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lis explained In tlll~ pr~)VI()US f ip/einOIeS l~iSU~) (\1_ 10. f1 " p_ U), 
Ihe tc,rn ;!()ud" IS ():t~)ll usee! ~;YliOm)ITI()~J"ly with (unoN iind 
PiDSlon i-G I:IP C;lU~iC of ,,,,,,o.)or da'TlJ(j(~ re!ated 10 llCi-lvy preclp­
li,TIIOP Hf-m~ it hilS lJeen IOOSCIY applied '1v'11(:10 excerpts oj ~:otjrc() 
ITlato'lal hdVC Oeon quolc(l. f lowevcr, all 0: t:lf: pver',j:.; ,.'1 l~IC cI,art 
(l.eJ IPdll(lC pefi()(js 0: overbarlk fIO'N (1Io()dinQ) on por1icmo; rJf the 
fl()odp'illrlS. 

r iood cV~~llls presei1lc(] b(-ilo-'N \Ner(~ :;cicclcd wltI! rf-~()drd;o tl18 
iollu-Nlnr:J UliCrld I) illl lesulled In ei:hc( we,ll !1',orICUllY ()I hUlTIan 
loss (0' lXl1n), alld ?) Ihe c\.'fmls had i-l wide Df-~our~-]phi:::;-il anci 
I~~~';[)crdl (listrillIJlIOIl_ [!lese It-, everlls ccrnrmse (mil' a '~rTIi-jll pDr­
lion of WE-) 103 iior;umerlieri flu()(i:-; Wiild, m;ciJrred belwf:cr; 1fl7~ 

anci 19K 1 ! Otl,er (10:;trucl'V8 SWrrr, rL;llof' (not summarized below) 
a!:-:o OCCl.wocJ Irl 1I',e [ollow,nq 10catlG:ls, Y'.II1"_a Marcil 1 G8tJ 
NOUiH:,i-- JIJr1e IllWf, Cllfwr1 Decellllw! lYOh, lJpper Gila 
H,ver S(]plclli~lPr 192b, Safford Seplember 1!H4: sla!e­
'i"ide LlEccerntH-!r 19fif.< PiIOp.rlix-- .11111(: 1!l72' cp.'Itral ami easluI1 
l\riLOrla U :lolJer I \-l 72 , slai(-~"iide [elJr(Jary 1:)7BJ 

F!mv rales In the washes or rivers Jre cxprcc~sed III CIJlJ:C fed 
pu sccuncJ (~:f~;) A 1,~-;eU drUiO{]y (O~ vislJall?i'IQ :';IJUl quarlililw; of 
water and rates ()i Itow IS iJ :~ '1 widi~ by 5 It !emu by ? it cicep 

DATE 
I clJrLJiYY 1890' 

i cbnJ3ry Hl9 I 

Jalluary tv'ay 19U5 

,January 19 16 

AIJgust 19-10 

.lulY 1 D54 

September 1 ~j6? 

Aur:W.:;t 196J 

ScptRlllh(~r 1961 

UCC;CIllIJU 1966 

Seotcmbcl 1970 

~;epTem08' "~J!o 

Oc:ober 197 ( 

I )8cemtle' 19TH 

AREA DAMAGED 

Statcw:de 

CliitOll, lJpper 
Gila Valley 

illcson 

Globe 
Miami 

SOlilil Cel';ral ,'\riLOna 

PrRscotl 

[UCSO:1 

G mnd Canyorl 

Sallta C:U7l~i-dn 
Nortr, Centra' Ar</orn 

RUllhei-Hl (:I:Y 

S;-I'l\d Crl;7 RaSII: 

Cer.!ra! 'Jr,(] 

I i'~;'(-~Irl ('J.LCllil 

DRAINAGES 
Ad rn:-ljOl 

Ail miljor 

(,'til Rlvm 
S:-m Fri-HlclsCO fllver 

~;;-111 River 
C:iil;-] IlIVP.f 
Colorado Hlvc( 
Illll,1U i lIV(-~1 

Sall!a CluL illver 

PIli, II Creek 

Salll" Crul Hiver 
Sanli! Rosa Wa~-;Il 

Grallile Cicek 

Hi',III() H,ver 
Simld CeUI Hlver 

CrystJ! Crcek 
CI~uval CrceK 

I ()ille Creek 
Sailia CruL 
Vcrcic H,vcr 
Oak CISE-~k 

Gila H'vCl 
Silll Hlv(~r 
Sen Fr;-H',CI:;U) R;vcr 

LOSSES (Millions of $), 
$ 6,63(i 

?8S!tJ 

?,3fl2 

960 

:~,5tJ3 

!J,310 

I t1'11 

(-j,1l11 

tJ,CHO 

10,FlbO 

7.440 

~C i riO 

8:-',020 

4() 6U7 
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'~;cc:- ,JIT,ll1il:'(::, C; i IC:-;C (~V(~'ll:; :)"-DW 
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February 1890 
'iCd\'y liI'l~i C'l'.I:iC:J ':,0 ~;Tltd Crl.L SCl" l~:'2 ,,'IC! C>~,I:)';Hj(~ 

ill\i()r:;:() O'/crlkw.' 11'lc I(;';',:J(-~ ly,:.lqc m<1 ",:,c~-; ~J' IraCK 'k~"',V(~::I, 

r'i:-Hl:;()IJil :1'1:1 YloiTH \,\'d:iIT:J ()I," (~lrli1':WC: i-l'I(~ l"I:Jd'inti ~;V,~ICIIIS, 
':::J~;I '/ II' :'1(' .II~PCI Cil~l 'id"l~Y '-i,'ue oe~l':l)'r~:1 -j I'c '>',':lc:f ;-n(~ 
eTlrl(~', \/-/~-,II-'.JI lOrc'le )3fT' (1;:) tll"UI' LUll 'I '{;IUel :)C nil c; c' 
I'rCS::Cltt CI II',,: I 't:',' fll"'" :)"cr"C'o/;f<1 a'1:I I) Ir~;; :)'1 :,1 

?:,1 qC i\PI;':lx'n'ii'(~V :-,c) ~jCJ(: ,-lCle: j' ~)' \-\'a:er '-/,.:('rc· 'C;(::-l':C~( i_'," 

"'va'/(~ :D:) II hl;l'" (:e~;;loVfd C"./Ply:' ,'IJ 1:1 I~; pm", '1'(' 1(:,1q ';,:v­
:,'a.1 '''lr',':Hj :::l':::Y; :1"cl ;-11' ,11,(;(:,,'11::1;·:«1 ~,rII,jl'W "]'_,j~,r, d1111 

L3Ct'iiCU: (0 ;,'le 10() (leatl's \,vor:' 'CD(;':ed 1 ile: ,Lm hilRC J\1(;' I::; 
S:YiI"i"nY i;(~ea'''2 :;I:)LJ:Jr~(] ",111'.1' V'~'_J'J:2' :):1 :,\110 ',';;11,)1 D'iwl Cl'f-.:r<J ,Is 
u~:s' " )'-IITU(jC C~-'lllr,,'_(~ ,;1::, I:_i(~:; W,,'}I cU:il of "o,'\:dlilill (~r( ,'e ·Jdll 

February 189'1 
Ile;l'/',- 1'1'1':-' :;1'111'11,1 (;I'? ':_,~)1 cri.'~-n·(l :,'l-II(; :)1 II,,) '_'.r:ji:" 

~::_::' '~-It:-~C; [I:),f-i~i y, '1-':-11'/ (:I'-"I"-I:.IC~ III il'/eT, J 01 "/\",illyr~,;l ".'r~1 
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al Planet (HI ?/21/91 WAS 200,000 cfs; San Francisco River ilt Clit 
ton Celiled thE, 'l,iyh8st to date', Salt Hiver at Phoenix was JOO,OOO 
cfs: Gila fiivcr near present day Olllcsple Darn on 2/??l91 was 
2::'0,000 cis (gruaIE"st known flow to date), Colorado Hlver at Yuma 
on 2/25/91 W3S 300,000 cb [In comparison to those flow rates, 
S3tl River Project {("leases in February 19S0 WNe 18,000 to 
180,000 cfs J In 1891. all towns along these rivers were 311ected 
Clifton was under much w3ter, all brldgeo; ,md nearby irrigation 
systems were destroy(-,d At Cilob8 "m3ny buildlrl£Js were dam­
ar:wd or lost" At Phoenix the Salt niver was 18 ft above normClI I ho 
railway and Its bncJyes were destroyed Below Piloenix the Gila 
RIVer was 2 3 ml. wide in pI3CCS, At Yuma "every structure of 
consequence not completely destroyed was surrounded by Wi'l­
ter." Other localities reportinQ damage include Prescott, I'loibrook, 
Cottonwood, /1 T!iornas ilnd Ft Apache, AI this time PhoeniX and 
Yuma I,ad populalions 01 2,000 each In Arizona rlO larye flood 
control structures were in existeflCR, The $28,:)/5,000 darm.ge 
estimat[J is lor Yuma and Its SIJrroundinQS only 

January 1905-May 1905 
Above average precIpitation during this period caused Wide­

spread flooding ttHouQhout central and eastU{fl Arizona In 
January floodwaturs damagod many acres of farmland and ifllJfl­
dated several towns in Ihe upper Gila River valtey. Clifton expuri­
enced Its ·'most disastrous flood in history", the town was he3vlly 
darnaQed, all bndoes across the ~3an ICfi'JJlcISC[) River were de-­
stroyed and tho area was Isolalmj lor several we~)ks. [Juring Feb, 
ruary, Phoenix Ilad 4 \34 In, of rain, Cavu Creek overflowed its 
banks for tim second time In two months covering tile state capitol 
grounds. The Satt River at Phmmix was n,portmj to be tile "highest 
since the 18(Jl Ilood" Heavy rains continued through March and 
Apnl prodUCing Ilood stages on the Salt, Gila and Little Colorado 
Rivers. On May?, tile Norman Dam, located 1 mi. upstream from 
SI. Johns on tile Lillie Colorado River, burst, lIoodinQ farmland and 
drowning livestock downstream from St Johns The city itself re· 
celved little d;)mage. 1.0S8 of irrigation water Irnpounded behind 
the dam afhKted farming tllrouglloul the valley until the new and 
larger lyman Dam was constnJcted. lin April 1915, heavy rains 
caused this new darn to break. Inilict'lng at least 8 deaths and groat 
darnage downstreAm;)s far as Holbrook J 
January 1916 

J,JflLJary went orl record as th(J wettest rnonth since ttm estab­
tishmunt 01 Hm Arizona Climatological Snrvice in 1892, "Between 4 
and 6 in of rain tell in the Cila valley towlands. Two separate storlll 
systems cOflvcrg(-Jd ovnr Ari;wna during the lIIonth, t!io first from 
1115/16 to 1/21/16 soaked the ground, thp- secofl(j Irom tile 1/?Gi16 
to 1/30/16 caused heavy damage Tile Salt River at I empe on 
1/19/16 was HlJ It Illood staQe 'IS 1 Ill- Flow on 1I1e saffle day was 
lOO,DOO cfs. Other flows lor the month include tOO,OOO cfs in Hm 
Salt /-lIver below Hoosevelt; 90,000 cfs in the San Francisco Hiver 
At Chfton on 1/19/16; 100,000 cfs on IiE-l/16 In the Gila River al 
Safford, and 130,000 cfs in tile Gila fllVEJr at Cooild~Je Darn Oil 
1/20/16 Cilies darnaQcd along the Salt and nila Hiver valley~; in­
cluded Chandler, TernpE~. Pho(,nix, Gila Bend and Yumel. Yuma 
experloncp-d the worst damage; "81 buitdirl(Js reported con· 
summJ" 011 tl??/16 Colorado Hlver flow at Yuma was 220 000 cfs, 
tlie Gifa River flow at Dome (20 11'11. L 01 Yuma) was 200,000 cfs 
1'h!) dmnage liyure dOEls riot illclucie YumA's losses, 

August 1940 
Sumrner monsoons brought ?,91\ In. of ram to Tucsc)fI Irl AUQust, 

produclllg floods 0[1 81Tlr40 along Tucsorl Arroyo and 11111ito and 
Sallta Cruz illvel!'>. Flow dcl.1a Of] H,13:40 SllUW the 11111110 at 1~1,200 
cis and the Sil.nta CrilL alII ,300 cfs. The nlilito nlver flowed 200 
yd:-; beyond Its ballks in placcs, Mo,;1 (J,Jlnage OCCllwd n()Cn fuc, 
son Arroyo, inrllJdlnq floodlllQ ul Ihe 'fucson Gil'; and LiE)ctriC 
Company Wilich callsed A tllackout. Soutllcrn PaCIfiC track amj 
I:mdues at r-i'JlffJ,mk (near Tombstone) were waslled out [Otlml 
damagin!'l Iloocb in Tucson ,Hid Hie ~iurfoLJfl(jinu area wlth:rl tlw; 
dccadu Include 9/'n 8:45 and 7/<1H, With a combilled lo~·;s of 
$1,381,1001 

July 1954 
On 1/20/::'4 and 7/29/tJ4 flash floods caus(~d serious damage to 

Miami and Clobe, Monthly rainfall totals for Miami and Globe were 
3 :-16 in and 2.17 Ifl. f(!spectiv(lly At Miami Ihe flood piled up cars 
and darnaged ;) numbm of buslrl()ss establishments. GlobE~ suf­
fored when a wall 01 water came down Pinal Creek and flooded ltlC 
bUSiness section with sevmal feet of water. New cars wem repor­
tedly washed out of a ~,howro()fn and deo;troyed. Twenty-five busi, 
nesses were destroyed; 40 others d:-lfTlAged, and 126 families 
claimed losses In a two block section 01 Globe. 

September 1962 
Heavy rains which feilirom 9/26/62 to 9/28/62 In Pindt and Pirnil. 

Counties resulted In severe floodinq, predoillinantly III agricultural 
arEJas: Sells received 1\ 6 in,; Tucson, :1.5 in, the lucsoll Moull­
tains (near Uw Desert Museum), 5,9S In , Marana, 4 61n; and Avrd 
valley, 6 in. Peak strearn flows include 17,000 cis on the Santi< Cnu 
HlVer at Cortaro and an ama7ing 53,000 cfs on the Santa HosiJ 
Wash, fbtlrnated peak flow of d 100, yr. flood is 41,200 cis.1 Near 
Floya flat am;-l known as Green ReservOir formRd a take 40 sq. mi, 
by 8 mi., "five foot cotton dlsdppoared bone;)tli water" The waler 
destrowd dikes whilo flooding tl10usands of acres of larmland. 
·Ihe towns of Maricopa and Stanfield were evacuated because 01 
high wator In thp- Santa Cruz River. Sells experienced its "worst 
flood In memory" and Illdny of the 70 surrounding Indian villaGes 
became isolated as a result of tho storm. 

August 1963 
rho tllird storm of tile month hit north-central Arizona 0118/19163, 

droppinG 1--<1 In, of rain on Ihe Pwscoll arf!a. 'Ille fOllr tributaries of 
Granite Creek poured 7,000 cis 01 water Into Prescott; '·hlgher 
flows may have occurred in the past 50 years, but nOIlP- c!-lUsed 
l1e;)rly as much damage." 111 19G3 the population 01 Pruscott was 
13,000 Iby 1918 19.000]. Much of thu damage occurred in resi 
dRflces along the narrow valt(lYs. The creek channels were can 
stncted by developments, When r<.!lns came, draifl!-l.ges were of 
insufflCi(lnt size to c;)rry the runoff, In placos Ihe cmeks were 200 It 
wide, wllemas before the Ilood their channels wem only ?O ,:10 II 
wide, 'fwo miles of sewer line were completety washed out and 
anolher section, G ml long, was damaged, ReSidential, c()mmm­
clal iJnd bw,ineo;s properties were also damaged TI1(; govemor 
dcclarod Prescott a disaster area. 

September 1964 
) 11C storm of 919 to 9111/64 f8o;lIlted In il. maximum total pmcipita, 

tlon of 6, 73 In owr the Santa Calalina foothills and Satlllil.rita, Peak 
dlschar(Jes Ofl loc~tI streams Incilldp- 13,000 cis at Tucson afld 
11\,000 cis at Continental, both on trlC Santa Cruz Hlver; 9.'120 cfs 
at lucson Ofl the nitllto iliver, and 9,960 ds fledr Vall on Pantano 
Wash. Flooding occurred prp-dominantly III Iwo areas' 1) from COfl­
tlnentAI to Sahuarita the Santi< Cruz River was one milo Wide ov~~r 
half tile distance. InWldatlnh] many an,as 01 npe un picked cotton 2) 
from Marana to ChUICO, water overflowed dikes and flooded 3tJ sq. 
rni of fiooclplaln Much laleral ,)rOSlon and downcultlng occurred 
along the Santa Cruz Rivor. I:or example, al tile AIO Way L3rldgc lhu 
rlV(cr bed WdS 2-J II lower Hlilfl the luvel allm the 9161 flood and BII 
lower thailit was ir1195fl when Ihe bnd(JR was constructed, 

December 1966 
Tile sparsely populated oastern Grand Canyon experienced 

1I0odlflD of a rare Illagllltiide frorn 1;-','4 -1?11/6(-). Altl1uugh few ~Jil.g. 
'lflQ stations are located III the aWd, rainfall totals rollcctRd dUflflg 
the storm Indlcat() Hlat ~lfCilt pf()Clpltall()f1 occurred III sf"veral 
Iucdlved Clreas. ill luweep, 6.Wi In , ilt Jacofl I,;)ku (j 60 In at 
Hnullt Anyel nilngel Slat lon, an RstlmatRd 1? Irl and at tile NorHI 
111m CfltrJ.rlc() st,lllon, all esllrndtcd 14111 Peak (jlscl1a.r\JR,; include 
:l,UOO cfs Or! N'-llikoweajl Creuk ,md 1\ 000 cis Oil [3rlyht AIl~cI 
Creek, WhlCll destroyed tile (Ja~JIIlW statloll Lx\()rISIVe liIud and 
de uris Ilows ClIOf1(J the IlnlntlatJllcd (jrallliJ(Jes of I JrJ(Jon, Crystdl 
l_av<-1. Nmlkowcilp. KWCl\JIIilI and :31'i11lurno Cweks cdlr;ed IllIk) 
economic Ius"; but dill1l'h.lcd Sevei'd I Jrchcolo~ICill slles iHid dl 
tcrerl ~;tr()dm qeometrlcs OthN Ilood relil.tmj los~ic~< mJlllly In the 



Rr,Qht /\rlQel Cle(-;K n;"'"a~]C, T,ell.d(:a it p(j"'ier~l()I.S(~, purnm:lq 
S1cJti(J!l, r',C'NiY :;():ls~luctcd 'i.'atc' I:nc, Ccll"'p ijroIlrKI:; cHid lac;llties 

Ml1Clf;ol'!s ()ccurrl)(1 011 :i,C 1I1ICC"l~i()r)c(1 emd IJ'lp()pulah:d Crys­
la, Cn~Hk, Los:; 01 !!Ie (-,nG rnany rnore b,JI'd;nqs 'I\'culd "i-Ne I)f-~el' 

p.xpecled it :;Imllar ,"';',udl:()',w: I-,ad oCUJrrGC alonC) 8ri<jr\ f1,I~\W 

Creek Cooley' ,191 /) slcH~S, "Ihe f,coo:: 0; nccc:~~()e, 1~)6b prDb,,-
1:11' werG qreater II:dll any ~:lliCP H'f-~ DCIIRlal all"IH1()r1rr:CIII cl tr;c 
easlern (;rijIH] Ccny(;n tJY (',e Puculo IflCklW: acout 1\ Ll 11b()' 

September 1970 
On ~1:!~-9:b: I() iHI 11);el'SC slorr" .'CSUlt~~(j II' I'()Odll'Q ;nrOU:J:lm,1 

tlil-' S'w,lil Cr'.17 h,vol bdSfl', I:l ,i,e I ~klr COl ncr:, area ;-11:0 es:JP.­
clilily CRlllral ilr!!_o:la I hc MOQCJi,orl R'm a'('a and 1:le ~;d'ila 

;:al,tililil ~AUUrIL-lII~S Qiid', Ic:;ei'led 'T;ore tI~::n ~'J ili_ of "1111 1-'3yson 
Icpurtf~d :-i 36 ill cn ~J:':~: 10; 10rl\0 r:rcek !,sr_ nald',cry rccelved 
5,63 'II 0119:6: 10, i,lI(l Sd"i,[)e rcr:;orteci iI- 3f.i 111 DI19,1;.:70 Pc;-;k 
d,schi-lrQe CidU-l Il'ciIJele:-: 5J,OUO of:; i-)ll(j 44,()0() ds 011 tI'IC lonto 
Crfcc',<; nei-!' l1uus(~ve't Hnd Clscta, rCSpCl;lI\i(~'y: 2i1-,700 :;i:; ()n Oak 
Cru~k '1C,H COfnl."il,c, (.150 ch on Saol'lu Crcc'" 11Ci]r TUC:;OII 
orr-d 19,0()O ds on tllf~ AU,.Id F';i-l q:\ier ncar Mayer The CIII(-):i Df 
Rllo"eyc, i'IICSDil, f-';-lYS()I', Wicl<f-~nhurD, I'hoellix aild Scollsdale 
(wlmrc 250 I,cmcs wc,e c\/acuatui) rcpurTerJ ualTlaqcs Iweilly­
II're(~ dcaths occurrceJ ;:bCI'P 101'tc Cr(~c" whcre rllally pl~OpiC 

,\'eIC vacillIOr1ln(] ovcr 1 ahor Day w(~ci<()nd 01' ~-U:l': (() 1!lR Mcsd 
I r'b,_mc rspcrtec, f()r't() Cre(~j( (-:xploned ::l\() ;-] UII:f'llliU b~llllnq 
IF'!."S oi wa,cr, cm:k:i am! lu,1 ll!U"Nfl owes wl',cI' ucs'.cd a\ ovcr 
30 It ;(1 .jpptl, ,r, tile fla: :-1:C:-1S" i\!'30 H'c I:sl', r,d!cm~ry ~-;urnrner 

cabi',s, r,ol]l:c Il(l!;'w: ind nC:-Jf(Jy ;c;-Hb 'NRrc (leslmycd alor-\] 
I-onto Creck 

September 1976 
1 rcp,cal ~-;:Drll', Kath,c(TI dropjJcti? Gill 01 ralll 01' Ru'lhe~HI C,ty 

iF,d tI,c sdrrcunc111[! (-lrsa 9,:1; (6 Fla,;'1 flcodlPD :-ll1d Ifuel Iluws 
occu:rcc! U1 [J lIIalOi w:-l"llw; le:-ldili[j illtO E3IJII'R;uj DiY ~rurT! ~rle 
;i'.lr(OIIPdiIlQ I1lclwLulS TI',e Silver CreRk CIUS,-;II'C) 01 ~;tdiC rOillC !l5 
WilS cut 'nto '-:-1 2(J 40 I' :lCf~P cill'yur' lly Ih-~ rLlUII'U 'Naters' H',e 
raJI:; c'.Il o"i ill, ~JVwl~-lI'd c,s,~ISla:lce tc the cl:y i,il(] CUI.:-:CC] d'i 
cS\lmaleo $:3 mi\ilon ir clmrnucs, S(' 5 IT"rtl()I' oi wl):d' VILIS P"V3;C 
p:operty :oss, TrlC GOV8frlor:; :)Ificp dect:-lIer] 11',c r;it/ a c!'sas\er 
dn~i-' on ~),"1: If, i\ secolld :-:lurlT1 011 ~j.-'2!1:}6 dropuceJ dll :-lclrJliVI:-lI 
2 tJ 1[1, oi lalr_ causlliQ ano\l,cr S? :3 m,llie-I-, in ebmaQEs 

October 1977 
Ilea'/Y rillllS ut 10:6 10, <,0:}7 brul,qll: l;y tr~lp,cal ,;~crrT, Hedi'lcr 

CdUS(~(] ';f-~VW(] flUOcjlr,q in tI'c Sal'ta C·'.JL dnd SiW ~)cd,'o n!'/er 
I).'-lSlnS, ! IIC :lCCl'I,Cst rd'n,: le_' II' Ire vic'nlt)' 01 NO(Ja,e,' \N:lwr-~ t'l(~ 

offlcii-li tOlal W:-lS i:l ::llil IlJlKlf];ciill tolals rsocn(-:d fo' II:(~ iJreiJ dW 
:2 "1 J I'ea" ril:-:::hwCj(-:;, ()I' lI:c S":I!,, (;r;17 illvcr \Ne((~ 1I'lc Idl)j8St 
f-~\;C[ recv(Jc(! a, USGS ,F~l-"J stdIIOII~i, 12000 ci:; ncar lochlc! 
3:3 000 cs I'C,), Noqales ?B,OOO (::S ill. Cnnl,rrcnt,-F ?], (()() (:j~: :-11 
ILICSOI-, arcl 2!.,bO() et,: al C()rtaro, O;!,cr oC8k ;10\,,,,, (ld'il IITII:dc 
23.!CJO :~:~; Oflllll~ ~;all h~(lru HI,wl rlCd' TD';~t)~il:l'Ie aryl 4,0()O cis 
:)'1 th(~ Nuuulc~:; VI/i,::'il 2t :~IC (Jle lUC,OII h:j"lWJV S3'lta CC~17 l'iITI:-] 
dnn ul'la- C;OVltl(~S wore ~Ieclalccj C]ISdc>tc aICd~; or', 1 (): !:j, (I :-);jlll­
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A Decade of Fieldnotes 
by H, Wesff-:;y PH/ree 

T~I(" li'~-:t ISSIH" of Ol,r qlJiHlprl'j P:lhlic~-F'on, Fieidnoles, r():!ec: C(f 

1110 PI(~l;~;Cli ten 'jCJrs JIJO In MJlci, ID?I At th() Idle 01 '18 p3qCS 
()achyca' wc nJVC publlshcd 180 PJC)C~i (NCr lI~ili ,Cle yCJr SIXill 

U'lC cf tI,c rcasons fcr devclop nq I midnutus Vi3S ;0 Qive wiljpr 
\,'wit):lity and reccQr1it:oll to the RIJrcau 3S J rCSC3rcil !-1Il(1 SP.fVlce 
,-lUfmcy of H:e siaip. oj Arl/()llil Our cO'llacls IN'I'I :IPwspapcrl-; 
wlcvilil(W iHlCl W(jle; :;lili'()IIS stille dnd fpdwi,l dUHICI(~,i (;()."1 

panics unlversl~:cs, V3rioL.S CI'/IC qroiJpS II'dl,'idliJI SCle'lt,sts and 
I~-l'j peesor,s Il!Wf] sl:hstant'ally incrcJscd over ;I,e pasl decade 
\,\'e a'lrlhtJle 'Til Jch cf H11,: 10 recoqnition qalned tl1 rm:Qh Fieidnotes 
1\Iso It provldc!i a nWCharWi!); I:l( limp!y re,-;puw;e_ dS wei, a:; ,-,11 
oll;iel for selectcd QcolcQic and i"'"ncral 01 l~ner}w rCiatcd 1,1:0;:-Qa-
11011 th-d (lIiuhl (~lherwise tle (Jreatl'j del3'jeo never c()(llp:IE-~cj lH 

relll,lIll tlUlI(ed '(1 (1Ie:i_ 
As "N III rnolit cr<cJL;avors U-~(~I(; :Idve J)()CI1 bull; Pd:n~i ;}nd plcJ 

surcs, In ~le'l(;(al 'NC arc '/ery DlcJlieLJ wltll the 'Ndyl ,'deif)o;cs ;1as 
tJeel' rCCClvccl 3ncl sLlopo'ted_ 1 nc elloct sec:'71S \~'orll,wl,!le 

Tpr', 'jhlf'; ~-iiJO, rllll1(] iJ ;2-p~-](le qlJi-merly iD::;lle wa~-; d hllrd(~'1 
V'ic Ic;td\(!d i~,C cdl'c;r~i~lIp mno'lU our ,-;II"illl cddre of prolc!;slornl 
,;:ail and pub,:SI1(~cI '''Jny sl,ort ,t(~rTlS, :;:JrTlC O!:~llrl;}1 ;}I,d some 
~J'eantd from our ,'emjin~!,s '-lnd conlJcts \',',:i, oillcr O(qar.:7r-l~:()n~-; 
FirliJlly, airmq IN i'I tl:e U'cw,'I:1 ir: federal aqency researCI T"'lil-; 
-::Jme a Idll-~lr':C, PCrrTlilI'Cllt (!(1Itcr Mul('; rec;errly 1I1(~ CrTlpkl~; l; 

I'as IW("11 un i!lC Sl-,ilrlllq 01 orlq,nJ! r(~sea!cl' d,:)!)c l~y G'.lr!!;]I, 
pEm"o.nnci. 

Ollce in a willie we slip III illl l'Ee:O 1.'IW(ldf,d 10 'e-empilasi7C tllC 
eXI(-'11i 10 INl,tcn W(~ I '.IrncHI~i W(~ wedde(J 10 'Tloti'w earln 
PI,ilosor)l~er Will I JUrJnl WlotC, "CIVI!'Z;}tiol1 cx,sts J'IOUUil U(:()'o[J'­
ca, COr!lPr;t -jllis :s an Importr-1I1t ccolo~Jica! :rcllsrn lou eJ!il'Y 
fmqottvl :n 1(1(" every(jdY III!:-:'Ie oj modern life Its meanw,qs al10 
irnpl:ca!iol1s ~;rlc;ulti hE-~ prohE-~n iHid tlip rEs;Jlts widely slla:eo 

Th Ilkirl~J ecologically 'NC 11\ lI'c l3'.1lca~J rccoUIII/E" thai Arl7()niJ 
Ilkc Jlly other ,s,ate, is not an Independent (~I1"ty CdpiJllu 01 sui' 
:;IJppmt V\hut tV--Jppens eISe\N~le,Ce rniQht slqn:kJI'tly aifcci i\'IILU 
nilflS, ,'ell,apli tllp. Clp.sI recent eX:-Hliple :s orl-C (OrQJnILJ(ion o· 
PPirclell!'71 LxporllrlU COLJfltr:ps) iJ :utdlly loreiqr; ertity, HJVC we 
:le(~!1 Imirllme Irom ;nCI; action:,'! is 1I1UC d corlllp.cti~HI [lel'Neel1 
Uf'LC pr'clllq and the fJc~ ;Ilat mo'e et ArlLolld I:; :H~d("r pelro­
l(e,HlI lease a'ld ilS:;()CldiCd Irltcr;:il\,'(: UCcl()U;C 'rwe,;liQatior, tI,an 
(Ner [)("lcJr(-,? 

I f(}lrinote-; IS ,lie vcnicle \'Ie usc to sl"Jrc sud: (]C()I()(JICdIIY w-
lated qOe'lll,i ()P w:lh tl12 citI7erl,; of Ari7or,;~_ ~ -

-lc IJS_ t'llS IS JI: (lxclI'rl[J UldCC (]I(Jd l UilP:-; relr:ai:l '11 O,.Ir know, 
cdqc or the reai, threc dlmenSlo,1al !\rlzol'a, UVCI tl,c Ilex! d(!~:ddF 
thlollqn rlolrinoles, ':Ne will d;!empt 10 share some el th: CXCltl~ 
lIlent Ihat Irl()v:li1l)I'j dr;compdr~les lile :;ewch fo: and aCQdlsltlon 
am1 aOpIIC;}[!(),'1 oj ,'Ie'>'.' i\rlOWledue ,,~1(1 Ir;si(J.'lto; atlOllt tllis speci~-ll 
pl()(~e cf edrtl'l, In la'~w par' the lilwpe (;1 tlie s:dle':-; flltllrE) d(!­
p(~llds 11pOf'l it 

NATIONAUREGIONAL EVENTS 
American Association of Petroleum Geologists and Society of 

Economic Paleontologists & Mineralogists: 
Hock'j :vleul'laln SCl;tl(JrI MccII11U AltuqIJcr(),jC, Apr, 12 15 
[,Jill !~lllll;ClI MeetlrIC_], S:-:n "'rar-cisce M''}'j:.11 June:, I!lB I 

Geological Society of America: 
,;~ock;y MO~J.1ta;n Scctlon l\rV1UJ' Mccw-'q '~api.:j C':y, 

!Imli I(-j-I/, ISIRI 

Ar'rlIIClI MOOlln~J, Cincinnali, Nov 2 :-J, I!-lHI 
New Mexico Bureau of Mines-Forull eli ;;Ie Ceoic:J')-' c' II(LJ:,­

Ir'ill !vll1',erais, (1Ibl.ouerq',18, M;-l'j I:-J- b, I!-lB I 
American Geophysical Union--SWI'l(! Meet.lI(J B;ll:IIII(;le, 

May :.'[J-?9, 19tr 
Association of Earth Science Editors-- (\rmua' \}ocI,ng Denvcr 

().:; ~_ 1\ !, F-JH 1 

PUBLICATIONS 
"ell Va,:! 3, WEll. d [" ClIO' (eiJrt~lql'i,k(" sl'ocK 11hJCI ~ll1'1G south 

'-Nes~ U'II:ec~ S'iJW~i ,Hid Mex ::0 ilr: d'Cd ~lf rlcyly 1','/0 rn'lien 
SlLmf(: kll(;'rr(~ler~, 11':'s ~;CIS',:;c (:\Iel'_ '-I,'I:~' In cstl;l~ated '~lr-l(!­

nl;l.cie u' -f,:.' eJl.seci :,1 deatl's 111 !lorll-,cln ~,cl'ora, all(: rrnjm 
d(:slr,H:llon 01 PI~):lc'ly Irl SOlltll(~ilS' .':::"rI/Dlu, i,S 'Nell J~ a::llacC:'ll 
UU'!'CI'S (;01 \~(:x'c(;o S~J t::(~(JII'S Ih~ 112-pa;Jc S~)CC al raper 
No :.1 rr~cultly ::~J""~llc:ed by Ii:cJ i-lu'CJL. :)1 GC:Jloqv ;we \1111:­
er~~1 lecl'nc':)~J'i li,o ~;:'Jdy 's 0iltltled, rile Um! i-arrh(/'Jaiw ,I: 
Silt' [Jp.llliJrrilnr; Va//(}y', S(ltIWiJ ll,,',itJII(; A-:;~,'r)'ir:!s ,NI(i intcnS:f)' 
~):wcrn~; Ir: Ar'L(;II:J (;u-Clu'I,~l'l~(~ bV SViClI /,, l}l.Ro!s 'W~j 

/1'1'1 ''1\' ::'11,'1'1 liT ::o~~ I~, S0,OO I"~ '/ululr-r) Il1JV be O,JrC'n~-;e~l 
"0'Y' -'le' "l,lre'" I~:; rl.rJll('d"r~r' Desk 84:, \' rail A,/C Tu,:::,(;ll 
rl',Cd' II-E~ I" c' i" ~:,,11If;l,,;) (n ll'j '··d I (\-\'111- d 'ur dl''-)',I chaccp o~ 

2()'Yc d !'IP ·ct:-I oreJer) 
Ti"o rcsean;!ll)r(),ec Vide: ieJI1(;(!lJ l)'j "IC U_S bcol()UI(:al S.HVCy' 

H'e lJ S NlIcl(~Jr Hcuulilt()'y c;.:JIT)'!\ l;';I~n :Hld 1I1l~ ::,ta:e u! A; L(J'I" 

/.,9lZC),\1;1 [i ,t_ /',S UHf.. S 1\11r .'Irlr-! 1\/111.'11 IU C;ilti IpS 1v!:.'iC"i (fi/U iJ.' :e' 
,'iiD/(}! P"-'lsper:tin~/ ano' [rcasurc HUl]unp (I ~;C l>:;:l~d tJ'iJ;'(;()ld:JI'y 
:./ lIlaler ,-Wi II' 'h" A'I/~)'Ll ler::]:::--e'll of 11:.1r8'\,' /\c'~;'lI\leS J1e 
P.Jl:- c ,iOC::lrdl" H(::,(:d'ci JIVI'il~):1 T'II.-: 4:-j-,liJ~W c.'oCl.rr,e'-d ".-v:-,s 
':;0'''011(;(' :Jy' Mil' ar"H H:-l'lC_'l ',.1,'1)10 DI'0 ', .... as J '':;'c1JJa:c sLldclt 
II' 't;l.]rV S(;I(:r-C(~ i,1 ti'P l,'llvers Iy r;' !\r 701'::-l COGICS ITer'! i::c 
e)I:H'lee: a: I'~l ~:h)((j(~ d'I(; "N'II,(, II'p "_1~:1:; f'o(ll -h-' flo 
r;d'II"PIT '~,I I ~)ldrJ' . 7:)(') -.,.\,,,:;1 ",\';;::'IIII:)I(;r' :-Jr~j FI~)u, rhlP'l.x, 
AI 8:~,()(; / 
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~;Dlwl" Cil''''''{) "y :'>r'h,"(l'",""lm [)CI;-Bl'"". d{""''''''" _" II'e Jf)"'IlCl/ Jf 
GCOpl;yS,''']/ 1l"~'Ji]" ~Jl -I n," rrcn:le, ~;clent,;,c >·,or~ 'u:atu> t" nn_".·_n~"cocl :arl~I 
'IHJ\'eM"mto n '\"/,-,~a, !'epes-a-" 1m,,' 1"0 w,-,I-·~n()WIl "' b~-d()[F.c [(,,,,Olt "i 
s"U:il,cH,,:rfl_ Ar ?()rld ,". rclol.)O"Se :C, UJ:ldl." _"H~S "'8sflll:ed rl <-'olzer's paper 
",,,,t,,,, by P0'5011"'DI ~, 1"0 Ij S \V~ler an~ Po,vc' I'OSOU'8CS SW'iI"" (i"',,,,,ny 
t"" Bll'''''LJ (ll Her,d"'ill_""", ;);JI.)C2'P.(; I" ~ reee"t ISSLJ", n' r'e,'dn;J~C'S ~l1dcr :hc 
"cJc:-n\J ';, ''''''L d Cl,a Gr<rdc !",,~u fl"l: 'NII- Ii Cd'''H ::a':h'l"a~0f ;n 
,V'/C)""-'!' T"fJ BlJ'ed,- 0' G""loq, ,1mi -\1_nW;;1 ~0;J 'noloo,' o'fere" 0' ;-;,,17er'in 
";J:;or'""':\' 10 'ell',. Ie:' """cj "e Ius de"" ,'n ,n lilo h:i8'"",n~ ,H:IC-e, 

,\I,houq" t·c 3,"b,cd rlJltcr '0 UU,,· 'Ccil'1i"al ~I'" ;IIt"r;J''C''v('-, rO-yl-"'ll "b -' 
[J:Jc.' Gn : 'e pre~L,_Gn v' '''CJ~WHrr'n:'t ~s ,ve:1 <JS theurot_cal ~()II",d'Hflt ""~ II 
'!,dS I"H ':3:HfliJ-:'S "fl"-~I()" te S"J'Q "'IS crlC]n,"O frnc':I?r WJ'k W'II' :ts 'CJdcrs 
R"6"_ :hvu,;!', the I"Si '.'i8'G '_HS ,'61 iO G~ '.',,,:Icn S"C" s tlw nHI .. r" ,,' ,",R',,: 

KII"wl""g~ 

INTRODUCTION 

In the September 1980 Issue 01 Fie/dnoles, Raymond and oth.JrS 
(1980) quC'stion the hypotheslCi 01 crllstal expansion ca;Jsod by 
depiction of groundwater in south-central Arizona (Holzer, 1979)_ 
In particular, tr,ey queslion the analYSIS of leveling data tnat st.;p­
ported tile nypothesls, Their questions, however, appear to be 
based on 1) misunderstandings of how geodetiC data are cof­
lected a'ld reduced and 2) miSinterpretation of Holzer (1979) Be­
fore rospondlng In '1iOre detail to the Issues they ri-lise. a review of 
tle orlQlrlal arttcle IS III order, In HolLer (1979), Itle mass of water 
impounded bel,lnd Lake Mead, wtlere IT.easurement showed an 
elasllc crustal depress,en of 17_8 cm In response to the load 11Tl­

pose(j by the water, was compared to the masses of groundwater 
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by Thomas L. Holzer 

Inal have been removed fror,: several areas 1'1 tile United Stat8s, 
The compansor, revealed lIlat in two areas, south·cel~tra' AnLona 
and the southern Higtl Plains of Texas, more water had Deen fe­

:poved than was impounded at Lake Mead, Hence, crustal 'Jplift Df 
a few centlmetws caused by eiast;c crustal expatlSIOIl was alltlc­
oated III these tWD areas Because actual magnitudes of uplift 
depend on the area over whicil unloadll'g IS distributed as we!1 HS 

the mass change. Hol7er (1979, equation 2) der;ved an index to 
take thiS into consldera(lorL Compwison 01 indices (Holze~, 1979, 
Table 1) suggested til a: a maximum ;jP@ apmoxrma,ely equal in 
magmtude to ~1al; (actually 58"10) of the maxl(rum depression at 
Lake Mead occllrred in south-central Arizona from 1915 [0 1973 
Raymonc! and oihers (1980) propose tilat 1I1e Iheoretical uplift is 
larger_ e<luai tD 74"10, but this is based on lI-:eir comparison o! a 
value of up:rft computed from the index formula with trle measured 
depreSSIon al Lake Mea(J 

On the basis of thiS comparison Holzer (1979) evaluated pre­
cise leveling data from soulh-contral k:zona to detenT' inc If such 
an uplift could be detected_ Loveling data collected in ~948 and 
1967 suggesled tnat indeed detoctable uplift had occurred In 
areas near Casa Grande and possibly neClr Florence_ Analysis of 
potential rando'Tl and Ciystematlc surveying errors sljggested tr,at 
the observed upll't was statistically significam at least near Casa 
Gei-moe_ rre ~nagnitude of upltft measured at thes? two locations 
INaCi arso compatible With theoretlca:ly cm"puted estimates 01 upUt 
based on the distribution of qroundwa:er pU-"lpage in SOUIl1-
centra! Aflzona (Holze', 1979, tabie 5) Raymond !l.'ld o\'lers (1980) 
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qlmstloll th" L]COdctlc ev!dnlce for IJplift, clairn,ns] H:" SlJIVUYIIIg 
was not sufkiently accurate to 'lleaSLIre It, lhey questloilit 011 the 
followillQ l)ases, "1) lJrl;-ldillsted data \Nlth varYIIl[l degrees of ac 
CIJrilCY ale cornpcHRd 2) dali' [Jolrl!.s ~~re widely spaced arid mily 
h;we heen dlstllfbRd or d"slroyed in some cases, 3) elel/l-ncr1i-ll 
c!1,m~J8s ar" computed In 1",;-Jtl(l(l to i-l sillQle bench mark, and 
rnost Importantly, 4) levelin~J errors \NCre eV311i3ted by nomilla: 
accuracy (T'ethods Which yield mllllrlKl.l v3iue,; of Urle I,aif of the 
permissable crrcr," 

DISCUSSION OF LEVELING DATA 

i:letore I r(,)sp(Hld t() timlr qllestlolls, it IS Illstructive to reVi8'N 
tJriefiy 1'0'11' preCtse levelllig data ,He collected and the 'lH.ture of 
ell()rS assocti-lted with HI"lr collectloll. lhu luvullng dma 3t ,ssue 
wum ~;()llect"d by tllP US GeoloQical Survcy and tI,e National 
Geodetic Survey (forrr;erly U ;). Ccast alld Geodetic Survey) from 
1905 10 El77 Thu levciillCj process used by these aqellc;es 
a(1!leres to rlqorously defined uroc"dlJles and uses speciell pIP­
elS(-l pqlJipment Tile levelinq is assiqned al1 order and c1ilSS Oil tnc 
bas,s of :iIO stafl(JiJlds IJs"d Tile intent of [he procedures IS to 
rni'lirnlze systematic erro! alld ,0 Celllo;e randorn error to self can 
u~l. ~Il ,he levelinq process, the ,;urv()y IIII(-)!; ,liP (Lvldp.d illto scc­
tlOIlS defined hy ;-;dlacent bench fTwrks, III the Ipv()III1U C()11Sidcrcd 
I,Dre cadi sectl(JI) IS (j()utJlp. rlJfl. i,e, leveled back and forth t)e 
tween each bellcil rnark pall The difference between the tliJ.ck 
wilJd ancllorward rUlln;ngs IS tho ITllscioSIJre Tile mio;closurP !:lIJSt 
ilP ie% tlian ;-; cert;-;in value de!lned llY ill(-) orciP.I and class oi 
IcvHlII1U. or ~rle sectiol1 must be retevclud Tlw accuracy of lI'c 
levellllL]. If HrDrs iH(; Iru!y I;-mdorn, will tend (Q DC better than tire 
allm'Ved Illisclosures becausu or tl\" tendency of these erroro; to 
se;f-cancoi rather lI,all to acculTiuliltP. For exwnple, F,lst or(jp.r, 
CI3!;S I Ipv,,1111g ppmllts section miscfosll!es of J mm (K)':', where 
K If; tile !Pllglh of tim sp.ctlm' ill kilolT,eters. Ille Natlollal Geo 
detlc Survey, 11U'Nover frorrl :lIIaly,;i,; of many !evelin~J resillts, est i­
illiJjP.S that leveling to First-order, Class I stafldd!ds currelltly hiJS 
a siafl(iard erml of (J:-, ITiln (K)I:2 (FederiJ: Gcodetlc Control Com 
Illiiteu. :U74, TatJip. I) Gefore pubfisl,illg tile resuits frorn these 
ievel surveys, botl, the U,S, G()UIO(jIUll and Ni-lllrJrl;-JI Cp.odp.IIC 
Surveys Cldjuo;t their data ill order to ITlilkp. thp. I1PW P.1"VdtIOII!; 
COIISISi(J!11 w,th p.levatiClIlS from pre eXls:I!IU survoys peripheral 
to tile newly ~;L;rvey(;d network or 'l'le and to distribute accu 
rnula:ed survey error wlIIll1l thu IIRW network, 

T~le first alld fourtn ql,estions raised by Haymulld alld others 
(19BO) am most f),mly dl~;cuss"d to(]ether Two sepamte iSSlm:-; ilfP. 
raised tile IN) of ad;L,S\cd v(i(:;us Imaujusted dH.ti-l illid SlJIVl~y 

error Haymolld and OlllGrS (1980) Imply that tile I,S" of IJl1iHJ;uslcd 
dillH. was ill appropriate Uec'~use they usc publlshcd adjusted eieva 
tiD'1 datil to aiUIIp. tlmt Sli[lSider:ce ra;l,cr lllill' upllrt occurred dl J(n(J 
:I,e penu(J, IDt1B )~j6J, if) tile iFP.ei fle~~r Casa Grallde FW1IIHtion of 
s,,-311 crListal rnoveillellts en thu LJdSIS of PI;llLsiled ;-JUrl;s:mJ eieva­
,ions is apt 10 Ix; Illislearjlllq WltiVJlli ci]mflJi ilnalysl!; of Iile a~;!;ump 
tIOI',S ,hi]: W"I~~ rnad[) III th-) ddl;J,;tment For thiS reason. piJhli:·;llP.(i, 
adJLlsted data arc) seidell) us("d in Irl'.'est'qations of CIII,:1d1 l:iOV(~­

'nents, fI cia!;slc ()xil!"pl(~ of hO'N iullld:ed i-Jdjllsted dillil call md~;k 
real :noveillent IS the CISCOVClY of HIp. f!Cst exalTlple 1,'1 Iile United 
~t'Jtes of 1~-H:c1 suhsidellce Ci-i;Js8d by qrollndwaier wltI'Idl3wai Indi­
UJtl()fl of III(NerTIerit dde to I;·md subo;!dence n ti,e S,·nti-l Clwi-i 
Va!'iey Calliorrlla Illkd,y W<l~; In~p.! preted hy the NeitllHlill Ub~()d(J!_l; 
SI,rvey to be sl!;vey error ami was iHijl.Stp.d ~lU! of I~I() PUOI'SilCd 
plP.Villioll dat3, it was or::y after a scullid 1()tc-j()"III\] t'lill lar1d subsl 
CilTU) 'Nd:i I(-lee-un/ed (Tci:I;im a~d r'o'al~d, 19!fU), R,/ 11,;lr1] ,n,l(1-
Fisted dala J:; was d(ne 1'1 I iD17f:J' (19/9), co'npl,ted C'liJ(l(jes (if 
(~levdtiO'l of a qlvell bencll "ark (J()[)u'd (nly (n slJlvcy clrer 3;1(1 
'j(~IIICi1' cr,lstc'll rnCl'ie!T'erts cr ~ilO ICVCIi'IU Iwe Nc o:.l1c' ass,.Imp 
1I01'~; arc lI,d(:(,'1 III ,J!Id(],I,S~Ed (1<-1ta, 0(1'(:' t'1al1 oc-ssll),e IDd IIIS­
C~-jj l)I3"Ons, 

llaYI(()'ld iJld ~ltl;CIS (1980) GrC l'IC(;m~ct 'i.'I"c'll'lO}, stCl.:e H~ll7pr 
(19/9) U~(;::I th~ 'nolntllal a::,Cl,'c\c':/ OCWC(~'l ~~)',ts fornul~'J p.ltl­
IdiP.e! t.;y tre Fccer;.;1 Ceode' c Ccrtr~ CClmrnlttee (F)/L) dl1<J "U' 

IIel7er (1979) did Ilot t<-ike into '~ccolnt tr.e varyirl[.] precision of the 
data over rme, HolLer (1979 p, -16D-1) ~;Iates tlla! lile fmlTllJiil for 
tI,e "~;timdi-ird dev'atlon for lalldom error was u!;uJ, hut I!lcor­
rectly clied Tallie 4 in.stea.c of Taule 1 :Voreover tile t(~xls III llOtil 
tat)les (HeJiLm, 1!l(Cl) drp pxpi,CIO ahout Which formula was Llsed 
Ildymond allO uthp.rs (lflfl(J) iJ{('~ corf"c: whell they note that ti,e 
plp.clsion of ievellng flas Illlproved ovel tile 1905 77 IIITlP. pp.llod 
covered t))' the data 1I1at were used fills ImoroV()I1I(-JIli lp.slJlt()d 
frc)!,1 IPflnernerts in procedures alld eQLilprne.'1t I took ihis 'litO 
iJCCOUllt by W;ill!] fm all slJrv()y~; tim SliJllcli-Jld error forlT-u:a that 
appi,ed to tile earllcst (1905) survey 2rrliTi (K)':2 (Varllcek ;-Hld 
o!hcrs, I~Jfl()), ratt,er 111an USlllg the formula 0.5 flllTl (K)I:' cltmj 11\ 
the Federal (;~~odetic COI~tf()1 CClnrniUee (19/4, laDle 1), fhls was 
dur',e uecaLlS() til(" Pllm fOrrTlI,la plJhllsl\p.d Irl the Comlllittee report 
appllp.s only to pos(-197-1 surveys 'lllfJ practicai o;iglliiic3nce of this 
IS tllat :he ca.!cu'ated standmd deviatior:s I Cited ille cOrl';ervH.tive, 
I.e. lhuy tp.lm to overestirna!e the ralldom error, If furlTllJliw appru­
priate to 1I1c Vliltil(j8 of ievelic1(J are \I~;ed (Vanicek and others, 1980), 
"mailer rancJOiT1 "llms arp. ,ndicated so Umt the ohserved up!ift be 
(;(llTlf)~ even rnore slatlstlca!ly s'qllikant Ulall 'Nas O:,\)lllillly m­
P()(t()(j For exa.mpie, the 1948 19[)7 ,ndcated Upi fl~; of 6.3 il(1d 7.5 
cm m LJmlch marks W?J ( and 1'0"tOI' have an uncerlalilly (two 
c;Ufl(1md devlallon:;) for random crror of :_ 24 amj = 4 1 cm, re­
SP("~;tlvely illstead of 3.7 alld ' 6.-1 CITl onCjll1eiliy reported by 
HolLcr (1~-l(9. 13bie 5), Holzer (1979) also r(~CUurl'L()d P'Ildp.IICP fer 
posslblc systwnatic error in the levelillq data. llecause tile alwiysl:; 
of !r:is error is 110i qlJ"c;tIOlIPd, Ih" (b~adpr IS leferred to Hoizer (1979) 
for di"cuSSIOIl, II I:; wmtil :IOtlllg lliat "VP-ll i-lccordir,g to the error 
illliJ'YS;S by fbymufl(j al1d others (IDBO), tllp. ohsP'ved uplift of (5';; 

cm of bClicli millk 1:-l:·JR is greater tliall their estimated error of -1,8 
cm, rlaymollcJ alld othels (~S-Jfl()) elle !llCm,ect whell they imply 111 at 
IIoi7er (1979) Ilotud a UIJSidi uplift of (') 2 ern at be',ch mark IJ367 
fWI!: 1~)4fl to 1967, bellet' mark UJ67 W3S flol set lJIltli !Dbl 

Ille sec()nd qlJP.SIIOfI lillSpd U)f1cerliS t~I(-) wlcir" Spitelll!] of 
llench marh; arid tliPI' dlsturbanc(; alld cjc,;tructloll, lhe :;paelll\) 
tlP.tv,'een bellch fYJarks lor willen elevation cI1anrJes were com 
putc~d I~; :;1!]1'lh>mt hecd\ls" cUIT'ulatlVl~ dl:;t,mu' illoll(j FlU I()vc'­
InQ Illle frurn til() ruf()f(l'Ice bCllci" mark de:clmillos the C:tccuracy of 
cornputeci elevation cl13nqes (Haymond, f~. H" oral COlT'll1UlllCa 
tl()fl, l~Jfl()) Tho; effect is considered !n ti,e formulae for 'andor;; 
arid :;yslelrldllC errors t'mt werp lJs"d III thp. ilCCIJldCY af1dlysl~; III 
HolLe, (;979) As !I()tpd Plp.vlolJsly til() ()us(~rvE)(j up!lf: IS s:iilIStl­
cally siqlliflcant. l.lcI;c11-lllark cestructlol' Sllould Ilave no effect on 
the dccuracy of survcys, but docs decrease tI,e ;esolu(IO'l of tI,e 
ubscr'md upli'l lleci-lIJ,;e tile rUlTltJp' of llP.l1d· IIIdrks IS cJ'rrlIIIISflP.d 
at wh;c11 cilal"(jps of elp.'liJtl()f1 call h[~ cornputEJ(j ObvlolJsly, I' the 
IJPilft had beel' ob~;cr'jcd at a slllqle bellc~l malk, aily cOI'clus;ons 
wOI,ld he very telluous l~ecaLise a sillQle mwk m~JI-,t have beer, 
unr()C()U'117dUy diS"Jrbed. lJplift IS 1!ld!Cdled, hmvpvp.' ilYSPVP.Id, 
l)cllcn mar;(:; 1:1 (JO!tl Flp. Cil~;il Grande dl~d I IOlcm:(~ df()il~ (! lol/()( 
il)/9, F;~Js,:]fI and 5), HaYITlond alld otliers (1930) also CltO aencll 
rr,ark disturbance as a ploblelT" but mel"tion oilly one example, 
~wrlch rTlark IT-Ji-l (aiso stan'ped T21/) AccordH,Q to Na,'olli-il 
G()()lJcJIIC SwvP.y rpC()I(js, I'IIS IfliJlk WiJ:'; dlsLJltlPd pr,cr te J,m" 
194f-l 'when II Wa!i rec()vucd, fnc d:slll'bancc) \-va~; 11'1111l] of tI:c 
pipe 0', wl"cll tll() tat;lct Vla~; ~;cl, f I,e Illa:k, howc\i()r, pm,;wnably 
'Nas flrrn The relc".jcltil~J ir 194f-l was dO'le i~ ,1111)" aile! tre N3tion~-J' 
Geodell(; ~unmy nclp.d 11C iJtJdltlU'Ui dlstLln),'lI"Cl~ or t'l() Ihll:<; tJur­
!Ilr,:) recovery III 1967 li(),ICC, '.:1(; compu~o::l cllanq(~ 0' eleva! or': al 
he!lCh '''drt( 13J13 f'um 1948 10 19(i/ 'iiOello aopoar to be '~lIlaf 

fflclp(j ()'1 (j sturb3rlCO rJISt,.I'tm"Ce rni;Jllt afloc' ("C C"a'l~Jo of 
dcva; Cll CO(llpl:ter: ,~t l:Bfl for "IP j)cllod 1~)()tJ 1~J4fi I '!I~--ppctp.d 
1'1iS marK (;11 M,Ech 0, :~J77. f"llkl] It II' UC~ld Cor:dlli()fl 1'1 ,JI:y 
r>JSP, tl'e dlsLlrbancc ut tillS mar" Sho,111l lie: I',avo ah~ctec: C:Y'­

iUip.d C'l:-l~lg0S ot C'le~vT ell of otrer ''';-irks aio',g the I!ro 'cr he!l­
tlie EJO:-, -1fl dllCj 194i-l-fi/ perlo~js 

;::lc 1c"el'ClI,,1 ()f tl-p PiPV'II'Oll ~:h:-mqos:o a ~Inql(~ IJ(;1CI' nnl-<' 
1;)1:\3 d,,·;() 1-,,""-18 C,.Iosllo1cd bV 113'/.'110ld did ~llh~I:·: (1~'J80;- UII th~ 
:LL": tl';,j II'p mdrk m3'i 1"3VO occ, L. 1~,:21:iC Cilil,cu\] 'I '10 l:'i CC)'ll;C 
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for SIJcr; instability WdS m~ser:ted, 1 his question Ignores ti,e CNI­
ciencc lu 1:1(-3 :;ontm:y, namely t'le ctls~rvdtkm tll,lt tlPI',cll fl)dlk 
-:?BJ IS pari of 3 45 krn long SI~\jir1CIII of th(" Ipv~llll[J I,IIH dlol1[! 
WI'iCh muveillents \fiere sm311 [() :lc[JliUllJiH frulll mos to 1967 
(Ijoizer, 19f9, p, 4hSJ3) Any Dencll mar" or 3n avera[J(~ of sevcm l 

bPllcfllllarks wllilln Hm; sP(]ment could rave becnLJsed as a refer 
(~IICP mark Gpm:11 1ll3rk 12il3 "'1as selected becfl.llse of It':~ proxifn­
ity tD 111(~ a(c3 of up!lft. !h~ pldctir;i-ll Elipc: of !:;pIEC"fl(j d morE 
dIStant mflrk wOllld he to uirllinisl' the statistical significance of t"le 
fl'e:-)SlI'erj lJr;llfl R,lymm;d flnd others (191-)0) 31so "suqqest that 
l)(-!Ildl 1283 slloul!t rlol bp considered 3i)solutc!y st3ble as Holzer 
Sum.JUslcd' A(;COld,rl\j 10 IlrJi7er (19f9_ p, 4li9:-'), "the absoilite 
elevation of bench mark 1283 IS IHlkIlOWr1, so th-it the tel'n~; IJpW 
~-1,1d subsidence 3re rel3tlve III l)(-!Ilch 1283 GpCdUSP d PIPSIHTId­
btl' \()cclli7ed crw;lill phpllCHTlenon is belllg eX31llineci. :,owcver, 
CO!lciU!il(HlS f:olll ,:IP prpspnt ir1vestiq3tlon Sllould no! be 3f!ected 
by laci( of all dbsolull~ !()f~Jm(lce ' 

SEISMICITY 

1\ potential effect from rnall-cndllCC(i d~arl[JPs oi !-;lmS!i III ih() 
earth s crust IS to trrqqer selslllldy (Hnle;uh amJ otll(){!< 1976; 
Yerkes and Cast;e 19l6, alld Castle 3ncJ oltl()rs 1980) 
Mm;iI;-mi~;lIls VOPOS()(j for Ihls s~fslllici;y include cilanqes of Sllf­
facc loar! alld d13nges of cfff3C[IV~ sllw,s Cfllised uy PO{C­

pre,isum cililrl\jCS, P3rilcul3rly r:~lpViHlI t() SOIJtfl-CPlltral Ari70llil IS 
an e3rthqu3kn sequcnce ill New York ihal '-"as attrrlluted 10 crust31 
unloading calJsed by il quarlY opemtion (Pomeroy and others. 
1976) MO:il pXdrHplus of Imm-llldlJced seismicity appear 10 bp 
triggered phenomena because_ III UPIIPral, t~IP IIl,Hl-IfldlJc()(j 
stress ch3nges 3re very sm311 rclallvu 10 Ihf-l irifpfr(;ri 1(~cl()IlIC 

stress, Ry allalogy to the problem of res()rvolr-i(lduc()d seismicity 
(Cas lie and othpls, 1980), ~vi-lllji-ltion of the potential for fTli-lll­
Illducpd s~lsllliclty III SOUI~I-c(-mtli-l! Ari70na requires censiderdtiOl1 
of thp plPsprli StlPSS !ilale and how it is altered by grolmdwf-lter 
withdr3wal 13cc3use south -central Arl/ol~il has tlPPIl dSf)ISir1IC hs­
toricaiiy and ~he maQnitude of the 1l13ll-ll1duced siruss change :s 
simll, approximately 1 tx:J.r, the prob3bi!ity of man-induced seis 
:-niCily appflars slTIall llowDvE3r_ ;lli-Hl-indllced seisrnicity has bppn 
observed in 3rc~as ot low l13tural SOlsrTI;clly (e (J, Lakp Muad, ,;e() 
Packer and others, 19f f), Hellce, the ;ovd 01 nalural sClsrnlclty IS 
IIOt a completely reliflhle indicallon of W~1etl1cr or not man induced 
S()ISITIIClty ITIdY occur_ Iii addition, as .stated in Holzer C~J7~J, p_ 
4679), "11 lIIay lJP p~~riiIlPlit Hldt previousl)' unexperienced seismic­
Ity may hav~ occurrerJ III s()ulh-celllmi Ari7()na in thp 1970:i 
(Peirce 19l5, Yerkes and Castle, 1976), Altholl[)11 tlw cause of ti,e 
sei,;rn!city is controversial-some 1'3ve 3l1ributcu It to sOllic booms 
dumeled hy the atmosphere (Peirce, 19l5) It illay be ,elated to 
tl,e ur'ioadlll(J d(lsc(ib(~d hcm ' 

H3yrTI0Ild cHId ullwrs (1980) mqlle that :Jr.IO~-ldir1[J dlJP 10 
qrou!lrtviat[)( wl(ildra'Na! I!i lmlll<ely :0 indlJce emthquakRs 111 
SOUtil CCI1tral/\rliOI'l3_ I hey ar\juD Ih,lt "if Pi-Hthquakp:-; IT'ily r(~sull 

from un!oadll'9 then eartllql,akDs silcuid haVE) follm'icct 1()3dlll[J 
31 Ldkp Mead arid c()mp~-ildiJle 3rcas" a.1d c,te exper,ence HI 
Lakw; Pmve,! ~Hld MeeHl Tllis reasonlnq IS fallacious If a stres,; 
cllarl~W If I ow" direction [pnds \0 promote failule arld se;-S(TII(:lty 
thel' a slre~;s ~:ha;I(J(~ Irl II'D Dppc,;ite direction Sl10lJI(1 tpmJ 10 P(()­
ITIOi~ Sl'lhility I\ccord'ngiy, the decreasc of ICC31 seismicity oh 
~;(~rVl-~d m~ar 1_i-lKe Pmveir after impoundmellt or 103clln~J (MickeY', 
1973), wll;eh Ril)'ITluriiJ ,wd olh"ls (ISJfl()) cite as evidencp. d(JiliIIS; 
the p(;~is!bi Ill' of ''1clll-';lducod :-;~,smicrt~,' 'ollmvinq Im'()ildlll] II' 
soutl, centra, I\rlLuna, 3ctLJallj' sl;IJpmls iliP [)(),:slb,lliY u: (-:iail 
Ildl,cp.:i ::~eisrnlclty' Ir' IJrliOi-iClnq Situations, IllI!; cieci:)c\,0,1 0' 

(;()I,::-;P 1(Jr1crp.s Ille pllp~;l? (;~ d'fferenccs III tile s~3te of str~s~ 
tlct\'ieC(1 cHe2S, I o3d,'lq C3n 11n;'()d,il: sliJl;!I:I), Id1dr;r STrlC !itrcss 
~-;~dtes ane ollcrease ,: L,10cr Ulil(~('i (c [J ;-;uc SnU'i,' <97?) Lx 
pP(le:1C8 at I ai(e MC;-I,j ',.'V'lue so srnlcl'( 11,:::ca;,cci afte: 
p~J,JI'()"H;'I: (;or ;( ddrr-U (C,wlpr '!l!()), ~; :lr~p(~si:r;:o If'.'ll d' Ldkr; 
1)~W,'l" 1\ 1~:(;uU~' Hily:rnfld iJl,d Diller,; C!ltlU) '-Crlhl,tE II'" SE~ ;-;ITlI~:­
Iy Ie 11':;,CdS(d :lOCC ,) C~;:il," C;\lI:-:f~(j hy r1y:J'~-1.11 c; U;III'(~CII(:r 
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bel'NuPfl underlYIIl\j roCk!i arl(j thc !EJS()fv()'r ol~ler InvestiQators 
113v(~ conciiJded tI,31 "till) po~;I-lrripOundrTl(~1l1 s~;srn;city may be 
the rcsult of stresses gene/Died by the w()lyill of Li-lke Mead" 
(packcr ami others, 1917, p, 39 100, emplwsis added)_ These two 
exampbi Cltpd hy i1aymond 3nd others (1980) serve ()Illy to derr­
Oll,;trate thai ()ur Imderstcmding of the selsmlcl,y related 10 HIP 
:lllpolllldmenb a: L,li(es Mpild ,md Powell is incomplete 3iid do(~s 
not prowjp i-m adequate hasis for rejectiflg tile pcs~iiblilly of nlilrl­
inc1uced sEclsmicity in SOIJth-cell(fal Ari70na, 

CONCLUSIONS 

li,t; qllP!-;tions raised by Haymond and ()tI~crs (l~JflO) c:mcpmill(_J 
the validity 0' tr;e measured liplift from 19t18 (0 1967 ill{? Wllhoul 
suppDrt 311d all) based IHI rTllslJfl(jerslimdinqs of ~1()'W QGodetlc 
dala are collected imd wdIJc()(] iHld on d misinterpretation CJ 
HoILl)r (lllfY), III fact. even b)' :heir UW!I ilI'"lys,s 1(le Ilpi:ft flear 
Cas3 Gmrldp i" a valid observation I\dnlltt(;(Jiy I~:c uplift I!-; slTlaii 
lelative (0 potplltial error This concern led to I~w eX!CIISIVEJ dls­
cII.ssion of error by I bl7er (19/9)_ Ry conventlon3! analY:ils of 
error, however tlw i!);\8 67 upllf! rl~iJl Cd,» Grande IS S(3tlstl 
cally sl(jni!icant, 

Raymond and others (1980) a'su nav(~ [101 ar(Juprj convincinqly 
Ir,3t iIld!l-iflrtuced seismicity Will not be aSSocldt()(J '-'vllh Ihe 1lllloarJ­
il'[J ir', south cCI'lrdl Arl/olla Tilp;r dr[JIIiTlent r~g·3Inst m31'l Induced 
seislTllcity In SOUtil cnntral/l([LOna, WI~IC'1 I:i tJ,lsed or1 experience 
at Lak("s Powe:! and Mead, can be di311\~11[J(Hj In file!, HIp. eilect 
observed ill I_ake rowell 3rQues for potential lllilTl-lliduced :-;e;,;­
llliCliy III !iouth-central I\ri7Cna Ry analo,:]y to tllC pmlJielTi of 
(()!iprvOlr-induced SCI!iirlIClly, evaluallon uf Ihp polellt-al for man 
Inducpd selsrnic:ty:n south ceJl\wl AIILOIla mqu;les consideration 
of till) plesent siress state 31Xi how It I!; a!t(){(~d by (JIOU[l(JWdtw 
withdrawil! 
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STATE TRUST LANDS - 1979-1980 
The State of Arizona, through the AriLOna State Land Depart­

ment, administers the "state trust lands" which amount to 13'% of 
the total lands that make up the state Income generated by the 
state trust lands goes to tI,e common schools and 14 oil,er ben­
eficiaries In fiscal year 1979-1980 (July 1, 1979 to June 30,1980) 
$24,549,917 was generated, representing an increase of 25% over 
the preceding year, Income is produced from state trust lands by 
le8sing, Issuing permits and by selling minerals, land and timber, 
in addition to other activities, 

Most of the slate lands were under le8se during 1979 and 1980_ 
Because the Land Departmer.t employs multiple-usc practices, 
some lands were covered by more than one type of lease_ In fact, 
there were t3, 617 active leases in 1879-1980, totaling 17,164,604 
acres, The :otal amount of state trust land is almost 9,582,000 
acres Leases are granted for "minerals," "common mineral mate­
rials." 011 and gas, geothermal, agriculture, commerce and graz­
ing. Prospecting permits and special use permits arc also granted 
by the Land Department "'Mineral-' leases are for metals, such as 
copper, gold, uranium, etc., whereas "common mineral materials" 
(also known as Industnal minerals) arc for sand and gravel, de" 
composed granite and buildmg stone, etc, "Common mineral ma" 
terlals" are sold by the Land Def)artment at public auction with the 
highest bidder receiving the right to extract the materIBis, 

Revenues from state trust lands that were generated by mineral 
resources or related activities made up almost half of the total. 
Copper contributed the largest amount, as can be seen from tl,e 
summary below 

Geology Along the Lower Salt River 

The Bureau has contracted with Water and Powor nesources 
Servlce (WPRS, formerly the Bureau of Reclamation) to produce a 
strip geological map at a scale of 1'24,000 along tile Sal< River 
~rOfTj Roosevelt Dam downstream to just below Granite Reef Dam 
The project falls under WPRS' safety of darns program, and is 
designed to provide basic :Ithologic and st;uctural data for a 
mile-wide strip on both sides of the river, to assist in first-order 
planning procedures for WPRS-related projects on the river, The 
upstream two-thirds of the project is complete wl,h tho final report 
in preparation, while work on t~c downstream one-Hwd was under 
way In FebriJary 1981. 

Store of Arizono 
Bureau of Geology and Mineral Technology 
845 N, Porl~ Ave. 
Tucson, Arizona 85719 
602/626~2733 

MINERAL-RELATED INCOME 

Royalties irom copper leases 
Royalties from other mineral leases 
Royalt.es from common minerai materials 
Oil and gas leases 
Minerai leases and prospectmg permits 
Geothermal leases 
Rentals on minerai leases 

Total 

OTHER INCOME 

Agriculture leases 
Grazing leases 
Rights·of-way 
Commercia; leases 
Land sales (principal) 
Lar,d sales (interest) 
Other 

Total 

$7,995,000 
111,926 
954,893 

1.822,144 
288,597 

61,567 
31.892 

$11,266,019 

$2,664,962 
1,244,578 
1,100,930 
1,019,330 
4,776,553 
1,039,899 
1,437,646 

$13,283,898 

STATE TRUST LANDS GRANO TOTAL $24,549.917 

The above information was summar:zed from the State Land 
Department's 1979-1980 Annual Report, Additional inforrnatlorl 
may be obtained from the Land Department. 1624 West Adams St., 
PhoeniX, AZ 85007_ 
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