLARS AND STUMPS UNMINED. THESE CONDITIONS
RESULT IN THE WEIGHT OF THE OVERLYING STRATA BEING SHIFTED,
THIS ARTIFICIAL ADJUSTMENT, FREQUENTLY IS IN A DIRECTION TOWARD
THE WORKING RACE, AND IN SOME CASES, RESULTS IN BUMPS. PRESSURE
THUS EXERTED MAY CUMP EITHER PILLARS ON THE PILLAR LINE OR THOSE
BAEK OF 1T

THE COAL HAS A CRUSHING STRENGTH WHIGCH 1S SUFFICIENT TO
WEITHSTAND THE PRESSURE OF 2000 FEET OR MORE OF OVERBURDEN IF
MINING 1S CARRIED ON PROPERLY. HOWEVER, IN ALL CASES INVEST t=
GATED WHERE CUMPS HAVE OCCURRED, THERE WAS EVIDENCE IN THE COAL
AND ADJACENT STRATA, AND TEST IMONY OF WORKMEN AND OFFICIALS,
SUFFICIENT TO FORCE US TO THE CONGLUSION THAT COAL WAS LEFT .
IN ROBDED SECTIONS IN SUCH QUANTITIES AND IN SUGH LOCAT 1 ONS
THAT 1T WOULD BRING UPON THE BUMPED PILLAR, A PRESSURE BEYOND
IT STRENGTH TO BEAR.

IN FACT, IT WAS FOUND THAT IN SOME CASES PILLARS WERE
RODBED WITHOUT ANY REGARD, WHATSOEVER, TO THE SIGNIFICANCE
AND AMOUNT OF THE OVERBURDPEN. |T wWAS FOUND, ALSO, THAT BOME
COMPANIES DOING EXCELLENT MINING IN REGARD TO THESE CONDITIONS,
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WERE HAV ING BUMPS CECAUSE THEIR gﬁlGHSOR OPERATOR HAD NOT DONE
S0

A COMPETENT BDED OF SANDSTONE DIRECTLY ADOVE THE COAL SEAM
IS AN IMPORTANT CONTRIBUTING FACTOR TO DUMPS. A GREATER PART
OF THE DUMPS OF THE HARLAN FIELD HAVE OCCURRED WHERE THERE WAS
A SANDSTONE OR PERHAPS A VERY SANDY SHALE (SLATE) ROOF,

THE PRESENCE OF A TOUGH, DENSE, RESISTANT SANDSTONE ADOVE
THE COAL PREVENTS GOOD FALLS ESPEGIALLY ON SHORT PILLAR LINES.
IN THE PROCESS OF ROBDING, LARGE MASSES OF UNDROKEN SANDSTONE
PROJECT DEYOND THE PILLAR LINES, IN ONE CASE IT WAS ODSERVED
THAT THE SANDSTONE ROCF BENT TO THE FLOOR WITHOUT DREAKING AND
PROJECTED OVER A HORIZONTAL DISTANCE OF AT LEAST ONE HUNDRED
YARDS. SEE PLATE X, FIGURE |,. THE VERTICAL DISTANCE IN THIS
PARTICULAR CASE WAS ADOUT FOUR FEET. AS THE ROGF GRADUALLY
CENDS TOWARD THE FLOOR SHEARING STRESSES ARE LIKELY TO ORIGINATE
NEAR THE WORKING FACE OF THE COAL AND ORDINARILY THIS IS NOT
ENOUGH TO BUMP A PILLAR UNLESS CONDITIONS ARE PRESENT L IKE
THOSE SHOWN IN PLATE X, Flgures 2 - 7.

IT HAS DEEN NOTED THAT WHEREVER A SANDSTONE OR SANDY SHALE
EXISTS ABOVE THE CCAL THERE IS A SLIGHTLY UNDULATING SURFACE OR,
IN CASE OF A ROLL, A DECIDED CHANNELING IN THE COAL. IN AREAS
WHERE A FINE GRAINED CLAY SHALE EXISTS AS A ROOF, THE. CONTACT
BETWEEN THE COAL AND SHALE IS A MORE EVEN SURFACE. ITHE INFERENCE
TO BE DRAWN IS THAT THE UNDULAT ING SANDSTONE ROOF RESISTS BY
FRICTION ANY LATERAL MOVEMENT CF THE COAL AND PLACES THE COAL
UNDER ADDITIONAL STRAIN. THE EVEN SURFACE OF CLAY SHALE SERVES
AS A ZONE OF FLOWAGE AND YIELDS TO LATERAL MOVEMENT, THUS AVOIlD=
ING BUMPS IN CASES WHERE LATERAL PRESSURES MIGHT COTHERWISE CAUSE
THE PILLARS TO BUMP. TH1S PHENOMENON HAS DEEN ODSERVED WHERE
THE SHALE SHOWED EV IDENCE OF SLICKENS IDING (POLISHED, SCRATCHED
OR STRIATED ROCK SURFACES PRCDUCED ALONG THE PLANE OF MOVEMENT)
AND WAS CRUSHED AND SQUEEZED OUT OF ITS POSITION WHICH WAS
GRIGINALLY JUST OVER THE COAL. IT WAS NOTICEABLE AT THIS PART |
CULAR LOCALITY THAT THE SLATE WAS PROJECTING AS MUCH AS THREE
INCHES BEYOND THE FACE OF THE CCAL, THE SLICKENSIDING AND
CRUSHED SLATE PROVING THAT THE SLATE 1S CAPACLE OF GIVING WAY
TO FORCES RATHER THAN TRANSMITT ING THESE FORCES ON TQ THE COAL.

RECOMMENDAT IONS FOR THE PREVENTION OF BUMPS

IN THE OPINION OF THE WRITERS, BDUMPS CAN OE ELIMINATED OR
AT LEAST, MINIMIZED TO THE POINT OF .RARE OCCURRENCES IN THE MINES
OF HARLAN COUNTY IF MINING 1S DONE WITH DUE REGARD TO THE UNUSUAL
AMOUNT AND CONDITION OF THE OVERLYING STRATA.

IN MINES WHERE DUMPS HAVE BEEN MORE FREQUENT, WHERE PRESENT
CONDIT IONS ARE SUCH THAT THEY WILL LIKELY CONTINUE, AND WHERE
MINING METHODS HAVE DEEN PURSUED TO THE EXTENT THAT A CHANGE IS
IMPRACT ICAL OR IMPOSSICLE, THERE 1S NO -REMEDY EXCEPT THE ABDANDONe
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MENT OF THAT PARTICULAR SECTION OF THE MINE.

MINES IN WHICH SUMPS HAVE NOT GCCURRED SHOULD GIVE SPEC FAL
ATTENTION TO SOUND MINING METHODS, AS THEIR HAZARDS ARE INCREASED
WITH THE CONSTANT EXTRACTION OF  COAL.

THERE SHOULD CE A COOPERAT IVE UNDERSTAND ING DETWEEN OPERATORS
IN THE REMOVAL OF COAL ALONG, OR NEAR, COMMON PROPERTY LINES, TO
THE EXTENT THAT THEIR RESPECTIVE WORKINGS WILL OPERATE FOR THEIR
MUTUAL BENEFIT AND NOT BE DETRIMENTAL TO EITHER OR BOTH,

IN MAKING SUGGESTIONS FOR THE PREVENTAON OF BUMPS, 1T7- I8
DIFFICULT TO DISSOCIATE ANY OME RECOMMENDATION FROM THE OTHERS.
IN OTHER WORDS, ALL THE SUGGEST IONS HEREIN MENT |ONED SHOULD BE
CARRIED OUT IN UNISON TC OBTAIN THE BEST RESULTS IN GETTING
ROOF FALLS AND GUARDING AGAINST BRINGING ON UNDUE STRESSES AND
PRESSURES.

ONE OF THE MOST IMPORTANT FACTORS IN THE PREVENTION OF
BUMPS 1S KEEPING A STRAIGHT PILLAR LINE, AND A RESULTING STRAIGHT
BREAK LINE., THIS LINE SHOULD BE AS LONG AS POSSIBLE, SO THAT
A BREAKING LEVERAGE CAN BE PRODUCED IN THE OVERLY!NG STRATA. A
PILLAR SECTION SHOULD NOT BE STARTED UNT'L IT HAS BEEN DETER=
MINED THAT EXTRACTION CAN CONTIMUE OVER AN .\REA OF NOT LESS THAN
100 rcres. ORDINARILY THIS WOULD REQU IRE THE CYTRACT ION OF A
THREE ENTRY PANEL ABOUT |000 FeeT wine, -wo 4500 ceET LONG.

THE PANEL SHOULD BE ISOLATED FROM THE ADJ/SENT WORKINGS BY

STRONG BARRIER PILLARS SUFFICIENT TO 3REAK THE OVERBURDEN.

WHERE THIS METHOD HAS BEEN PRACTICED AND EX RAGTIIN HAS BEEN
COMPLETE, THE OVERBURDEN HAS BEEN BROKEN TO THZ SURFACE ALMOST
VERTICALLY ALONG THE BARRIER PILLARS. THE WHOLE AREA HAS BEEN

SET DOWN ON THE FLOOR OF THE SEAM AND DISCONNECTED FROM THE REST
OF THE MINE, ELIMINATING ITS INFLUENCE ON BUMPSe THIS HAS OCCURRED
WHERE THE OVERBURDEN WAS MORE THAN 2000 FEET THICK,

IN CONNECT ION WITH THE IDEA MENTIONED ABOVE, IT IS WELL TO
KEEP IN MIND THE GECLOGIC STRUCTURE OF THE OVERLY ING ROCKS. IT
SEEMS THAT BEFORE THIS TIME, THERE HAS BEEN NO OCCASION, IN THIS
FIELD, TO ASSOCIATE MINING METHODS WITH GEOI.OGY, AND HERE LIES
ONE OF THE MOST IMPORTANT FACTORS IN THE PREVENTION(.OF BUMPS.
By TH¥s 1T 18 MEANT , THAT MINING METHODS SHOULD BE BASED ON A
PREVIOUS STUDY OF THE REGIONAL GEOLOGY,.

IN ANOTHER SECTION OF THIS PAPER, ENTITLED JOINTING i1s A
FULL DISCUSSION ON JOINT PLANES (PLANES OF WEAKNESS OR CRACKS ) e
FROM FIELD OBSERVATIONS AND RESULTANT STUDIES IT 1S FOUND THAT
THESE CRACKS HAVE WELL DEFINED DIRECTIONS IN ALL PARTS OF THE
BUMP AREA. |T 1S NOTIGEABLE ALSO THAT SURFACE CRACKS, HAVING
OCCURRED OVER MINES WITH HEAVY COVER, WERE ALONG THESE JOINTS OR
PLANES OF WEAKNESS., SOME MINES HAVE EXPERIENCED DIFFICULTY IN
BREAKING THE OVERLYING STRATA, AND IT IS TRUE, THAT IT 1S NOT AN
EASY TASK WITHOUT FIRST MAKING A STUDY OF EXISTING CONDITIONS.
WITH A KNOWLEDGE OF THE EXISTENCE, AND DIRECTION, OF THESE CRACKS
MINING CAN, AND WE RECOMMEND THAT IT BE, CARRIED ON WITH PILLAR
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LINE EXTRACTION PARALLEL TO ONE OF THESE SYSTEMS OF JOINTS. THIS
OF COURSE, PERTAINS TO SYSTEMS THAT INVOLVE PILLARING,.

SoMmE oF THE OPERATORS HAVE STATED THAT THIS GREAT AMOUNT OF
STRONG OVERBURDEN, CANNOT BE BROKEN TO THE SURFACE, BUT IT IS
OF NOTE TO MENTION HERE THAT, THE COMPRESSIONAL FORCES IN THE
CumBERLAND OVERTHRUST BLOCK HAVE ALREADY ACCOMPL ISHED THIS IN
THE FORM OF JOINTS AND CRACKS AND IT SEEMS THAT WITH THIS FACT
IN MiNB, A METHOD OF EXTRACTION, ACCOMPANIED BY COMPLETE MOUNTAIN
CAVING, COULD BE CARRIED OUT SUCCESSFULLY.

IN BREAKING THE ROOF, IT 18 OUR OPINION, THAT ACCUMULATI!IONS
OF DEBRIS BE PREVENTED AS IN CASES WHERE SLUMPING AND SCALING OF
THE ROOF IS ALLOWBD, Of IN OTHER WORDS, BREAKING THE ROOF 20 or 30
FEET UP. SEE PLATE Xl. |F CONDITIONS LIKE THIS ARE ALLOWED TO
ACCUMULATE, FURTHER COMPLICATIONS ARE SET UP., WHAT IS DESIRED, IS
ESSENTIALLY THIS, THAT THE ROOF BE SET DOWN INTACT AS NEAR AS
POSSIBLE ON THE FLOOR OF THE MINE, WITHOUT ANY ACCUMULATION OF
DEBRIS. TO ACCOMPLISH THIS IT IS NECESSARY TO TEMPORARILY HOLD
UP THE IMMEDIATE ROCF, THUS PREVENTING LOOSE BLOCKS OR PIECES OF
ROCK FROM FALLING UNTIL EMOUGH COAL HAS DBEEN EXTRACTED TO ALLOW
A VACANT AREA LARGE ENOUGH FOR A BREAKING LEVERAGE TO BE ATTAINED.
WITH THIS IN MIND, IT IS RECOMMENDED THAT TIMBERS BSE LEFT STAND=
ING, THAT ROOM ANU IZNTRY Goa BE HAULED OUTSIDE, OR LEVELED DOWN ,
AND THAT THE PILLARS BE EXTRACTED AS RAPIDLY A3 POSSIBLE SO AS
NOT TO BE SUBJECTED TO ANY UNNECESSARY SETTLING WEIGHT.

FROM AUTHORITATIVE SGURCES IT WAS LEARNED THAT, FOR VARIOUS
ECONOMIC REASONS, PILLARS OF COAL RANGING IN NUMBER FROM ONE TO
THIRTEEN HAVE BEEN LEFT AT PART ICULAR POINTS IN THE ROBBED AREAS.
SOME OF THE REASONS GIVEN WERE? = UNMERCHANTABLE COAL, THIN COAL,
ROLLS, WATER AND BAD ROOF. A GREAT MANY OF THESE ARE NOW INAC—
CESSIBLE "DUE TO ‘THE FACT THAT THE APPROACH TO THEM HAS BEEN BLOCK-
ED BY ROOF FALLS. HOWEVER, IT IS RECOMMENDED FOR THE PREVENTION OF
BUMPS IN THE FUTURE, THAT ALL SUCH PILLARS IN FUTURE MINING BE
REMOVED. REASONS FOR THIS, WHERE WEIGHT IS SHIFTED FORWARD,
INSTEAD OF AWAY FROM THE PILLA LINE, PREVENTING AT THE SAME
TIME ROOF FALLS AND DREAKS, ARE EXPLAINED IN CAUSES OF BUMPS.

IT MAY COST A LITTLE MORE," AT THE TIME, TO REMOVE ALL SUCH
PILLARS, BUT SURELY THIS IS NOT AS EXPENSIVE AS THE LOSS OF
LIFE, LOSS OF TIME AND THE DESTRUCTION OF THE MORALE OF THE
MINERS. THIS RECOMMENDAT ION IS NOT MADE FROM A PURELY HYPOTHE—
TICAL POINT OF VIEW, SUT FROM ACTUAL O3SERVATIONS AND STUDIES
OF SUCH OPERATIVE METHODS AS ARE PRACT ICED IN MINES THAT HAVE
EXPERIENCED NO BUMPS.

IN OPENING A NEW MINE, WE RECOMMEND, FIRST, THAT A STUDY

OF THE GEOLOGY BE M/ DE SO A8 TO ASCERTAIN THE CONDITION OF THE
ASSOC I ATED STRATA AND TO DETERMINE WHAT SYSTEM OF MINING COULD
BEST BE ADAPTED TO SAME. PLANS FOR wonk NG THE COAL SHOULD BE
BASED ON THE INFORMATION THUS DETERMINED. SECOND, THAT THE

PLAN OF THE PROPOSED WORKINGS BE CO-ORDINATED WITH THE EXISTING
WORK INGS OF ADJACENT MINES. THIRD, THAT IT BE CO-ORDINATED

WITH THE FUTURE WORK INGS OF THE ADJACENT MINES TO THE END THAT
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THE TERRITORY AS A WHOLE MAY BE WORKED FOR THEIR MUTUAL BETTERMENT.

WHEN THE EXPLOITATION OF A COAL PROPERTY IS PLANNED, IT
SHOULD BE DECIDED IN THE BEGINNING WHETHER ALL THE COAL IS TO
BE EXTRACTED OR ONLY A PART OF IT. IF PLANS ARE ADOPTED WHICH
INVOLVE TOTAL EXTRACTION IT 1S CUSTOMARY AND ADVISABLE TO TAKE AS
LITTLE COAL AS POSSIBLE ON THE ADVANCE UNTIL THE BACK END OF THE
PROPERTY 1S REACHED. IDEAL PILLAR EXTRACTION SHOULD START ON A
CROP LINE WHERE POSSIBLE, AND BREAK LINES SHOULD BE MADE TO
CONFORM WITH THE DIRECTION OF JOINTS, OR PLANES OF WEAKNESS,
IN THE SUPERINCUMBENT STRATA. IF THIS 18 DONE, TOGETHER WITH
CLEAN EXTRACT ION OF COAL, IT SHOULD BE LES3 DIFFICULT TO GET
MOUNTAIN BREAKS STARTED. PROGRESSIVE BREAK ING OF THE OVERBUR=-
DEN TO THE SURFACE CAN BE CARRIED ON THRU OUT THE LIEE OF THE
MINE.

It s NECESSARY TO KEEP IN MIND HERE THAT THE PILLAR L INE
MUST BE KEPT STRAIGHT AND THAT NO PILLAR BE ALLOWED TO PROGRESS
ANY FASTER OR SLOWER THAN ANY OF THE OTHERS. To AccomPLISH
THIS, WE SUGGEST THAT 1IN MAKING THE MINE SURVEY, ALL PILLARS
BE MARKED AT INTERVALS CLOSE ENOUGH SO THAT THE FOREMAN CAN
MAKE AN ACCURATE CHECK OF THE PROGRESS OF HIS SECTION EACH DAY
AND COMPARE IT WITH THAT OF THE ADJOINING SECTIONS. THIS HAS
BEEN PRACTICED TO SOME EXTENT AND HAS WORKED WITH REASONABLE
Syccess., AT LEAST, IT 1S MUCH BETTER THAN GUESS WORKe

SHORT PiILLAR LINES, PILLARS NOT SYSTEMATICALLY EXTRACTED,
INEXPERIENCED OFFICIALS AND WORKMEN, BROKEN WORKING TIME, ALL
TEND TO MAKE CONDITIONS IDEAL FOR A "BumP", ESPECIALLY UNDER
HEAVY COVER. IN CONS IDERATION OF THESE FACTS IT IS ADV I SABLE
THAT OPERATING MEN AND ENGINEERS GIVE MORE TIME AND ATTENT I ON
TO THESE MATTERS TO THE END THAT UNDER HEAVY GOVER 1T WOULD BE
MUCH SAFER TO DISCONTINUE PILLAR WORK AS RAPIDLY AS PRACT ICABLE
AND THE SYSTEM OF DRIV ING ENTRIES AND ROOMS, LEAVING A SMALL
PILLAR FOR PROTECTION, BE ESTABL ISHED.

IN THIS svsTeEm OF minINe ABOUT 20% to 30% oF THE coAL
MUST BE LEFT N PILLARS OF SUCH SIZE AND IN SUCH LOCATI1ONS THAT
THEY wiLL BE SUFFICIENT TO SUPPORT THE OVERBURDEN. PLAaNs FOR
"EXTRACT10ON 4N THIS METHOD AND ANY OTHER METHOD SHOULD BE MADE
IN ADVANCE, TAKING INTO CONSIDERATION THE AMOUNT BND CHARAGTER
OF OVERBURDEN EAGH SECTION OF THE MINE WILL MAVE TO BEAR.

WHERE PILLARING HAS BEEN IN EFFECT FOR YEARS 1T 1s SURPR | 8=
JHE VO MNOw THAT IN THE FINAL EXTRAGTION MOST MINES AVERICE FWeS
72% 10 81% RECOVERV. THIS AMOUNT OF RECOVERY CAN BE ACQUIRED
THRU THE "ENTRY AND Room" Or INO PiLLARiNG! SYSTEM AND WITH
GREATER SAFETY TO THE MEN AT THE FAGE.

=24



SUMMARY

IN THIS STUDY OF MOUNTAIN BuUMPS, WE HAVE ARRIVED AT SUCH
CONCLUSIONS AS MIGHT SEEM TO MAKE US OFFER DRASTIC RECOMMENDA-
TIONS IN AS FAR AS CHANGES IN MINING METHODS AND ECONOMICAL
EXTRACTION ARE CONCERNED. BuUT, WE FEZL THAT WE HAVE BEEN
VERY LENIENT IN THIS MATTER AND CERTAINLY HAVE BEEN UNBIASED
IN THE FORMATION OF OUR OPINIONS.

THE RESULTS OF OUR STUDIES HAVE LED US TO CONCLUDE THAT
ALTHO THE IMMEDIATE CAUSE OF BUMPS IS M OBABLY DUE TO A
TRANSMITTED BLOW ORIGINATING FROM THE SUDDEN SUBSIDENCE OF A
HIGHER STRATUM OR TO DIREST PRESSURE ON PROJECTING PILLARS,
WE BELIEVE THAT THE PRIMARY CAUSES MAY BE ATTRIBUTED TO TwO
FACTORS, NAMELY!

(A) LACK OF KNOWLEDGE OF REGIONAL GEOLOGIC STRUCTURE.

(B) Impropen MINING, BOTH IN DETAIL AND IN LARGE SCALE
EXTRACT 10N,

GEOLOGIC STRUCTURE HAS BEEN CONSIDERED AS AN [IMPORTANT
PHASE IN THE SOLUTION OF THIS PROBLEM AND AGAIN WE REPEAT
THAT MORE ATTENTION BE GIVEN IT AND ESPECIALLY SO IN THE
DEVELOPMENT OF NEW SECTICNS AND NEW MINES.

ATTENTION TO PILLAR LINES AND DETAILED PILLAR EXTRACTION, WE
THINK HAS BEEN MORE OR LESS NEGLECTED. LEAVING STUMPS AND MINING
IN SCATTERED SECTIONS HAS BEEN COMMON PRACTICE. WE THINK MOST OF-—
FICIALS CONCERNED WHLL AGREE WITH US IN THIS, HOWEVER UNINTENTONAL,
THEBE CAUSES NEVERTHELESS WERE FACTORS IN THE DEVELOPMENT OF BUMPS,
PossteLY EGONOMICAL CONDITIONS, FLUCTUATING PRICES AND MAIRKETS
FOR COAL, IN RECENT YEARS, OVERSHABOWED MATTERS PERTAINING TO
SAFETY AND ALTERED EXISTING PLANS FOR FUTURE DEVELOPMENT.

THERE 1S NOTHING MYSTERIOUS IN THE OCCURRENCE OF BUMPS.
ACCUMYLAT I ONS OF GAS, IF THERE WERE ANY, HAVE HAD NOTHING TO
DO WITH THE CAUSES, BUT IT IS8 ENTIRELY POSSIBLE FOR GAS TO BE
RELEASED IN CONJUNCTION WITH A BUMP.
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