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OD motion, 1,000 copies ordered printed, January 22,1891. 
Ifr. Davis, of Henry county, offered the following resolution: Resol'IJed, That 

t,.OII) copies of the biennial report of the State Geologist be printed in the form pre­
fliII!ribed by la19'-1,000 of said copies for the appendix to the House journal and the 
remainder for the office of the State Geologist for distribution. Which was read 
aud adopted. A. S. SMITH, Chief Clerk. 



LETTER OF TRANSMITTAL. 

January 22,1891. 

~,To the Thirty-sixth General Assembly of the State of MissoU/"i: 
GEN'l'LElYIEN-The Board of Managers of the Bureau of Geology 

~nd l\/[ines, appointed under an act approved l\fay 23, 1889, was organ­
ized August 2&, 1889, and, on the following day, Arthur Winslow was 
elected State Geologist, and entered on the discharge of his duties on 
the 20th of September, 1889. The progress of the work is set forth in 

~~he report of the Geologist, which is forwarded herewith through the 
1,';:H:~use. The Board has endeavqred to use the money at its disposal to 
'he best advantage, and is of the opinion that the State is more than 
, }1mply repaid for the expenditure made by the additional knowledge 
,~that has been acquired, and the valuable information that has been dis­
;::,seminated concerning the mineral wealth and resources of Missouri. 
'il> 4,~The monthly reports of the Geologist have been of benefit to the pub-
. ,,,lic, and the bulletins iss,ued have presented, in practical form, the 
':!results of the Survey, and have added materially to the literature of 
'Missouri geology. In our opinion the Survey should be continued in 
~ the line begun, and to enable the accomplishment of that end an appro-
,~riation much larger than that of ]889 is desirable, if not necessary. 
t .... !Bulletins Nos. 2 and 3 are now in print and will be ready for distribu­
~jion in a few days. We desire to call your especial attention to the 
nrj.nteresting report of the Geologist, which gives a history of Missouri 
• geology from its beginning, and states, in an impressive manner, the 
~dvisabi1it,y of a continuation of the present survey, besides showing, 

lin detail, the progress that has been made since the organization of this 
~oard_ 

Respectfully, 
DAVID R. FRANCIS, 

Govemo1' and P.X officio President afthe Board of Managers 
of the Bureau of Geology and Mines: For the Board. 



PREFATORY LETTER. 

JEFFERSON CITY, Dec. 31, 1890. 
To the President, Governor David R. Prancis, and the JJlembers of the 

Board of Manager8 of the Bureau of Geology and Mines: 
GENTLEMEN-I have the honor to submit to you, herewith, my 

report of the operations of the Geological Survey of the State since 
the beginning of work in October, 1889, to the present date. 

As the present work is practically a continuation of operations 
begun by earlier Surveys, I have introduced this report by an historical 
sketch describing the origin, the prog-ress and the results reached by 
these Surveys, so that the foundation upon which the present work 
.stands may be clearly known, and so that the reasons for the existing 
plans of work may be apprecia.ted. 

Following this I have undertaken to describe, the organization of 
the present Survey, giving an outline of the geJaeral plan of work and 
the reasons for adopting it. 

Succeeding this is a statement of the results which have been 
reached by the Survey during this year's work, after which I have sub­
mitted a classified \ statement of the expenditures to date. The last 
part of the report is devoted to a consideration of the needs for the 
future. 

That the results of this, the first year's work, may meet with your 
approval, and that they may prove of true benefit to the State, is my 
-earnest hope. Toward this end I have directed my best efforts. In 
this work, however, I have been cheerfully sustained by other mem­
bers of the Survey, and recognition for this is due them here. Such 
success as may have resulted is due, in large part, to their co-operation. 
(loming to ihe Survey variously prepared and with variable apprecia­
tion of the character of the work ahead, they have, as a body, applied 

_ themselves with zeal to the accomplishment of i1llmediate ends; they 
have endured the exposures and the hardships without complaint, and 
have displayed ability and talent in the execntion of the work. 
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Further, the Survey owes a debt of gratitude to those citizens of 
the State who have advanced the work, either by extension .of hospi­
tality, by furnishing information or by gnidance in the field. Such 
assistance not only hastens the progress of' the work, but, when ac­
companied by a cordial exhibition of interest, adds zest and a sense 
of recognition which is always inspiring. 

Finally, Mr. President, lowe to you, with whom I have been in 
most frequent intercourse, an expression of gratitude for the attention 
you have given to all affairs of t!te Survey concerning which I have 
consulted you, for your valuable advice in relation to matters of ad­
ministration, and for the ('onfidence you have exhibited in my manage­
ment. 

To other members of the Board I am farther indebted for much 
assistance in advancing the work, and for hospitalities extended to my­
self and others of the Survey corps. 

Very respectfully submitted, 
ARTHUR WINSLOW, 

State geologist. 



CONTENTS. 

Page 
LET'rER OF TRA.NSUI'l'TAL.. .................. .................. .......... 3 
PH,EFATORY LE1'TER... .... ...... ...... ...... ...... ........................ 5 
HtSTORIOAL SKETCH....... .............................................. 9 

Operations preceding the First Geological Survey... . .. ... . . . . .. . . . ... . . ... 9 
The First Geological Survey of Missouri...... ...... ........................ 13 

The Organization of the First Geological Survey .... " .. . ... . . . .. . . . ... 14 
The Reports of the First Geological Survey.. ... ..................... 15 
'l'he Work of the First (Jeological Survey.. .. .. .. .. .. ...... . .. . .... ... 17 

The Period between the 1!'irst and Second Surveys ................... ,.... 18 
'1'he Second Geological Survey of !lUssouri . ... .. . .... .. ...... .... .. .. .. . .. . 19 

'rhe 8urvey under A. D. Hagar ........................ , ..... , . . . . . . . . . . 22 
'1'he Survey under Raphael Pumpelly, ......... , . . .. .... .. . .... ........ 22 
The Survey under Garland C. Broadhead............................... 25 
The Survey under Ohas. P. Williams. .............................. .... 26 

A Summary of the Results of the Earlier Surveys... . .. . . . .. .. . ... . .. . ... . . 27 
The Publications, their character and scope, . .. . . . . . . . . . . . . .. .. . . . . . . . . 27 
The Collections •................................. , .. . . . .. . . .. . ...... . . . . 28 
The Appropriations .................. , .... .............................. 28 

'rRE PRESE;S-T SUIWEY ...... .... ...... ...... ........ ...................... 30 
'rhe Law governing the present Survey ...... , ............................. , 30 
'l'he Organization of the present Survey. ... . . .. .... .. .. .. .. ... . .. .. ... . .... 33 

Subject Work.......... .......................... ..................... 33 
Area Work ...................... '. ..... .............................. 34 
The Plan of Publication ............................................... 38 

The Work in Progres5 . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . .. . . . . . . .. . . . . . . . . . . . . 39 
rrhe Work on the Coal Deposits ......................................... 39 
The Work on the Clays, Building Stones, Limes, Sands and Cements .... 40 
The Work 011 the Mineral Waters ...................................... 41 
The 'Work on the Zinc and Lead Deposits ........................ , ..... 41 
The Work on General Stratigraphy and Paleontology.................. 42 
'1'he Area Work ................................... :.................... 43 
The Work on the Cabinet and Collections. .............................. 43 
The Work in the office...... ..... ..................... ................ 44 
Miscellaneous ,"York ........ . . . . . . .. . . . . . . . ... . . . . . . . . . . . . .. . .. .......• 45 
The Publications. . . .. . . .. ............. .... .... .. . . .. .. .. .. . . ...... •... . 45 

The Expenditures of the Survey ........................................... 46 
THE WORK OF THE FU'rURE ............................................. 49 



BIENNIAL REPORT OF THE STATE GEOLOGIST 

FOR THE YEARS 1889 AND 1890 

HISTORICAL SKETCH. 

'OPERATIONS PREOEDINGTHE FIRST GEOLOGICAL SURVEY. 

The geology of the State of Missouri has been a subject of study 
for comparativeJy few years. Bnt, though this is true with reference 
to the general geology of the State, or so far as any systematic investi­
gation of its mineral deposits is cOllcerned, yet, the existence of such 
mineral deposits has been known for a long time. From early in the 
~ighteenth century the lead deposits of the State (then a part of the 
colony of Louisiana) aUracted attention. The operations of Sieul' de 
Lochon on the Meramec in 1719 were among the earliest. In 1720, the 
Mine La,Motte was worked under Governor De LaMotte, the first 
governor under the Orusat patent. The immigration, si.a,rted through 
John Law, bronght many miners to the State who continued the devel­
opment of the Iea,d deposits. The precious metals were generally the 
objects of search in these early mining .ventures; but, at the same 
time, a larg~ amount of lead was produced, though mostly from surface 
diggings. 

About the time of the transfer of Upper Louisiana to the United 
States, in 1804-, we find a communication to Oongress on the lead mines 
of tbe region, by Capt. Amos Stoddard,*' of the United States Army, 
the officer assigned to take possession of the District. Succeeding 
this there are a number of communications and reports to Oongress, 
by Lieut.-Col. Eomford, of the United States Army, and others, relaitfng 
to the lead mines and salt springs. These were, in part, theres~t~"9f 

* See American State Papers, 2nd Session, 8th Congress. No 103. Vol. 1,PP.1SS:ll}1:" 
Also Appendix: B., p. 686, Report of the Geological Survey of Missouri for 1878-4,. 

G-2 
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private or incidental observation, and, in part, the result of special 
inquiry for the. purpose of land c]assific£\,tion. They can hardl~~ be 
classed as products of professional explorations. l 

About the same, and in the immediately succeeding years, expedi. 
tions and explorations of a more pretentious nature were planned and 
executed, generally under military control. Those including Missouri I 
as part of their territory are the Lewis and Clarke expedition, from 1804 
to 1806", the Pike expedition, from 1805 to 18073 ; the Long expedition 
in 1819.4 The reports of these expeditions contain matter relating' to the 
geology of Missouri; but it is only such matter as could be gathered 
from observations along a limited strip of country tributary to the Ime 
of travel, and from cursory observations at that. 

1834, J'lfr. G. 'V. Featherstonhangh made an exarpination of the 
country between the Missouri and Red rivers, under the 

es of the war department;: His report refers to explorations in 
the Ozark mountains, and he writes of the iron ores and of the lead 
mines of ]iIissouri, referring especially to the latter, and deploring the 
manner in which the latter are worked. 

In 9wen's report of a Geological Exploration of a part of Iowa, 
Wisconsin and Illinois in 1839,6 reference is made to the rocks ofM'ii:r-> 
sonri and a classification of them is proposed. Later, in his report of 
1851 of a Geological SnrvE."Y of Wisconsin, Iowa and ~Iinnesota,7 is in-

18e6 rereTBnOO to • 'American S"ste Papers, MisoellllneC,llS DocumerHs of the Fnlted States Con­
gre6s," pp.46 and 48, Bibliography of Missonl"i, Bulletiu No.2, Geological Survey of 1I11s­
SGuri, 1800. 

"Travels to the Source of the Missouri Ri,er and across the American Conti.uent to the Pacific Ocelln, 
performed by oroer of the Go,ernment of the United Stlltes i.u the yeaTS 1804, 1805 and 1806. By 
Capta.ins Lewis and Clarke: published 1":rom the official report, and illustrated by a map cfthe 
rl111te> and other map;;. London: Printed fOT Longman, Hurst, Reee, Orme & Brown, Pater­
noster Row. 1814. Quarto. 

-BRx!}loratory 'rravels through tbe Western Territories of North America: Comprising a Voyage 
fr;)m !St. Louis, Oil the Mississippi, to the Source of that river, and a Journey through the In­
terior of Louisiana, and North-eastern provinc!lS of New Spain. Performed in the years 1805, 
1806 and 1&17, by orde.r of the Government of the IJnited States. By Zebnlon Montgomery 
Pike, Va,ler6;th R.!gt., U"nited States Infantry London: Printed for Lougman, Hurst, Rees, 
Orme and nroVnl. Patm:noster Row, 1811. 4,436 Pl'. 

4 Aeoount of _ expedition1":rom Pittsburg to the Rooky Mountains, performed in the Y'3ars 1819 and 
1800, nnde:!' eommaud of Major S. II. Long. Philadslphia 1823. The Atlas accompanying it 
~5 issued in 1?-,2'2. 

~~cAl. N:!'Ort of the examination made in 1834 of the Elevated Country between the Mis~onri 
_\i ROO Pdvtm!. ByG. W. Feattlerstonhangh, U. S. Geologist. Washington ,1836. '31 pp. 

tl See Me&s:age hwdeat of the UaitE'd States concerning the Mineral lands of the UnUf'd States. 
lst&!asi_, :>JIlthCongresiI,. H. R Ex Doc. No. 239, pp, 9-111> 
Also rtl(!lnhUcllliion with slight rension in 1884, in Senate Doc. No. 407 o.fi!l!th Congress 

7DI!£\erlptiOl> or ~be Caroo..iferolls Rooks of Iowa, inelndir g that of a COal Wd west of the Missi,.", 
Mp.pi, lying partly in Iowa and Jlllrtly in Mlsaonl"i, etc. Report of a Ge~loglcal SurveY~Q'f 
Wlscc'ltl!ln, Iowa lhid Minnesota; and iacidentally Qf a :!'Ortion of Nehraska Territory. ~:It 
'llaTld DillIe OWtm. nil. 18ii2. 4to. 
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eluded a description of northern Missouri, with a special reference to 
the coal fields.l 

The explorations and researches thus far referred to have, how­
ever, aU been made under the auspices of the General Government, 
or were the results of individual enterprise. About the earliest record 
which we have of official action on the part of the State in the direc­
tion of a geological surve:r is in the message of Governor Lilburn W. 
Boggs, io the 10th General Assembly, in 1833. In this he recommends 
an appropriation for a geological suryey as a part of a general system 
of internal impro vement. He refers to the activity of other States in 
this direction, and he cites the advantages and benefits to be derh-ed 
from such a survey. 

Apparently as a product of t.he spirit prompting this recommenda­
tion, the surveys of the Meramec, the Salt, the North Grande and the 
Osage rivers were promptly started under a Board of Internal Improve­
ments, and a geological examination of the Osage river was made under 
Dr. H. King.' 

This report is referred to by Governor Boggs in his message to the 
ensuing Legislature, in the year 1840, in which he speaks of the coal, 
lead and iron of the Osage river country.3 

After this, the matter of further investigation by the State seems 
to have fallen into neglect for several years. Bnt, in October, 1846, a 
convention was held in Springfield in the interest of internal improve­
ments. At this eonvention a memorial was framed to the General As­
sembly4 in which especial stress is laid upon the value of the develop­
ment of the mineral deposits of the State. In the message of Gov. 
John O. Edwards to the General Assembly in the same years the sub, 
j ect of a geological survey of the State is again recommended for con­
sideration. The matter was referred to the Committee on Internal Im­
provement, of which De Witt C. Ballou was Chairman. In a report of 
eight pages6 this committee strongly advises the inauguration of such 

1 An interesting fact, historical, in this connection, is Owen's assignment of the Upper Coal Meas­
ure Limestones of Northwest Missonri to the Lower Carboniferous formation, a determinlltion 
disproved early in the progress of the First Geological Snrvey of the State, under Swallow. 

2 See report of the Board of InternalImprovements to the General Assembly of l'dissonri, Pl? 
485-525. Report of a Geological Reoonnoissance of that part of tbe State of hi.sonn adj!l.oont 
to the Osage river, made to William H. Morell, Chief Et>g!neer of the State, by order of the 
Board of Iuternal Improvement, by Henry King, M. D" Geologibt, President of tbe Western 
Academy of Natural Sciences, etc., et(l.; pp. 006-525. Seuate Journal, .Appendix, 1st Ses­
sion, 11th General Assembly, 1&1<); pp. 458 5"";;. 

SSee messageo! Gov. Lilburn W. Boggs, Nov.l7, !tHO. lapp. Senate Jonrnal, 1st Session, nth 
General Assembly, 1840, pp. 15-29. House Jonrnnl, same. pp. 12-26. 

4 See Appendix Honse Jonrnal, lstSBSl!!i~, 14th General AssemBly, lS$, pp. 24l)-:!~. 
5 See SenateJ()nrnal, 1st Session. Htl!. Ge~.lAssemhJ::y, 184&, pp. 2:~. Aleo Honse Jmnnsl, 

same year, PI? 17-28. 
6 See House Journal,lst Sesbion, 14tb Gen~l A2!;e~ly, 1846, pp. 200-2lj7. 
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an nndertaldng, and ci.tes the advantages to be derived in detail. No 
immediate action seems to have followed this, however, and, 3,t the next 
session of the General Assemby in 1848, a memorial of 13 pa,ges was 
pres€nte,d from the Historical and Philosophical Society of Missouri, I 
again inviting the attention of the Legislature to the matter. This 
memorial refers to the value of the results of such work in guiding 
members of the State Government in directing works of internal im­
provement.; it refers to the various mineral deposits of the state, and 
explains why and how such a survey would result in benefit. 

The immediate effect of this memorial was another memorial from 
this Legislature to Oongress,z urging that the National Government 
have a geological survey of the State made. Nothing seems, however, 
to h8:,e resulted from this memorial, and, in the following year [1850], 
Governor ~-\ustin A. King, in his message to the 16th General Assem­
bly, again urges the importance of attending to. these matters. He 
ad-rises thorough work, but is of the opinion that the General Goyel'll­
ment should contribute to the expense of t.his work, inasmuch as two­
thirds of the land of the State was Government property. He recom­
mends that the memorial of the last Legisla,ture be again pressed upon 
ine attention of Oongress. Again nothing immediate seems to have" 
oot'n done, but the int.erests involyed were too important for the work 
to be IDuch longer neglected. Previous a,gitation of the subject had 
educ.ated the people to an appreciation of the need of Bueh work. 
Papcel'S wel'e published advocating it,· and, during' the session of the 
Legislature, an act ereating the First Geological Survey of the State 
was passed limu approved Feb. 24, 1853. 

1 ~ &lft1j;t~ ."varnal, 1st Se,iiltlion, loth General Assembly, 1838, pp. 13·28. 
2lli'!lallrial of t,h" ~ltislMm:e of 1>IiSBotlri, relative to a General Survey of that State. Feb. 29, 

1849. ~<Jth O"ngre~5, 2d 8essiou, lIon •• of Heps., Miscellaneons, No. 58, 3 pp. 
:!!$£lf' 1'i"l'!it~Tn .'onrnaillud Civilian. Vol. nl, pages 12 and 76, "1'01. VIII, pagE' 228, Vol. IX, page 

~1.q. 



THE FIRST GEOLOGICAL SURVEY OF l\IISSOURI. 

The act creating the first geological survey of Missouri reads as 
follows: 
AN ACT TO PROVIDE FOR A GEOLOGICAL AND J>II~ERALOGICAL SURVEY OJ,' THE 

STATE. 

Be it enacted by the Gen~'al Assembly oj the State oj Missouri, as follows: 
1. The governor of this state is herebyauthori:r.ed and required, as soon as 

may be after the passage of this act, to appoint a state geologist, who shall be a 
person of competent scientific and practical knowledge of the sciences of geology 
and mineralogy; and the said state geologist shall, by and with the consent of the 
Governor, appoint any number of suitable persons, not exceeding four, to assist him 
in the discharge of his duties, who shall be skillful analytical and experimental 
chemists; and may appoint such other subordinate assistants as he may deem 
necessary. 

2. ft shall be the duty of the said state geologist and his said principal assist­
ants, as soon as may be practicable after their appointment, to commence and carry 
on, with as much expedition and dispatch as may be consistent with minuteness and 
accuracy, a thorough geological and mineralogical survey of this state, with a view 
to determine the order, succession, arrangement, relative pOSition, dip or inclination, 
and comparative magnitude of the several strata, or geological formations, within 
this state; and to discover and examine all beds or deposits of ore, coal, marls and 
such other mineral substances and mineral waters aEt may be uS'eful and valuable, 
and to perform such other duties as may be necessary to make a full and complete 
geological and mineralogical survey of the state. 

S. It shall be the duty of the said assistants to make full and complete exam­
inations, assays and analyses of all such rocks, ores, soils or other substances as 
may be submitted to them by the state geologist for the purpose, and to furnish 
him with a detailed and complete account of the results so obtained. 

4. I't shall be the duty of the said geologist, on or before the first day of 
December in each and every year, during the time necessarily occupied by said 
survey, to make an annnal report of the progress 0:: said survey, accompanied with 
such maps, drawinga and specimens as may be necessary and proper to exemplify 
and elucidate the same, to the secretary of state, who ~hall lay such report or 
reports before'the legislature. 

5. It shall be the duty of the said state geologist to cause to be represented 
on the map of the state, by colors and other ,appropriate means, the various arells 
occupied by the different geological formations in the !'tate, and to mark thereon 
the localities of the respective beds or deposits of tbe various miner:tl substances 
discovered; ann, on the completion of the survey, to complete a memoir of the 
geology and mineralogy of the state, comprisillg a complete account of the leading 
subjeeliS;al~d,dj,scoveries whi.eh have~en embrued in the sltlxvey. 

6, Jtshl),tlbe the d~ty of the 8ta.te~o.lQgl,st t'O f{)l"ward to tbesec:retary of 
state, fi\~mti.me to time during the'progress of the slU"vey, such specimens in tripli­
cate of.t~:r()()ks, ores,-coals, soils, fossils and other minelal 8ubstal'loos discovered 
and ,exl!l~~'~s.'Illi6.Y be proper and ntecesJl")" m form ll. complete cabinet coUeation 
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of specimens of the geology and mineralogy of the state; and the said secretary 
s]:la11 cause one set thereof to be deposited, in proper order, in some convenient room 
in the state capitol, there to be preserved for public inspection, and another set with 
the state university, and another with the city of St. LouiS, to be depOSited by said 
city in some convenient place, or with some public institution in that city, for public 
inspection. 

7. For the purpose of carrying into l!1fect the provisions of this act, the sum 
of ten thousand dollars is her£'by annually appropriatet.l, for the term of two years, 
to be expended under the direction of the Governor; provided, however, that the 
salaries of the said state geologist and his assistants shall not commence until they 
shall have entered upon the executIon of their duties; and upon presentatIon by 
the said state geologist of t he proper vouchers, the auditor of public accounts is 
hereby required to draw his warrant on the treasurer for the amount of the cost of 
any chemical apparatus or other outfit deemed necessary by said state geologist, and 
aleo for the amount of the quarterly pay of the said st.fl.te geologist and his assist­
ants, on presentation of the proper vouchers by said state geologist, and upon the 
order of the governor, who shall be ~atisiled that the services for which such pay 
shall be demanded have been performed: provided. tbat the &lll!llGunt of such cost 
and pay shall not in any one ye~ exeeed the amount herein appropriated. 

8. The said state geologist and his principal assistants, before entering upon 
the discharge of their duties, shall each take an oath before some judge or justic.e 
of the peace faithfully to perform aU the l'ervices required of them under this act, 
and to abstain from all pecuniary speculations for themselves or otbers in the 
objects of their survey during its progress. 

9. The annual salary of said state geologist sball not exceed three thousand 
dollars; the annual salary of the principal assistants shall not exceed fifteen hun­
dred dollars, and the pa.yof subordinate assistants or servants shall not exceed 
()~e dollar per day for every day of actual service. 

10. Before appointing said state geologist, as provided for in the first section 
of this act, the governor is requested to correspond with men of science on the 
subjeet, with the view of procuring the services of a person entirely suitable and 
competent. 

H. This act is to take effect from its passage. 
Approved February 24, ]853. 

'l'RE ORGANIZATION Oll' THE FIRST GEOLOGICAL SURVEY. 

Pursuant to the instructions of this Jaw, Prof. G. C. Swallow was 
appointed Sta.te geologist, by the Governor in 1853. Prof. Swallow 
Qame directly from Maine, where he had been engaged in teaching. 
TIIis sarvey oontmued in active operation until June, 18!)1, under the 
direction of Prot Swallow. With him were associated, at different 
~ and for various periods, Prof. A.. Litton, as chemist. Dr. B. F. 
SI.t.~ as paleontologist and assistant geologist, Mr. F. B. Meek, 
1If.1-.G. o. Broadh~, Mr. Henry Engleman, Dr. J. G. Norwood, Dr • 

.. ~ ... ' Looolcaod Mr. C. Gilbert Wheele.r:, as assistant geologists, a~d 
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as abroad, have confidence in making investments, and feel that they 
are not entering into mere speCUlative fields. 

4. The formation, on a scientific basis, of a standard by which 
the geological features of the region may be compared with those of 
other districts. There is a wide demand for something of this kind for 
purposeI:'! of instruction in schools and colleges. Text·books commonly 
nsed consider only the principles of science; the reports of the Sur­
vey supplement this outline by giving detailed information of local 
application. 

5. An advancement of agricultural interests. This is more -fully 
considered elsewhere under the subject of soils. 

PREVIOUS WORK. 

Owen's geological reconnoissance of the upper Mississippi valley in 
the later forties, under the auspices of the Federal government, gave 
to the world the first scientific account of the mineral wealth of the 
region. A year after the appearauce of the report, Missouri instituted 
a special investigation of her natural resources. This geological sur­
vey of the domain was begun under favorable conditions, and the 
grand results of the first years of its existence in pointing out to the 
civilized nations of the globe the great mineral wealth of the State are 
known to all. But before the work had been fairly begun, unforeseen 
circumstances of national import arose, causing a cessation of opera­
tions for more than a decade. Reorganized in 1870, work was com­
menced anew, but owing to the calls one after another of the directing 
spirit.s to other fields of action, investigations were again given up 
after a few years. Nearly fifteen years elapsed before the geological 
survey of the State was again renewed in the present organization. 
Althongh up to the time of the last revival of official geological work 
in the State the existence of the survey had been fitful, it was not with­
out invaluable results; ,how much more valuable might they have been 
had it been conducted under favorable conditions and without em· 
barrassment can only be conjectured. Yet, owing to so interrupted a. 
career, it is safe to say that not less than three-fourths of the information 
obtained has been practically lost to the public. Dear experience, then, 
not only in this State but in other states as well, has taught that a tem~ 
porary surv:ey is money largely expended iu vain; that if it cannot be 
carried to completion, the investigation should never have been com­
menced; that being established and so well begun, it should be liber­
ally encouuged to completion, that its r,esu1ts may endurQ for all time 
to the advancement of the State. 



16 

Ohapter IV. Special Report on Oooper ODlmty, 17 pp. This is simila.r in character 
tOcthe report on Marion county, but no map accompanies the Oooper county report. 

Ohapter V. Geology of the Southwest, 1) pp. This is principally descriptive of 
certain sections constructed through Southwest Missouri. 

PART II. 

Dr. Lition's Report on Lead Mines and J.\tIining of Southeast Missouri, in the counties 
of Franklin, Jefferson, Washington, St. Francois and Madison. '.rhis report describes 
the mode of occurrence of the [lead] ores, analyses, product and sketches of some 
mines. It also includes a preliminary report on copper mines of Franklin county, 
and of the most important iron mines of Southeast Missouri, with 48 analyses of 
ores, rocks, etc.! _ 

F. B. :!tfeek, Special Report on Mordieau Oounty, pp. 22. County report with map. 
F. Hawn, descriptil>n of the formations along the Han. 0' St. Joseph railroad, with a 

catalogue of fossils collected. 
Dr. Shumard's Report. Geological Section on the Mississippi !.{iver, 17 pp. 

Special Report on Franklin County, with mlrp, 12 pp. 
Special Report on St. Louis County, with map, 36 pp. 
PaJreontology, pp. 24, including a description of 48 new species of fossils, 

with three plates of same. 
Appendiz, 31 pp.,containing a list of publications previously made relating to 

the Geology of !'1isSQurl. A paper on the use of fossils, ll- catalogue of the fossils 
of Missouri and of her trees and shrubs, and a glossary of Geological and othe.r 
scientific terms .. 

TWs completes the first report in which any attempt was made to 
describe systematically and comprehensively, the geology of the State 
as a. unit It is largely, and necessarily, of a generalized nature; it deals 
with the general classification of the rocks and other broad questions. 
which had first to be settled before questions of detail eQuId be entered 
int.o. Considering the limited time in which it was prepared and the 
short acquaintance of the director with the special subject, it stancis t 

traly, a monument to Professor Swallow's ability, to his energy in gather­
ing so much material and to his discernment in classifying i.t. 

In marked contrast to tbis are, however, the succeeding reports of 
this Survey. 

~ 'l'kfnJ,Reparl ofP1'OgrefJ,8w!.Is transmitted in December, 1856, and is of 4 pages. 
It recites brlel!.y wlm'l; work has been done during the years 1855 and 1856. 

"I'Iils FmtriA Rcpctrl. af Progre8S was made in December, 181:8, and is of 14 pages. 
'l"l:i!i&deseribes, in greater detail, the operations of the survey during the years. 
18li!( a'm1l1&1i8, and gives, ill tabular form, a statement of progress to date. 

"11<1 of bogrees of Dec<>wber 30, 1860, is of 13 pagel! and Is a similar 
stalrement of iJp~ti{ms during the years and 1800, with a brief reference to 

1.Ser$ ~adhew IUst,!t{e:JnOir, p. 619. 
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t;he results reached concerning the coal, lead and iron deposits and the soils of the 
State In this report the product of the Survey to that time is given in tabular 
form. According to this there were: 

1. Counties in which field-work was finished ....... ,..... ...... ...... SO 
2. Counties in which iield-work was half done.. . .. ...•. •........... 1B 
3, Counties in which field-work was commenced, .... , .......... ,... 13 
4. Counties in which little or no work was done........... .......... 7 
5. Counties of which maps were engraved or printed,..... ...... .... 1!1 
6. Counties of which maps were drawn and not engraved............ 25 
7. Counties of which maps 'were commenced., .................... , . . 62 
S. Counties of which maps were not commenced .... ' ...... :.. ........ 7 
9. Counties of wbich reports had been made.......................... 33 

THE WORK OF ~\HE PIRST GEOLOGICAL SURVEY. 

The Survey continued in active operation until June, 1861; but, 
ouring the time which intervened between this lind the date of the 
:Fifth l~eport of Progress, it is not probable that much, if anything, was 
accomplished. Disregarding', however, what may have been produced 
during this year, we are Jed to inquire what became of the results of' 
the six years of work intervelling betweell the date of preparation of 
the Second Report and the year 1861. The labors of the Survey dur­
ing tbis time had evidently been centered upon the systematic conuty 
work leading to the. production of special county reports and maps~ 
such as are presented by the reports on Marion, Oooper and other 
counties in the Second Annnal Report. The table" contained in the 
Fifth Report of Progress shows tha,t much had been.done in this direc­
tion. In the Second Annual are eontained five of the county reportst 
with accompanying maps, referred to in the table above. During the 
life of the First Survey Prof. Swallow also made an official report on 
the Southwest Branch of the Pacific Railway, of 93 pages; and he, and 
his assistants, published. a number of papers relating' to the geology of 
1\nssonri in Periodicals, and in 1he proceedings of Societies. Furthel'~ 

during the progress of the Second Survey, ill 1873, a volune of 323 
.pa,ges was iss ned, containing reports on twenty counties, of which nine 
were accompanied hy maps, all of which were inherited ~rom the First 
Survey in a condition ready for publication. It is probable that others 
of such reports were used in the preparation of the county descripth!ns 
contained in the Pumpelly Report of 1873 and the Broadhead Report of 
1874, hereinafter to be mentiol~ed. Similarly we have, on file in the office 
of the present Survey, a mq,ss of notes and rough reports in a more or 
less fragmentary condition, relating to twenty-one counties, whioh wer& 
among the old Survey material. Much of this is, however, in too rougb· 
a condition'to be put to direct use, and only the person who eonect~dth& 
notes could so systematize them as to make them available;' individnaJs~ 
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some of whom are now dead, and others of whom are scattered to vari· 
ous parts of the oountry. But, even were it pr£l.oticahle to put these 
reports into condition for publication, the informatiou which they con· 
tain is now so antiquated as to make them hardly worth the cost of 
publication. Thus, regarded even in the most favorable light, we must 
consider the last six years of the Swallow Survey as poor results when 
compared with the first two years; and we must deplore as lost a 
great part of the fruits of these six years of labor. It is difficult to 
assign this loss to any single cause; several reasons are apparent, and 
of these the most important are probably the catastrophe of the war, 
mistakes in the administration of the Survey, .and the absenoe of a 
<lefinite policy governing such work on the part of the State. 

THE PERIOD BETWEEN THE FIRST AND SEOOND SURVEYS. 

Not long, however, were the interests of the mineral deposits of 
the State allowed to be neglected. Even before the close of the War 
we have a petition by James McKenzie to the Legislature,l the object 
~f which is to secure the publication of information concerning the 
rnsources of the State for foreign distribution. 

In the report of the Oorresponding Secretary of the Board of Agri. 
<OUltnre for 1865,' the importance of a scientific survey is owelt on, 
UlOllgh no definite conception seems to have existed as to how snch a 
film'vey eonl" best be made. In the report of the secretary for 18663 

1he Beed of geologiea.l work finds again expression; and at the meet­
mg. of the Board of Agricnlture in December, 1867, a resolution is 
~ to memorialize the General Assembly to appoint a State geol0· 

.gisL-

Th~ :&rst movement on the part of the Legislatnre in response to' 
... so1ieitations was the passage of a bill in 1866 authorizing Profes· 
... ~ SwaBow and :Mr. L. D. Morse to publish the manuscripts of the 
~aal Survey. The idea wa.s, however, abandoned on account 
#Ii. expense: In 1861 a memorial was presented to the Legisla-

1 See Salt.MeJiI1IUmIII, aJllPll!lldix. Aiijoamed Seasi.oo. 2M Genare1 Aossembly. lS6ll. llP.IU-SSl. 
1l.S.A~ ~J~. MijftnWld ~!!ltd ~ Al!aem.bly, 18611-6, pp. 1I11-~ •. 
·S. ...... ~-.R· ___ . 

;<::~',:i, ,'-~ ....... ...,~ pp~ :Ii",,1B .. 

'···.'II!IJ .. _.~.,~Gee~~ ..... lI1l. 
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ture from the SL Louis Academy of Science, earnestly advocating 
the N'-establishment of the Geological Survey, and calling attention 
to the loss which will result if no provisions were made for the pnbli­
cation of the results of the work done during the years immediately 
preceding the war.' In the message of Governor Fletcher, January, 
1869, we find the recommendation that the means should be provided 
for the preparation of a report on the geology of the State.2 It 
.appears that, in 1865, a State Board of Immigration had been created, 
and it is for the pnrpose of supplying information for distribution by 
this Board that the preparation of this report is recommended. In the 
message of Governor J. "V. ThIcClurg',il immediately succeeding this, in 
January, 1868, much space is devoted to a consideration of the resources 
{)f the State, and the need of making the existence of these resources 
widely known is especially emphasized. He pays tribute to the value 
-of the Swallow report, and recommends the further publication of 
·detailed information. 

The effects of this message were immediate, 01', otherwise expressed, 
the continued neglect of the interests involved had at last aroused 
public attention, and, on March 24, 1870, an act was passed creating the 
Second Geological Sl1l'vey of the State. The provisions of this act 
.are in the main the same as those of the act creating the First Survey; 
it differs. however, in some particulars, of which, perhaps, the most 
pl'ominent is that the Bureau is plaeed nnder the control of a Boa.rd of 
Managers of nine members, whereas by the provisions of the first act 
the State geologist is subject to the directions of the Governor alone. 

THE SECOND GEOLOGICAL SURVEY OF M[SSOURI. 

The act creating the Second Geological Survey of the State reads 
as follows: 
AN ACT TO ESTABLISH A MINING, METALLURGICAL AND GEOLOGICAL BUREAU FOR 

TIlE STATEOF MISSOURI, AND TO PIWVIDE IfOR ITl SUPPOR'!' AND MANAGE­
MENT, AND TO AUTHORIZE A GEOLOGICAL SURVEY. 

Be it enacted by the General Assembly vf the State of MissOU7-i, as follows: 
SECTION 1. 'There is hereby created and established a bureau of mines, metal­

lurgy and geology for the state of Missouri, and the same shall be in the charge and 
under the control of a board of manager~, consisting of the governor (who shall be 
the president of the board) and one member from ecah congressional district, who 
shall be appointed by the governor and hold their offices for the term of four years, 
and until their successors are apPOinted and confirmed. 

1 See Appendix House Jonrnal, 24th General Assembly, page 125. Jefferson Oity, 1867. 
~ See Honse Journal, Regular Session, 28th General 'Assembly, page 26, Jefferson Oity, 1869. 
,8 See. Senate .Journal, Adjonrned Session, 25th General Assembly, pages 13,14 and 16. Jejferoon 

Oity,1870. 



20 

SEC. 2. 'rhe governor shall, as soon as the board of managers is constituted as 
provided in the preceding section of this act., by and with the advicc and consent 
of said board, appoint a fit and competent person as state geologist, and said st.ate 
geologist may appoint, subject to the approval of the board of managers, one 
assistant stat-e geologist, who shall be a skillful analytical and practical chemist, t() 
assist him in the discharge of his duties j and the said state geologist may employ 
lIllch ot.her subordinate assistants. as may be found necessary. 

S1!:C 3. It shall be the duty of said state geologist and his assistant, as SOon 

as may be practicable after their appointment, to commence and carryon, with as 
much expedition as may be consistent. with minuteness and accuracy, a thorough 
mineralogicall~nd geological survey of the state, and determine the extent, value, 
order, succession, arrangement, relative position, dip 01' incllnatioJl and compara­
tive magnitude of the mineral deposits, and the several strata or gE'ological forma· 
tions within the state, and also determine the extent of the agricultural, horticultural 
and vine lands, and their adaptability to the varied products of the soil, and also tt} 
determine the extent and capaCity of the water powers of the various streams, and 
shall also make full and complete assays and analyses, as they may deem necesiSary, 
of all minerals, soils and other substances necessary for a full, complete and satis· 
factory report of the m8-terials discovered and so treated. 

SEC. 4. It shall be the duty of the said state geologist to make a monthly 
summary of his work, and forward the same to the president of the board of man­
agers for pnblipation, and shall also, on or before the first day of December in each 
and every year dnring the time necessarily occupied by said survey, make a full 
report, of the progress of said survey during the preceding year, which shall be 
accompanied by snch maps, drawing« and specimens as may be necessary and 
proper to exemplify and elucidate the same, and deliver the same to the aforesaid 
pr-esirlent. 

SEC. 5. It shall be the duty of the said state geologi!:1t, upon completion of the 
survey, to represent, or cause to be represented, upon proper maps of the state, by 
distinctive lines, marks and appropriate colors, the area and magnitude of the 
various beds of different minerals. valuable rocks, marl, agricultural,Yine and 
horticultural lands, and the various interesting or anomaloul! stratified rocks dis­
covered, and the water powers aforesaid, and shall accompany the same with a 
complete memoir of all the minerals, rocks, agricultural, vine and farming lands 
thus deliooated, as wel! as the water-courses required by this act to [be] examined, 
and shall embrace within such memoir a full, entire and accurate account of the 
lelLdingdiseo,eries :made in the state, and also a glossary Of the scientific terms 
used ill the report; and the said report, so made, when (being) completed, shall be 
aepooited wUh the board of managers. 

SJro. 6. It shaH be the duty of the state geologist to forward to the president 
of the bo&rd of managers, from time to. time during the progress of the survey, snch 
speeimens., in triplicate, of the rocks, ores, coais, soils, fossils and other mineral 
substances examined, properly labeled, giving the names of such specimens and tl;le 
mantles from which they were taken. for the purpose of forming a ,complete cabi· 
net of speeimens of the mineralogy and geology of the state. One set of said 
specimens s:lmll be placed in the School of Mines and Metallurgy, whenever the same 
shall be established; one set shall be placed i.u the State University, and the . other 
shan be preserved in snch lIumner as the board of managers may direct; and the: 
said specimens shall be open to p'QhIic inspection at aU reasonable hours, under such 
~~Ibit.ti$!;IS asS:re n~ry for theirp:roper care and preservation. 
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SEC. 7. The state geologist and his assistant, before entering upon the dis­
:Charge of their duties, shall each take an oath, before some officer of this state 
qualified to administer oaths, that they will honestly. fait,hfully and fairly perform 
'$.11 the duties required of them by this act. to the best of their abilities, and that 
,they will not permit any person to have access to any of their books or papers, or 
''Communicate their contents to any person or persons, and that they will not dis­
'Close or make public any mine or valuable deposit otherwise than in their official 
report to the board of managers, and that they will abstain from all speculations in 
their own behalf, or in behalf of others, during the progress of such survey, and in 
relation thereto. 

SEC. 8. The annual salary of the state geologist shall not exceed three thou­
sand dollars; the annual salary of the assistant shalt not exceed two thousand dol­
lars, and the pay of the subordinate assistants shall not exceed, for each of them, 
the sum of one dollar and fifty cents per day for each day employed. 

SEC. 9. The board of mangers of the bureau herein provided for shall have a 
'Superintending control over the survey and rej)orts contemplated by this act; shall 
have power to make yearly agreements with the State geologist and his assistants 
as to the amount of their salaries; to appoint a committee of their body to examine, 
audit and allow all necessary expenses of their survey as they occur; and.to certify 
the same to the governor; to remove from office, for cause, the said State geologist 
Qr any of his assistants; and so soon as possible after their organization under this 
act, should they deem the best interests of the State require it, they shall provide 
for the establishment, at the most accessible point in the otate of an office assayer 
{)f ores. And when so established, the governor of this State, by and with the 
:consent of said board, shall appoint an assayer for such office, whose duties shall be 
,prescribed by the board of JU:magers, who shall by contract determine the amount 
Qf, salary which in no case shan exceed the sum of two thousand dollars per year. 

SEC. 10. The said board of managers shall demand and take possessiOIt of all 
the geological reports of this State, published and unpublished, instruments, im­
plements, and all other paraphernalia which were used in connection with the geo­
,1ogicaLsurveys of this State, by the former geologist employed by the State. And 
all persons now in possession of the same, are hereby authorized and required to 
turn the same over to the president of the board of managers of the bureau herein 
established, and when received, the said board shall have power to turn the same 
over to the State geologist, or make such other disposition of them as theY'may 
deem tbe best interest of the State demands. 

SEC. 11 The president of the said board of managers of said bureau, shall 
receive all the reports of the state geologist by this act, 'shall lay the same before 
the bO'l,rd of managers for their consideration and approval, at their annual meet­
ing, to be held at any time, at the discretion of the preSident, before the meeting 
of the General.AJ5sembly, and after the day fixed by this act when the state geolo­
gist is required to make his annual report, and at such meeting the president shall 
lay before said board an accurate llccount of all expenditures incurred in prosecut­
ing the objects for which this bureau has been created, all of which after the action 
of the board thereon, shall be mid before the General Assembly, at the first follow­
ing session, by the president. 

SJl)o.12 ... The board of managers herein provided for, shall be allowed as a full 
compensatfoli thejx necessary expenaes whilst aiteneingto any of the: duties re­
quiredof~hem .by this act, tl:le l\l00ounts thsreMt9be mad'& ont ul'loor o&th and 
filed withtaeSt:s:teAl1diwl',and the p.ayofth'&!1;ta.te geelGgistanu his assistllints 
shall be on t of the appro~riations appHcabfew 'tJie payment of other civil officerS 
'Of the state . 
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SEC. 13. The sum of seven thousand· five hundred dollars is hereby appro­
priated out of any money in the State treasury not otherwise appropriated, til 
defray the geDetal expenses of the bureau created by this act. and no larger amount 
shan be expended for such purpose in anyone year. 'fhe president of the board of 
managers is hereby authorized to certify to the State Auditor, from time to time, 
the sums of money required to pay the salaries of the state geologist and his aSSist­
ants and for the general expenses of the bureau, and on receiving such certificates, 
the Auditor shall draw his 'Warrant on the Treasurer of the State for the requi· 
site amounts in favor of the parties and persons entitled to receive the same, and 
shall charge the several sums so paid to the account of the proper appropriation. 

Soo. 14. This act shall take effect and be in force from and after its passage. 
Approved March 24, ]870. 

THE SURVEY UNDER A. D. HAGER. 

Under this law, Albert D. Hager, of Vermont, was appointed State 
geologist by the board, and the headquarters of the Survey were e.b. 
lished in St.Louis. Mr. Hager had been connected with the Vermont 
Survey and was associated with Professor Hitchcock.1 Mr. Hager held 
the position uutil August, 1871. He published one report2 of progress 
of 21 pages, in which he briefly notices the chief building stones and 
minerals of the State. This report and the work of the Survey is 
referred to in Governor McClurg's message of January, J87V 

The law was amended March 18, 1871 and the board made to con· 
siat of four members besides the Governor,and the limit of the annual 
expenses was fixed at $10,000 in place of $7,500 previously allowed.' 

After Mr. Hager's resignation~ Dr. J. G. Norwood was in temporary 
charge of the Survey until Novelllber, 1871. Under Dr. Norwood, Mr. 
G. O. Broadhead was appointed assistant, and Mr. O. M. Litton sub· 
assistant. 

THE SURVEY UNDER RAPHAEL PUMPELLY • 

. On November 25, 1871, Mr. Raphael Pumpelly was appointed State 
geologiSt.. He had studied at Freiburg, had been a professor i~ Har· 
vard college and was at one time employed by the Governments of 
Ohina and Japan in geological investigations.& He resigned from the 
position in May, 1872. 

1 ~ lUatmieal Memoir, pa.ge m. 
2' SEie Appreadlx Regular SessWIl Twenty-s1xth GeDeral Assembly. lS7l; pp. 21-43, 
a See SeDate JOOl'Ilai, REIgular Seu.ioa, Twenty·sixth General Asl!embly; page 22, Je1fersoD. CIty, 

lS7l. 
I A eopy or tiIis .'111' iIl~" in the I'mI8ce to tSe Repeirt or tSe Geologieal Survey of Missouri. 

.... tt. 01'eII Qcl ea.t lFWaIB '" 1!Il!. Ii!laphael ~y ,~1L'. 

'~~I~ ..... m. 
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Up to the time of Pllmpelly's appointment very little had been 
IlHHl.e public of tho results reached by t,he Survey, and the changes in 
lllfHla,gelllPnt. must. neeossarily have much retarded the work. But 
in his message of Decemher, 1871, Governor B. Gra.t7:; Brown eom­
mends the Survey warmly to the IJegish1ture; he dwells upon the 
import ance of the interests which it, representR, and points out the need 
of snch work for their development, and further recommends an in-
crease in the appropriation. l • 

PllTSUant to this recommendation, the law was amended in March, 
1872, and the sum of $20,000 was appropriated annually for the salarieR 
ancl expenses of the Survey.2 . During MI'. Puulpelly's management of 
the Survey tlle Board of Managers consisted of Governor B. Gratz 
Browll, ex officio president, Mr. Edwin Harrisoll, l'rofeSBo1' Sylvester 
\V:~,terhouse, Mr. Porrest Shepherd and Hell. ,T. H. Hammond. Gov­
ernor Brown was sllccee<lrd in 1873 by Governor SihM3 ·VVoodson. 
Professor Waterhonse awl General Hammond resigned in the snmmer 
of 187!:l, and their plaees were filled 0.) Mr. A. W. Meyers and Mr. L. 
A. Bl'own. Mr. A. A. Blair was appointed Secretary of the Bo:ud. 

The asshltants of the Surv('J' under Pnmpelly were MI'. G. O. 
Broa,dhead, Dr. Adolph Sehrnidt, Mr. ]~egis Ohauvenet, Ohemist, Mr. 
W. E. Guy, Prof.W. B. Potter, .Mr. O. ,J. Norwood, Mr. ,J. R Gage and 
Mr. Alexander IJeonharo. Other suo-assistauts employed a,t, different 
times were MI' .• John Pumpelly, Mr. P. No Moor(', Mr. Ii'. ~l'Ulljea, Mr. O. 
Gayler, Mr. B. Vitr.thull yon IDeksmdt, Mr. W. Bartlett, Mr. ~l'. ,T. Oali}­
well, Mr. T. A. Minor, Mr. A .• J. 'Pllls, Mr. A. Hoeber and Mr. M. F. 
Hen,].)'. 

The plan of work adopted by Pnmpelly recognir.ed two classes of 
investigat,ioll. One was HIe study of the general stratigraphic geology 
of' the State; the other was the study of the distrilmtion and manner 
of occurrcnee of the various important mineral deposits, which latter 
should be put in charge of specil1li.sts, 01' men wllOse previons experi­
ence should prove them to be specially adapted to this difficult work. 
In harmony with this plan, the work on the general stratigraphy was 
divided into five departments: i. e., a, survey of the Northwest, a sur­
vl'lY of the Southwest, a, survey of the Northeast, a survey of the 
Southeast, a survey of the Porphyry region (If the Sout11east. The 
work relating to t~conomi(l geology was divided into three departments, 
namely, a Department of the Iron Ores and Metallurgy, a Department 
of Ores other than Iron, a Lepartment of Fuels and Construction 
Materials other than iron and wood. 

1 See Honse .Journal, AdJournedSession, 26th Geueral Assembly, pp. 26-7. JejlieX1i!PiIlC·p~$\Y; 

2 Sec Preface of Report of 1872 on Iron Ores and Coal Fields, p. n. 



24 

During the year 1872 the study of the genera.I stratigraphy of the 
Northwest a,nd the Northeast was begun and work was done il,;l the 
n~,_~'''''_,~~ region of the Southeast in the vicinity of Pilot Knob. In 

of economic geology the distribution and mode 0 f 
oocnrrence of the iron ores was studied and many analyses of these 
ores and of cooJs were made. The future work at that time outlined 
for this included an extension of the study of the iron ore 

of the lead, zinc, nickel and other ores, and a study 
of tbe building)naterials of the State, for which a laboratory for experi­

mental tests was needed. 
Under the management two reports were issued in 1873. 

The 6rst wa,s an octavo of 323 pages and consisted entirely of county 
It all of the previously unpublished results of 

work done hefore the war which was transmitted in a condition ready 

for l)1I0HCll.lm)ill. 

cnRUUH'S on Maries, Osage, Warren, Shelby, Macon and 
~m{~oI.Dh CO·[lil"UA.!!. by G. C. Broadhead; on l\Iiller, Morgau and Saline 

!<'. B. Meek; on Ozark, Donglas, ",Vright, Laclede, Pulaski, 
Oape Girardeau, Perry, Ste. Genevieve, Jefferson 

~d Olark counties, B. F. Shumard. The reports are of about the 
Sill.mt: and 31."e similar in character to those published in Swal-
low's of 1855 ; are illustrated by views, sections and maps. 
Tile .1'If)~~ODil11 transmitted in A.pril, 1873, is a large octavo of 655 

It is divided into two parts as follows: 

PART I. 

Cl!lil:ptft L NGt&8 on the geology of Pilot Knob and its vicinity, by Mr. Pumpelly. 
C'boapt;er II. Analyses of ores, fnels and pig irons. 
e~IH)~;eN HI, IV, V and vr, constitute a partial report on the iron ores of Mis­

H~ by Dr. Schmidt. 'roay ineillde a general description of the distribu-
001\ ed en&l"11M!ter af the ores, special descriptions of the different classes 
~f t~;e (Ires and a list of the iron ore depOSits of the State. This subject is 
hlul:dled 8,Yl!!lte.matically, s,eientifically and ably; but the report bears evi-

_,_ .. _ .. ~ ............ :! ~~V!~~ been hurriedly prepared. 
! ~~t',al Sliney Of -:th:-::e--:S::-ta:-::t-e O-~f::-M:::-iS-BO-ur-;i:-, -l855-.-IS7-Il-,-b-Y-G-. -0-. B-ro-ad-h-e-ad-,-F-. -B. 

Shrunt1>rJi, J6roon City, 1878, pp.ll'24&nd IV. 
tQ.~~al; i!!1lli~ Q>[ »~lW, ltllph:il.1M PumpeHy, Dlrect.>r. helimina,ry ~ort on the Iron Ol"es 

~m tillll Il!lM-woU: ()/' 187'l. With UlO illustrati'Ons in the Text and an AtlaS. 
T,., 1$711. p. XVI, ti4 lind 441. 
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PAR~l' n. 
Chapters 1, If, III, IV, Vand VI contain general matter relating to the coal 

Helds, by G. O. Broadhead. 
Chapters VII and Vin are on the geology ofT,incoln county, by Wnl. B. Potter. 
Chapters [X to XV are reports by G. O. Broa!lhead on Livingston, Clay, Platte, 

Buch:man, Holt. Atchison and Nodaway counties. 'l'hey are of similar 
character to the county reports contained in the earlier volumes of the 
survey. 

Appendices A, Band C contuin respectively the resuHs of dome tests of strength 
of building materials, a note relating to Missouri rocks which admit of a 
tine polish, and a list of Coal-Measure fossils. 

'I'HE SUIWEY UNDER GARLAND C. BROADHEAD. 

After )\:[1'. Pumpelly's resignation, MI'. G. O. Broadhead was elected 
State Geologist, [tlHl assumed charge ,Tuly, 1873. Under him there 
remained Dr. A. Schmidt, as assistant g'eologist, Nfl'. Regis Ohauveuet 
and MI'. Oharlf's S. N orwoo<1 as chem.ist, and Mr. Alexander Leonhard, 
Mr. P. N. Moore, Mr. II. H. West, T. J. Oaldwell and O. Heinrich as 
assista,llts. 

The policy governing the Pumpelly Survey seems to have been 
cont.inued ill the Broadhead wO!,k, though more was done in the pre­
parat.ion of couut.y reports than was done previollsly. During 1873, 
i.n the Department of B(~onomic Geology, the examination of the iron 
ores was eontiulled, and, in additIOn, the examination of the lead 
deposits of the SouthWl\St was begun. Surveys for county reports 
were fUl'tJher made in Jasper, Oedar, Ba,rton, Vernon, Bates, Howard, 
Hnn, Adair and Sullivan (lounties. In 1874 the lead deposits of Oole, 
Miller and other eentral counties were studied, and examinations for 
county reports were made in Putnam, Schuyler, Ohariton, Oole and 
Thfadison counties. 

One report was issued/by the BroaJdheacl Survey.l This is a large 
octavo of over 700 pages, transmitted in August, 1874, and contains 
the folIo wing matter: 
Chapters I and 1I contain an historical introduction and a brief description of the 

general geology of the State. 
Ohapters nI, IV and V treat in a general way of caves and water supply, and of 

soils and timber, and the last chapter coutnins a brief list of the minerals of 
the State. 

Ghapter VI.contains remarks on the Southwest coallield, and is accolI!panied by a 
general section. 

1 Report of the Geological Survey of the Stnte ot' Mlesouri, lucluding Field Work of 1878-74. With 
9111lustratlons and an atlas. Garland C. Broadhead, State Geologist. Jefferson City, 1874; 
pp. 734, L. 4, QU. 

G-3 
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Chapters VII to XXI, inclusive, are relJOrts on Cedar, .Jasper, Barton, Vernon, 
Bates, Boward, Sullivan, Adair, Linn, Putnam, Schuyler, Andrew, Daviess, 
Cole and Madison counties. 

Chapters L""l(1I to XXVIII constitute a report on the lead region of Southwest Mis­
souri, in which the general characteristios of the region and its ores are 
given, together with a description of a number of its deposits. 

Chapters XXIX to xxxn treat similarly of the lead deposits of Central Missouri. 
Chapter XXXIII contains rules for the development of iron ore depOSits. 
Chapter XXXIV is on the lead region of Southeast Missouri. 
Chapter XXXV is on the iron ore of the same region. 
Appendices A, B, C and D are brief papers on the History of Lead Mining in Mis­

souri, on ., Lead Mines in Upper Lonisiana," on "Metallic Statistics," and 
on " Minera18prings of JI-lissouri." Appendix E contains results of analyses 
of ores, fuels and minerals. 

Tbe Survey was discontinued after tbe year 1874, and most of its 
working material was transferred to the State School of Mines at Rolla, 
of which the president, Dr. Obas. P. 'Williams, was wade acting State 
geologist, with a nominal appropriation. Little field work seems to have 
been carried on under Dr. 'Williams, and, after the year 1876, no fnrther 
support appears to ha,e been extended to the work by the State. One 
report wag prepared under Dr. vVilli:UllS, which consists of a small 
ochwo of about 200 pages. l It contains a chapter on the " Mineralogy 
and general :MetaUurgy of Lead," one on the "Zinc Industry of lVIis­
Bonri," one on the "Iron Industry," and one on "Shannon.county." In 
the appendices are given statistics of lead and zinc and a" Note on the 
Occurrence of Gold in :Northwest Missouri." 

A SU~IMARY OF THE RESULTS OF THE EA.RLIER SURVEYS. 

THE PUBLIC.A.'I'IONS. 

Summarizing the results of this early work, we find that, we ha,ye 
inherited the following as published matter: 

1. 1885. Swallow's report of 240 pp. with plates and small maps. 
2. 1855--1861. Swallow'S Third, Fourth and Fifth Reports of Progress, to­

gether 26 pages; no illustrations. 
3. 1859. Swallow'S Report on the Southwestern Branch of the Pacific Rail­

road of 93 pages, with plates and one map. 
4. 1871. Hagar's Annual Report of 23 pp., no illustrations.' 
5. 18ii5--1S71. Broadhead's, Meek's and Shumard's county reports published 

in 1873 of 324 pp., with pJates and small maps. 
6. IS,!. Pumpelly's report of 655 pp., with illustration and a large atlas. 
lI. 1873. Broadhead's renort of 734 pp., with illustrations and 11 small atlas. 
8. I8¥6. ~Vmiam's report of 177 pp., with a few illustrations . 

. --~-.~ .. ----."".-'-..... ------.----
:I Geoilogieatl Snney of Mlssollri Industrial Report on J"ead, Zinc and Iron. together with Notes on 

~h1illnQII County and itE Copper Deposits . .By Chlls. P. Williams, Ph. D., Acting State 
GOOi!l1l1St .• '?!ferBou City, 18.1; pp. 177 and X\""I. 
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DIAGRAM 
Showing the Counties of which Speoial Reports are 

contained in the Publioations of earlier Geo­
logical Sl1l'veys of the State. 

J.EGEND. 

~ In Swallow's Report of 1855, 5 
counties. 

_ In Broadhead's et aI. Reports of 
187],21 counties. 

~ In l~umpelly's Report of 1871, 10 
colin ties. 

~ In Broadhead's Repolt of 1873, 15 
counties. 

Ii Indicates that maps are printed of 
the respeotive oounties. 

28 counties. 
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Examining these publications critically, we find that the contained 
'reports may be separated into two classes: First, there are reports 
relating to special subjects which are the products of what we may 
call subject work. No such reports are, strictly speaking, contained 
in the Swallow publications, excepting the report of 23 pages, with 
plates, on paleontology at the end of the Second Report. Such might 
properly have been prepared in connection with the examination of the 
mining' districts or the exposition of the" Agricultural and Manufactur­
ing' Resources," which he states to be among the objects of his work.l 
In the Pumpelly and Broadhead surveys such reports were produced 
from what was classed as the Department of Economical Geology, and 
the special subjects of work were the iron ores and the lead and zinc 
ores of the State. 

The second class of reports are what we may call.Area Reports or 
reports devoted to a general description of special areas In the Swal­
low, Pampelly and Broadhead publications, the county reports espe-. 
cial1y belong to this class. The plan of the county reports was originally 
framed by Professor Swallow, and five of such reports are contained 
in his Second Annual Report. They vary in length from 13 to 22 pages, 
and consist of matter of a general nature relating to the hydrography, 
forestry, agriculture, general or stratigraphic geology and economic 
geology. They are sometimes, but not always, accompanied by a small 
page map of the county described, on a scale of three or four miles to 
the inch. These maps show, generally, the distribution of the geological 
formations, and the location of mines and furnaces. The amended law 
of 1871 required the preparation of county reports, and Swallow's plan 
for these area reports seems to have been fonowed in the Pumpelly 
.and Broadhead Survey, and, in the t.hree volumes published between 
1873 and 1875, forty-three such county reports are contained. In all, 
there have been forty-eight such connty reports published, distributed 
as follows: 

In Swallow report of 1855. _ ...... _ ..... _ ... _ ... _....... 5 county reports_ 
In Broadhead. 8humard and Meek report 1855-1871 ..... 20 " " 
In Pumpelly report 1872 ........ __ ............. _. ........ 8" " 
In Broadhead report 1873. __ .... _ ..... _ .. __ .... - . . . . . . . .. 15 " " 

On the map of the opposite page is shown what counties were 
described in these reports, and which in each; further, the counties of 
which maps accompany the descrip-ions are indicated. 

1 See page 15 of this rel1ort. 
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THE OOLLECTIONS OF THE EARLY SURVEYS. 

The act creating the Survey in 1853 provided for the collection, in 
triplicate, of such specimens of rocks, ores, coals, soils, fossils and 
other mineral substances discovered and examined, as may be proper 
alld necessary to form a complete cabinet collection of specimens of 
the geology and mineralogy of the State. One set of snch collections 
was to be arranged in a room in the State Oapitol for public inspection, 

,another set was to be for the State University, and the third set was 
to be for the City of St. Louis, to be arranged in some place con· 
venient for pnblic inspection. According to Broadhead,l this distribu· 
tion was never made, on account of the interruption of work by the 
war, and the whole collection remained packed in boxes at Columbia. 
The law of 1870 provided similarly for the collection of specimens in 
triplicate, one set being intended for the School of Mines, anoiher for 
the State University, the third was left at the disposal of the Board 
of Managers, and apparently assigned by them to Washington Uni· 
versity, in St. Louis. These collections were partly distributed in ~875 
according to the law, while those not divided remain in the museum of 
Washington University arranged in cases. In 1884 the specimens of 
the Swallow Snrveyat Colnmbia were unpacked and partly an'ang-e(l 
in the University museum; the greater portion, however, is in tra,ye in 
a basement room of that institution. From this portion ~1 few hundred 
specimens were furnished the present Sur vey for reference. 

THE APPROPRIATIONS. 

The appropriations for the Geological Surveys preceding the 
present were, according to Broadhead/ as follows: 

From 1853 to 1862 ... . .. . .. . .. . . .. . .. .. .,. .. ............ ~.I $105,000 oo[ .----.-
1870 and 1871. ........ , ..................................... 1 12,500 001 

Under Acts of 1872, lR73 and 1874.................. ........ 60,000001 

In 1876 and 1R77, and by ;;;chooI of M.ines .................. i 5,000 001 

Printing, 1873 ......................... , ..................... I 12,000 00 

Printing, 1876 .............................................. 1 1,50000 
i--

TotaL ................................................ 1$196,000 00 
·1 

Unexpended appropriations ...........•............•....... \ ~814 451 

Total expended ........................................ 1 ............ 1 $176.185 5l} 

1 Hist. MemOir, pagE 622. 
2 Hil!t. Memoir, page 618. 
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._._--_._- ----------,----
I Of this total, there was expended for printing: 

'Swallow's Heport, 1851 .................................... . 

Jteport, 1855-1871. . . . . . . . . . . . . . . .. . ....................... . 

Pumpelly, et,c., 1873 ...................................... . 

Broadbead, etc., 1874 ..................................... .. 

WiHiams' report, 1876 ....................... , ............ . 

$5,000 001 

3,000 001 
9,000 OOj 

7,:32000 

1,50000 

Total for printing ......................... , . . .. . .... .. .. $25,820 00 

l~eaving a total for salaries and field and other expenses ................ $150,365 55 



THE PRESENT SURVEY. 

From the cessation of the work, in 1876, to t.he inauguration of the 
present Survey, nothing further was done by the State in the direction 
of a Geological Survey. It was directly upon the foundations laid by 
these early Surveys that the present Survey had to build; the results 
which had been reached nearly twenty years ago furnished the latest 
available information. To expand from this beginning without dupli­
cating labors became our duty; yet., at the same time, this could not 
be done arbitrarily; due allowance bad to be made for the enlarged 
requirements which new discoveries, new developlllents, and the growth 
of the country had created. This called for ca,reful consideration and 
nice discrimiuation. 

THE LAW GOVERNING THE PRESENT SURVEY. 

The act creating the present Geological Survey Wl'l,S approved May 
13, 1889. The law at present governing the Survey is framed upon the 
same general plan as that of the last Survey, but differs iu details. 
Among the most noticeable differences are the absence of a requirement 
to collect specimens in triplicate, the diminution of the amountallowed 
for salaries of assistants, and the absence of the clause requiring 
county maps and reports to be prepared. 

This law is as follows: 

.AN ACT TO PROVIDE FOR A BUREAU OF GEOLOGY AND MINES TO COMPLETE .A 
GEOLOGICaL AND MINERALOGICAL SURY-EY OF THE S1'ATE OF MISSOURI. 

"& it ~ by the General.A.88Bmbly of the State. of .111issourl, as follows: 
SECTION 1. There is hereby created and established a. bureau of geology and 

mines for the state. of Missouri, which shall be under the direction and in charge 
of a board of managers, which shall constst of the governor, who shall be ero officiI> 
president of the board, and four citizens from the state at large, who shall be ap. 
pointed by the governor, by and with the consent of the senate, and shall hold their 
term of o4Ilce four years. 

SllIC. 2. The board of managers are authorized, as soon as they are organized, 
_ appemt ODe state geologist, who shall be a person of competent, scientific an(f 
~ knowledge of the sciences of geology and mineralogy, and who is not con· 
aeeied with any school or college as instructor, who shall be the director of the 
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survey; and said geologIst lllay appoint, snch assistants and subordinates, assist­
ants and laborers as lllay 11<\ deemed neCC8~al'y in order to make a thorough scien­
tific, gcologie!\l and rulnemlogiettl survey of thc state. 

SEC. 3. Lt shall be tbe duty of the state geologist and his assistants, unrler 
the instruetion and direetioll of the boaI'll of managers, to carryon, with as much 
expedition and diopn,tch as may be COl1si.st(mt with minut.eness and accuracy, a 
thorough geological nud llIineralogieal survey of the state nlready begun, with a 
view to determine the order, succession, armngement, relative position, dip or 
inclination alld eomparati ve magnitude of the several st.rata or geological forma­
tions within the state, and to discover nnd examine all beds or deposits of mineral 
contents and fossils, and to determine tho various position, formation and arrange­
ment of the many different orcs, clays, rocks, coals, mineral oils, natural gas, 
mineral and art.esian wators and other mineral substances as may be useful or val­
uable; also to note oareflllly the ehn,rneter of the soils and their capacities for 
agricultural purposes, Ule growth of titnber and other scientific matters that may 
be of praetical importance and intereHt; lind snid geologist shall cause to be repre­
sented Oil the map of the stat.p, by colors and othpr appropriate means, the various 
areas occupied by the different geoJogieal formations in the state, and to mark 
thereon the localit.ies of the" respective beds or ueposits of the various mineral sub· 
st.ances, and, on t.he <lOlllplet.\on of the snrvey, to complete a memoir of the geology 
and mineralogy of the stat,o, comprising 1\ complete account of the leading subjects 
and discoveries which have been (Hubrnced in the survey. 

:::1':0.'1. It shall be th(l duty of t.he ~t.ate geologist t.o make or cause to be 
made, det.allcd maps and l'(!port.s of eOllnties or (listricts as fast as complet.ed, which 
maps shall cmbraeo ail suell geologill(.l, mineralogical and seient.Hie details M<'es­
sary to make eompiete roports of Baid dist.riets or counties. The State geologist 
may also, from time to titne, publish or cause to be published any reports of work 
completed, In t,lle fortn of pamphlet or hlllletinR for geneml distribution. 

::h~G. 5. I t shall bc the duty of the State geologist to colleet full au its of all 
minerals, ronks. oreR, fossils or other mineml substances o~ scientific or practical 
interest. or utllit.y as may be dlscover(l<l, and that llJlty be necessary to form a com­
plete CII blnet eolle(ltioll, t.o illustrate t·be various resonrces of t,he Btate, as may be 
nccesRal'Y to assist. in preparing the variolls repor!;s of tlHl survey. 

SJ~C. H. It shall be t.he duty of said a8sistltnts to make full and complete ex­
Il.lllinat.ionR, assays and !w!Llyses of all 8udl rocks, ores, Boils or other substnnces as 
may bo submitted to them by the state geologist for the purpose, and to furnish 
him with a detailed and complete aC(lount of the reslllts so obtained. 

SUG. 7. 'I'he State geologist, from time to time, may furnish items of general 
inforrnation or new (liileOVeries for publication in newspapers: Provided, the pre­
parat.ion of the manuscript and pnbll.catioll t.hereof does not interfere with the pro­
gress or add to the expense of the survey; he may also have authority to furnish 
cabinets for colleges or public museums, located wit.hin the State of Missouri, of 
minerals, rocks or fossils: Provided, Said institutions shall pay the expense of 
preparing, labeling, trnn8porting !Lnd putting up said collection; and also, farther, 
that ill the seleetion of said specimens the general State collection 'is not deprived 
of duplicates of t.ho sune, and that the Hta.te collection is not eeriollsly injured. 

S)tc. 8. 'l'ho board, with the State geologist, may determine the place for the 
State cabinet and headquarters of the survey. 



32 

SEC. 9. It shall be the duty of the board of managers to report to each Gen. 
eral Al'Illembly the progress and condition of the survey, an accurate account of 
money spent, and such reports of the State geologist and his assistan ts as have been 
completed, together with all such information as may be deemed necessary and 
useful. 

SEC. 10. The board shall have power to take possession of all property of 
former surveys, whether reports, maps, collections, instruments or other property 
belonging to the State, and all persons now in possession of the same shall deliver 
them up to the order of the president of the board of managers: Provided, that 
no cabinet or library already arranged shall be removed, but the State geologist 
and his assistants shall have the power at any time to examine or study such col­
lections i.n preparing their reports. 

SEC. 11. 'l'he board may make such by-laws and regulations for the govern­
ment and control of its meetings and labors of the State geologist and his assistants 
as may be deemed necessary. 

SEC. 12. As full compensation for the members ofthe board of managers they 
shaH be all~wed their necessary expenses while attending to the duties assigned 
them by this act. The board shail 11x the salary of the State geologist, not to ex­
ceed three thousand dollars per annum, and his chief assistant, which shall nof"ex­
eeed one thousand eight hundred dollars per annum, for the principal assistant or 
p:/Jreontologist" if one 'is employed, not over one thousand eight hundred dollars. 

SHC. 13. The state geologist may, with approval of the board, appoint other 
neeessary aSSistants, whose pay shaH not exceed five dollars per day, ana sueh other 
noocssuy laborers or assistants as may be necessary, who shall receive a fair com­
pensation for their work. He shaH also have powerto negotiate for snch chemical 
work, chemicaJ apparatus and chemicals as may be necessary, and may, from time 
to time, with the approval of the board, have such work done. He may also, with 
the approval of the board, employ special assistants in palreontology, provided it 
be deemed necessary. 

SEC. 14. AU accounts of salaries and expenses shall be made under oath, and 
eerWied by the board, and filed vtith the auditor of the state. 

SEC. Hi. The board of ma!lagers shall have the general management of the 
survey, and bave full power to remove the state geologist and appoint his successor, 
when ..:leerned necessary for the good of the work entrusted to him; and the Stat.e 
ge~ogist sll1~n have full control over his aSSistants, and have power to remove 
them when necessary. 

SEC. HI. For the purpose of carrying out the pr,)visions of this act, the sum 
I)f twenty thousand doHus is hereby appropriated, or so much as may be needed 
tOO!"oof. 

SEC. 17 The board of managers, the 8tate geologist and each of his principal 
usist.lU'ltsilhail, before entering upon the discharge of their <;;uties, take the usual 
oam of office w faithfully perform all the services required o.f them under this act, 
aM to ai)..stain from all pecuniary speeulations for themselves or others in the objects 
of their survey during its progress. 

SEC. 18. 'rile president of the bo.ard slli!.ll, from to time to time, certify to the 
stalle auditor the sum Qf mOMY required to. pay the salaries of the state geologist 
:md lliis assistants ~Kll.d the incid.ental expenses oithe bure&t1; and on receiving such 
~mli(l.!"tes, the atuiliwr Qf the state shall draw his warrant on the treasurer of the 
sA.te fit)r the reqlligite lunccunt in (avo.·r of the parties and pers{)ns entitled to receive 
tJ:I«same" ~1'lId~1 eJiarge 1100 several sums so paid to tbe accoun t of the proper 
~ilri.a~. 
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SEC. 19. All previous acts and parts of acts inconsistent with this act are 
bereby repealed. 

SEC. 20: The importance of the completion of the geological and mineralogical 
survey of Missouri at an early day, creates an emergency within the' intent and 
meaning of the constitution, which requires this act to take effect at once; there­
fore, this act shall take effect and be put in force from and after its passage. 

Approved May 13,1889. 

THE ORGANIZATION OF THE PRESENT SURVEY. 

I was elected State geologist by the present board of managers on 
August 29, 1889. I assumed the duties of the office September 20, 
1889. 

The governing ideas in the organization of the present Survey was 
that the work should be in the line of development of that of previous 
Surveys, and should be adjusted to the requirements of to-day. so far 
as was consistent with the instructions of the law. In section 2 of this 
law provision is made for ({a thorough scientifio, geologioal and mine?'­
alogical survey of the State." In section 3 it is required that this shall 
be carried on ({with as much expedition and dispatch as may be con­
.sistent 1c'ith minuteness and accuracy;" and section 4 provides for the 
preparation of detailed maps and reports, and pending the completion 
of such the State geologist, is authorized to publish any reports of 
work completed, ill the form of pamphlets or bulletins for general dis­
tribution. Section 5 requires the formation of a State cabinet. 

In accordance with these ideas, the two classes of work which 
were recognized as existing during the progress of the earlier surveys, 
namely: Subject.work and Area-work were recognized here. 

SUBJECT-WORK. 

Subject-work, we have seen, was first properly begun under the 
Pnmpellyadministration, evidently in recognition of the fact that more 
detaUed and authoritative information was required than had hereto­
fore been furnished through the reports of the earlier Surveys. .A. re­
port containing the results of such subject-work is designed to include 
general facts of distribution for the whole State concerning a speciaJ. 
substance; it is designed to meet the demands from those who wish to 
know whether a certain substance exists in the State, where it exists, 
and how, and what its qualities are. Details as to distribution ca.nn(}t, .' 
of course, be given in a report of such comprehensive nature, U m.,! 
necessarily be somewhat generalized in this respect; it can only iItdi:~ ... !, 



the locality where this special substance exists, without attempting' to 
define the limits of the occurrence. In the discussion of the properties 
of substan~e, it can, however, be exhaustive; the breadth of the field of 
work allows opportnnity for the study of a great variety of material, per· 
mitting' interesting comparative stndy. Similarly, in the discussion of the 
origin of the material, of the nature and future of the industries which 
mry be dependent upon it, such a report can be complete. In short~ 
all which has broad and general bearing can and should receive fun 
treatment here. Details which have local value only cannot be at· 
tempted here. 

Subject· work is almost a necessity to.dillY. At the date of the 
early surveys it was possible for one man to be an authority on a 
number of subjects pertaining to geology, and, thus, reports could be 
prepared by one man relating to everything which he might encounter 
during the progress of his work. In this period of specialists, snch 
is no longer possible. A man to be an authority on anyone subject 
must give tis chief attention to that special snbject, and must con Linue 
to do so for a considerable time. The subjects of work of the Survey 
are assigned to separate individuals. These individuals are, or become,. 
thus, specialists in their subjects of work, and their final products will 
be authoritative. This specialization of the work seems to be in a,c. 

cordance with the provision of the law, that u a thorough 8cientijie'? 
survey of the State should be made. 

AREA WORK. 

Area work, however, in distinction to subject work, is designed 
pre-eminently for the purpose of giving detailed local information. It 
is calculated to meet the demands for information concerning certain 
areas. .A. man, who mayor may not bEl a property-owner, may desire 
information concerning a special area in which he is interestf:'d; he does 
not want to know so much whether certain things exist in the State, 
but he wishes to know whether a certain definite locality has something 
or anything of value. Thus, area work should deal mostly with that 
which is given a subordinate place under the subject work; and, vice 
v6Y'sa, the topics of general applicability, which are exhaustively 
treated under the subject work, should take a subordinate place in the 
ares :work. Results obtained in the progress of this area work are, 
however, to be utilized in the preparation of arE'a reports; some repe­
tition in publication will, of course, occur, but no duplication of field 
work need arise. In this work the maps will generally constitute the 
most important par~, though their scale and the detail contained on them 
will vary aecording tlO the importance or the intricacy of the area. A 
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perfect map would be an exact miniature of the surface which it repre­
sents, and the nearer it approaches such a miniature the more valuable 
it becomes. The use of rna,ps is expanding constantly, and the art and 
skill displayed in their construction and production has grown propor­
tionally. It is designed, in connection with the present work, to 
construct maps according to modern methon.s; anil, hence, a few 
remarks will be in place concerning the essentials of such maps, the 
extent to which they have been adopted, and the information which 
they farnish. 

Maps properly constructed present in a condensed form facts which it would 
be almost impossible to describe in words; all the details of location and distribu­
tion are there seen at a glance. A comprehensive conception of the relation of 
parts is obtained through the study of a good map, which can be obtained in no 
other way, and thiR with none more than with geologic maps. Regarding maps, 
as miniatures of the surface, representation of the topography naturally hecome8 
essential; and, hence, in all advanced systems of mapping, both in this country 
and in Europe, topographic work has played an important part. It is a trite axiom 
in geologic work that topography should precede geology. Hence, we find that. 
with almost all geological surveys in which detailed stratigrll.phic work has been 
attempted, topographic maps have been constructed, where such were not already­
available. " A perfect geological map," says Geikie, Director-General of the Geo­
logical Survey of Great Britain," should represent: 1st, a full and accurate topo­
graphy, with the form of the surface and ,heights in contour lines, shading or 
otherwise; I 2d, all geological depOSits, from the most recent to the most ancient, 
with their boundary lines accurately traced and the relation of their distribution 
to the external form of the ground clearly depicted." Says Lesley, State Geologist 
of Pennsylvania: "The topography is always our best guide to the geology. In 
the coal regions this is especially true. Every lineament of the surface indicates a 
mood in the geology beneath, so that the whole face of the earth, like the counte­
nance of a man, is instinct with living expressions of its past experience." ~ A 
topographic map "is fundamentally necessllry for a geologic map," sayl'! Powell, 
Director of the United States Geological Survey. "A proper geologic map cannot, 
be made without the basis of a topographic map." 3 " It is an impossible thing to 
.make a good geologic map of the country without having as a groundwork a good 
topographical map of the country," says Alexander Agassiz. 4 Whitney, formerly 
State geologist of California, when writing of the MissiSSippi Valley States, remarks 
that the topography is of a kind" which requires a very minutely detailed study of' 
the geology to be laid down with accuracy." 5 Says Prof. Cook, late Htate geolo­
gist of New Jersey: ,. At the beginnirg of the survey no such work as is here given 
entered into our plans. But as the successive reports appeared, and as the attempts 
at descriptive geology were made, it became apparent that. for the study and 

1 OUtlines of Field Geology, by Archibald Geikie, p 3S. 
2 A. Manual of Coal and Its Topography, by.L P. Lesley, p 32. 
3 Testimony before a Joint Oommission on tbe Organization of certain Bureans of the U, S, Gov­

ernment, pp, 8 and 9, 1884 

:4 Same, p, 1015. 
'5 Geographieal and Geological Surveys, by J. D. Whitney, p. 85, From North Amerie&n R",lti_ •. 

July and October, 1885. 
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preparation of useful geological reports, it was necessary to have accurate maps­
. maps which would show the location of all the important geographical pOints, and 
also the outlines and elevations of the hills and valleys, and their heights above the 
sea level." 1 

In this country topographic surveys have been prosecuted in lIOnnection with 
the geological surveys in the 8tates of Pennsylvania, New Hampshire, New Jersey, 
Virginia, Michigan, Wisconsin, Texas, Arkansas, California, and also with the 
National surveys under King. Powell and Wheeler. Other States have prosecuted 
geological work without the aid of topographic maps, but this has been because the 
nature of their work has been largely such as did not call for accurate maps (2) 

In Europe well nigh all geological surveys have been prosecuted upon the 
basis of topographic maps already constructed, aud, where such maps bave not 
existed, topographic work has been done in conjunction with the geologic work. 
The excellence of the maps constructed by these foreign Surveys, and the amount 
of money expended on them has hardly anywhere been approximated in this 
country, and this evidence of their value we cannot afford to overlook here. How­
ever much we may disapprove of the foreign form of government. or of foreign social 
organization, we are obliged to admit that the European nations both more thor· 
oughly appreciate the value of natural resources, and give more thought to their 
development. 

As hal already been intimated, topography and geology are not two distinct 
subjects, but certain aspects of topography are essentially geological. In the char­
acter of the topography is expressed, both the nature of the rocks which make up 
the mountains, the hills," and the valleys, as well as the nature of the forces which 
have produced these features of relief. A topographic line is very often a geologic 
line; the ontline of a mountain or hill Js very often the outline of a geological for­
mation. Topography, combined with other features of geology on a map, furnishes 
innumerable facts rehl.ting to altitude and thickness of formations and deposits, in 
addition to tboseof area and distribution which would be shown on an ordinary 
diagram. With a topographic map in hand one is able to recognize features on 
the ground, which, with an ordinary map, are only very vaguely defined. A hill 
or a mountain is a prominent and recognizable feature in the landscape; if such a 
hill be represented on the map, the position of any mineral deposit, geologic division 
line or other fact of interest can be shown definitely and clearly on the liIummlt, at 
the foot,oron the slope, as the case may be, and its position on the ground can be 
readHy found. Witho~t soch delineation of the topography the loca.tion of the 
OCC'Orrence is necessarily vague; one does not know with certainty whether it is on 
a Dm or in a "yalley . 

l~~Bmvey of New Jer&IIJy. FinalBeport of' thE'State GeolOgist, Vol.l, J88S, p. 2. 
00 n is 1Jy DO means maiD.tailled that no geologieal work can be done without thE' aid of such 

1JIUIIIIlo; valuable results can be lelId1ed in the study of the paleontology, of the litholollY, of the 
~ of the State, and elaborate researehes can be carried on for the purpose of <1etermining 
ae ~ _ DIUe1rials, rill wiihoot maps of any kind. Ftinher, diagrams or generalized maps 
~ ae distdblltkMl of tae larger formations, and the gE'DeJal location of the ooourrenoes of 
l!IIdaeaIs ud GUIer 8I'1bsiances. can be madewiibout the IISSistanee of topography. But, if we wish 
fie eII!Iler bite deta11, if we wish to show with a.ny degree of pNdsion the aetnal mode of ooourrence 
fIl t_ihilhlal _beds, vei.aa or otller deposits of limited dimensloDS, topographic maps wlll 
__ iJtdlspaaaiWe. aad tee _ detailed the investigatiolll! which axe made in any region. the 
_pmctlc.U)' vahIahle fihEI:J are. In faet, says Whitney, "it is OOl.y work wbich Is detaUed and 
fit. I!H;r __ UIe$ _ lie ~ aad used where problems of importance, Involving a eon-
111M.' ••• ! .7.1i\!!'et'~, _to 'be i!IOl'V'ed.." (Opuaite, p. 85.) 
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In the case of all bedded deposits, whether they be coal beds, or beds carrying 
lead or zinc. topography furnishes valuable information concerning the relative ver­
tical positions of different beds, as well as concerning the depths of such beds be­
neath the surface. On a map without topography, the outcrop lines of the two 
beds, one above the other, would appear simply as sinuous lines, and no informa­
tion would be conveyed concerning the interval between these beds, nor as to their 
depths beneath the surface at any point. [n a country which varies locally in alti­
tude two hundred feet or more, i.hese facts are of great importance and very much 
affect the value of any property. In the instances cited, they determine whether 
a coal bed may be reached by a shaft twenty feet deep, or by one two hundred feet 
deep; they determine the dip of the bed and the pOSitions of the anticlines and syn­
clines, which are facts of importance in mining operations; again, if we take the 
case of a topographic map of the Archaean and Lower Silurian areas of Southeast 
Missouri, such a map shows whether the granites, the porphyries, the limestones, 
are in the hills or in the valleys; it show;; the maximum altitude reached by the 
limestones or their residual prod ucts, and thence the altitude of the old sea level; it 
shows whether the ores or the workable stone is located in l)Ositions that are easily 
accessible and from which the materials can be readily worked; it shows the loca­
tion of favorable sites for th.. development of water powers; it indicates the 
amount of overflow which damming at any locality may produce. The topographic 
map further furnishes the best possible basis for the construction of an agricul­
cultural map, which is made part of the work of this Survey; it permits at once 
of the division of the lands into flat, plateau, or hill-top lands, into slope lands, 
into bottom lands, and all other agricultural questions dependent upon topography 
can be readily determined. 

The facts contained on the topographic and geologic map are not of two 
distinct kinds, and are not collected separately and independently in the case of this 
Survey; in fact, the data for the topography would be almost entirely collected in 
prosecuting the detailed work for the stratigraphy, and the facts of the topography 
are of indispensable assistance in solving the geological problems, the results of 
which are presented in a final map. 'fhe out.lines of the hills, their altitudes, the 
positions of the different beds on their slopes all have to be noted whether the 
topography is accurately plotted or not, in order that we may obtain sufficient 
facts for delineating details of stratigraphrand distribution; the plotting of the 
topography along with such notes is, in short, only a systematic method of recording 
a multitude of observed facts. These tacts, when carefully plotted upon such a 
map, are presented in the best possible form for study and comparison, and it is only 
through such presentation that many important results can be deduced; thus, the 
data for such a m!lp must very often be collected, in a large part, whether such map 
is ultimately prepared for publication or not. 

For these reasons topographic maps were deemed neces.sary in con­
nection with this area work. In the older reports, i1S already stated, 
count.y reports were similarly the results of area work, but the informa­
tion which they contain i~ not sufficient to satisfy the requirements of 
to.day. At the ti.me when these reports were planned, little was known 
of this country, and a mere statement of the existence of vario.us sub­
tances was valuable information. Not even the existence of the dif­
ferent geological formations of the State was demonstrated, and the 
first labors of the Survey were necessarily directed towards classifying 
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these large formations and towards defining their areas. These general 
facts of existence and distribution are now pretty well established, and 
what is wanted nowadays, is not alone the information that a certain 
thing exists in a certain county or district, but exactly where and how 
it e}..ists in such district is further demanded. ,In recognition of this, 
it was thought best, in planning for the area work of the Survey, not to 
eontinne with the preparation of county reports similar to those which 
had been prepared by the earlier Surveys, but to enlarge upon this 
plan in order to meet the requirements of the day. This seems to be 
necessary, in order to fulfil the conditions of the law specified in sec­
tion 4, requiring the preparation of detailed maps and reports. Thus, 
where, with the old plan, maps of whole counties were made on a scale 
of three or four miles to the inch, maps for the present work have been 
eonstructed on a scale of one mile to the inch, and each sheet represents 
only a portion of the county. The area of such a map is a quarter of a 
square degree of latitude and longitude, the size of each sheet ,being 
about 13~x17~inches, not including the margin. By this means maps are 
obtained of a uniform size, and tht\ area represented is one permanently 
defined, it is not subject to change by subdivision or otherwise, as is a 
oounty. It is in harmony with a plan of publication which is becoming 
more and more a-dopLed by Government Surveys. 

Similarly, while the older reports deal mostly in generalities concern­
ing the areas described, the new reports will endeavor to be as specific 
as pOSSible, and will embody a great deal of detail. 

THE PLAN OF PUBLICATION. 

These general plans of work being settled, the next question to be 
decided was how the results should be prepared and published. To 
eomplete the examination of anyone important subject in the State 
O311s for one or two years of work, and, similarly, to prepare detailed 
maps of any considerable area requires a correspondingly long time. 
The demand is, however, urgent for information concerning many sub· 
joots and many localities; further, mauy facts are collected in the pro­
gress of the work which are of temporary value and which onght not 
to be withheld for the preparation of final reports or monographs. To 
meet this demand for information, and to supply a means ()f ready pub­
liea:tions, the bulletins of the Survey were designed. The matter which 
they contain is essentialy provisional and is somewhat hurriedly put 
together, bat they are calculated to become very useful. They partially 
satisfy the demand for information and avert the danger of publishing 
what should be a complete report, before sufficient time has been 
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allowed for the collection of sufficient data fo'r the preparation of a 
complete report. These complete or final reports, according to the 
plan proposed, will be published ultimately in separate volumes, one 
volume to each subject of importance. The results of th.e detailed 
~rea work will similarly be published in separate form, each sheet or 
map and accompanying sections being in a separate cover or atlas, and 
~ach such atlas being accompanied by a small pamphlet report descrip­
tive of the area. 

THE WORK IN PROGRESS. 

By referring to the contents of the reports of the earlier Surveys, 
given in the preceding pages, it will be seen that the subjectA of work 
which have heretofore received most attention are the iron ores of the 
State and the le;td and zinc deposits; the coal deposits have also 
received some attention, but this has been more in connection with the 
area or county work than as a part of a general and special work de­
voted to coal deposits. In organizing the present Survey, the follow­
ing subjects were selected as worthy of first attention. 

1. THE COAL DEPOSITf[!. 
2. THE CLAYS, :BUILDING STONES, LIMES, SANDS AND CEMENTS. 
3. THE MINERAL WATERS. 
4. THE ZINC AND LEAD DEPOSITS. 
In Bulletin No. No. 1 there was given a statement of the progress 

of the work of the Survey up to April, 1890, and it will be unneces­
sary to repeat here what was there given. On the map opposite this 
page the distribution of the work, up to the end of 1890, is shown 
graphically and needs no further explanation. In a.ddition to this, 
however, we will add a few remarks concerning the character of the 
work and the progress which has been made since last April. 

THE WORK ON THE COAL DEPOSITS. 

Work in the coal fields has been prosecuted by the earlier Sur­
veys, but the character of the work done was such as to furnish only 
general information as to the existence of coal, and very little is given 
from which one can determine the actual areas underlain by individual 
beds, or the depth beneath the surface at which these beds ocoo.r. 
Fttrther, so many developments have been made since the opemtiOBs 

. of the earlier Surveys that much more can be determined con6emiBg 
these details than would have been at tha.t time possible. These iaots 
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led to the selection of the coal deposits as one of the subjects for 
detail study, and led, further, to the selection of the coal region as the 
area in which a large portion of the detail mapping could be most ef­
fectively prosecuted. 

The work in the coal fields may be divided into two parts: First, 
that which has been done looking towards the immediate preparation 
of a preliminary report upon the general distribution and cha,racter of 
the coal in the State. For th1s purpose inspections have been made 
in twenty-four counties by myself, as is shown on the accompanying 
map. Secondly, there has been carried on in the coal region detailed 
mapping in portions of five counties which has for an object the defini­
tion of the area of the individnaJ. coal beds. This work has been exe­
cuted, under the immediate direction of myself, by Mr. Leo Gluck and 
Mr. O. F. Marbut, assistants of the Survey. During the summer 
months Mr. O. H. Gordon, a volunteer assistant, was at work with Mr. 
Marbut in Randolph county. The exact area covered by this detailed 
mapping is shown on the map above referred to. 

THE WORK ON THE CLA.YS, BUILDING STONES, LIMES, SANDS A.ND 

CEMENTS. 

No systematic and critical examination of the clays or of the 
structural materials of the State has ever been made. .A. stud.y of the 
latter was included in the plan of work of the Pumpelly Survey, but 
seems to have never been started. The oIlly information which we 
have concerning these materials in the State is contained in the old 
county reports, or is an incidental part of some other report. The 
information consists almost entirely of loose and general statements 
based upon cnraory hand examina.tions; no tests of the materials have 
boon made, and no determinations of their extents instituted. The clays 
of llissouri rank second to none in the country, and they exist in 
creat quantities. The indostries which they have already created give 
employment to thousands of men, and the valne of the products is 
BIaIlJ miDions. They oonstitute a most important snbJect of workt 

whieh has already been too lo.ng neglected. The results o.f what the 
s.rvey has done in this oonnection already give pro.mise that the 
report on this subject will be one of the most valua.ble that could have 
"'pre~. 

Sin" Apnlla&t t:he work o.n the clays and structural materials o.f 
• Slate .. been Mlively pushed, though sickness caused interrt;tp­.. 4m. tile Jatter part o.f the Slunmer. The work has been extended 
, .. :~ eo_ties by llr. Ladd, and twenty-three samples of clays 
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and seventy-seven samples of limestone have been analyzed by Mr. 
Woodward, including five hundred and sixty determinations. Further, 
experimental tests of the clays a,re in progress under Professor Wheeler. 
Mr. Ladd was assisted in the field work during the spring and early 
summer by Messrs. J. D. Robertson and E. H. Lonsdale. During the 
autumn, however, he has continued the work alone. 

l'HE WORK ON THE MINERAL WATERS. 

The mineral waters of the State have, similarly, been heretofore 
almost entirely neglected. Missouri has a large supply of such waters, 
and many of the localities where they occur have been improved at 
~onsiderable cost, and some are equipped with handsome hotels and 
well kept grounds. Some of these waters have already a wide reputa­
tion, while others of similar composition are ha,rdly known. It is the 
object in this work of the Survey to determine, in an authoritative man­
ner, the composition of these various waters; to publish the results, 
aud to accompany this with such illustrations aud descriptions of the 
surroundings as will lead to the wider use of these resorts, both for 
purposes of cure as well as for recrea,tion. , 

The work on the mineral waters of the State has been continued 
by Mr. A. E. Woodward intermittently since last spring (part of his 
time being given to the analyses of clays, and to other miscellaneous 
laboratory work). Since November he has been aSRisted in the labora­
tory by Mr. James D. Robertson. Up to the end of the year ~lr. 
Woodward had visited fifty-three mineral water localities in the State, 
distribnted over thirty-one counties, as shown on the map. He has 
sampled forty-nine waters and analyzed forty-seven, which includes six 
hundred and sixty-eight determinations of constituents. 

THE WORK ON THE ZINC AND LEA.D DEPOSITS. 

The lead and zinc deposits have already received attention, it is 
true, by the earlier Surveys, but the work was interrupted before its 
comp1etion. Further, the development of these deposits has been 
so active during the past few years that much attention is attracted to 
them i the demand for information concerning them is very urgent, 
and there is nothing published on hand for distribution. As a result 
or this, an investigation of the zinc deposits of this and adjoining 
States has been ordered by the Secretary of the Interior through the 
United States Geological Survey. In order to make tue results of this 

G-4 
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National work in Missouri directly and immediately available to the 
State, and, further, in order to prevent duplication of labors, co-operation 
between the National and the State Survey was arranged for, so far as 
this special subject was concerned. Mr. WalterP. Jenney was assigned 
to this work by the National survey, and the co-operative work was 
begun in the autumn of 1889, as explained in Bulletin No. 1. Early in 
the progress of operations the va.Iue of these deposits became appar· 
ent, and attention was called to the fact by the Survey. At the same. 
time the need of detailed work, in order to properly display this fact, 
was evident; and, pending the completion of this detailed work, a pre.­
liminary report from Mr. Jenney was arranged fc·r. Soon after the issue 
of the Bulletin, in April last, field work on the zinc and lead deposits 
of the State was suspended by Mr. Jenney, who was in charge of the 
work, and he returned to Washington for the purpose of preparing the 
preliminary report, in recognition of an earnest desire of mine. The 
expectation was then that he would take up field work again during the 
following summer. Pending his return to the State, Mr. Robertson, 
who was assigned to him as assistant from the State Survey, was put 
to other work. Up to the present writing no further field work has 
been done on this subject. The preparation of his report has occupied 
all of Mr. Jenney's time. He will resume field work this winter, how· 
ever, and the expectation is that his investigations will be completed in 
a few months. 

THE WORK ON GENERAL STRATIGRAPHY AND PALEONTOLOGY. 

Since the last report of progress the work on general stmtigraphy 
has been prosecuted chiefly with the assistance of the United States 
Geological Survey. For this purpose, Prof. Henry S. Williams, of Oor­
nell University, assistant paleontologist of the National Survey, has 
commenced the study of the fossil faunas of tht' Missouri rocks, as 
part of a general study in this and adjoining State!", which has for its 
object the definition of the fauna.I characteristics of the different rocks 
and their more exact correlation. For this work Mr. Gilbert Van Ingen 
was assigned to the State last spring, to collect fossils, under the direc­
tion of this Survey, to be 'Sent to Prof. Williams for study. Mr. Van 
Ingen continued uninterruptedly at work until September last, when he 
was taken down with typhoid fever, and he has not fully recovered yet. 
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THE AREA WORK. 

A great portion of this work, as already stated, has been done in 
the coal regions; but, in addition to this, an area represented by one 
sheet has been covered in the iron and granite regions of the south· 
east by Messrs. E. H. Lonsdale and C. F. Marbut. Mr. Erasmus 
Haworth, a volunteer assistant, was also occupied in this area during 
the past summer, studying and mapping the distribution of the granites, 
syenites and porphyries. His labors were in continuation of work done 
by him during past years for the United States Survey, aud the State 
Survey was fortunate in thus securing the benefits of his knowledge. 
Further, work of this detailed character was' doue in Greene county, 
under Prof. E. IV!. Shepard, a local assistaut. 1\fr. Robertson, of the 
regular force, was assigned to this work for o,er a month, and Maj. E. 
W. Newton, of Bolivar, gave additional assistance. Less than one 
hundred square miles were covered here, however, by the mapping; 
but the results of geological examinations over the whole area of one 
sheet have been written out by Prof. Shepard, and are on file at this 
~ffice. The following t.able gives the exact area mapped in each 
district: 

In Lafayette County ..... , .... ...... ...... . ... .... ...... ...... .. 540 square miles 

In Randolph, Chariton and Howard Counties.. . . .... ...... ... . 324 square miles 

In Iron, Madison and St. Francois Counties.................... 350 square miles 

In Johnson County. ...... ...................... ...... ........ 250 square miles 

In Greene County .................................... '" . ..... 110 square miles 

TotaL ...................................................... 1,574 square miles 

THE WORK ON THE CABINET AND COLLECTIONS. 

A great deal of time, eApecially during the past few months, has 
been given to the collections of the Survey. These collections may be 
divided into t.wo kinds. One, and by far the bulkier portion, is gathered 
for purposes of study and for analyses and t.ests. The other portion is 
for exhibition. For every specimen which comes to the Survey office, 
a label is written, giving the name of the specimen, its geological posi· 
tion, its composition, and describing eX6ctly where it was found, and 
referring to t.he proper note·book for further information. Eaoh speci· 
men is given a separate number, and this number, with a copy of the 
Jabel, is recorded in the office catalogue. T,he specimens are all fiJed 
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away in numbered trays so that anyone can be found at short notice at 
any time. Those exhibited in the cabinet have their number written 011 

them, and special cabinet, labels are written, giving the name and the 
composition of the material and the use to which it is put. These 
specimens are then mounted and arranged under appropriate group 
labels. This system and routine is necessary with a large collection in 
order to preserve an accurate record of where each specimen came 
from, and of how it was obtained. There are now in the collection of 
the Survey two thousand three hundred specimens, and of these over 
seven hundred are arranged for exhibition. Over 130 photographs 
have been taken by members of the Survey during the past year. These 
include news of minera,l water resorts, of quarries, of mines, of clay 
works, of rock exposures and other objects relating to subjects of 
work. Some of these are mounted for exhibition and others will be 
added later. Since September last, Mr. Robertson has given a consid­
erable part of his time to the arranging and labeling of specimens 
and other material for the cabinet. 

THE WORK IN THE OFFICE. 

The work in the office IDay similarly be divided into two parts: 
First, that necessary for the preparation of the results of field work 
for publication. Secondly, that necessary for attending properly to 
Buch matters as correspondence, accounts, and the multifarious cleri­
cal duties which are a part of every public office. Iu the first class of 
office work, all members of the Survey have been more or less engaged, 
and it has consisted of ihe plotting of ma,ps, the writing of reports and 
the correcting of proof. The second class of work has been done 
chiefly by 1\11' •• J. O. Halligan; an of his time has been devoted to it. 
Few will realize the amount of the correspondence which is necessary 
in connection with such a work. Since the beginning of the Survey, 
not mnch over a year ago, fully eighteen hundred letters have been. 
written and a corresponding number have been received and read. 
Many of these contain inquiries concerning minerals of the State, or 
are solicitations of advice from citizens, and require careful considera­
tion and explicit answers, which call for time in their preparation. 
Further, every month, the accounts of the Survey have to be made out 

all members1 have to be carefully scrutinized by me, and have to be 
submitted to the Governor and Auditor. Further, a report of opera­
tions has to be written each month, and some fffty copies of it have to 
be prepared and distributed. All manuscript that is prepared for pub­
lication for the Survey is to be read critically by myself, and is often 
revised by myself or others. Next, all proof of such publications has 
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to be read and eOl'l'ected by me, and all other details in eonnection 
with engraving, priuting and publishing have similarly to receive my 
attention. Thus, in these administ.rative matters of the Survey, much 
time is necess~L!'ily spent. 

MISOELLANEOUS WORK. 

In addition to what has been described, miscellaneous work of 
various kinds has been done. In the laboratory, analYiles have been 
made of five iron ores, foul' q coals and One sand, including thirty-two 
determinations over and above the twelve hundred and sixty determi­
nations already spoken of. }i~nrther, ninety snbstances have been de­
termined in the laboratory, about eighty of which were sent in by out­
side parties who are eitizens of the State. 

In COllllcction with the detailed mapping, the Survey has received 
assistance from the United States Coast and Geodetic Survey, in the 
southeastern portion of the State, where two determinations of latitude 
and longitude were made, olle at Ironton, the other at Potosi. Meridian 
points were at the same time established at both of these places, which 
will be of value to the County surveyors in "determining the variations 
of their needles. 

THE PUBLICATIONS. 

Owing to the short time the Survey has been in existence, we 
could not expect to have ready for pnblication, by this time, any final 
report or monograph. We have practically had only one season of 
field work, and most of the time, so far, bas been spent in the field. 
Much material has, however, been collected which will make part of 
such monogra,ph, and, in addition, we have publisbed or have prepared 
for publication the following preliminary reports: 

Bulletin No. 1-85 pp. 
Bulletin No. 2-158 pp. 
Blll1et,in No. 3-100 pp. 
The Biennial Report of the State Geologist. 
During the present winter it is anticipated that there will be pre-

pared for publication the following: 
Bulletin No.4. 
Bulletin No.5. 
Bulletin No.6. 
Report on the Higginsville Sheet, Lafayette county, 
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In addition to this, the areas tabulated on pa,ge 43, which have been 
surveyed in detail, will be plotted this winter. A description of these 
areas can be written out soon after they are plotted, and can be pnb· 
lished, together with the maps, if advisable, dming the present year. 

THE EXPENDITURES OF THE SURVEY. 

The rnles regulating the expenditures of the Survey are given in 
sections 12, 13, 14, 16 and 11:1 of the law. These fix the limits of the 
salary of the State geologist and his assist~nts, and provide under what 
conditions the funds appropriated for the Survey shall be disbursed. 
Subordinate to these requirements of the law, the following instructions 
are issued by the State geologist, in General Oircular No.1: 

Expense accounts are to be made out at the end of each month and sent to the 
Jefferson City office to the State geologist. They should reach the office not later 
than the second bnsiness day of the month succeeding the one which the account 
covers. These accounts must be itemized and the items arranged according to 
date, and must be countersigned by the geologist in charge and handed in with his 
general account to the State geologist. 

The accounts should be made out in the ordinary form of a bill against the 
State geologist,i. e. 

JEFFERSON CITY, .January 1, 1891. 
ARTHUR WINSLOW, State Geologist, 

To [full name]. ., ................... , ... , assistant. ....................... ,Dr. 
date ....................•............. item .................................. amoun t. 

Received payment, 
[Signature. ] 

Materials purchased for the use of the Survey must not be entered under the 
head of Sundries, but the item must be specified. 

Railway fare items must state the points from and to which the journey was 
made. No personal expenses, such as fees, wash bills, medicine, repairs, or pur· 
ehase of wearing apparel, will be allowed. 

It is expected that the members of the Survey will use the strictest economy 
in regard to the expenses which have to be paid by the Survey. For sums over 
two dollars, vouchers should be taken, numbered, and handed in with the accounts. 
In the ease of railway fares, however, vouchers are not required. 

Nol!l.llowance will be made for living expenses of salarien assistants while the 
l!.SSisi-ants are at permanent headquarters, or at any branch ofrlce or temporary 
headquarters. While away from permanent or temporary headquarters, expense 
aooounts will be allowed as follows, unless otherwise arranged for: 

With occasional and temporary absence any reduction, which can be secured. 
ofe:xpenses at headquarters during the time of such absence must be placed, ill the 
expenseaooonnt, t-o the (lredit of the Survey. Thus, if one's expenses during a 
week's absence from headquarters amount to $9.00. and the reduction of expenses 
at headquarters during the same time amounts to $5.00, then the net expense 
~nt will be $4.00. 

With frequent and prolonged absence, and when no expenses at headquarters 
have to be carried, only such portion of expenses incurred will be allowed as is 
over and above what would be a ri:lasonable cost of subsistence at headquarters. 
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The rate of such cost of subsistence is, until further notice, fixed at $20.00 per 
month. Thus, if one's expenses during a month's absence amount to $35.00, the 
net expense account will be $15.00 

The expense accounts are to be made out in full in aU cases, and the account 
·credited the t-iurvey is to be snlJtracted from the total, thus: 

Total expense account.. . . . . . . . . . .. ........................................ $35 00 

Allowance on expenses to credit of ourvcy....... ...... ................ .... 20 00 

Net amount due........ .................. .... ...... ...... ............ $1500 

All accounts, aft.er being scrutinized, cri.ticised and corrected, 
if necessa,ry, by the State geologist, are then entered upon one general 
'Vollchel'in the following form: 

.............................. 18 .... 
i:5TATlt OP :t\IISSOUlU, '1'0 ............. ,., ..................... Dr. 

On acoount of BU1'Bmt oj Geology and Mines. 
--'-"-""'--' .. _.--. --------,-

18· .. ·1 Day. 1 Salaries and incidental expenses. IvoUCher ·INo·1 
Month 

::: ;'~:~:::;~':':'~:-:~::'~::::-::~;;:':~:-:: : :-:~;~:'-::::: :-::::: :::::::::J::: 1-::::: :-::::: 

1 solemnly Swear the above account is correct and the amount claimed is justly 
due me. 

Sworn to and subscribed before me t~is ............... , day of ........... 18 .. .. 

. The above account is approved by the Board of Managers of the Bureau 
'Geology and Mines, and I hereby certify that the amount C .................. Doll: 
........•..... cents) Is required to pay expenses of carrying out the provisions 
the act of the General Assembly, approved May 13, 1889, and the State Auditor 
requested to draw his warrant in favor of ............................. for said Bl 

~fmoney. 

President of the Board of Managers of .Bureau of Geology and ¥ines • 
.... , ................................. lS ... . 
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The two columns in this voucher are, one for the total amoullt 
of the expenditnre, the other for the number of the sub· voucher 
containing the items which go to make up this total. These sub· 
vonchers are retained in the Survey office for purposes of future 
reference. After the general voucher for the expenses of the month 
is made ont, it is submitted to the Governor, who examines both 
the items of the snb-voucher, as well as those of the general voncher, 
and stamps each one of the former with his office stamp, in evi· 
dence that it has been inspected by him on the date stamped. The 
general voucher, if approved by the Governor, is then signed by him,. 
sworn to by the State geologist, and a warrant is given for the amount 
called for, to the Jatter, by the Auditor. The State geologist thus 
becomes disbursing agent for the, Survey of the amount thus trans­

ferred to him. The following table gives, in classified form, the 
expenditures of the Survey, from its beginning to the end of the year 
1890: 

i 
SaJ&ries ......•..•.••.•.•............ , •......•..•....................... : $10,404 58 

I 
.Railway fa.res ........................•. ' ..............•.... ' ........... i 763 2(), 

Subsistence. ..................... • ..................................... 1 1,123 71 

Pwtage and telegrams.... .. .. .. . . .. .. •. .. .. .. . . . . . .•• . . .. .. .. . ...•.... 1 197 11 

Freight and expressage ................. ' .................... .... ..... 269 76. 

Printing .••..•...•....••••...••...•.......................•............. 1 675 20 

Offioo db' t f ·t I an ell me urnl ure. ...... ..... . ....................... , ..... ' I 361 2(} 

Office a.nd cabinet supplies................ . .......................... , 334 42 

Field supplies ......................................................... I 632 39 

Laboratory snpplies ............... " .................................. I 624 7ff 

Borse and Wligon hire, ear fares, etc., etc ........................... .. 609 44 

Libni.ry. ........ ... . . . . . • . . . .. . . . . .. . . . . .. . . . . . . .. . . .. ... . . . . . . . .. .. . . .. 17 Of} 

Engravings and photogra.phs. ..•. ............ •.•. .......... ........ .... 45 24 
. !---

Tom!. .............................................................. ! $16, 14l=J l(} 
! 



THE WORK OF THE FUTURE. 

The (ml1s upon the Survey from rna,ny portions of the State would 
seem to indicate a general interest in, and an appreciation of its work. 
In order tha,t tht~se dellutnds may be met in a sa,tisfactory way, a larger 
appropriation lnUS!', be made for the continuance of the work. The last 
appropl'iatiou of $20,000 has heml made to apply for eighteen months; 
the next approprh~tioll will luwe to hst! twenty·four months. If the 
Survey be continued with the same force, and ill the same manner, for 
the next t.wo years, au a.pproprhltioll of $2(i,:WO will be necessary. 

It is, howHver, importallt that the operatiolls of the Survey should 
be extended. rrhe ill vest.igatioll of the iron ore deposits~ especially of 
the centr})'] POl'tiOHA of th(' Stattl, was never completed by the earlier 
surveys, aud should be l'(lsllme<l and ma,de a special subject of study 
by a competent mall. The zinc and lead deposits of the State call for 
immediate attent.ion, aJud t.his should he provided for in a more liberal 
manner than heretofore. :l'he work on this subject which is in progress 
by t.he N~Ltioll!tl Survey, should, ot' conrse, be consid(1red in planning 
any work on the same s(1)ject, by the State; but the experience has 
been t,hat this Na,t,iorml work is not SUffieiClltly responsive to the needs 
of the State, and that if t.he State wishes to obtain immediately those 
results speeially desired by the Sta,te, t,he work must be under State 
coutrol.F'urthel', a,gricnltllre and forestry a.re made by law subjects 
of work of the Surv<>y, and provIsions should be made for a thorongh 
investigation of the ehal'aetel' and capacities of the soils and for a 
determination of their distrilmtioll. It. is desirable that a report should 
be prepaxed on the paleontology of the State, and tha,t, additional pale­
ontological work be done for the purpose of settling certaintquestions 
of general strat.igraphy, and for the preparation of a geological map of 
the State. J,'mruly, an addition should be made to the force for the 
purpose of (~xtending the detailed mapping more rapidly over those 
portious of the State which are considered worthy of such work. 
The amount estimated to be necessary for snch extensions of the work 
for two years is $22,200. The total necessary to ma,intain the present 
force of the Sur,rey and to provide for the recommended extensions 
would, therefore, be, in round numbers, about $50,000. 

In addition to the special reasons given for an enlargement of 
appropriations, there is the general one that the work can bea(\com~ 
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pUshed more economically, and the results can be made available sooner 
throngh the expenditure of a large sum during a few years than by 
the expenditure successively of small sums during many years. But, 
further, the proximity of the Oolumbian Expositon 3,t Ohicago creates an 
additional justi.fication of this demand. This exhibition promises to be 
the largest ever held in this country, and its importance should certainly 
be in proportion to the event which it commemorates. Located at Ohi· 
cago,in the midst of the Oentral States, the exhibits made by these States 
must be second to none. Everything will be expected of them, and 
as they there appear so will they be judged. Thus liberal provisions 
should be made, not only for a display of the mineral resources 
of this section, but of all its capabilities and products. But such 
display should consist not merely of an exhibition of mammoth or 
unique specimens. To attain the best results, to attract the attention 
and to command the consideration of the intelligence and culture of 
the world which will be there assembled, the display must have a 
deeper significance, must be gathered and arranged with art. In con· 
nection with the mineral deposits it is not sufficient that specimens of 
this and tn.at ore, or clay, or coal be gathered and labeled and piled 
indiscriminately on shelves; but they should be so arranged as to illus. 
trate bow they occur, as to illustrate what products are made from 
these materials and the processes they pass through. Such an exhibit 
should be accompanied by diagrams, maps, .photographs and pn blica· 
tiOllS giving reliable information as to how and where these materials 
exist. Such a collection once prepared would be, and should be made, 
of more than temporary value, it would be a valuable foundation for a 
permanent State exhibit. Hence, for thiA further reason, it is urgent 
that means should be provided whereby the Geological Survey can col· 
lect and put in shape for publication all of the necessary information. 

Few people who have not been engaged in such work, or who 
have not t.tied to carry it over a great State like this, so as to produce 
;results which shall be as authoritative as su.ch official work ought to 
be. reaUze how small an appropriation of $LO,OOO per year is, when the 
magnitude of the interests involved is considered. 

Ten thonsa.nd dollars represents: 

Betwe~ ~ and i of a cent pel' individual; 
One oent pel' every forty acre tract; 
One-fortieth of a cent per acre ; 
One eight-hundredth of one per cent of the total assessed valuation of pro. 

perty. 
One t,wo--hundredth part of the State revenue; 
One 0'00 hundred and fiftieth part of the total expenses of the ~tate. 
One-twEm.tie.th of one per ce.nt of the annual value of the mineral products of 

"the State. , 
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The sum represented by an increase in the land value through the 
work of the Survey, of only five dollars per acre. and of only twenty 
.:square miles, would pa,y for the operations of the Survey, as at present 
run, for about, six years, and this small amount is now in places paid 
for mining rights in the Statfl upon lands known to be underlain by 
-coal. 

An increase of the same amount over two thousand square miles 
would raise the amount received by the State from taxes by about 
$20,000 per year. 

Ten thousand dollars per year cannot be more thau one·twentieth 
{)f one per cent of the aunual value of the minerru products of the 
State. 

The portions of this ten thousand dollars per year, derived from 
<iifferent sources, is as follows: 

From taxes on real property ........................... . 

iI1'r~m taxes on personal property...... .. .. . .. . .•.. ..• . .......•....... 

From taxes on R. R., Bridge and Telegraph companies ............... . 

From license from dramshops, etc ............................... " .... . 

$5,500 00 

1,600 00 

550 00 

900 00 

From taxes on Merchandise and Manufacturing plants. .. ............. 450 00 

From Fees and SpeCial taxes, abollt ................................... '1 __ 1,000 00 

'rotal................. ........ .............. ...... .... ...•. ......... ;10,00000 

Data are not at hand from which I can state the appropriations 
made for the geological work in a number of the States which now 
have Geological Surveys, but a few figures can be given, and they are 
as follows: 

-California .........................•........ $100,000 a year, printing not included 

"'I.'exas........ .......... ................... 35,GOO a year, printing not included 

Arkansas. . . .. . . .. .. . . . . .. .. .. . .. . .. .. .. .. . . 18,000 a year, printing not included 

New ~ersey .... "........................... 8,000 a year, printing not included 

-Georgia (?) ..................... "... .... .... 8,000 a year, printing not included 
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Some idea of the sums necessary for the prosecution of such work 
may be gathered from the table of the amounts expended for geologiCal 
surveys by different States. This includes expenses up to the year-
1886: 

Pennsylvania (second survey), 1874 to 18iS......... ...... ..... $1,042,040 Of} 

New York, 1838 to 1880.............................. ............... 712,000 00 

Ohio, 1869 to 1880 .............. ,. ..•• .......... .... ............ ..... 355,786 Of), 

Illinois, 1851 to 1875..................... .... ...... ...... ..•. ........ 190,330 00 

Missouri, 1853 to 1877 ...••... ~. .... .. . . ..• .•••...••.........•...•... 176,185 Oo. 

Wisconsin, 1873 to 1879........ ...... ........ .... ........ .... .... .... 149,00000' 

Michigan, 1871 to 1875.... .......... ........................ ...... 132,00000 

New Hampshire, 1869 to 1878. .•. ........ ........................ 59,839 00-

These amounts include cost of publications as well as of operations 
in the field. The amounts vary widely, but the results attained are not 
always proportional to the cost; the reasons for this lie in details of 
history and of management, which need not be entered into here. All 
of these sums are, however, very considerable, and they impress one 
with the fact that, in order to carryon a great work like this, sums 
which appear large to an individual must necessarily be provided; 
though, when compared to the wealth of the area and the magnitud~ 
of the interests involved, the sums are very small. These facts, it 
seems to me, ought to be clearly understood before the inception of 
such work, and then provisions should be made for carrying on the 
survey according to a definite policy. The people, or the Legislature 
through its committees, should thoroughly investigate the subj~ct, so. 
as to obtain a clear appreciation of the necessities of the case and of 
the means required to obtain certain results; they should be perfectly 
satisfied of the value of those results, and should have a clear concep­
tion of the cost of obtaining them, and should then provide, not only 
for the maintenance of the Survey from year to year, but for its con­
tinuation in a proper manner until the work outlined shall have been 
oompleted. 

Reviewing the history of the Geological Survey of the State given 
in the preceding pages, we see that its life has been very fitful. It has 
existed for a few years only to be discontinued before any plan of work 
was completed and a.t the sacrifice of much of the result reached. It 
has been weakened by successive changes of management w.ith accom­
pa.nying changes of policy. Its trained corps of employes and its 
equipments for work have been lost during the interim between two 
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periods of activit,y; its collections designed to illustrate the resources 
{)f the State have been scattered, and with it all a considerable sum of 
money has been expended. Yet the interests which this work is es­
pecially devot.ed to have continued to exist and have continued to 
demand recognition and will always continue to do so, whether it be 
through a Bureau of Geology 3,nd Mines, through a Board of Internal 
Improvements, through a Bureau of Statistics, or through a, Special 
Commission. And these facts, true as regards Missouri, are based 
upon the experience of other States and Nations. Just so surely as 
it is true that it is conducive to the welfare of the State that the ex­
istence, the extent and the nature of its mineral resources should be 
determined and made known, just so surely will such work be prose­
cuted. History would teach Ul$ that, the question is, not whether these 
facts shall be determined or not, but whether they sha.ll be determined 
now or later. If determined now, the results will be a.vailable at once 
and the benefits will be felt immediately; if determined later, the 
beneficial effects will be deferred in proportion. The work is not to be 
regarded as a luxury which a rich State may afford, but which a poor 
State may dispense with; it is au iuvestment which will yield good reo 
turns to the poor as well as to the rich; it is a work of improvement 
which will enhance the value of property; a work in harmony with the 
peace-loving spirit of the age, in accordance with which the energies 
{)f the State are being directed more and more toward industrial 
{ievelopment. 

It would be a difficult thing to express by figures just how much 
time and money should be charged to the account of organization of 
the present Survey; but it would represent a very considerable portion 
of what has been expended. Assistants had to be drilled, methods of 
work had to be adjusted to local conditions and requirements, general 
inspections had to be made before work was actually begun, equipment 
had to be provided. The general plan of work is now well outlined and 
the members of the Survey are familiar with the details, and all moves 
smoothly. There is no doubt but that, thus organized, much more could 
be produced in au equal time in the future than has beeu possible in 
the past. The policy of the survey contemplates the completion of cer­
tain fuudamental work which has not been executed in the past. The 
largest cost lies in this fundamental work, and, for it, the recommended 
increase of appropriation is in tended. This fundamental work once 
completed, the work of the future will be only such as is necessary to 
adjust the results to future developments, in order that they may be 
kept abreast of the times, and such as is necessary for the proper care 
of the collections. 


	umlr000034pa0001
	umlr000034pa0002
	umlr000034pa0003
	umlr000034pa0005
	umlr000034pa0006
	umlr000034pa0007
	umlr000034pa0009
	umlr000034pa0010
	umlr000034pa0011
	umlr000034pa0012
	umlr000034pa0013
	umlr000034pa0014
	umlr000034pa0015
	umlr000034pa0016
	umlr000034pa0017
	umlr000034pa0018
	umlr000034pa0019
	umlr000034pa0020
	umlr000034pa0021
	umlr000034pa0022
	umlr000034pa0023
	umlr000034pa0024
	umlr000034pa0025
	umlr000034pa0026
	umlr000034pa0026b
	umlr000034pa0027
	umlr000034pa0028
	umlr000034pa0029
	umlr000034pa0030
	umlr000034pa0031
	umlr000034pa0032
	umlr000034pa0033
	umlr000034pa0034
	umlr000034pa0035
	umlr000034pa0036
	umlr000034pa0037
	umlr000034pa0038
	umlr000034pa0038b
	umlr000034pa0039
	umlr000034pa0040
	umlr000034pa0041
	umlr000034pa0042
	umlr000034pa0043
	umlr000034pa0044
	umlr000034pa0045
	umlr000034pa0046
	umlr000034pa0047
	umlr000034pa0048
	umlr000034pa0049
	umlr000034pa0050
	umlr000034pa0051
	umlr000034pa0052
	umlr000034pa0053

