WO 2011/ 130267PCT/ US2011/ 032110 1 M NERAL COVPLEX, COWVPCSI TI ONS THERECF,
AND METHODS OF USI NG THE SAME CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] Thiwopatiersb2eappl i cati on clains the benefit of U SpcPruswesiosnaé Patent
Application No. 61/323,139, filed Apritl 12, 2010, and U.S. Provisional

Pat ent Application No. 61/352,464, filed on June 8, 2010, which are

i ncor porated by reference. BACKGROUND OF THE | NVENTI ON [ 0002] G owt h nedi a,
whi ch includes soil MINMERALSCOMPEESSEMPIOSITIONS MHBREODE,- dense production

of a variety of cultivar aNFENETRODSSESSNGtEDE sAME human and |ivest ock
feed. In addition to providing a stable base that supports plant roots and

above-soil plant nmass, soils_store water and nut rf'vﬁftf rﬁéui red for plant
growh via a series CROSHREFERENGR I ORERA M ED P/ EHON S o provi des

suppor t [do@ﬁbs eVE{i@bat % ablidaidn efaifl ARIRcMDVES] Prodisubr PRE: AppCaRmary for
growt h. "[0003] Expandi ng 1 ndustrial agriculture practices and dranmatically
changi nyowekshki3pdiledeAps! oA hued LS. damageonalithtent pipptieationdNeGoi | mat ri x.

doptot| B BnaC ki et SL4TE S ap 8 a7R) G PRI bETRREEREI | cat on of

fertilizers, herbicides and pesticides contam nate soils and pollute

wat er ways. [0004] The rungsicricEeUND Orantss atdpngsdici des, and the
contam nati on of waterways from other sources, can cause the nutrient

bal ancel00821 heserowsh mediay which indedassoil a8d Watesrire prseafeal forytigit-glegsndi ti on,

the vat Gryays. T 0L SHRRARLLAM s O RN RCEEImah OPRLEIRR (Baf YgS no
1S |tseP]'f a prinmary a?lc or 1n $0l and wat er dep et on. ach harvest can
resul t hddiflosiogibhidign stads Basefthatstyppoetstpdand nebtsrmidsdbore-sdit phmt fesss siils.

W t hout replenishnent, the | angﬁrfpi dly degrades due to nutrient .depletion,
and cr opi€rhueEhENd HEReSTeagIrsd g PIane BOVER 8 2 ssret af g5 elategmed ?‘Pﬂpg

depends yofer a%'ﬁ%'bﬁ@é %?%Pglltﬂ ?OISs%ivéraMrieﬁe{ﬁmlﬁﬂtéi a3 gvoe'(i)lré‘% nhfRnRfncb@Rafyapewabl e

resources, such as na gas or m ner ores. [0006] Ot her contafm nants
adver sepgovithpact water and soil growh nedia. Recent years have seen

cont am nat i on e to weafher (e. sodi um and. ot her .salts .depaosited on the
o | v Bloal" e B Eag PR E ¢ Poar el R RE S e

tsunam §)uerRCGINERI & defhaGe an@dbpleRithd SildHitiRY I6tehdiVd Flowalg MdeEdHCiapn) . and
i ndustrial discharge. Thi's contam nation reduces the ability of the water

and soi hgialtsupyystemspestitin gooienhdedl GPOARH viderseld gk eroiomda dxsoverre
dor ) Ry Bh ATV SR RS R ARG, gl
[0004] The runoff of fertilizers and pesticides, and the contamination of waterways from
other sources, can cause the nutrient balance in these waterways to become less than optimal.
In this condition, the waterways may not support plant growth therein.
[0005] Crop harvesting is itself a primary factor in soil and water depletion. Each harvest
can result in a significant losé of nutrients and moisture from the soil. Without
replenishment, the land rapidly degrades due to nutrient depletion, and crops become
increasingly nutrient poor. Sustainable agriculture depends on replenishing the soil while
minimizing the use of non-renewable resources, such as natural gas or mineral ores.
[0006] Other contaminants adversely impact water and soil growth media. Recent years
have seen contamination due to weather (e.g., sodium and other salts deposited on the soil via
sea water as a result of hurricanes, tropical storms, or tsunamis), accidents (e.g., oil spills
during drilling or production), and industrial discharge. This contamination reduces the
ability of the water and soil to support plant growth.
[0007] In an effort to address the deficiencies in soil, amendments have been developed

~ which, when added to soil, improve plant growth and health. Generally speaking, an



WO 2011/ 130267PCT/ US2011/ 032110 2 anmendnent is any nmaterial added to a soil
to inprove its physical, biochemcal, or chem cal properties. An anendnent
or a conbwoavinBowl amendnents are often applied to thepswius20m/oaieffort
to address soil deficiencies. [0008]1a view of the foregoing, there exists
a need for econom cally-viable materials which, when applied onto soil and
wat er, address one or nore of the foregoing issues. The present invention
meet s t hesedmaad ividyanateeddsdad/topr wilitdimgrovatte rphydisalmidchmﬁmgirtchmnksal

suitable for application onto sqi.l and _wate and ds . f. th
se. - BRPEPIIEGCRITIHTEN oI RBS! FOBUO PR e o e G S G T
depi cti Qﬁeﬁ@ﬁiégddres%gﬁﬁeﬁﬁ%&&t (v/v) for soil treated with 1.0 pound of

nitrogen per square feet (Ib M (control) and soil treated with 1.0
pound 010098} r odervigreof mpo?ﬁltag@qgah@efems a(rlld@dIfwrl\@coawdlcaﬂbvmblfemdleﬂelérrpl ex

(m neral 0 bar aph | t he total root
| engt h (’V@h‘%ng'g %@%]r%gﬁn eﬁo aiesr %ﬁwnﬁ R Oftggg S%Oq% PRS va&iﬁous
appl i Ca?f&&tﬁﬁ&e@ﬁo@ﬁae@ﬂs"tﬁé&ﬁ%ﬂd B&Qﬁﬁé'eﬁk by RAiEiAE matdrRited cohipbsiviaid ous
application rate of nitrogen and the m neral conplex (mnineral conplex).

[ 0011] Fisgjtabe fBr applizatien ogjp apih audpristiand relned mesghods dor theie Ut ea (cn) for
comon ber nudagrass grown in soil treated with various application rates of
nitrogen (control) and BRIEF DESERETMIN PFVEAE QRABEDGScat i on rates of

Ve @0Po1 2T <drs ik AR eple ATt SRR e O oy SN Bl o0

Cormri Si|MgpRRAUF nid ged pd IL,00(BREETe 68 wN%ﬂcﬁﬂuombmuimﬁrMed%mm@tp@und 16
. % Fe203, about 4 wt %to about 12 wt. % CaQ, an about ﬁ %.to about 8
. % My©f nfioeaBper, @Orsap@neéaeté@&&/é@) andithe M%ﬂtqoaw S GUPerakcarlGinosi t i on

V\:hl ch c o} se I h
h t B8t RAgth ebmfHep ot her

corrppnemmal dZFsl%&l%b her%ﬁg H%Iggﬁ% Rgfdl;{glt herl@H%pg%:I{l g)? trﬁe ?lnventl on
pr ovi debeameiappesgionarin coinpeatsd mithavaribweapplicatomphex ofnitpoges(cogtrelbend 40
wt. % to about % Si about 6 Wt.%to ut. 16, wt . % Fe203, ,about 4
W, %t os%tlbgﬁ‘ite(??“%vaﬁ}ﬁ’us(%’@lc%ﬁr?& a5 S ISR a@?ﬁ“& iREH C%“BJIOF EF‘WS@I and at
| east O'ESmeex)"’! seed, a binder, a fertilizing agent, mulch or water.

[0011] Figure 3 is a bar graph depicting the root surface area (cm?) for common

bermudagrass grown in soil treated with various application rates of nitrogen (control) and

soil treated with various application rates of nitrogen and the mineral complex (mineral

complex).

BRIEF SUMMARY OF THE INVENTION
[0012] In one aspect, the invention provides a mineral complex comprising about 40
wt.% to about 60 wt.% SiO,, about 6 wt.% to about 16 wt.% Fe,03, about 4 wt.% to about 12
wt.%. CaO, and about 2 wt.% to about 8 wt.% MgO.
[0013] In a related aspect, the invention provides a composition which comprises the
foregoing mineral complex and at least one other component as described herein.
[0014] A further aspect of the invention provides a composition comprising a mineral
complex comprising about 40 wt.% to about 60 wt.% SiO,, about 6 wt.% to about 16 wt.%
Fe,03, about 4 wt.% to about 12 wt.%. CaO, and about 2 wt.% to about 8 wt.% MgO, and at
least one of a seed, a binder, a fertilizing agent, mulch or water.
[0015] Another aspect of the invention provides a process for augmenting soil, water or
sand comprising applying onto the soil, water or sand a mineral complex comprising about 40

wt.% to about 60 wt.% Si0O,, about 6 wt.% to about 16 wt.% Fe,Os, about 4 wt.% to about 12



[ 0015] Anot her aspect of the invention provides a process for augnenting
soil, water or sand conprising applying onto the soil, water or sand a

m neral owopbexsemnpri sing about 40 wt.%to about 60 w PeT&iSOR1/0300t 6
w.%to about 16 wt.% Fe203, about 4 s .%to about 12 WO

2011/ 130267PCT/ US2011/ 032110 3 wt. % CaO and about 2 wt.%to about 8 wt.%
MyO, or a conposition conprising the mneral conplex, wherein the m neral
conpl ex w95, CHOTRAG bbdiRN WiTHGH A6QNBWIZEM D Lor doaipabitioaRPMeK}ing sheapiletatd
onto the soil or sand in an anount sufficient to provide for the

appl i carowplexhahaeis o minssalrorele (Ot erppreskionvhish serprtes tREGIgE! f r om about
200, 1 05 chiEpeRFEs b BB B B00udd¥ R SRR &66ientd pfREILRP MOT WAL ef

appl i cat su ent to provi Yor e app I°cat i on

t her et oaplidatién theres af the mrpérab(cdnﬁpla;nmaamnmtunx eamgmggfrdm abow 260 1bsgRr hiys t 0
about 5000 Ibs of the m neral npl ex nger 5, 000. square feet of_ surface area

of wat ef® abPiel GEHHBEPEY e o5 Ht HERAR IR Falogagﬁ@ﬂ@apkuﬁﬁ%@&é% may

desir abp/ ovileSBr a,[%g{ihfa%oﬁ MerQb oM cSmiirad €6fpled ubamﬁsumaaﬁg%g frbinZibBGt agent ,
mul ch or water. [0016]In anot her aspect, the I nvention provides a process
f or enh&ndhsrtg aboutSO00 ﬁasroéttlmmlr@mllcnmstﬂxlpecéﬁﬁﬁ seuang)fegppll S}arﬁage @Im of t he soil

a m neral  copnpl ex conpri Si t 40, wt. % about 60 wt about 6
. % t o “Aldut 19 8OMPOY r}P ggn @*8&3@6%“6&“@’?’55&?8&5?“1% dQ/Slra 6 %and about
2 W % b RSB Woro Mied, HbinderC @ FRARLIhE @fenthheloh 6PWRfek.ses the ni ner al

conpl ex, erein the m neral corrpfex (or a conposition conprising the
m ner al (@48l exip angthanispretdthe vsntipre pEyides apregessaion GRIANSIREMMGFEIY t o

provi de_for.the a Ilcatlo I Inﬁgﬁ unt
Do e PSP HAREEH SR BhyThgtid & AP
wher ei nwitbe tosbolut wwm@haﬁdneé Wit)96 Eadbono hpve s Fe:cahvpns wt o) aboas] been
applied exhibits enhanced noisture retention relative tq untreated soil

[0017] | WiyeiCathanhaborspEc’, o et BivienrtY &R, HrasPmRosition Sy el eampises Bishanci ng
the ger i piting the
R kS S AN
conpl ex cempiex) siappliabaud théGovitin % 'amomhtcsufﬁcﬁﬂltm piavisieddr thalbpplicaBomthedéte o

about 16 % Fe203, about 4 wt.%to a % CaO .a

o aboub! BeTmoE G PIBY Mo S Fregt G eho Boan beRd eirad AR B00Tril ox

[ 0018] Y&t AROLAGWHRRREHE sBf] ohfewhiBN efr&tma@rap EOMPRR BoroRIISIEISH) KRMbeli t i gati ng

erosion in soil conprising applying onto the soil a mneral conpl ex

conpr i skpjicdsabibitdenhanced moisalye ueter8®nvielatiy Sioomireatsd 80il.6 wt . % t o about 16

vvt % Fe ab %to %to about 8
o6 v @03} °a bt Rt e g e RS e her o h- e

m ner al oE@iTRAtEH ARSOfARAVRI A, ?@w}ﬂﬁﬁfeﬂ@hﬁcdﬁ;ﬁﬁlﬁg’mlﬁftmgtthe?%d 10thelpesiyth6000

mesh, and wherein the m neral conplex (or conposition thereof) is

i nt r odusedivnm e ampbyise ABMo; the &ro vARBIPHIITS A ITINRTRIMRIEK SHERIISNG wat et %

applica e 200 | bs
or aor & A8 % S0 SR X abdbe 30, 2B 80N BRI TRA) BEUBR 02000

[ 0019] Aw‘tl%td}m aa8 peait 206t %he abcbuté;mru %M pOopmi desnpospioncdssh E@nprisestati at i ng
soil having an el evated | evel of sodium (Na) relative to normal soil

conpri si“HBera]pﬁS’lniﬂ% onto the soil having an elevated | evel of sodium
relativeygy y*or lanS et a@e@f‘df?l'iéiilnv&ﬁmﬁlIﬁ'&l@&m)gﬂoéés@goﬁﬁﬁfé’atngé)eﬁ%io%ﬁ o about
60 WM. % SI'0 about 6 wt. % to about 16 wt.% Fe203, about 4 .%to about 12
wt. % Ca@l cenprisihoaipl Zngbndbthe scabmunn@alwton%%@,mmlrg aborpdkivt. vadn about

Cher cof FORASHT BBt P HTOrH AR cioaR urroay BT 3 ba he for

the apphh&atduen vafy, theodv Beral MeURIreXconiboditiod WHidH congitedthelmii@sapbout 200
| bs per acre to about 10,000 | bs per acre. [0020] A rel ated asBect of the

i nventi oampleaywu@gmah@nm@lssotrmlemhﬁmn@ivergg(t pastiglgisizetfipnopbaib P A &kt ched

soil to ort v tatign ISI ntr h i er al
coml e BB NS IREA O SR LN L BRUSHOF ePlD SRRkt fThEE,
about  1Ganltin%nRadRds su@fﬂaéﬁt té pyévide fo@t}ﬁiupphcalﬁm\/&if 196 mef] cangleatout 2 wt . %

to about 8 w.% MyO, or a conposition conpri si&? the m neral conpl ex,
wher ei namkenifrpgiR&froBoINEXOQ B PELHEDY atiogh! LAY BePyr 3%2-appl i ed onto the

soil in an anount sufficient to provide for the application of the m neral
conplex in an anmount rangi ng from about 200 | bs per acre to about 10, 000
| bs per acre, and wherein the soil into which the mneral conplex has been

i ntroduced exhi bits enhanced vegetation relative to untreated soil.
[ 0021] The invention al so provides a process for renedi ati ng cont am nat ed
soi |



conprising applying onto the soil a mneral conplex conprising about 40
wt.%to about 60 w.% Si 02, about 6 wt.%to about 16 wt. % Fe203, about 4
w.%to avouniilBowr. % CaO, and about 2 wt.%to about 8prar/UXNyG32100 a
conposition conprising the m neral co#plex. [0022] The invention al so

provi des a nethod for renmedi ati ng water contam nated by hydrocarbons (e.g
oil or oil-based materials) conprising applying onto the contam nated water
a m ner?dm@pml@)fur%mg el Jﬂh@méﬁtlcﬂm%rwld%éﬁro@%%r Rhewlatibe Shi0Ravidbaiit 6
w.%to about 16 wt.% Fe203, about 4 w.%to about 12 wt.% CaO _and about
2 Wt . % tlovatbdlavel s divsVgB) rentive tooepoalisoll sampoisine |a9i>lbfgﬁgtq1ilé0 fhicseil hpving

| TALLED DESCRI PTI ON OF THE | NVENTION, [ Q d
o mor B ST B! St BB I RE TEL R g mey Ao B By e 0V s

usef ul @88 ATBNCIRNY, $i0),, &oavs kvt WR e @bouf 06 w08 Fe,0eraddusd ive.fy toaddur B at ed
met hods of use. The m neral conpl ex |os suitable for use on a variety (i)f
growt h misde-&;2G, 6nd el ve,; %sr,@alpowt Bt M g, @arrpmposition cepgyising the minera

combi natj ons f areRA HYsgghn9r oW h
medi a, 8%@%5?‘1 \blgésrglgeﬂ)rlree [ atr i) 1@(8(89C(ghﬁé/(}tlﬁeor'§1 tﬁér%g% i +®ble nor e u(‘lﬁrly !
descri beghohgrsafivient V@r&@ﬂc&/f&ﬁmz aFRChibSA 0 tht/mid ekl Qonbplp:0 024t dbtheuntrangime)

conpl ex of the invention nay be obép%i)lged fromany natural mneral source.

In thisfioayzhoyt 2Qhks RetaRsES|0 3(}98%193 SPHeThvention is a natural product
whi ch ”WOZ@ us&g lfitg{i] abifi8t AU RSh ﬂbvﬂ@géﬂf&eisqgfiénhah&n #tdbaul aF, the
m ner al | ex o? e’invention neets Organic Materials Review Institute
(OWRI) smhumfanmahedmﬂstb aumim’d@g&@tlgm g‘anpmmg)mil@;imlhgmt(zéd: soflpunimerahat ur al

Compl ox B PEREOFRUSRE A0St SR 6b Yl QLSRG gl Thin R o A&

(GRAS) $EA3,USHIPH W99 EREES $dt|%1 @HIRlah g abhanswt. %Q@&Ed@@smr%w{go drhe
m neral conplex of the invention is obt ai ned from vol canj ¢ (m neral)

deposi t sompoﬂm@x@qmresmg the ninerak eomplerp odiereindlie incrabeemplgx (9 REWOPEPBUS

nat ur al | ered.v C I ay d
val ney sl PR T Sah W EnaOR BRL PRL MR b bERES
non- por ediferBiBdosiAed 1 aal Mlmdramgir@&mr@ abcauaoam; e gk yo aimmm@ opathsrmt | y

al tered vol canic ash. [0026] The m neral conp t he | t| aQp. may be
obt ai nedcer B b Sig QPél 1?F9a‘l‘." high ﬂb%@%@rWﬂ@PJ&F%%E% 1{1@0 E’l

char act @ﬁﬂa%!e&?e%@a%ﬁ'r@%é‘tgruﬁ Bated 1. M neral conpl ex may be obt ai ned from
one source or m sever a i erent sources. For exanple, the m neral
conpl ex [0yl ] be Phecipacednfatsomrovidesaprocess feemediatfig nwmanmlatedeptbsl t having

t he charact erlstlcs descrj bed, herein, or .the mnera n be
pr epar e§OBYIHPKAPR)Y 8 GEtH Hibe SuLg arngralFOnRIFE M PHTE %hougg@?ﬁ'g%g)e}b(?u =%hi eve a

m ner al yg ol aﬁ%‘f'éﬂ»@t%*ﬂ@a@&ﬁflé%t@w%}@ gbalRaGrt el abtri e Mt 2% tcgheulid be
further understood that when the mneral conplex of the invention is
obt ai nedbdut@rwileriatbowl8 B e), etreecompnsitin cooppisee thwnnﬁazrlyomﬁleéo nt ent

from so ur ce and batch .t o bafc m ner al
conpl exﬁ@] aﬂ)sé)rWBYlﬁﬁsaa Vlﬁ%hggcf%rrr glr%%l{l %%tr rﬁﬁmﬁ%&eéi nown to

t hose slﬁyaﬂo@ﬁkbbﬁs (re@e @mr JiPb£BS Hfatbrialbatcoﬁlbﬂsﬂglaﬂ)plylylg@htd the cmmmtedconpl ex
is maintained frombatch to bat ch and from source to squrce. uglOOZZ/%The

mi ner al wedwpIeiersd complek KUBAESBE 2bBHAPIVESS thabRyt 608/ LH REPapROW AdViek dfrent s
as descrj hod v%r&'}:%%o UnL &R % &W%‘é‘ﬁéﬁ (bR ak £ nAgM a]'b@&lgzl%% { a\b\ﬁ&rg ext,

referenéd t o Bér cent e mnerals and elenents o ch the
m ner al waQuPIEX, drs oappsitise dompesihgdednimerd bemplekal wei ght of the m neral
conpl ex. [0028] The component havi ng the hi ghest weight percent (Wwt.% in
the m neral Corml ex i DEYAILEONDHSORIFHONSOO2)HE RV ERKEON e, the niner al
conpl ex rise about 40 wt.%tq about 60 wt.% . about 42 wt.%to about
58 Wt . %[0%%& e G oAy deR 2 Boneft! C%np%aoa@ d ounRgSitigng GOWPEHRE 85 we . %
about 4 % t ut 47

. %t O%}i ourgog%ﬂ@}p%%t gegus\é@u}é%i al\?\}tgﬁ%%lf)}&é\&r %ﬂ’%@ %&% fogg%ﬁenfgla?wgﬁ% to
about 53nd related methods of use. The mineral complex is suitable for use on a variety of growth

media, for example, soil (including sand, silt, clay, or combinations thereof) and water, and
also is useful in amending such growth media , as well as remediating soil and water, as will

be more fully described herein.



WO 2011/ 130267PCT/ US2011/ 032110 6 w.% about 49 w.%to about 53 w. %
about 51 wt.%to about 54 w.% about 51 wt.%to about 53 wt.% about 46
Ww.%to avorn1sBo2t. % about 46 wt.%to about 49 w.% ecTAlsoMtu/0d2410M . % t o
about 49 wt.% Si 02. Desirably, the m feral conplex conprises |ess than 56
w.%(e.g., about 45 wt.% about 46 w.% about 47 w.% about 48 wt.%
about 49 wt.% about 50 wt.% about 51 w.% about 52 wt.% about 53 wt.%

about 5@0%% % Te ndidett c&@bplek o¥fhe ShdAtiod Qﬁ&%]ebh&nrﬁﬂdﬁﬁfrﬁhnﬁ:ﬁﬂpﬂa@mn@‘ralt he
invention al so may conprise an iron oxide (e. FeO, Fe203, or, Fe304). For

exanpl esourere Inithis regard drppnieralagmplswst ﬂseem&%up isa gt ProdaEovkich Bay: . o
bout 8w, % bout 10
ot o6 aboiietOuE P B ordhlif efhas, B OMtigaline hindDP milothe e 2001 10

W . % ofnvalioi mdds Gk Snic Mamnfalsalemﬁev%rtsﬁttmd:)@MRlﬁcemﬁ%loalstaudar@s . %to
about 15 wt. % about 10 wt.%to %ﬁ)out éb%ﬁ % . about 9. wt to about 14
W . % af@apicnenndieticedigpes: Ratuipl myger PSl&Sz‘h%ar%"ttc?h?Bb‘aﬁy 14 wt.% or
about 1&0?@;%% 4/h1PerBP Otite ﬂqﬁle‘f’ﬁl c%éfe@ofﬁ?@Q%nt% a'f&aﬁﬁllﬁé%?@dng’b@l m ner al
conpl ex o e i nvention al so rise calciumoxide (CaO . For
exanpl eRetdppizeil desrSxife msoxamyordo@pnoswmgwphwl\ms%to about 12 wt % ,

about 6 0% t abo ou ., about
. % [03%6 . Wra B&tt‘“ @e %tgﬁtmv@n%m %O%g e&]‘%% VV\}ccala}g about 11
Wt % @Qt‘?ﬂdttal)aie%m%) tF%r @J&ﬁhﬁle e WMindal &E@:ﬁi mdy Bé 17%6ate@ ieheipordQs watutily or

about 7 %'t o about % CaO [0031] The m neral conplex of the
i nvent i glmered s@cmyla@@,rﬂﬁm@whkag@r@gt watrsly gheredyo)canic gph, o Hisgpderad ne ni ner al

e = PSR AP IO Wiyt ©

about 8aﬁahl%1typ@hﬁmtnaﬁlrmy8/(¢drmabmmtcfshwt % about 5 wt. %to about 8 wt.
about 4 wt.%to _about % aqr about 5 wt. %ég)o about %I\%ﬂ [0032]It
i s cont E¥BOht edf}{f’ﬁatneltalltéortlblieé@&hﬁdn\‘%ﬁ@%énadf € ﬁ%ﬁ?o%?e & nineral
conpl ex ok R BeriGRARIeSHiHel hardih, COMMAREA e8mpleRr
exanpl e, tsbﬁr?ﬁn%ea?g%ﬁgﬂ ‘gﬁgg{n?y cgngltll se aeboute 40 wt. % to about %

Si 02, ahngtbeobainedoftan abosnurdfﬁon/ﬁor%sﬁ@% Siffebatsourtesit Fdnexemaleothe rmzelwt

CaO and about 2 w.%to, about 8 wt.% ral rrpl ex may

conpr i séO%BlﬁiﬁtmaZd’e\Htre%‘?dog%}B&&F ngpyrals %%Pﬁ@mea%giﬁt’o ?o about 16

W . % Fegfl3act@h@idl ddschbedhdiBin2G0ME nﬁﬂer&‘ﬂoo%pl&@@n &Qﬂe@b&lﬁy RiMbg foetepbout 8
wt. % MyO Additional exenplary m neral conpl exes may conprise about 47 w.%
t o abousevssil mff@f@raxmaerah@mvmtoto\mh%@ @rramrat cop®plegw hapirethe Sharagieiistics wt. % t o
about 1

Shont desitivgd aigh. MdelR B idpundet R I0H pupln e B oRBRY etk W 00 1O

about  9ipMenttorGa Qbtaditd e dihathratsolfct Qhaﬁﬁxl}ﬁralﬁzovﬁple% WOV arg o udnt& finim %t 0
about 53 wt.% Si 02, about 9 wt.%to about 12 wt.

WO
2011/ 1360B7PCTOwSeERd barsh 1a batgh. Fﬂzosvera%tﬁsesrome %lt%alefbatpée@nax be, cao, and

about 5 9 At t 02
about 15Mm}tn 4 It%bt%gﬁ 1tn af@%ﬁ%gg%%%hﬁggouktngém%t &S% gklggoﬁltth?(g)ﬂm en@l@

and aboat hewfualitytod tiedditteral cotnpléxNg Mairftdi08BTrBmdfastheb bytch ihé frmm@made to 0 rrpl ex
conprises about 47 to about 49 (about 48) w.% Si 02, about 13 to about 15
(about :'M)rc‘?/vt % Fe203, about 8 to about 10 (about 9) wt.% CaO, and about 5
to aboui‘ i)abof*ﬁe Hinedi oJﬁl%’QQof bk iR0GERR coRFRO ftrousthi@ el MR Rl eng@P| eX
conpri s out 49 to about 51 (about 50) . % Si 02, about 12 to about 14
(about mésglesmnbékbh‘eeaﬁBUnadsootheBNtsolmib@tﬂd bbda(lgbggpr Qt)ntwt 196eC0es @nﬂelalbiout 5

to about (ab ot her ref rred enbodi th

ni ner al ErGﬂ‘ﬁF 8&%6‘?’?%?9,\% dggeoﬁnt%ofy%}g Jt“ngrz? ﬁt‘ 1%@}“%56%/& 5% ied about
9 to abgchel{q,ta(a,b%toﬂ@)eMer%M@éx about 6 to about 8 (about 7) wt.% CaO
and about 4 to about 6 (about 5% % MyO. [ 0034] The mi neral conplex of the
i nventi tbﬁﬁlél so "Hegycommponpietrhay oy ¢ bighest wrei sht prsRitd Wt {Al IR O minpré FRFRK Y, t he
m ner al 158 I esy h 9 3 ut
T5's we ot el (O Bl G Ese, Al atmdG by G IE B AT
W . % t 0B8R BD Wk, bouldd ®t.9 to ABOLES LOYEbSGE 4abm% totabcmt 6@/mamba>umz wt . %
about 13 wt.% about 14 wt.% about 15 wt %, 12 wt. %t about 15 w.
% aboutvt¥Btagbous 31 WhbeaboutstSwt. %toab%tSOM «/Mab%lt@‘é(bé&f’ Bmvgt W 7%r  about
s oe bl a7 AR o it By AR 16, (RS COMDNSREC O wh B dH6EOL3 On

al so may fOrt ner” conpri se sodi um oxi de or exanpl e, e m neral
conpl ex conpri ses about 1 w.%to about 4 wt.% or about 2 w.%to about 3
w.%(e.g., about 2 wt.9% about 2.5 wt.% or about 3 w.% Na20. [0035]1In
one enbodi nent of the invention, the mneral conplex conprises about 46



w.%to about 50 wt.% Si 02, about 12 w.%to about 14 wt.% Fe203, about 8
wt.%to about 10 wt.% CaO about 5 w.%to about 7 wt.% MO, about 14 w. %
to about W6 2041/138%6A1 203, and about 1 w.%to about 4 w PUTNS2€11/032110

[ 0036] Desirably, the mneral conplex also nay conprise at |east one or nore
rare earth elenents (e.g., at least two, at least three, at |east four, or
at least five). As defined by IUPAC, rare earth elenents (which include for
pur posest0f, abb& 4nviENnttb @abouitisatwiihj sbounsly whes woe\foemrfadwt% amuut at evt&ata h

nmetal s) are a collection of seventeen chemc ements in the periodic

tabl e, ARRHISY WcarrdPuQ SEYe oyt Vv ab%}ﬁ 66 f"ﬁe/" £ Fo8EH Vhrfe REMAYS:

| ant h lo hi

| ant a0y bele R SCeD, BIARRASATL Ik AROUHTIUE ek s gsy i um
dyspr osiagn mp) 45 mmaunmt(myt YeeatimutiAT ()VEP/),,abblhtul& witfo( ot 4sym &5, labutm5@Yb)

d lutet T h | f ht
are amtioaPRifel Lt (1 AR P oGP Br s a5ty o S RGO o0
2011/ 139xp6PCT/ Mﬁlya@égr%ﬁﬁx %f E{eQH‘?énlﬁbH mso?i‘ﬁ@ QAPRLsk 'dfﬂroﬁ@%d@%@gy FE@r e

earth elements (europium gadolinium terbium dysprosium holnm um er bi um
t hul i umFezﬁstetrlEnan) Fan @xdmaplet tha myinersloconatilenvman domprise abonte wt.toiesibder Kd rar e

and oxnire bt Akt g der P Y BB it OBl L€ T ner el

conpl ex aBa&K 1¢ VL, HBULITEWEY, ABGE 18 3860 ol £ivens absut 96 vack ad aboemet he
group consi sting of scandi um ttr| um_ | ant hanum _cerium pr aseodym um
neody i Hitte)sberet Wi-binto abaneld Whio, abmub Bivuite teyalrdtt il AT, abeYHlOIM: “ed9 s pr osi um
hol m umab&ft?'él%%tﬁldu S %ﬁo a%rog Hmvt Q‘ngb%#tﬁ%tumo lﬂ;o#'t %? W?% a@&ht?Zt hat the
m neral conpl ex ‘Conprise a Ieas rare eart enent and at | east
one heawy.% arsboaar4 Wt.ed, erebdut 112mvt(.% tteaiboamb@eht %Ee@ F&,0e amnFegdal conpl ex may

conprise only light rare ea{eth el emrents o only eavy rare eart enments.

In a pr &80 ed Birgsicr Remriek of MefBreptiops r@ﬁﬁﬂﬂ“gb%@%&ﬁ?an 50
ppm of I they, l12 | eX¥ourBY
o | s o panIG JRau cErpy mg%%%‘f?@a“%gﬁ?@“z” e AR 250 R oI 15
ppm abeu klatpptr 2 whéit atbupd mt. Yatsoaboutd] pphtoe. &bgusb@it ép\m%,aﬂbguﬂ 2t.hpm

ot her SBRBATAnEPoha i PRI (e gL Sdnk a8 ABRE (DrE A Boabout

49 ppm aammwt%% @wnttlov@eb/wraﬁeutppmwda%bu@ wt.ApOado about 30 ppm about
0.5 ppmto about ppm about 0.5 ppmto about 20 ppm about 0.5 ppmto

about 150033 aﬁwmr@reek cmpiewféhfonvenmn@bmm@bmmpr@equgpww ozislsut 5 ppm
about O, to abo r u m rarge earth
o1 enent SePBOBTRRES s RBM ShmBRR b m R R B P @ By | e
one or geée 40kt %h@alﬁ@iﬂSQW RNRde. g)glabl@medﬂmnmmeﬂtv& %,p;bbas@wu% amuié' Wﬂ%p)
chrom um oxi de (Cr203), titanium oxide ( % nganese oxi de (

phos phopbe&souéﬁuvae@x p'z@s)4 Wigiorte) ﬁbwrﬁ%&ﬁd@% ot % HhePwh? Mirfe o@&ioaé‘* ("‘ée(@)
For exa 0 W e about 0.001 wt.%to about 3

. % ag(};%t 693@ }nd}%o?%)tsg outt%)ifflbg&@g abogté 0.01 wt.%to about 2 w.%
about 0]ao3 . %1t s @Inmntpléte&wha%he(foregbmgtrar(ges ofieachocbmpabot bf theumln%aKZO
Cr203, Ti02, MO, P205, Sr and/ or I n onebe odlgéa e.m ner al
corrpl ex C%ﬁlﬁﬁ‘%aé/sbeﬂ%%sfni]ﬁ‘a‘ GHB%?EE‘“@ ew(a&ygom H3H0R- fsewp Nehout 2

. % abobdrafleom éM@ x iy 808 Flsela%t 56 wRDPtabBute 0Nt 94 Si10%, 48816 @vh%"tocbbéut\m %
K20 Cr203, TiO Oy 5 Sr0, and/or BaO. In another enbodi nent, the
m ner al 160\r‘q%§ﬁz%omlpm|t éefé % e alout R M. ‘meCEthemﬂ(ab@m&in% tabloant SOVIEVowt . % t o

aboutO bout . 0.01 w.%t0, a otQ,

% t o]\/i%(\(%)tr t% @’Waq&(’ﬁqp&f m%?b%(mpr&efb?/ﬁ @Wt A’a%SB Utéb 3 tvé) §3}) ZIV%%)Htt 1%out
0 1wt Yot o tRdME 10w W e, V9, PRt 7 & Okito dboldil1 Wivt. %. (CaCabaIAbddt OSvtwh 100 Sr 0,
and/ or about 0.01 wt.%to about 0.03 wt.% BaO. WO

2011/ 136barBoTY wdis@1 AgEitiongl ngwmn@ramqmlwsmypﬂomriéﬁ Ay 47 WEént i on

al so ma o 0 o I to $eS

| ess th)e{longbangé% g@?@}d %éugorme{((’an%?oacm?w }r:l%ﬁ@r%?g conp%ﬁg/g %f%gg@n%}rt |/§e

about 1CGaOMndaboabowit.%d (Oabut %wtalamgo Oa,bBuWS%‘%aeribbutcm%t WtSi%%, abbatut 0. 1

Ww. % about 0.05 wt, % about 0.0 :/? ab 03 wt.% . aor | rt}han about
i

0. 03 wt 186%t. % fhebawt h‘é?""él% Eeivsl @3@%? wiiatq ?‘hPé‘h?l“Gr(" glag)oarﬁja%}ml‘:‘b 788 sul fur
(S). Y, G xanpl e,
the m naral S aS AL RIS T RRel S B R B S 1R 0. 25
wt . % about O. 1wt % about 0.05 wt.% about 0.04 w.% about 0.03 w.%
about 0.02 wt.% about 0.01 wt.% or |ess than about 0.01 wt.% S. [0040] The
m neral conplex of the invention also may further conprise at | east one or
nore of (e.g., at least two or nore of, at least three or nore of, at |east
four or nore of , or at Ieast flve or nore of) the foIIovm ng: silver (Ag),

1. 1 . o o




10 TABLE 1 El enent Range (ppm based on total weight of m neral conplex) Ag
about 0.0001 ppmto about 10 ppm Ba about 1 ppmto about 500 ppm Co about

0. 01 ppmwo 20tu013026200 ppm Cr about 1 ppmto about 400 ppor@s2@bosiii®. 0001

ppmto about 50 ppm Cu about 1 ppmto7about 400 ppm Ga about 0.001 ppmto

about 200 ppm

Fe, 03, about 7 wt.% to about 9 wt.% CaO, and about 5 wt.% to about 6 wt.% MgO; or about
47 wt.% to about 49 wt.% SiO», about 12 wt.% to about 15 wt.% Fe,Os, about 8 wt.% to
about 10 wt.% CaO, and about 5 wt.% to about 7 wt.% MgO.

[0033] Preferably, the mineral complex comprises about 47 to about 49 (about 48) wt.%
Si0O,, about 13 to about 15 (about 14) wt.% Fe,O3, about 8 to about 10 (about 9) wt.% CaO,
and about 5 to about 7 (about 6) wt.% MgO. In another embodiment, the mineral complex
comprises about 49 to about 51 (about 50) wt.% SiO;, about 12 to about 14 (about 13) wt.%
Fe,Os, about 8 to about 10 (about 9) wt.% CaO, and about 5 to about 7 (about 6) wt.% MgO.
In yet another preferred embodiment, the mineral complex comprises about 52 to about 54
(about 53) wt.% SiO,, about 9 to about 11 (about 10) wt.% Fe,Os, about 6 to about 8 (about
7) wt.% CaO, and about 4 to about 6 (about 5) wt.% MgO.

[0034] The mineral complex of the invention also may further comprise aluminum oxide
(Al,03). Preferably, the mineral complex may comprise less than about 16 wt.% Al,O; (e.g.,
about 15.5 wt.% or less). For example, the mineral complex may comprise about 9 wt.% to
about 15 wt. % (e.g., about 10 wt.%, about 11 wt.%, about 12 wt.%, about 13 wt.%, about 14
wt.%, about 15 wt.%), about 12 wt.% to about 15 wt. %, about 13 wt.% to about 15 wt.%,
about 14 wt.% to about 15 wt.%, or about 13.5 wt.% to about 15.5 wt.% Al,03;. The mineral
complex of the invention also may further comprise sodium oxide (Na,O). For example, the
mineral complex comprises about 1 wt.% to about 4 wt.% or about 2 wt.% to about 3 wt.%
(e.g., about 2 wt.%, about 2.5 wt.%, or about 3 wt.%) Na,O.

[0035] In one embodiment of the invention, the mineral complex comprises about 46
wt.% to about 50 wt.% SiO,, about 12 wt.% to about 14 wt.% Fe,O3, about 8 wt.% to about
10 wt.% CaQ, about 5 wt.% to about 7 wt.% MgQO, about 14 wt.% to about 16 wt. % Al,O3,
and about 1 wt.% to about 4 wt.% NayO.

[0036] Desirably, the mineral complex also may comprise at least one or more rare earth
elements (e.g., at least two, at least three, at least four, or at least five). As defined by
IUPAC, rare earth elements (which include for purposes of the invention that which may be
referred to as rare earth metals) are a collection of seventeen chemical elements in the
periodic table, namely scandium (Sc), yttrium (Y), and the fifteen lanthanoids: lanthanum
(La), cerium (Ce), praseodymium (Pr), neodymium (Nd), promethium (Pm), samarium (Sm),
europium (Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium
(Er), thulium (Tm), ytterbium (Yb), and lutetium (Lu). The rare earth elements are also

referred to as light rare earth elements (lanthanum, cerium praseodymium, neodymium,



Hf about 0.001 ppmto about 50 ppm Mo about 0.001 ppmto about 25 ppm Nb
about 0.001 ppmto about 100 ppm Ni about 1 ppmto about 400 ppm Pb about
0. 001 ppmwoaoabcwc725 ppm Rb about 1 ppmto about 400 pporSs2@bosiii®. 0001
ppmto about 15 ppm Sr about 1 ppmto8about 600 ppm Ta about 0.0001 ppmto
about 10 ppm Th about 0.001 ppmto about 200 ppm

promethium, and samarium) and heavy rare earth elements (europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, and lutetium). Scandium and yttrium are
considered rare earths since they tend to occur in the same ore deposits as the lanthanoids and
exhibit similar chemical properties.

[0037] In this regard, the mineral complex may comprise one or more rare earth elements
selected from the group consisting of scandium, yttrium, lanthanum, cerium praseodymium,
neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, and lutetium. It is desirable that the mineral complex comprise at
least one light rare earth element and at least one heavy rare earth element. In other
embodiments, the mineral complex may comprise only light rare earth elements or only
heavy rare earth elements. In a preferred embodiment, the mineral complex may comprise
less than 50 ppm of each rare earth element. For example, the mineral complex may
comprise about 40 ppm, about 30 ppm, about 25 ppm, about 20 ppm, about 15 ppm, about 10
ppm, about 5 ppm, about 4 ppm, about 3 ppm, about 2 ppm, about 1 ppm, or about 0.5 ppm
of one or more rare earth elements. In another embodiment the mineral complex may
comprise about 0.5 ppm to about 49 ppm, about 0.5 ppm to about 40 ppm, about 0.5 ppm to
about 30 ppm, about 0.5 ppm to about 25 ppm, about 0.5 ppm to about 20 ppm, about 0.5
ppm to about 15 ppm, about 0.5 ppm to about 10 ppm, about 0.5 ppm to about 5 ppm, about
0.5 ppm to about 1 ppm, or about 0.5 ppm of one or more rare earth elements.

[0038] In a further embodiment, the mineral complex may comprise one or more of the
following oxidized components: potassium oxide (K;0), chromium oxide (Cr,0O3), titanium
oxide (TiO,), manganese oxide (MnO), phosphorous oxide (P,0s), strontium oxide (SrO),
and barium oxide (BaO). For example, the mineral complex may comprise about 0.001 wt.%
to about 3 wt.%. about 0.01 wt.% to about 3 wt.%, about 0.01 wt.% to about 2 wt.%, about
0.1 wt.% to about 1 wt.%, or about 0.5 wt.% to about 1 wt.% KO, Cr,03, TiO,, MnO, P,Os,
SrO, and/or BaO. In one embodiment, the mineral complex comprises less than about 3 wt.%
(e.g., about 2.5 wt.%, about 2 wt.%, about 1.5 wt.%, about 1 wt.%, about 0.5 wt.%, or less
than 0.5 wt.%) K,O, Cr,03, TiO,, MnO, P,0s, SrO, and/or BaO. In another embodiment, the
mineral complex comprises one or more of the following: about 0.5 wt.% to about 0.9 wt.%
K50, about 0.01 wt.% to about 0.03 wt.% Cr,0O3, about 1.0 wt.% to about 2.0 wt.% TiO»,
about 0.1 wt.% to about 0.3 wt.% MnO, about 0.1 wt.% to about 0.3 wt.% P,0s, about 0.01
wt.% to about 0.05 wt.% SrO, and/or about 0.01 wt.% to about 0.03 wt.% BaO.



Ti about 0.0001 ppmto about 25 ppm U about 0.0001 ppmto about 25 ppm V
about 1 ppmto about 600 ppm Wabout 0.0001 ppmto about 25 ppm Zn about 1
ppm to abwotodidBompm Zr about 1 ppmto about 400 ppm [ @04AjSThe/osimer a
conpl ex of the invention also may conprise one or nore of (e.g., one, two,
three, four, five, or all six of) the followi ng: arsenic (As), bisnuth
(Bi), mercury (Hg), antinony (Sb), selenium (Se), and tellurium (Te).

Pref er afogg] t herheinnaeal capiek 6Ktlﬁ@1ﬂ%ht16@slsbﬁ&§'obh@nséc4}bm c(f) Ascfetabls than
5 ppmof Bi, less than 1 ppmof Hg, less than 5 ppmof Sb, |es tha 5 ppm
of Se, Hednigeral euuplehsemBrIjshess thanabowc whealm el e&aﬁgﬂ%ﬂﬁ‘emmer SHp

Cor’rpr ! S%lg‘ggglggﬁs oﬁt Pé vﬁt?%?ar‘?o%l pg’rwétr‘]’)é,\gdsbogg(g gf%,(;r/%’ﬁ%:&rl]t d, Q%@/i o OF b@t!xtl() Bi X Of )

2011/ 13@/260 Bﬁa'dtlﬂmﬂ%()%hlo 04wt PABIHEUR0.BB evtdfitor less than about 0. 03 wt. % C.
The mineral complex of the invention also may comprise sulfur (S). Preferably, the mineral
complex comprises less than 1% S. For example, the mineral complex may comprise about
0.9 wt.%, about 0.5 wt.%, about 0.25 wt.%, about 0.1 wt.%, about 0.05 wt.%, about 0.04
wt.%, about 0.03 wt.%, about 0.02 wt.%, about 0.01 wt.%, or less than about 0.01 wt.% S.
[0040] The mineral complex of the invention also may further comprise at least one or

“more of (e.g., at least two or more of, at least three or more of, at least four or more of, or at

Jeast five or more of) the following: silver (Ag), barium (Ba), cobalt (Co), chromium (Cr),
caesium (Cs), copper (Cu), gallium (Ga), hafnium (Hf), molybdenum (Mo), niobium (Nb),
nickel (Ni), lead (Pb), rubidium (Rb), tin (Sn), strontium (Sr), tantalum (Ta), thorium (Th),
thallium (T1), uranium (U,) vanadium (V), tungsten (W), zinc (Zn), and zirconium (Zr).
When present, the mineral complex preferably comprises less than 1000 ppm each of Ag, Ba,
Co, Cr, Cs, Cu, Ga, Hf, Mo, Nb, Ni, Pb, Rb, Sn, Sr, Ta, Th, T, U, V, W, Zn, or Zr. For
example, the mineral complex may comprise one or more of (e.g., at least two or more of, at
least three or more of, at least four or more of, or at least five or more of) Ag, Ba, Co, Cr, Cs,
Cu, Ga, Hf, Mo, Nb, Ni, Pb, Rb, Sn, Sr, Ta, Th, T1, U, V, W, Zn, and Zr in the ranges set
forth in Table 1.



Range (ppm based on tot al
about 0.0001 ppmto about 4 ppm Hg about 0.00001 ppmto

about 4 ppm B

wei gh

t of mneral conplex) As ab

out 0.0001 ppmto

about 0. Svppmi@3omwhbout 0. 0001 ppmto about 2 ppm Se aboeCTAISBA@H3IFAPM t O

about 4 ppm Te about 0.0001 ppmto about 2 ppm
conpl ex descri bed herein has one or

t he m neral

[0042]In O
nore (e.g

ne enbodi nent,
at | east two,
| I owi ng

2% to about 0.3%
degr ees
A.) of about 5%

at least three, at least four, or at least five) of the fo
characteristics: an average melght TABRIGhs per cubic yard of about 1 to
about 1.5 (e.g., about 1.3); a loss-on-ignitionof-about 0,

(e.g., about 25%); a fusion of about 210048 about 2300

Fahrenheit (e.g., abouflenzmd): a mi (Prrabeseslarfotabysighp R E

to about 6% (e.g., |about 5.49% ;| a L. A ofahmasi cemplesks accor

C535-89 of about 7.

2 to Apout 8|

2atoat 0.000 Bttt Zbat) 10 ppin. A,

di ng to ASTM
abrasi on | oss

according to ASTM C 131-89 of abouabéﬂ1§qh9uﬁh@ut5@ﬂm§n(e g., about 10.8);
? speC|ch ?rgv;é%)accorgbng U0 AFEN G m 8Pt 2o toha?ggt ?.OSO t
e.g., abou : —a specificrgr Y of abou

2.980 to about 3.069—fe—g§——abﬁwg %Bh'ﬁgﬁﬁgﬁ{“gggﬁﬁj 3ﬁ according to ASTM C
127 of less than about 0S8% (e _abqup 00001 Bpm 40 3 @%;—gﬁﬁf%%-a soundness | oss
according to ASTM G_88 MEUSy of | ababeutd pesaiq aboxp W}mﬁn7no)(e_g_, about
0.59% . [0043] The milneral Geonpl ex dfout B0] apmrie pbert@H) PBB obt ai ned in any
physi cal size. Preflerabl ¥f howeyerboutfedGtinper l abooh§) epmi s| crushed, ground,
and/or mlled into |a powslier ed flor mberiOnglgipyn tocaboun®s pphhods known in the
art. Nb about 0.001 ppm to about 100 ppm

Ni about 1 ppm to about 400 ppm

Pb about 0.001 ppm to about 25 ppm

Rb about 1 ppm to about 400 ppm

Sn about 0.0001 ppm to about 15 ppm

Sr about 1 ppm to about 600 ppm

Ta about 0.0001 ppm to about 10 ppm

Th about 0.001 ppm to about 200 ppm

Tl about 0.0001 ppm to about 25 ppm

U about 0.0001 ppm to about 25 ppm

\Y about 1 ppm to about 600 ppm

W about 0.0001 ppm to about 25 ppm

Zn about 1 ppm to about 400 ppm

Zr about 1 ppm to about 400 ppm

[0041]

The mineral complex of the invention also may comprise one or more of (e.g.,

one, two, three, four, five, or all six of) the following: arsenic (As), bismuth (Bi1), mercury

(Hg), antimony (Sb), selenium (Se), and tellurium (Te). Preferably, the mineral complex

comprises less than 5 ppm of As, less than 5 ppm of Bi, less than 1 ppm of Hg, less than 5

ppm of Sb, less than 5 ppm of Se, and/or less than 5 ppm of Te. For example, the mineral

complex may comprise one or more of (e.g., one, two, three, four, five, or all six of) As, Bi,

Hg, Sb, Se, and Te in the ranges set forth in Table 2.



[0044] I n one enbodi ment, the mneral conplex is in a powlered form wherein
the particles have an average particle size of about 10 to about 6000 nesh
(e.g., abwototidBoico about 6000 mesh, about 200 to about P6OAG20meb211@bOUt 10
to about 1000 mesh, about 200 to aboutt 4000 nesh). In one enbodi nent, the
particles are very fine and have an average particle size of about 400 to
about 6000 nesh, which corresponds to a size of about 37 mcrons to about 1
m cron. For exanple, and in this endeadlfent, the particles may have an
average particl e size-of—-about 400 -to -about—6000-nesh,—about 400 to about
5000 nmesh, about 400 to about #000 nesh, aBB8Ee400 to about 3000 nesh,

b

about 400 to about |Xd@uentesh, apout (@PO basgcdgydatal veaht mesh| about 400 to
about 900 mesh, abdut 400 to ablout 800ofrmeihral edyoplex100 to jabout 700 nesh,
about 400 to about |@30 nmesh, ablabbudDCGlppabutbosODpprsh, about WO

2011/ 130267PCT/ US20Bt/ 032110 12| 506k ¢.00E0gmut 10440t #ppia, abput 600 to about

6000 nesh, about 7(H§C)about 60R8u®eth013RaH, LG 0. 9ppRoUl 6000 mesh

about 900 to about i (I mesh, about 2000 to
about 6000 nesh, ahgiit—3660—+o a%géttgg%“ oﬁpg%ggﬁi;%? 4060 t o about 6000

mesh, about 5000 tg-Sbout—6000 HRER JIPIE B B 5000 mesh, about
600 to about 4000 Q@h1 about 7ﬁﬁ°ﬂﬂlg@ ﬂﬂmﬁﬁﬁﬁmHEZHpﬂahnn 800 to about
2000 nesh, about 900 to about 1000 nesh, about 1000 to about 6000 nesh,

about 1 o] t 3000 to
about 4§8g2Lesﬁ?%géggig%ggﬁﬁggaaIgﬁ%cégggmﬁgé ,%g?wgﬁggsqﬁ%gﬁnﬁggg%%ht 6000
mesh. [ @0kt bwo,aut teabtathed, sasdiomenir at tdhe fpay of tht ésllawiag sharghédisyick:asmger ,
havi ng an average particle size of about 200 to_about 40 sh, which

cor r esp8YIaes weightdnjensgrer S‘btﬁﬁt"ar)"i@fﬁg%‘?t&nté’ agB“talb%EFt-g- gabonf g-ﬁgEﬁ’slPSSﬁS]r exanpl e,
and in I i , ok icgcle e 1Y) | si ze of
bout 288 G e T A e R LR O B &

about 4080(hésgnces dlbrenh@7&. g cababb2R00400mitbairasiabmes (BBCE.A0) clabout A0 nmesh,

bout 325 t t .400 h, bout 350 t bout 4 t, 37
Shou 328 g, 0TS P, 30 Lo el SR RS 0
about gggaﬂoﬂt 8bquL. 3BSutMEBNa LabatasZ?Qoésacabaits t8 B TREEN1 3 120Puf abddP t o

a

about mesh, out 200 to about 250 mesh, about 200 to about 225 nesh,
or about 0350 abeitdbdue g35boweldks); § OE4E]q grayibt acgprstingeto AT MY dribodi nent ,

moen wh ok EaRnLegBEYs B Ret B bk St GeRraaR e d b0 gy *°

M Crons abdudn w@Raspbsut 38060 (.8, bbing 26980 dinmdeérptibh eccpatitg &l £STHED 1DA¥E an
average particle size of about 10 to about 200 nmesh, about 20 to about 200

mesh, alssuthanebew 0aljede g260s HuBK-4%ab 60¢/ 0B seuidagss hess 2oerriiag o ARME Bo to
about 2 o 0 onabout 120 to about 200 mesh,
about 1 ?%8g%§ﬁpgggékgggﬁ%(gﬁgﬁga%68m¥§§g%6Ut 200 nesh, about 180 to
about 2048 sh, Tiehoinkral Gomplealod tte ihBthtivp simy tedttindintany @byrital $6G6. mesh
about 10 to about 140 gesh, gbout 10 to about 120 sh,..about 10 éo gbout
100 neshrefebly; haveven thnBierasomples s spisied: gpup il LA PORAFEE 10 to
about 4@, st ARAMLHAOMER AP w20 tHegk, about 40 to about 180 mesh, about
60 to about 16% mesh, or about 80 to about 140 nesh. In a further rel ated
embodi mi44] t hdnpae einbbdisndns ke mmesiepagéexpairt ¢ powedeaed orof wisienths0 t o

About 1AEES Spui sotenaen S st Tho ofugb el (s AT ver i on

of Meshasdi# 8800 Mell, GbORR 0030 Weddt HOOWRSH, Abbre 026 kbodtA04dT Inksle, aBbnervalto
conmpl ex described herein is useful in a variety of different applications,
as descrbBedodemesn. lupencmbodiment ghapsrtidies Ap yeydigraad havaHeETdgsr ei n, one
WO 2011/ 6 / il ' I N i ate that
the- par PREPE SEes 2Bp Ry S 8pocd bk sl LI SBB RS p peio MRS The L yme
of appl iiabho dbdunhinédrot.nBoméxaaipdd, acd impth&xentsdbeémgthe pediclesataydwacph e, i f
equi pnent having a fine nozzle is used for the aﬁglication or distribution
of the AYHeFAarEdapizert ahaut #Q0 [y adyout a0amesh. Rt APG K ok i rasshotbost sj ze
that w \VeY LA N : AYEIPER I L& sdze of
betmeenhg%gugbgtﬁﬁgﬂg h?%?%ﬁg@?gMﬁ%gﬁxgﬁggmbéﬁﬁ%oyﬁo 6088?¥Rﬂln éd&%tion
one ski Ho@th about h@lantshugamt Aeadi atgut HOGmdsls abas dde tehlmut 80Ginssh, apgurteci at e

that mneral conplex havjn relativ smal | er,_aver age rticle size
(og. " A0 podi T B tasbit 4Bl 1w iheabanogrol et P west. udlt 200
to about 400) distributes/suspends/dissolves nore readily in any nedi um
such as in a pond/|lake/ marine water, in noisture and bacterial exudates, in
soil, in water used for hydroponics, and the |i ke, as conpared to m neral
conpl ex having a relatively larger average particle size (e.g., a nmesh size
of about 10 to about 200). [0048]In addition, one skilled in the art should

o o o o, " e
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14 about 50% of m neral conplex having an average particle size of about
400 to about 6000 nesh and about 50% of m neral conplex having an average
particl e wozeliof3omwbout 200 to about 400 nmesh, or the corpUAIS210/03ITRY
conprise about 30% of m neral conpl exizhaving an average particle size of
about 400 to about 6000 nesh, about 50% of m neral conplex having an
average particle size of about 200 to about 400 nesh, and about 20% of

m ner al 500mPdbRXt 60 Mgshasboay 60@@eabpar 63100! reeshi dwuo?0Gtoabbul@00oneboaktou?00

mesh. [0049]Altho h average particle size ma onve sured by
scanni n§0@ferbopbel @?%s%lt%‘f/& bo}lh“:?@éﬁ‘?%a%@é“ 0oy Bhtrﬁtogé E’nown to

those SE{;}H’( 860 1 datbloﬁt tZ({)OtO m rhh?ﬂé out ?@(ﬁﬂ'o%‘ﬂgﬁ't @O@%éiﬁyabgﬁt m% abSsichedl y, at
9

| east 7 nore desir ast 80% still nore desirably at |east 85%
pr ef er abhlegh, aaﬂaovhteﬁ)s)t) t(9®1%ut ﬁﬁ@@mpslefabmaﬁl()g) t@abdue 8600 @5k, abaus 900ty ebaut ef er abl y

t | t 96% % t t
8% or 040 miestsebersBES ie® pH T Pehe om0 i pIRLAER, BRLPH0 N Rt A
the ranggso AeSEhbORT 0bStivdut 66URRAEHN ok @560 @Chb@ﬁtpﬂﬂ),mésheaboﬂvm ten
further provides a conposition cong)rr sing a binder and the m neral conplex

descri bebow&0ed mes}Ihmeﬂrﬁ)Q@rO ale AS O me%h whaui 36fd tongbeat 4100aesh) enabout

desi r abl Md) ag)s t&ﬁ) conplex therewithin, form ng what nay be
referreé? H 8 ratron of the m neral corrpl ex. This provides for
easi er pEspgi N@.a x’@ﬁwwdnﬂ@dﬁﬁéhtatﬂi%hmales@fb dightlh targernieavadg aoavplagx, W th the
bi nder permtti ngf rel ease of the mneral, conpl e%(%her ef rogt on exposure of
the compaicesine atabait2dp to phoud 48P aresh. ‘@Hdeﬁwp tt0 21E O PRI 4 IYCIOBF ect ed
so that | Iibo%mﬁytnq@’éng % or ngm?fét SRAGni %ht%%gﬁn&i i pefidks &ggﬂh%aﬁf rom the
conposi tion en € conposition I's exposed to 'a water-contailning

envi r onaedrhge Iﬁe(ma&]sizlpoﬁatmﬂt 200 tonapouo4@thmesh, ab,chm%ﬁe) ghrooy #0koestierbout, one

killed il f i al
Const 1t aPbihour ¢0 et ARRR2TS ittt mae aberabo Wbt A0 Bt BBt het i ¢
nat er i akgs Ly @K aPEsh, hbSut B0 48 EbdRY 0B RrctH, era&rmsqoamﬁado sfkhibbeut cane

nol asses,” beet syrup, Beet nol asses, desugared beet npl asses, honey, whey,
st ar ch, 260k ahout FEmepnaons200 66 hbout B mies, b e9) de abaytt 3RD meslarabps

Do oS|I T TR BB SRRUA s DM st

and m xbyp esatote BPmes\delbbdu@ns0 tceatﬂ)rmkﬁ}smeth bi nders that may be used
herein include carbohydrates such as nonosacchari des, drsaccharrdes

ol i gosad@tal i dels yeaﬁwﬂmlr?lg@é emborimeant, the BareiFles have a5 gyen lagesy partichs size

gl ycopra ane.
Lt bl e S AR 26 Pt i PR RRAR 52 306 oL D000 il b 4o
gal act 098 mistéE OB, epdaﬁ@ld)sﬁd 1mthistenﬁﬁ)d1m@ﬁt,c1he paramcbb icatohaafe amraebxag@pmlcland
m xtures, thereof, such corn syrup; IuI

car boxy FE€ 9§ Rt |19rt<b§té>ut %Q%yreélér ot 0% y&sw 88‘ ﬁﬁﬁoo"%ut 200 mesh,

hydr oxy r 0  200Msh, ab

SRR L 12?%1{36%%%g'i%wngta%?{%dgﬁ%emf PO 649 8 200kt abou

met hyl caR0 w dsef 260 mestheboutddo o asouwaPd oweh, abewsigéi0, to gbeut 2RO atﬁeh aﬁfoeet starch

i no. S8 bt SEanpbe Q020 ERGT 1sh Ry AR labar i ERBER el 1

st ar chegpo&4ah ndsh C4o0t ﬁd t%refbbutamﬂ) Rehakkbus @E&Kbou@‘l (b’@fneéhﬂ lhb@hyldl’t@h@@.t such
as pectin, anylopectin, | an, glJ”qigcogen agar, grnrc aci d, phycocol | oi ds,
c

chitin, 8@uum8hrah@ut:10 tgwémou Mrlgy@ab@tﬁﬁptm% a@&ﬁtlﬂptoaﬁ*r’élu‘l 1eth. bean

gum co ubs ce g
deri vat Fg%lgﬁgf 0 %6 (‘1§ 0 e as&?q fS)na%s uﬁa%o ?Sg‘ E?D%qt gt? {r?c g?fr}iéﬂg% hc iIrlIJ m
l'i gnosu Iftﬂrbatreatem dmbodinusm, thapattes bnatad;avange pmrpleemmambmhm naheowased

conpositions containi ng organi ¢ and i norganic |ngr nts such as nol asses.

Sui t abl 40P msskiabopi Iifp sbpw @00 areshs houpiZhig adou Yeiorpbout
protam ngy nge(ghloq‘%%&it 1876% 8@&&'4@% n%sﬂd?héc&%fs%d o/ﬁn&ﬁr eE‘t(ﬂlnﬁQ orlsS e
synt heti ¢ organic , such as oxi de polyners, polyacrylam des,
ponacrkhaW&&;&po&wvrnyl pyrrolrdone pol yet hyl ene gl ycol, ponvrnyI

al cohol , | yvi nyl met hyl yvinyl acrylates, ctrc acid, and
| at ex. &G@rs { ?mﬁﬁ§°BW@GWd@S gW %ﬁgmﬂgﬂﬁ?éL”HtW§¥B@W§g e} ease of

m ner al FQBRO% i doh QB HP@SUbSurd ProdRleheidit loyde, for
exanpreagﬁaté§§3F§8§%§? ave reﬁgtrvg 8m1meter so Jhrlrtse [8052]The
conposition conprising the binder and nlneral conpl ex may be conbi ned by
any suitable nmethod, including by subjecting these materials to steam
wat er, and/or pressure in order to facilitate the aggloneration of the

m neral conplex and the binder. The binder is desirably present in an
arrount suffr cr ent to provr de for the aggl orreratr on of the arrount of m neraI

o o S o o o " - r



16 solids by weight and wei ghi ng about 10 pounds per gallon. The binder
al so may be added and m xed with the mneral conplex as a dry ingredient,
subsequenwbyomisozeg i N an anount of water. In addition, PCliaSc@mppexidi on nmay
conprise agents such as surfactants, ©ispersants, disintegrating agents,
wetting agents and the |like. [0054] Anot her aspect of the invention provides
a conposition conprising a fertilizing agent and the mneral conplex
descri bekillbétretha art Will appretipreshititheipdrtisie sy et eimtiahtoraplpk mzaztbe@akctean d may
be applledln conbi nat i nvvlth seed during pIat|n r|or Ian
anyt i me Pesseoadhe pe Ol ISP By ighthe apigersh ey ﬁ@lsgq ciff ise lﬁﬁgtured
plants, .alisAciBhy gabﬁ&eﬁdzgreqt usemsr ﬁu@r% daabﬁler atgt%ftstlutsmm@nﬁﬁ@raent in the
conpositron I n an anmount ranging froma . to about 99.5 w. %
(e.g., aboplxiis puefetdplatoose nﬁnfﬁalwtorr%exadtfalﬂlzelthﬂﬂw%avabbml@ggng\the%raabout 3
. % ahout % abou 4, about about 15 ut 20
v abBdt< 8" diorege TaBbUs SapohbeuRontout T 980 af hsoRione St a0 Bouc as
. % aBoot)). o aitidh, SROWE1IISN e 4 uRROLdIR tHM di%eloaRe WMoubbal¥d afpreaitout 70
. % about 75 w.% about 80 wt.% about 8 % about 90 wm.% about 95
. % abwtmigsalgoniyexdizying mlwel%srraltiémveg@emtart%e dbolete. gomeih ggc Br about
995wt % | 1.zi ent Pref V- c ition conprises from
about O. lﬁi'%%'%%(taob Eg (?w?Shof ey |t22|0r(1)é[t01§%0e?t16 e.g., fromabout 0.1
W . % t 0 dRBbitesBu¥entts/dissdRsaberdtreddily ianYonie@ival) eudh akQn wpotid/Idkemmaraout 1
vvt %to about 20 wt.%_ from about 5 w.%to about 25 wt.%  or frqc; ,}a(lbout 10
% t o WaksEUN THOStte ilfasteripl xpdyes dgesil 1n We@ssqed@r hyrirorasics, ek tpe fiksi ng
agent K Ll dtionsiAdeser hbhedyherein
i ncl udi ﬁg%@e%ﬁnﬁt‘*m t@g%pféﬁ hlagﬁgkg?glgtﬁ?égy r%‘g%gég algent , ?a% ?nor gani c
(i.e., sigabhatidue)0feattout 2@l)ng agent, or conbl nations thereof. The

fertili be a rcially |Iablefert|1|2|n nt

i ncl udi i@ %l)ut H&pH}I%PH! qr@@kﬁ%ﬁg{f h@&@é‘ sopPRsiate thahp W%Fn%%ﬁ%?%l e
fertiliging 1@«%ﬂ5§ it iVBERAYR o s ﬁﬁﬂe@alfc%ﬁﬁ)léx' c%hﬂﬁlsﬁ@eama%eﬁ}) SHQUiff&¥nte
suitable for agglonerating the mneral conplex, "and thus rmay al so serve as
a bi ndenvarhger wiraele Slass dasﬂmsmwdd h@s ebmtemphaged; thasrihe mnmtllcempdﬁx hextilizing
agents that .are SUI or era be readily
ot or i FOAPESF S CtlRidn OF e R Blbe st 8B EhBRsPhe o PG Bbe e b L g
agent s thapleR@hd@nypedioRsetddt) dustritide H¥pdin hRy cORbIERsdtalgsmoGAHPOSt ,
seaweed, hum c, piano, brassin, peat noss, and m xtures thereof. Exerrpl ary
i nor ganimingralreomley WIW@%ﬁwﬂW%@ﬂ@éﬂt 408rtajahoyt 0P esihi andiogan,
phospho er 91915 f%erﬁp 1& H{t\fﬁ?g {nﬂg\;e?e? 3 gcﬁ’é §1 Qgpklbo&?ﬁd tjo a%b\?tgl()@gent S
that may be use i accor el St on escrl e el n 1 nclude
urea, stulebhirandoateddditieml amubwfyhmdlaheordplax taving amavdraga parficlatiee oirmoni um
sul f at e, anmoni um phosph%e trip WO 201 /1%0267P /U%i q1/ 32110 17
super pﬁ%ﬁﬂgﬁ%ab%ﬁ%@%mﬁ’ Bwaero %&tf&%%w subpRuRgal OBPAESEBM nitrat e,
pot assi Héﬂqg@é@rﬂﬁ%&@@f‘) m%%%ﬁ%é WD B0 1 B6ut Bopot gsadom%atmw@%

pot assi um urea’a m sul fate, urea ammoni um phosphate, proteins,
am no aebas 5%ndbanbVanabiwAs4, hbow 30%, RB@OB 3P Xn ebde H0%s peaitt 4690, thet

ascr bl i ERp ol £ S AR BP0tk 73 Rty i oGt 5l ey

find paptimeyhiabrabitdrhplby h¥QES aR BRI R PO sik€ 6 LMY 46ERABIuLEBBIneshl ONt O
areas wherein plants are beginning to sprout, as the conposition as a

whol e, andior #houbii’6Ho abait 95 Heleat , AWl 8% Al Zﬂ"/ett@quS"/psmboats@‘Vstabpw

noi st ur ete W ¢ h ’y 4 0,8 i,ng the
grow h 3b0“%'ﬁ§(phﬁtfouﬁiq%y§%oéngrﬁésgl?t(t%?lgﬁ/ %Ou(%:§b OSI gg/l %&gﬁag% nt
rangi ng atdt@ns‘aep@wut@o% Wb o3 %6, aba1 19099 ob abidut 964§ ofthe nabaut cd}n;ile}d\kla\%ag about
05wt%about1wt%about2wt%about3wt%aou % about 5
. % aBbaveragy Rortiodg sigp efiebops 20 togboghdift mogh, wrd/og abalbato tszabw” o &out 30

. % 3 0 0 {about 55
on Bl %5 abbur forg A8 1306, Whoyf20BPatbudtubd RPEUbogR M afus PO 2D
) abO%t atB:EJt%‘V/ab(ﬁiDGO%,%buMSS%; abthldt)"/@%(mtﬁ%/o,albmmﬂo%ot/\ﬁbdicﬁ7:%€b§)ut 97
. % gut 98 % gut 99 wt.% or  about %rrul%?g erably,
the conmpbdiernigerabenmpleshaving amavtesn Paptide §ige o th?ua it abggt 700 meshy é’ﬁ (e.qg.
fr om byt 0 i %6k ARRUL (o0 oo B RTH DO e @B Yt By ABRYis O W %
fr om about &e /olto al(o)o t 2(8 wt I"%{ S13rlom a% &f? E \E\Ite/o%ro ab%ut Srlsv\t . %
from about 10 vvt % to about 30 w.% fromabout 10 wt.% to about 40 wt. %
fromabout 15 wt.%to about 50 wt.% from about 20 wt.% to about 60 w. %
fromabout 30 wt.%to about 70 wt.% from about 40 wt. % to about 80 w. %

fromabout 50 wt.% to about 90 wt.% from about 70 wt.%to about 90 wt. %
or from about 80 vvt %to about 90 wt. %rrulch) [0058] Any suitable mul ch

o o, - ) - r o " I D T L ) S
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18 Festuca, Deschanpsia, Koeleria, Agrostis, Cynodon, Zoysia, Buchlo,
Axonopus, Erenthl oa, Paspalum Stentaphrum and m xtures thereof [0060] The
seed nmay Woe 2prigserst i n the conposition in an anount rangcmgsteiomabout 0.1
.%to about 99.5 wt.% (e.g., about B.1 wt.% about 0.5 wt.% about 1

.% about 2 wt.% about 3 wt.% about 4 wt.% about 5 wt.% about 10

. % about 15 w.% about 20 w.% about 25 w.% about 30 w.% about 35
. % abdilt 549 oftmiterabbanipled havihg % aedrare pabiiclwkiz8of soaut0Gh abbug0oabout 60
. % about 65 wt.% about 70 wt.% about 75 w.% . about ga% % about 85
L% aBtseh awbakgut 5 }34)&6611{1“9@%1’ 9% hayRa AN YETARE POt oHk 2 toabout 98
. % % r &f 64 ition
onpri sesd{#trom %ud%r <"‘I%%lglgt)og%’é’bout %ggg\ﬂ&& %Og)ee&ﬁ %wom@rlagr}rl]&g 81? 0.1
. % t oawdvagH pabticle s1% of atennt 40D tat aboueo00. Iﬁ’cShoalwluoﬁl(ﬁ%lﬁ nwtlel% coimden dyong 1

.% to about 20 m % to. abo % .from about 10
%t oa%\sfaﬁges@rw 6)&6 Pf i 2@@1&0 6%@%&0 BEY b %houh%e‘“t@noft’é}m?fﬁg] Sut 15
. % t opaRRY Emé@srég p%a‘lé%abmt 20t0Mbotk 260 Abgut 60 wt. % from about 30
.%to about 70 % fromabout 40 wt. % to about 80 w.% from about 50
. % t o[C¢¥8Lit  HBthaughpavémprpandaisizg mapbesonperagbiytmegguigd bygscamifg om about
80 w. %to about eed 0061 The, m ner ositi.an

D coont R SRR psPpbt s B ko R ORI Pan RP RS Sy TR B,

anount  gfhefMcdRiighesGXIRhSXbdlsRE € Mesirdbl B ae lea®if 7504 endro d@psifibly Ancaste®e) dtied
herein can readily be determ ned by one of ordinary skill in the art based

on the B8 destrably atdeast 35fe Péi?fﬁ’élbl}’c%rlr‘i?éh%sméﬁe nrpferabbngsdeast YoM @sBYe t he
desired b tdae r al
ol ox PRSI 1A oot 31flimdrE il AR TR EtnorE BFef BT feas{oBF0, T O S
0.1 W . %att®9%bofihe Partivleathado mf)aﬂtlhl& staenfpidiap twitin (he rgnges deeubedhdreint . % about
0.5 wt.% _about 1 %aog % .about 3 w.% about 4 w.% about 5
"on ST 20 Tagh regricdisaen b (i SOROTEHEr EIBVES O BEIHONSSISHE Sabout 30
- % an?l‘dEr eﬁrﬁ tl% m%er@i%ﬁipl&%éé@mb@d HRRGM! Tﬂéb%er%vh@x@ﬁﬁied&%tﬂ"ﬁhe%m@rlapUt 55
. % about % about W . % about wt. % about 75 wt.% about 80
. % abmupleSEdeMrab’I& balde the rg@levatl c@@pbbmlume\%hlm fO%llI@bmﬂtngﬁ hﬂtref%TeébDut 97
. % about % ut .99 wt (V or...about . I n
one. s pBth BRelomeafn ShiOF GHncTe oAl oy T BT RIoh Luisy RbRE R rpeTe
ConMposi kih@ipliRatdsh (ﬁr’tﬁélﬂﬁnd’rﬁ%hﬁb%xf ot tBO Bt etmMindedl s @BOUE n8Rerdt . % seed
(e.g., from about 1 wm.%to about 5 wt.% fromabout 0.5 w.%to about 10
L% f ﬁ@nplab&meflowp% EXPOSHS A IEOCOMPOSAtion o Hiateso it 2 Brefﬁrrﬂ%emb()éaw 25

L% f 40
oo 1 PRSI scifodbd § R8s D il enfinded ARABERidE o FERE G0
. % T compesigai wiéh the c8mbosiahoistexposedtto Yowatdraonabing erﬁ@rowtne% to about 80

.% fromabout 50 wt. % to about 90 wt. % _ fraom about 70\/}% \ﬁD
2011/ 1 30W5HECT/Umpoetorometorthe dclosuapaidatherpnagnegkilied dhi ti’éh‘t“ 80 wt. %t o
about 9 Iy%cm/f)e%ﬁaqq)vanét?/ o%%@atté}glsﬁ ?@%stlﬂﬁeE%tdb@’ﬁﬂ&éroﬁclutd gé'
conpl ex g present in the conposition 1n an anpbunt rangin rom about 1
W . % t onmlbeoiat of7Dsywthettc of ateded. € ommnmpict Olmg, bldéerlm@tii»qtbraWGnstcoﬂdbrmd alubde,about
60 W .% nore desirably about %to out 50 wt. % and even nore
desi rabFVlearB%lﬁﬁse%é’e%Syémg f‘ssﬁs@ dﬁiug@fea e?%gléﬁﬁf)é"gflﬂ’ é@fﬂ?’abl y the
conposi Eﬁlﬁﬂswﬁl}@%[}’l@é?dolh%@d f?)n%@l'@[@l%ﬂr&e @M&rcﬁ& Wotcth 8&ls) @ﬁ(% Siminfg; m ner al
conpl ex, and nore “desirably about V\f % and even nore desi rably about 80
Wt . % orompenitior80seatced, pbatt hienisi westalhzmmlrrewunmg@kpghbymsmthatllc gl ex,

and conposi.tions thereof descr bed. h 0

compr | SETLtPOIR a A P CBitgs ) ST Byt Coilset oY b flea
parti cuhakelnyintlseé tdrbbiydaRpd, ¥idtasthiénoéadchtidesCAIBRREAided rtﬂlgaﬁefcbﬁdrﬁiéﬁ |aY1d over
relatlvel%vlarge areas. Wwen the conposition is in the formof a Ii qui d
conposi PP sacchaféleémf@@m fiRids; @yo@aﬁ ngIY§@p119é€tﬂwé@ﬁp%%t anglgophenagines %ns*out

I bs, abagt 4acT St sERTTE fy o B8Rt d g fon dialeods 5\ iiose R 20

| bs, abgultct3)shdisse, RlbyE, nEdidst b@/losakmaﬁmélﬁotrél’m%seﬁdjﬂuhlxéﬁr@s thbepf, abbdhut 500
Ibs, about 550 | bs, about 600 | bs, aboui 700 | bs, C&?out 750 | bs, about 800
| bs, abaueorgspruphesiulgseysudor qERox YRSy cedBlyse siyleluloseut 1000 1 bs of

B S e S s R S S

about 300 gal | ons, about 350 gallons about 400 gal | ons, about 450 gall ons,
or about 500 gallons of water). For exanple, the conposition nay conprise
bet ween about 25 | bs and about 500 | bs of mineral conplex for every about
100 to about 500 gallons of water, between about 25 | bs and about 500 | bs
of nlneral conplex for every about 200 to about 300 gallons of mater or
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[ 0065] The conpositions of the invention described herein may be, if
desired, provided in the formof at |east one pellet. In one enbodi nent,

t he conpowodt2hom3om7in the formof a plurality of pell et #CcT/iseoipabiiedi zi ng
can be acconplished using conventionals pelletizing equi prent, such as

pell etizing pans and drum granul ators. [0066] The pellets of the present

i nvention may have an average di aneter of from about 0.1 mmto about 30 mm
For examstieslhydrexyaai-agituldscanmt methyicelltlosqetardics, soelyas angesd, sengelabtorsh 0. 1

mmto about 10 fromabout 0.25 mmto about,K 20 or from about .0. 50 mMm
Lo, aboufcsemmiamety BRPIDL ey BBicr iR PREahy™ alabastohit R HY RS es.
cyl i nder |} K [ kh Woid stacRQRL] I n
anot her S%f%lg%iiﬂr}rlgﬂ?@ets ﬁ%@ﬁ%%ﬁtﬂ?%%dégpgggggggﬁ%agﬁtg%ﬁ%ﬁISl\l/\%h?%h the m neral
conpl ex ppato sanposhericerbohfidnatesf Juch s pentinpsagopedting xylan,rayiiogen, aghie pkgimce t he
medi um pr.gvi des ({]r@r. tgﬁa .contr ol bed rel ease of the m neral c%rrgl X fSEom t he
medi um RASPIRCHOI Sy IR, BRh H28Y B4 £ WP KAENE T AgERUN RS Any

sui t abl et AokiIMNorsinit BEbstdnlced/BYChDA 1 ﬁﬂand'?ﬁ@&l;ﬁ%rﬂqmdérivﬁth%s GeHiMA)
conprises a cellulosic material or a perforated nmenbrane which surrounds

t he ni nendl asdigmpswfonafecalbs inauding eHeipmdigrestlfonaigeandsodingi lbgnogwlinmatee andy
process for,au thn r i DI S| . yi ] wt h
edi am S0BlSSSaE  RaRe R o SRR B PR Mo R Gl BT
process afiipldssdst [Sartalslo pRstéis dialep itlnge, ot @fampds 8oy extrtet einf protdntingi ng
agent, or_any conbination thereof onto the growh gedi um I n one enbodi nent
of WO sollagengurermaT Bapetnngsiyehersn dpRinthide sYntasic raanie BANBSTS §

conpri si : or nore
of et o' DB GoRRRL BT Plnfted PoSRBYIARS, BTHLHARERNALE PhRIRIRCCr Ont o

t he growtyrohpdiywinyl Hooh@xpnipyieylntediey] pthec eobyvingy acyimpes, pelykiphé yiidgndnt o t he

vater . SEn, PRIPCHIE SrBPTRF 1 b elRior e RUE b MR pompek foft

Al't er nath /&nYpositidg uBbR CLFTIuRBY WHRFRANS®:, $orBthinpREBUBIMIsARRI MV O ANER t he
medi um a conposition conprising the m neral corrpfex and one or nore

conposi lowmsiter sofpbildy.-ng wat er, seed, nmulch, fertilizing agent, or any

o oy Nl A% SRS AL OB LA KIS LG Aka 59! o

enbodi many s@fabldiBethbd antl@ng bl REbjeaipasédei e AN t&int) Gvdteigant/sregrédsueonpl ex
is applied onto the growth nmedi um sequentially with one or npre of water,
seed, mif erder fodpeilifate the geglgmeratiopof dymustab commpley and Hisrtapder. Ehe bides| e,

t he m ner. TR, i j i

appli cat% F%}nab fﬁ%\/\/%et%)[élr, saélg(gfn@rgrﬁﬁgﬁegt #Oggrﬁaﬁle g(lgr(r?é;\é a ént %&geﬁrpg%@[eggj%ﬁﬁti on
t her eof miAtrhketonagley @l be prodasad. fer akamplapthe xompysitien @app torepritedrdrhebgriowt h

medi um fol | owi ng_the appljcatjon of water, seed, ch, fertjljzing agent,
or any @o‘rfm-%é?iabﬂm_t%e‘fﬂb% ‘%IlﬁlB? Q’é‘ﬁﬁrnﬁﬁige,a%f)ﬁteo' Wﬁ%%‘%%%aﬁhw e applied
ont o € e ar ol TRHHAITL Al 3 GRAL adouPQFt h Catfur 5 AROHTbdutNOUTLY, AR 12 hours,

about 3 hours, about hours, about 5 hours, about 6 hours, about 8 hours,
about 16vtBeubsyut Zbeute, Aot amg, % adbout 306t Yoabaut 3ad U6, abouhglLws %o, abowtdS 1

ot 25 St 203 S B o 55 v, GRHG . B VR B3 S a PR P p P thgt 78Y S

nul ch, gt idbbai SOwadEEbout 85 v, HBUDINAL. Y BbsNSsea%, Mout Pewhviebalt 97
conplex may be applied to the gromh nmediumat |east 1 hour (e.g., about 1

hour, abddb, Donior wt.%apewnt 98 Wwidara abawdihS wt.hobinder)-absirradyiber s, about 6
hours, about .8 hours. t S h b rs, about
20 hoursc?mggséﬁ?n iora%f)l/s,eggr(bggju%b]ogt Q’gﬁt;ﬁ’é‘ggﬁﬁ%ééiﬁy@h§ %%tgc') Zﬁ (Hésg(?\ﬂgblout 5
days, abhaut tdatday s wtabofdm abeayss wars 2 aveeki) wr.ontoe)abalit Ewt.the dppl 2(cat i on
of water, seed, mulch, fertilizing agent, or ané conbi nati an ttg/eiro.eof.

0

[ 0070] THE-Ygri5vin RO D Winke tp 8POH o PEsasOTdFor RROWBIENE 19 AR OF 1.7 PREFUdes
wat er, id @ i i . : 5@@& j : wat er”
refers gdégrliy ?@r Sge?%‘?y’&g% gi?llaérs%gﬁsr tglg Hrlégglh t ee)?ﬁl?(g% gbrmt \&gltcgel?&?grtls | akes,
ponds, attridamsndawdl notvapidly deprasla) endwbtreford subgtantideanmjainsTietige et h  of

hyar opofintes hyskene] Actcsell epiareh maree sRd i wedrpefidilet fofSiyivype of
soi |, sygh é@l%ﬁ%ﬁ‘ﬁQg}éi%%ly pro@ld%%f as Q%afé?%gé@stlﬁrﬁ)ﬁﬁa\ﬁ@ﬁﬁ%ft 489 Abduy E’@gé@éfntbe

routinely determn one of skill in the art in accordance with any one
of the soil classification systens known in the art. For exanple, the WO
2011/ 130267PCT/ US2011/ 032110



22 soil type may be determ ned using the USDA soil taxonony classification
systemor the Wirld Reference Base for Soil Resources classification
system wNOchius&eaxonom ¢ criteria involving soil norpoolusgy 1asziio

| aboratory tests to inform and refinetshi erarchical classes. The nbst common
engi neering classification systemfor soils in North America is the Unified
Soil Cassification System The Unified Soil Cassification System has

t hree mgplars b@rhﬁé Thtfaing aidi ghin @atup $0 p()dr)dsq)@ﬁgaibﬂg [Tk badles alisd ma(yéegddeds ands
and gravel s); ? fine-grained soils ., Silts anoI cla?/ ; and (3

hi ghl'y énfigameéi widh the I”IQIF‘@’F‘E‘FQ‘@%I@EES%QW la%fileyt SRSy Ly MU g g pn amoun

Cl assi f| n r I for
clarifi cgt%%oﬁ Ins%igﬁtfdﬁl b%lgl BH]E) BSlﬁPRma ng%rl%p etg%ssﬁglll é"fﬁ@%ﬁ&g@%?ﬁfﬁi}%ﬁ% ude

t he AnedisoacgrAsgogicats) wottiaf agems andHhghkey and Transportation O ficials

(AASHTO)[ soil classifi catl&n stem the Australi.an soil .cl asi%ﬁf'.cati on
syst em 19438 carmiths aspest ghibse ‘éeSPPnBIOé’é%eISIalc(?ﬁ]ﬁ’Pf‘} on gormPHRS EEFHIZRY

Agri cul ta%'érﬁ' afll Hfér}hlﬁéxtal Q&nﬁlt;:x bB&ribid h&dinNathi Odbmfoseh 89 hlang E@&ﬁtleﬂi cation,
also calTed Wrld soil classification. [0072]In addition, row h nmedi um
may be applicotory, et imoy bohpieden cambington WIttmeedadurmgmlmﬁmg Etqulw plaptiege art

wi | | understand and eC| ate that. a var.iet f er and

soil (el %eoﬁfregge b%a\%]tlceartlogr%t atufm%BMm %}é SOl I’%tt% ? hﬁf %\l?é%water

and aboutay e eSO The f@lﬁh,@lﬁgld%erﬁ%aﬁlbeofforsmﬂ 1n&1’iéic@bmsﬁtlolﬁnwh adhovat er) may

be used as the growth medi um 073] The 9rowth medi um may be b /eagﬁgma be
ol

cover edratigitg Femabawtibhwt. W]’@rﬁbabb?q Wt ¥olamgihont §-o it ordontimp gdi%

descri bEI' tn/erfﬁ)oﬁtm P%b?@r]pi Iv?%, Eg ot 9 t%ye?c}o%%‘ wth SfBut ﬁ)ex‘z?fj% ﬁlﬂfu@ﬂf's

t ubers, Towet's ranc as desired m ner al
conpl ex \A(t&sl,chbﬁﬁlmm@t Y4, atvesit Izhexrt%,fa))omago I&e%aplmmt aa wtdh tdbeum(bm %, alemit 4

li cat t the, art f t t hod
et g b ARG 1 b SEOHE SRBBITFCROPOR B %% AR ERGH o CORPTL dnpbout T
CONPOSI 10N, bk, HEIFIL. %?Blﬁolﬂ%%ft'%%o’&@gﬁvﬂ% LU 45 ARPL | HBhi 9 weds, bk B ner al

conpl ex, conmposi ti1ons thereof, and desirably those which include seed, onto
soi |t hatt.%,sabohe@swi. Y dbeag 98 Ivset;%,adrsabom@%‘i)wt ¥nfsitdizen 4gent) h&rdferablyt then. The

soil may be cl.assified cl.a n t TM D248 and t he

so | mayoBBoRTat rpmiys Bemcabep ek SRRT S0 KRBT FRY KEL LA o soi

O assi f LeakicoNyBYSloaBbuT et S0 TRASIEIEDS Wiesaes kixrd 1Deiteh rdavBodtauns to
ronoting the growth of vegetatlon such as grasses

particular utility

and ot heboy[28mts’s, ﬁ"@mmﬁa\}’t 5wt %stouibé‘d ok et Fepabaand Wi % e etow 8 Viher
structur, es Llocgj)l?%rkfppl i cation of the conpositions described herein onto
soi |t hdt &g fied as sand also is contenplated by the invention. The
soi | mayodss) cl assy buiedlartiang dgentlavondankeart i@y be included in the

2011/ 130267PCT/ U82011/ 032110, 23 with ASTM D2487 and/ or. %sﬁﬁ soil may be

cl assi f icepastigwdespibediieresn inghydine, Gt daHicd oy ApreHie triiziRgagss) jan
dassif 'nﬁ:oq‘éénqu_rb , kﬁtﬁkﬁi)%&x%]z&%% Qﬁn&oc%rﬁﬂlﬁﬁﬁ)ng%%df bee lﬁﬁ'flﬁilﬂ 2POnAgYe
utility 1 n®pronot’i nolr'sture lgenflonln sol |, such as sand Sl|t, cl ay,
or any cbemmbﬁmﬁéraally hedilable. feifihiumg dgantanéludinggrut aspléoited totsbow mleasti on

rovi des a proce for onot L .n enhan and/ n ea n ture
Pt ent 1 AP S v oieh sy e TE T R e sGaue n g o Ao (RRTIERE BN A T ox
and/ or %9@91‘?&“&%{“09@@%15&%%%%% (RSmERSA bRGExNSIEIhs mAhalstisaeeak . 6t ex and

conposi tions thereof described herein are particularly useful in pronoting,
enhanci tiggrefandi described bersimdl hmd@‘ttlﬁceﬁ%@ ttiliging agentamlent a[owraplEAhanced

t ti I f :
vat or) - BEHERTD: BE L gme R p5 i N RRR Sy Bl Ak G pos it f ons

t her eof [Gesw3r | bederhiSIngi drehiay erbRAng bedntotiucagy bebadiherit clude nmsg ur e
content of the sane type or cl asm%l cation of soil in which the

conposi tWamscad@rasy ‘PQ?@I@PShé?@ywdh@v&lcngﬂar‘@e@ﬁsﬁ“ﬁtpﬁéidﬂ%séda‘(dl mgtureyythgigPh nedi um
t hat has, not, been %Iirﬁjhj

noi st ure% omp\l/\%rl 1enroré:aln ﬁ ﬂfé %’hégg%‘m ?éus\%gﬁg eﬁg%glgﬁgglst&{é 8?#%??9 ng
the m n@bﬁzIsmGﬁmahIcEmnhms breesofl nﬁﬂo@ualefdrtﬂﬁmg aensalse naty Heassd inabout 1%
(e.g., about 1% about 2% about 3% about 4% about 5% about 6% about
7%  abodecBdgrcans i hooeveatefeseubed Baseninclusky irgh SR At 250% or

mor €) ag rb%h@ltdkﬁfeedlh%asﬁhllnoﬂf?ﬁn hit SR %qunIIJéh ELhﬁlténaHﬁ’ﬁcﬁlllu V\%HPI pRte, Mplhods for
measuring t noi Sture or water cohtent of soll "are kno In the art. For
exanple, soil water content (v/v) can be neasured using an EC-5 probe with
data recorded on an ECHO 5 dat al ogger (Decagon Inc., Pul ham WA, as
described in Exanple 2. [0078]It is believed that enhanced noi sture
retention in soiI al so may provide an increase in the growth of bacteria
(aI SO knovvn as bact erial bloonm') within the soil. In ~many |nstances t hese

T . - N 1



[ 0079] The m neral conplex and conpositions thereof described herein also
have utility in preventing, reducing, slowng, or mtigating erosion of
soil, suchoasisaom; clay, silt, and conbi nations thereoPCT/iso®L1/0811€0
invention al so provides a process forl7preventing, reducing, slow ng, or
mtigating erosion in soil conprising introducing into the soil the m neral
conpl ex or conpositions thereof, as described herein. Desirably, the

m ner al suenphesphate, osplosictacal potabsune ofilphate, patassoduciedte; potassivee soil in an
anmount suffihci %nt to {)rovi e for.the . WD 2011/ 130267PCT/ US2011/ 032110 24
appl i catie5RheIPhAienRYtATSIER ARPHdC HRALSS I FAraoRaLG, BRIREs Y 05195y FR BIMEBETR 200
I bs per s@¢de vethrdRoMtmlthod0hid, BRotBIRE, A& acill AROLIMbAMRGSNRRerdsPECt, the

i nvention provides a process for enhancing the germnation rate of a seed
in a gr 0W5A] nedhanthacwpect of thy inveptiem pioyifles Reompesitipm cerhprigrompichragditiom and

i ntroduci.ng i nto.or appl yi.ng.ontp. the gr.ow h di m_ner o] ex or a
conposi ml%‘%alccé)ﬂﬁ’ll‘?xs‘ii%gx%%ehe%lﬂefrglls X Tlfé)?(r,l mzi‘n% élger(;ar fi%)ﬁtran(:i‘ n%é’?}eqoge.:s%e growt h
nmedi um gRYy A paRicular RELSS wEBkOMpliedBeto t&ent P tdddil BEEas @ir bntowaés wHegeig . |,

hydr oponi cs), and conbi nati ons thereof, as described herein. The m neral
conpl expap aebepplingty Brew. asibe grapesioreianieiad thompulehaadndpeah of the

seed, a . | i:S : . . ] j : seed.
For exarEr%r%lEl,%x%e lr(#l%@r’ gf%s]%(s)éﬁ%tldel%RJ rlr%gl}e ggteg%%q’?\é qg%'?glpétrﬁemo g%%gﬁ%%‘{lﬁm at

| east 1algnienting.tiie groalomiedih. Htiemuletbmay b2 phresentsn tleboutpoSition un sy aratrout 4
hours, about 5 hours, about 6_hours, about 8 hours, out 10_hours bout
12 hour §3ZHFSRM £ROH ALk %’f-k}‘a@&?PUtﬁ'%Wﬁlg}%@'gaﬁ&ﬁPt é?d‘ﬁ?}g’ %88@?5 ?’t%f??&about

3 days, 1300t sBulRYS 6, B3 Wi dRYSout BRAWL, SHodey St oRReME 10 WidkSabodt 12 weeks
or nore) prior to the inplantation of the seed or the m neral conpl ex may

be appl medo,ahbd 20met. Y awtuih 2 fresdiVurabatt I0ewsYo, dbdwddb wtde,gboutadsout Yol aliyiift?

about 2_hour out, 3 hour gpbout 4 houys,. about 5 hour abput, 6 bpurs,
about 8%’&!?@?“2@0‘?&%1@%333 . gtﬁ%ﬂ‘ft qgwﬁ%’u?}%qu?gg%‘tﬁ’ O‘Tllt?&r\g g o BRSN 920
hours, @houtabduttywt. ADMBut 85 AV, abalaut wivdaisut 98U, abottasswt. Bbahiut 57 days,
about 6 days, about 7 days, or 2 weeks or nore) after the inplantation of

the seett-%.0b8ut] Briialre2ltpuy 8P mitiatdr ghowt M wt.Yeamulebl Frefeeabdy.ihe an i ncrease
in the germnatio t o) ' [ ' i neral
conpl exg%félng():srlt?%nec %}ger%tglgﬁﬁgﬁaagggte@ﬁ%ﬂh)f Eb o%’%ﬁ%@ P;e{r?/ghl&\qu (tg'g%gb%%@%ﬂﬁ]at ion
rate of wibetcsaedt 5 Wtgs,dwnh ab@diomvi.% talabelt 10het. %] fiemalboatonpt. #tohbsutrddt been
i nt roduceg (i.e., growh mediumt hz%toﬁas ot been treat eggvm' tohé% he m ner al
conpl ex 't-YEdrona 2Barh Pevt. ‘i abRut g W p.dHOTR APt Winé tQ akpt pyW i AdF®Ase by at
| east a QY Qi 0 BRYL SrorR BGH: 288 tlpur s,
about 196’%&}6;@.0)3?&%&?532 :thﬁ’out gb agg%taﬁgﬂf%oﬁggys,%’aboout 5 days, about
6 day, aralewe60 athdtirom daows 30 ovt. %oy &ouad0 melatirone abant #hevtJetaaboat 8&n rat e

of a seed ] rowt h _nedi um not ea with t i,neral L ex. [0082]In
one asp@’ét%=r}fqg’éali’91l}éﬂ$"\’t A 1 'téé@’t%ﬁ&’f@d@8@%“tp§rwme/ﬁﬁ%%uﬁggg?'o)€moﬁ%ﬁoﬁl pl ant's
in a hyds QR0 GOt BNt 9ihflcl§. . Wherein the growth mediumis water)
conprising applying onto the hydroponic growh nediumthe m neral conplex

or conpd¥58] onsAcpsiptablsimgich kaowm irethalartaassphevsed as theesmppsiionsdoseited The

m neral , conplex may. be introduced into t hydr oponi ¢ .gr h i pri or
Co i BFEHE PEhmY furfprisPRESe G ptah i BPLERO e R AL L e
medi um jRfegaid uldhePthantay Se uiddrioduardancs ath the invealiamndesbdedexesipl e, a WO
2011/ 13026%PCT/ US2011/ 032110 25 plant may be introduced into the hydroponic
growt h isdgmiblier) plasgsic, ockogipvel eand. mixges thereoh ofkemplpy prEani gy lcges éﬁtout 3
hour s, . ISy - about 10
nour s, aBoa e Rk ParaARtiP i huioR RRiLRH BBLk o BRORRYR, R B bout 2
days, abailit sasvdiiay svoodlohipk, ghpdaysd maktotes theretdys, about 6 days, about 7 days,

or 2 weeks or npre) prior to the introduction of. the nmneral conmplex (or
conposi 19881 t helsghyensionglsg) péﬂYlgﬁSa%/C%’épqSH{OPcF@HkPé’dlqgﬁF?ra ?%gﬁ Wﬁ‘eg%o ni c
growth | : ition AR Hieed KRABWH $a tiRBOUL 3
hour s, gﬁghttég]ﬁi@%%%rggﬁ&gﬁdmw(ﬁ%grglg?nabout H%Dr%gglﬁ}ét,ﬁggou%e 8 hoursf about 10
hours, &bdetbli2thecuedsis gatsouted] &ilddlover seddoindig2fobrmged or sded mthich wWatyresabout 2

days, about 3 da about 4 da about days out. 6 days, about .7 days,
or” 3" wodits ashiatBle b ahe 1oy tarSaact BB on BR sl SR S5t gfa
conmposi {{:9hetl&S 8OckordhRQEFkY el By dnlfien A8sPBsd hieRsndascroLedlihar Bhstynay be
applied onto a variety of soil types, the conmposition finds particul ar
utility in renmediating sodic soils. Sodic soils are characterized by a

di sproportionately high concentration of sodium (Na) in their cation
exchange conplex relative to the nornal soil type for a given region (or
classification). They are usually defined as having an exchangeabl e sodi um
percentage greater than 15% These soils tend to occur within arid to

. . T o




to saline soil. Saline soil is soil having an excess of salt relative to
normal soil, wherein the excess salt is predom nantly sodi um chl ori de.
Thus, in woeonspemty of the invention, the conpositions s#esaseéedsiier ei n
find particular utility in renediating soil having an el evated | evel of
sodi um chl oride (NaCl) relative to normal soil. This is believed to be
beneficial in areas that have been subjected to hurricanes and fl oodi ng,
wher ei nFeanech, Deschaggriaskibgleds, etbrowiss@ioddapbsysts Bucldm axesmpuyydiremchlodli ch
has in turn. reduced plant viability. tFor exanpl e, the elevated NaCl | evel
in the é’ema%ﬁt%anhrwmaaﬁauftuzsﬂb%ﬁqto about 500, 000 ppm from about 50

ppmto m
O R R e S A A R L

ppm  V@t20hldbb802%7 REVA US2 04082 MitDo 2600085yt Theaboonh vs 4, iabog 2dests i bed

herein useful in remediat]ng soi [ eev ed.level of at
| east o%@ 153 ‘%tg% %Wutéaf[g/l’ togrwf%ﬁ%%?dhwq?ﬁ%%vﬁ%{ Ao a‘%’fﬁﬁ 2bo’ft “for a
gi ven 1 gehRns6Rr, Cles3d Wweed hbkut 35MA0Z0dbbar ARt e kbR RS Gt 09 abbhiesd Wyt i on,
the conpositions described herein are applied to alkaline soil. Al kaline

soi | i sab@itl55 h’eﬁ\%,r@oat ¢} wh%p Bbgus 6§ Wt.%, afbHub?O whbueb@it g5 ayt. %g,r%batlte&@ wHike to

t he pres es e, sodi arQ o/ | ect of
the i nveﬁ(fuﬁgrsl tﬁe 88?7%6(;% t/"?oir)losum és tr/lo’be éeér\glg%? Bgﬁtf”caﬂ) *W Tty in
remedi abkbdlg 99%!%,@%6@ @S at.eyvakex Prefeﬁiblyafthés@ﬂmpummrcbmpats@ f(d\h%wi)
reIativetoOnormaI soi | }of that region or classificatio In a related
aspect 8fl Whé tp AR@RO0IH. Yol (€ gmftam ebSH Ode%&ﬁ’l%éd‘“ﬁé"@i ﬁ’ fiomeebeut -9 cul ar

utility j®, re | ad i rea ,apH
o about tge WAL 0%, S, YL 3352 PatgR 26804, fhry ol SNAGHES aefig S5, 3

9.8, 9. 9t.%rfrd®hbowr 10MtSH talimut 30 wo.%grran emmﬂova“/btd) afouaBout. %@ ftonor
greater, a pH of about 5 bout 1 or,, a 0 t. 9 to a

[0087] | abcit 18 v o %‘éﬂb‘ég@ Wt*%’/o ééaqf?mg%‘?’f{‘%r\”t;ﬁ’&%ﬁ&’é@% % dEgy by gr‘ﬂ’i Aci ng
the abi k4 186uP0 3294, Yne ABd% B8t 3Pkd atioRt SO'RRYS, tfro\ﬁeg@au@soqm o6 RAHoLEIMY
applying on to the soil a conposition conpri sSi ng@t he m neral conplex, as

descr i bad.Yhdram abourfie mgia ta Hwus 80 NvtP/ntoo fioim @lh)ut Vwﬁ’/n@r@loue%}mt ?e’(xseh@s been
i nt roduT(ﬁ% xhl,ﬂht s. enhanced . v eta e ftLocSO siti Mo r1b ahe
ni ner al r]rgl ex! ARIngEl CRppsit ?’8}91188{?3‘("} “éany% F “Y'RAR 1t|']1 ﬁoct Been
t r eat ed hfetnintad§ affloBft. aAheGRRNTINEY) minded lculmpeﬂrpr@daedn%ew off B esrEpdstiEmi |
having a increased proportion of sodiumrel ative to normal soi]. Exarrpl es
of sodi deacahed bereia capireadily beldgigammedivy ose Pf etdingay pleil ins Biejast bagetoriRal i ne
soils, ) i
corpr | s SRS the T climpk ey Br R BATD Rl 15, R REERT b s 1o
been appf ibednintnal ano;islh;er Ferdxathpie ﬁte minleed poaples mafythetﬁmren«:mrﬂw i ses
i ntroduci ng vegetation into the soi] i rr5|r conpl ex has

t

been apﬁ‘l”i“@%ﬁlt“[m’@%]Wns@é‘gmcgrfr%@‘e‘i‘a owwm abeut €N %th? nto the soil
prior tg m?bd"@x'oﬁ @NE B0, vk, a%uai § i 9%, ha%oan%t CALHAR 2% %h@oom feral
conpl ex ?o conpositions thereof) on the soil. For exanple, the seed or
veget at Mor%,mhyutbewt M, plodu Gedt.%onttmut h@é ws.ob, labat 1i5eriso, dbod® WE. %,gboute%out 1

hour, aboy . 4 h t 5 h
nour s, R0 el P 280 85 18 ThebpuREh e 23t S i b bt e e S S pou
20 houraﬁt 9R BBt 6b WEYs, aRRYS wa.of aBsut APOUY,, SbddRYS wta/{;)cavesbmﬂeooketﬁ(%5 alfeers 5

days, about’ 6 days, about 7 days, or 2 weeks or nore) hagrlor to the

appl i cavitdn abf)utt wion alpcalt 96@1‘&% eibowo% wotmpaliut P mg. % Hbpelctd) wigho, ahnait 82ed or
veget at i 0 d b e g  .about 1
hour , ng/f %uﬁrdsgrgtwg %§ oérpgfexgboutneﬁgélou(?%%aré’out?&gt eoﬂl}glsaralabout 6

hours, abayp Iex8s Pr@tuns in t@b@dﬁnp&ﬁtlmwzﬁm amoMBt wgﬁgﬁmazmwemmeaamo 27
about 12 hours about 16 hours, about 20 hours, about about 2 days
about 3Vd&ysceddpautrom shops 0. 1aGtto 8bem vt Aptiem aeowaqléwt a(b wbowt %, or
weeks o roHpab%L iifw;te/r &%@1&%%%%&)‘1@%&1& %}%ga %u‘?bS W@Plfﬁffn gl%utlo
conposi tions t er eof l'ary types o seed, as well 'ds conpositions
conpr i siwngo tdbont mwal% (fmlrrphte)ut aodzt%edaboateo dzes/a;rﬁohembdmdeﬂewm%{o&(bﬁﬁt] In a

further aspect of the inventiaon, rretho ting er

cont ani ﬁgﬂégg’tfp‘)%?]l’o‘ﬁ 205747 iy gyt t"‘ér@ afd fn Péo‘ﬁgge ntT’n’iV\?b BEChdEpm
conpri sggq kg .ﬁraﬁaw‘ut RO Rt ¥h, bR a6AITBOSH 119, @D21SRITDH wwqrénhebaﬂt Gl

conpl ex described herein intc the contam nated water, and, as an opti onal
second step, renoving the oil and/or oil-based materials fromthe wat er
after application of the conposition. It is contenplated that this aspect
of the invention may find use in connection with the renediation of either

fresh (e.g., water in | akes, ponds, streans and rivers) or salt water
(e g., oceans) cont am nat ed by 0|I and 0|I-based mat er|aIs partlcul arly

. . o, o o o o



liquid oil and/or oil-based products, as well as products that are
liquifiable. By liquid, it is neant that the viscosity is such that the
mat eri al we 20mpabice of flow ng; such |iquids desirably Iraviusgoia/osiiscosity
of |l ess than about 20,000 cp, and nor® desirably ranging fromabout 0.1, 1,
100, 500, 1000 and 2000 cp up to about 5000, 10,0000, 15,000 and 20,000 cp
(25C). [0091] The oil or oil-based contam nants that may be at |east

parti al kyatcReoy ad.%, o Monadteiut BY wit Fetol dbsenii weddsetdodn uastiemisgedt wf thend

i ncl ude, w thout limitat i on, crude oil or petroleum as well as distilled,
ext r act &eVeRel. dhe mutera) spmpleg dtpresent Hithe SpMPQHORE AR Faseing fram ang

oi | - bas rqg,]up d @

| ubri cat%ignug lo ttéab(ﬁh%w %%?%e d IOSI @%’%@nﬁ%gﬁgqﬁg} ?E{Mt%w t hout
i m tat nay, rﬂdn‘edemrﬂbay abong 1 p&it.At ®, abteoi Sx)awt %, andlcxnahomrgssirdbOOARTA
corrp05|t|on nt ai her materials.i dition.to the ral conpl ex
Gostr; et his Bt Gy ung b cormmte: drryrbES LBl P gy Fifner

i ncl udecéﬁ&}aﬁ@&éb%um wlbSREhSRMYr She AR u%mgr& RS OcRR Gy SERAY N85t %,

m croorgani's fungi, nitrate and/or sulfate fertilizers,” and natural

mat er i alsd svenmers dpklaakﬂjsaboelt §0 wtgh,as sbeyt 9ﬁa’yt %eof dreohiwstal aendpleke | i ke. The

i nventi 0] used in c ation wth.other 0| rerredlatlon
met hodsY&{(SgSQS] H’r‘?ﬁqrga%{mB% Cé)g}ﬁ%gllofl? Jlﬁ‘retoﬁé]tesc Ryd greénp%lfl}' e%l Pnto the
cont am Ry etrtM@ @ mphiBY wiRF Jo ReRerflid@niidsitivas. amqumcdhi RBdhamienant present,
and may be readily det erm ned 2011/ 130267PCT/ U82011/ 032110 28 by one
ski | | ed prstictlady gseful inppplyéngthe aamwmorrwpsunﬁés 1: thgiently erier relabvely i?égf‘aﬁire% npl ex
ZB& |ng ofnﬂtn th? gm&va%édllilﬁlpglﬁ armglﬁl?ﬁéﬁbfc gﬁiéo?c{)vﬁgwgﬁ{elr el n m ner al
conpl ex betveah abcmmntlbg ardgibogt F000rbsaduine2b cdnbﬁlek@e gbabﬁut 50 0xQabdus 261bst he

m neral compl ex pe 00 square feet of rf e about
s e sB0 i b T dboaboutas i Shosb bad s 200 B oo 58 b St

250 Ibs, u : I about
ot R el R A g R R it
750 | bs Jbsabloutt 780 hs| dmut ARbibs, H60t $Aslbs,zboutt 8590 0s, labsyt 940 dost, al9B0 95%9)8 about

1,000 Ibs,, a , 500 .1 bs, about .2, 000 I.bs out 2 0 bs bgut 3,000
| bs, ab8ﬂ?b(§1?§§@0 fbﬁggnﬁ%ﬁ‘éatco pg‘?ié f?fbesveryo?bogbb@ftoéf‘tbgb@% 1803 Ofg“'%ﬁro squar e
feet of (S5 bRk 180 a1k, MRLETI0 DRSS, ra@@lht)zootéﬁﬁoﬂiﬂ ARhAR 56 gAY XalRi e300
conposi t| ons conpri si n]g the m neral rrgl ex described herein are applied

ont o thgaﬂmseaboﬂlb?’ﬁ?@fﬂ thhé‘fr‘bqorgaﬂiétl ont58zellge, paboahd0grdlans 600 | bs of
th 5, 00 f
e ) S SO o858 5 8 e v

cont am @ﬁhﬁﬁbrﬂﬁioﬂfpléﬁiﬁér ¥adry aﬂ@.ﬂﬂﬂdltdl@o(ﬁﬂﬂ 50(b1galﬁﬂi§uﬁtva&f beontcarboat s ps esent ,
and may be readily determ ned by one skilled in the art. In or}e enbodi ment

of the ipdabrutSAO Yhsm@ nypeebRIBhfTicY ey ab@ﬁé&@.tﬂ@b@ﬁéoggﬁhlw VBHETAT t he
conposi t {1396063 t I 4 deal
appl i ca:bse%%e H{é(?uéo? %%@1}{21 G Ication o er%tﬁgh?ge?fpfgg%?%agiuggo%gearﬂgg{e%qtogd at
any sui tgamxbxs dfiwrageri mﬁenah]y, fheldonmomgon hemprisdsibatweap pbow 25 lbsgndsaboht P 1

week, 2 wee 3. weeks, ek 11rmnt or 2 nonths, or nore after the
initial Bl qnggr[a} BHOP p?ﬁpgr o 9BHPsWalEh e conposition is applied to the
contam fgded§ WaleldddnlalE@Ubdfed PR 'llﬁulfdecoﬁiposﬁtlbﬁ WRER AR Ide® thelrdingfPl i ed to
the contam nated water every week, every weeks, every 3 weeks, every 4
weeks, evaplexSmapékther emeplysesaem@dwboew%}by and weait £00 éhserf)%e@i (wegaleboutey er y 9

vk e B0 B M TA b P AR RS R OB R VLR B

present jsaimsh, ABGt N 2ReHs| o MHOLEID IBSEf A PR ablitlehed 100 tb BEOL&TS'OO ghitsns@xanpl e,
t he conp05|t|on may be’ applied on a regular basis until all of the

cont ani near (.-, ﬂb‘?ﬁi\l@@ spilens ehpat Wed s¢llonp,nbevi00gnbons. ﬁh‘?ﬂt§50tgﬁlé0ft§o‘ffh5’é‘§| tion
| s appl '3%? %l?o h?oéﬁ?% gﬁlﬂ)% ea W(ﬁ)r @n@a Lﬁ'S@ z{b%%t 3o éaﬁr‘l%ﬁ% 1‘8
nont hs, Peast m)ﬁt or 24 é yea al |

of the c@mdrpnFérarbmpke, f}em@it@dsﬁlb@matyfwnmtsebetwkﬁﬂaﬁ)]wﬁﬂ® s aappbowtdD oy, t he
corrp05|t|on may renain resident in the contam nated wat r for a period of
time, aPfasedust elwuﬁ RECr¥ 4 AP s 1qup AV G lows RE WaterahicderaRly, t FFO’HE%“F% be

enoved BRBHOL EPARALEH I BILAD SR G 1H2Y QleARI G 756 Qamn%kwgﬁ?ns
e.g., vacu m punping, collection via oorrs a separation
process such as, e.g., filtration, and other known |i qui d/sol id separation
processes. WD 2011/130267PCT/ U82011/ 032110 29 [0096] I n one aspect, the

i nvention provides a process for renedi ati ng contam nated soil



conprising introducing into the soil the conpositions described herein. The
contam nated soil may be sand, silt, clay, or any conbination thereof Many
di ff er entwoypasidafe7soi | contam nation are known in the act/usihe/osnventive
process described herein may be used 200 treat any soil that is determ ned
by one of ordinary skill in the art to be contam nated relative to normnal
soil. For exanple, the soil nmay be contam nated with one or nore of the

f ol | owi fhescashpetitsns datthldaatd prepasedbet sing @sth thedggeatenalk peihgatidedreshé ci des,
solvents, landfill waste, chemcals, or heavy netals. Soil that is
contaniﬁQWQdU%PFHrWéQV “ﬁ@?a?@wﬁﬂﬁ”ﬁge@ﬁﬁﬁé' ﬁEF@ﬁaWFPHﬂésngi@g“bﬁ@ of

| ead, nmggicury, zinc cadmum or chromum [0097]Soil that is contam nated
with oil and/or fuel, such as petroleum may have an el evated |evel of

hydr ocatMédl r ellmtinvatipo alsopnetidesai dompplition compusieg éreotierad nompleke

conposi ti on escribed herein are used to renedi ate. soil .havi n. el evat ed
evel - ofRyaFbEEPBaRe ~ g o afffot Sompduit S E Bl @R T

[ 0098] Theen antlaNisBat, @8d SQtdr. EyarbeulBatR d@fnﬁ?ﬁ@ftﬁoﬁﬁ[ﬁ}?me&&ﬁrﬁ‘éﬁﬁq&ﬁt ion prior
to the introduction of mneral conplex or conpositions thereof If the

cont ani AAMBYRi I Jonuuispry the Binegaomnleann conbingipn vdlranybinster,i fptiligdgct i on of
the mn I t \ e Ll ] . I or
ennance et HESheRYSE SesdS EREbRTLORLE S thimb R S RETbE b P PEOERAE M

t he exi &)itigmitrgicainpln, seey, dnd muich;gastd nbyierat cdnegist, saipuhd &tilidng. , about
5% about 10% abaout 15% about 20% about 25% about 30% about 35% about
40% abagrnt:shihe gHBerRl awoplen seoth Py chy é@?ﬁr\ﬂéﬂ%a&% % @mm&er SOBPIE on on
cont am Rl &SPkt La ML Grhel 8 offY BEHR L QAR RN BSmPRiti RRIPtibiiFoduced.

[ 0099] I'n 5%%? ef éséé%%%gfheeproggzs fu?ther conﬁriseg&%htrgﬁdcingo

veget at canpiisetwattihmdodmreimianp v £thesiborkmentianedicpmposihiensiptienally @omplsex has

been infraduced or.applied. The v tat.ian be i ntroduced t.g,the

cont an Pen CoprosiERE (R oRey BIE b Rty ST i e RISE S ah 8 e

i nt r odugbiedated bl e s6 IReSid theartconpri sing the mneral conplex. In a

rel ated aspect of the invention, the process further conprising aeglylng
seed t o[Q068] conkherdommositiosbf the givehen gescrbed preis intayl beal elesisddy praivided T r
after, the. introduction appl i cati f .neral. ¢ I
conposibF%%n?ﬁgyggs;E%ﬁp%&%nﬁﬁg?Egﬂgﬁggégf%??%ﬁbggagggggﬁgfgﬁ%8f%troduced

i nto t helusdity ofpelleBRSthelpeltiting Eandbe acab@plishkd hietue comamtibnal peletiAng about 3
hours, about 4 hours, about 5 hours, about 6 hours, about 8 hours, about 10
hours, S&WHPmentosyeh@p pelleiranppang apbdvg g3pWator20 hours, about 1 day, about 2
days, a 3 : t £ 8RO days,
or 2 megﬁgk£r ﬁ@%@f”ﬁ?9gp“ﬁ%g%ﬁ§mW%??§HB%%?@%%85§9ﬁgé%%ﬁ%%%?t?gn coHprising
t he m nérlahmaoabbed0anmt fier wegatlatthe avoigesbadetanyf the pelidts mdy cegeifiobo t he
soil at . WD 2011/130267PCT/ US2011/ 03 0 30 least 1 hour. (e.g., out 1
hour, aBRRH 03 HBUPLLOWHIGRME TR 4RO LT G5 i Ph%lfé? bt i Q-,%Bé%ut 6
hours, abadt Bs NI Bhe SUIRHE ORI iPRRMhal? iNOWiSe spHeRut cyiiaBQur s, about
20 hours, about 1 daf?&gbod?&gbdays, ébout %ﬁﬁéys,la %ﬁ? 4 Cays, about 5
days, ablbipsesrodsywnealdous, ngedlay and oregplaneeks or nore) after the

i ntroduct| of. the,conposj.tion, conpri.sing the mneral co ex. enpl ary
types. oftlsEq” 1n R uRrRERh SO R B Sh ByS aTs RRE nEREPAT S sl ex. and
seed, at&mpleR ¢l PRHOBIBOS iibredPEQALITEG] WitRigradhe i ORPWRYeRINHe GRARGS pilol RIS
conprising the mneral conplex, as described herein, nmay be applied for
pur poseordhe emitiolled rrtefisa pf &g naineral eqppRlcpfropethaaedivap gihen hoonedigmper acr e

and abo 00 . acr . : ) er
acre, ag)EopuOtJSQ%g)Oa W%tggﬁgnﬁt%m@,%oeg%ﬁ?%ge%é?91&(% ﬁlg%gggéeﬁﬁggﬁéw@gggg? IH%% 0 I bs
per acr g@sedalPoeferaBBO tHeanehiomitcobpdioes 4 bslupsic matedal ahgietfoRO& moemakmut 6, 000

| bs per acre, about 200 to about 5,000 | bs per acre, about 200 to about
4,000 | Baigheurrgends the pepralZomMes- about 3, 000 | bs per acre, about 200 to
about 2 | b : T about 200
to abouyﬂggb |§2%§§?%§% g?ﬂggghf%gg%ﬁﬁgﬂgﬁgg?%ggg@rE@ggﬂgmggﬁgﬁhabout 200
t 0 aboutmedih tdspyxdng gplwng abouhe 200vth medbouh cé@Poditien @enprasorgthe aboeral 300

to about 500 | bs per. acre, about 300 t.o _about 400 | bs per acre, abqut 400
to abouforapleéée%%@eéé?re@c rC PEOEST M8y GUtthsT a%altlses%p@g@nap WgtebéFedagf‘ﬁ‘%’about

600 to abowing 000 drlfy BehpAGHiSh RRUbNEARe LOwalkRihiukh. ORQ R bBEIn&EbE
about 800 to about 2 0%0 | bs per acre, or about 900 | bs per acre, about
1,000 I bs per acre, about 2,000 | bs per acre, or about 3,000 | bs per acre).
Desirably, the mneral conplex and conpositions conprising the sane are
applied at about 250 | bs to about 5000 | bs per acre (e.g., about 250 | bs,
about 300 | bs, about 350 | bs, about 400 |bs, about 450 |bs, about 500 | bs,
about 550 | bs, about 600 |bs, about 650 |bs, about 700 |bs, about 750 | bs,

I T ~~ NN I ~ N I NN PN I ~ ™~ I A NN N



[ 0102] The m neral conplex and conpositions conprising the mneral conplex,
as described herein, may be applied to a solid (e.g., soil or vegetation)
or a |liqguwd208a/g0267wat er) surface, as described herein, pco/tsey1oenvent i onal
manner. I n one enbodi nent, the m neral conpl ex and conpositions conprising
the mneral conplex are applied to soil, water, or vegetation in dry form
For exanple, a conventional spreader or sprayer nay be used to distribute

t he dry tifeanmnibn} fhe compeditdn confristng tha chinanpasigl:onappledoimsltagotdie same
over the soil, water, or veget aﬁcimog@i_n one enbodi nent, the_m neral conplex

and conB6di e oRBEBAHVHET $EED Fng aEmbey A8y SoRpFRiAythsrrsoRtRdis ol i d

or liqui rface i I | o per al

ol ax . P S B e e Tt o s
or vegetamnpoditianchrpresmgthnushéry! epreadamsk oneak @atbrovéwateheeebinfuldy, or
vegetatioon,. In a rel ated. enbodi ne the m.neral conpl ex and conpositions
conpri siAYIFAS 2@bes geseE SS?Hha@‘t‘%Ba“hVﬁbf’ it}éeoprpﬁesf)mr% PBPRES er and

t her eaf tgkyitadesslyaplying Bfto R BEdINRYa EnRBItHAlRBFhprRin@fEehidetal dbsibldxbut e t he
m neral conplex relatively uniformy throughout the water prior to

appl i catndnne @i mpteaompositings emepribingoeatsi, sepdneribehd feridigingagapré9ed to apply

dry f | at i WSl bi nder,.... | L .zl
conti nabr BRI Rar wfeory oRbAPi AREEHaPEE e bk Rty AXE Ry o' ane”

conposi thRpHscOPRaShddestilisedfengial conpl ex, as described herein, are
applied to soil, water, or vegetation in dry or in |iqui d,f,orms In the
latter 100§91d, WMenethengpbodimsainridhe BVeHEm{liEORPOSIHARCORPHTING HiS TRB/EHsI t i on
conpri si ' j ' Wter Ofceyat er to
be addodoal B BeBEl Bhus PRl AedtlEE REMBRBIBRIR) S & 0B lerVeckte! o1
dependi ngiléh fértiBzipgapént,wrany appbinaton trerevgt Radexampl @ yledningsed ophpley nmet hods
of applying |liquid formulations. WO 2011/130267PCT/ US2011/.032110. 32 i ncl ude
punpi ng?(’eé‘mléﬁdﬂﬂ&_}e %9155%1@8 UMY t%fheeﬁl?pé?aé‘_(?flro &afftri €° rm'ﬂ)lflPTg[%&@%Wenti onal
Sprayer qo8f dah cbinbi@abh Herdbg! l&%ﬁlaﬁi’/el?,@tﬁé hARShIRdNINSE BFP be WhYIRD tb Meol ve
applicatron directly to the soil. Exanples of conventional sprayers include
hydr oseguderth namidurb dakpreog tppalieaton of waterpyeed.anvieh, feribigiigrgant, ot 4w ni ner al

conpl ex and. co Si ti.ops co i sing.the mneral conplex liad onto a
ol oFSRPEaREY Ct ke by gRIe BiiinkE TN e R REFL IS ARPROE 4 °F or
by sprayidagim & Bhdt amotBL O dfbolBY hb&:, gtk 0hedrst sboapBihyuls] sBsiutl4 houm)dbati ons

conprising binder, seed, mulch, fertilizing agent, or any conbi nation

t her eof 5 Hogusoalorhé hevrserbeut 8 aptsesborh 0 BompadPpt bnkowss #peytdiohyuishabt ner al
conpl ex »gl i t L i { he art,
cuch as 20 MEfsnTieuRE SRPRLLEES HOBTIIES Bhds, MELRE Y BRI LU Bt

usi ng aayouretdagsl denoweeks or tnoee)dtior tosthe bpplicadon ufipater, sedd, nanlao farghzingnal
spreader, or a conventional sprayer; or fromthe )\V/\ﬁter . USi ?]g any net hod
known i ASPHeOTARY ,CO@GHH_“% t@r%*(&éﬁ%ml%%lt@m[p i eaprlig _t(?ﬁ Y thg:orrpl ex
and POWB%%h%hQ Rast SR ”$9mﬁﬁFlHbﬁ?&ﬁhﬁ@qﬁﬁk?ﬁﬁm@§hg§§9ﬁkﬂﬁgh8&£9ﬂﬁutar?
applied to land, such a or purposes of augnenting or remediating a solid
gr owt h Fesutsypba 6hhoass, swiut 8 dwousseghemad § boyrs cabopt BVkeaitrs, abowr] 6rhiovisgalbdutg

erosion_of soil, as describ her. ei the mneral c I Oor__compasition
t her eof ,28thﬁﬁlfs’ Hhapt Eé‘a}é PF%QS&?}@’ %Pr?ug%% alqi g i é‘?’%r‘?‘?%c?e %a?&ﬁrbalét 1o
appl i cathQn 7fayk R 208&iKE 86 nRM Witr Bk afbIkakiBh of AR 8%, hallel, Fertifigihgexanpl e,

the mneral conplex is applied in an anount ranging from about 200 | bs per
acre andgeoutanyGopddatips thgegofacre (e.g., about 200 to about 10,000 |bs per

acre, a 200t o _about 9. 00Q | bs [ I 00 . 0 I bs
per acri&ﬁgﬁou?T@h%n %ﬁgﬁPL qaﬁﬁpﬁﬁioﬁéF%g§%§3H%%%§g15@8&%§H%325896,000

| bs per aagtembiabets tREGof A AR hefif) Ak tehs “paferaetes toadhyuyp2O0viter, alubut
4,000 | bs per acre, about 200 to about 3,000 |bs per acre, about 200 to
about 2200Esh Wateper g avfier indplst P, tisams ud riYeraber B vala(e-ge PESANghout 200
to abou € : - 18 d REL [&onfbout 200
to abou?hgggo‘*’%z)fggéet%go:ne%nd %ﬂ% mg\g%eli’ g”%@%t%oﬂtilgge’l}e S perS lg’grdf?onabout 300
t o abouff0®BAP | bas ped lredir, thakomt s3i00refa@s abowyttydoOf dolissyshras anrdesiltatleytor400
to about 6,000 | bs per acre, about 500 to about 5,000 |bs. per, acre, about
600 to &pBbagomOherep %élrtyaar@,y%ga@eﬂn%@ﬁtwla WO@,(ﬁggﬂ Bhef Mher e,
about 8 00 ok bR PRI AGH atid sydRANININA i BR PEIFoRELAnplBRANT

1, 000 |%§x%§¥@§3?%f%ggbu€ 2,5§0C} slp%} ; re, o? abéut §,008 IbsI%er acre).
Preferably, the amount of m neral conplex, whether applied alone or as part
of a conposition, is applied at about 250 | bs to about 5000 | bs per acre
(e.g., about 250 | bs, about 300 |bs, about 350 |bs, about 400 |bs, about
450 | bs, about 500 | bs, about 550 |bs, about 600 |bs, about 650 |bs, about
700 | bs, about 750 | bs, about 800 | bs, about 850 |bs, about 900 |bs, about
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EXAMPLE 1 [0108] Thi s exanpl e denonstrates the chem cal anal ysis of several
different mneral conplexes. [0109] Two m neral conpl exes (conplex 1 and
conpl ex 2yowerigi3atstai ned from a natural mneral source a@od/uscagfsdion || ed
to a particle size of 200 to 400 nesh2(a fine dust). A chem cal analysis
was used to determ ne the conponents of each mneral conplex, as set forth
in Table 3. Athird mneral conplex (conplex 3) was prepared by m xing 95

. % of s@lq)%b%y]beV&letdﬂm%édﬂusPﬁgQﬁe US]Im ﬁ?ﬂ t3xondniyotl adsttioati e Eyatent oMbk ex
(corrplex 4% preBared by m xing 8 % of complex. 1 with 15 wt, % of
mpl ex Vgor dI'BH?EHSG asnipr 8l Be@mﬂs&ksgﬁeﬁm yRten, @@w& usg tagoRpIyiE GAfergy,

65 9% 181 901?1?1&?@%&%&&43%%9&\%@&'3&@ 3R L3248 érarchical classes. The

most common engineering classification system for soils in North America is the Unified Soil
Classification System. The Unified Soil Classification System has three major classification
groups: (1) coarse-grained soils (e.g., sands and gravels); (2) fine-grained soils (e.g., silts and
clays); and (3) highly organic soils (referred to as “peat”). The Unified Soil Classification
System further subdivides the three major soil classes for clarification. Additional examples
of soil classification systems include the American Association of State Highway and
Transportation Officials (AASHTO) soil classification system, the Australian soil
classification system, the Canadian system of soil classification, and the Food and
Agriculture Organization of the United Nations (FAO) soil classification, also called World
soil classification.

[0072] In addition, the growth medium may be any combination of water and soil. One
of ordinary skill in the art will understand and appreciate that a variety of combinations of
water and soil (e.g., about 50 wt.% water and about 50 wt.% soil, about 25 wt.% water and
about 75 wt.% soil, or about 25 wt.% soil and about 75 wt.% water) may be used as the
growth medium.

[0073] " The growth medium may be bare or may be covered with vegetation. When
applied to vegetation, the compositions described herein may be applied to root systems,
stems, seeds, grains, tubers, flowers, fruit, foliage, branches, etc., as desired. The mineral
complex (and compositions thereof) may be applied to the growth medium using any
application method known in the art. Specific application methods that may be useful for the
application of the mineral complex and compositions thereof are described herein.

[0074] Application of the mineral complex, compositions thereof, and desirably those
which include seed, onto soil that is classified as clay also is contemplated by the invention.
The soil may be classified as clay in accordance with ASTM D2487 and/or the soil may be
classified as CH, OH, or CL in accordance with the Unified Soil Classification System. The
compositions described herein have found particular utility in promoting the growth of
vegetation, such as grasses and other plants, in clay soils used to construct dams, levees and
other structures.

[0075] Application of the compositions described herein onto soil that is classified as

sand also is contemplated by the invention. The soil may be classified as sand in accordance
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with ASTM D2487 and/or the soil may be classified as SW, SP, SM, or SC in accordance
“with the Unified Soil Classification System.
[0076] The compositions described herein also have utility in promoting moisture
retention in soil, such as sand, silt, clay, or any combination thereof. Thus, in a further
aspect, the invention provides a process for promoting, enhancing and/or increasing moisture
retention in soil comprising introducing into the soil the mineral complex and/or
compositions thereof as described herein. The mineral complex and compositions thereof
described herein are particularly useful in promoting, enhancing, and/or increasing moisture
retention in sand.
[0077] Enhanced moisture retention in soil refers to an increase in the moisture (e.g.,
water) content of the soil into which the mineral complex and compositions thereof described
herein have been introduced relative to the moisture content of the same type or classification
of soil in which the compositions described herein have not been introduced (i.e., growth
medium that has not been treated with the mineral complex). For example, the moisture or
water content of the soil into which a composition comprising the mineral complex has been
introduced may increase at least about 1% (e.g., about 1%, about 2%, about 3%, about 4%,
about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, about 15%, about 20%,
about 25%, or more) as relative to soil not treated with the mineral complex. Methods for
measuring the moisture or water content of soil are known in the art. For example, soil water
content (v/v) can be measured using an EC-5 probe with data recorded on an ECHO-5
datalogger (Decagon Inc., Pulham, WA), as described in Example 2.
[0078] It is believed that enhanced moisture retention in soil also may provide an increase
in the growth of bacteria (also known as “bacterial bloom™) within the soil. In many
instances, these bacteria can be beneficial to plant growth. Thus, in one related embodiment,
the invention provides a process for promoting, enhancing, and/or increasing the growth of
bacteria that are beneficial to plant growth within soil, such as sand, silt, clay, or combination
thereof, comprising introducing into the soil the compositions described herein.
[0079] The mineral complex and compositions thereof described herein also have utility
in preventing, reducing, slowing, or mitigating erosion of soil, such as sand, clay, silt, and
combinations thereof. Thus, the invention also provides a process for preventing, reducing,
slowing, or mitigating erosion in soil comprising introducing into the soil the mineral
complex or compositions thereof, as described herein. Desirably, the mineral complex or

compositions thereof are introduced into the soil in an amount sufficient to provide for the
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application of mineral complex thereto in an amount ranging from about 200 Ibs per acre and
about 10,000 lbs per acre.

[0080] In another aspect, the invention provides a process for enhancing the germination
rate of a seed in a growth medium comprising implanting the seed in the growth medium and
introducing into or applying onto the growth medium a mineral complex or a composition
comprising the mineral complex, as described herein. The growth medium may be any type
of growth medium, including soil, water (e.g., hydroponics), and combinations thereof, as
described herein. The mineral complex may be applied onto the growth medium prior to
implantation of the seed, at the time the seed is implanted, or after implantation of the seed.
For example, the mineral complex may be applied onto the growth medium at least 1 hour
(e.g., about 1 hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours,
about 8 hours, about 10 hours, about 12 hours, about 16 hours, about 20 hours, about 1 day,
about 2 days, about 3 days, about 4 days, about 5 days, about 6 days, about 7 days, or 2
weeks or more) prior to the implantation of the seed or the mineral complex may be applied
onto the growth medium at least 1 hour (e.g., about 1 hour, about 2 hours, about 3 hours,
about 4 hours, about 5 hours, about 6 hours, about 8 hours, about 10 hours, about 12 hours,
about 16 hours, about 20 hours, about 1 day, about 2 days, about 3 days, about 4 days, about
5 days, about 6 days, about 7 days, or 2 weeks or more) after the implantation of the seed.
[0081] Enhanced germination rate of a seed refers to an increase in the germination rate
of the seed in growth medium in which the mineral complex described herein has been
introduced relative to the germination rate of the seed in growth medium in which the mineral
complex has not been introduced (i.e., growth medium that has not been treated with the
mineral complex). For example, the germination rate of the seed may increase by at least
about 6 hours (e.g., about 6 hours, about 12 hours, about 18 hours, about 1 day, about 2 days,
about 3 days, about 4 days, about 5 days, about 6 day, or even about 7 days, or more) as
relative to the germination rate of a seed in growth medium not treated with the mineral
complex.

[0082] In one aspect, the invention provides a process for enhancing growth in plants in a
hydroponic growth medium (i.e., wherein the growth medium is water) comprising applying
onto the hydroponic growth medium the mineral complex or compositions comprising the
mineral complex, as described herein. The mineral complex may be introduced into the
hydroponic growth medium prior to implantation of any plant, at the time a plant is

introduced into the medium, or after a plant is introduced into the medium. For example, a
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plant may be introduced into the hydroponic growth medium at least 1 hour (e.g., about 1
hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 8
hours, about 10 hours, about 12 hours, about 16 hours, about 20 hours, about 1 day, about 2
days, about 3 days, about 4 days, about 5 days, about 6 days, about 7 days, or 2 weeks or
more) prior to the introduction of the mineral complex (or composition thereof) or a plant
may be introduced into the hydroponic growth medium at least 1 hour (e.g., about 1 hour,
about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 8 hours,
about 10 hours, about 12 hours, about 16 hours, about 20 hours, about 1 day, about 2 days,
about 3 days, about 4 days, about 5 days, about 6 days, about 7 dayé, or 2 weeks or more)
after the introduction of the mineral complex (or composition thereof).

[0083] While the compositions described herein may be applied onto a variety of soil
types, the composition finds particular utility in remediating sodic soils. Sodic soils are
characterized by a disproportionately high concentration of sodium (Na) in their cation
exchange complex relative to the normal soil type for a given region (or classification). They
are usually defined as having an exchangeable sodium percentage greater than 15%. These
soils tend to occur within arid to semi-arid regions and are innately unstable, exhibiting poor
physical and chemical properties, which impede water infiltration, water availability, and
ultimately plant growth. Thus, in one aspect of the invention, the compositions described
herein find particular utility in remediating soil having an elevated level of sodium (Na)
relative to normal soil. In this regard, the invention provides a process for remediating soil
having an elevated level of sodium (Na) relative to normal soil comprising applying onto the
soil having an elevated level of sodium relative to normal soil a composition comprising the
mineral complex, as described herein.

[0084] In a related aspect of the invention, the compositions described herein are applied
to saline soil. Saline soil is soil having an excess of salt relative to normal soil, wherein the
excess salt is predominantly sodium chloride. Thus, in one aspect of the invention, the
compositions described herein find particular utility in remediating soil having an elevated
level of sodium chloride (NaCl) relative to normal soil. This is believed to be beneficial in
areas that have been subjected to hurricanes and flooding, wherein land has been subjected to
salt deposits from ocean water, which has in turn reduced plant viability. For example, the
elevated NaCl level in the soil may be from about 25 ppm to about 500,000 ppm, from about
50 ppm to about 250,000 ppm, from about 50 ppm to about 500,000 ppm, from about
100,000 to about 500,000 ppm, or from about 250,000 to about 500,000 ppm.
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[0085] The compositions described herein are also useful in remediating soil having an
elevated level of at least one of sulfur, calcium, or magnesium relative to normal soil for a
given region (or classification).

[0086] In another aspect of the invention, the compositions described herein are applied
to alkaline soil. Alkaline soil is soil having a high pH (e.g., a pH of about 8.5 or greater) due
to the presence of excessive sodium carbonate (NayCOj3). Thus, in one aspect of the
invention, the compositions described herein find particular utility in remediating soil having
an elevated level of sodium carbonate (Na,COs) relative to normal soil (of that region or
classification). In a related aspect of the invention, the composition described herein find
particular utility in remediating soil having a pH of about 8.5 or greater (e.g., a pH of about
8.5,8.6,8.7,8.8,89,9.0,9.1,9.2,9.3,9.4,9.5,9.6,9.7,9.8, 9.9, or 10), a pH of about 9.0 or
greater, a pH of about 9.5 or greater, a pH of about 8.5 to about 10, or a pH of about 9 to
about 10. '

[0087] In a related aspect, the invention provides a process for enhancing the ability of
sodium-enriched soil to support vegetation comprising applying on to the soil a composition
comprising the mineral complex, as described herein, wherein the soil into which the mineral
complex has been introduced exhibits enhanced vegetation relative to soil in which the
mineral complex has not been introduced (i.e., soil that has not been treated with the mineral
complex). Sodium-enriched soil refers to soil having a increased proportion of sodium
relative to normal soil. Examples of sodium-enriched soils include sodic soils, saline soils,
and alkaline soils, as discussed herein. In one embodiment, the process further comprises |
introducing seed into the soil onto which the mineral complex has been applied. In another
embodiment, the process further comprises introducing vegetation into the soil onto which
the mineral complex has been applied.

[0088] The seed or vegetation may be introduced into the soil prior to, simultaneously
with, or after the application of the mineral complex (or compositions thereof) on the soil.
For example, the seed or vegetation may be introduced into the soil at least 1 hour (e.g., about
1 hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 8
hours, about 10 hours, about 12 hours, about 16 hours, about 20 hours, about 1 day, about 2
days, about 3 days, about 4 days, about 5 days, about 6 days, about 7 days, or 2 weeks or
more) prior to the application of the mineral complex (or compositions thereof) or the seed or
vegetation may be introduced into the soil at least 1 hour (e.g., about 1 hour, about 2 hours,

about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 8 hours, about 10 hours,
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about 12 hours, about 16 hours, about 20 hours, about 1 day, about 2 days, about 3 days,
about 4 days, about 5 days, about 6 days, about 7 days, or 2 weeks or more) after the
introduction of the mineral complex (or compositions thereof). Exemplary types of seed, as
well as compositions comprising the mineral complex and seed, are described herein.

[0089] In a further aspect of the invention, a method for remediating water contaminated
by oil or oil-based materials is provided. This method comprises the steps of applying a
composition comprising the mineral complex described herein into the contaminated water,
and, as an optional second step, removing the oil and/or oil-based materials from the water
after application of the composition. It is contemplated that this aspect of the invention may
find use in connection with the remediation of either fresh (e.g., water in lakes, ponds,
streams and rivers) or salt water (e.g., oceans) contaminated by oil and oil-based materials,
particularly water contaminated by crude oil. This being said, the aforesaid contamination of
water may arise under a variety of circumstances, including without limitation, spillage or
seepage from storage facilities, leaking transport vessels, damaged pipelines, drilling
operations, or improper disposal.

[0090] Desirably, the method may be used in the remediation of water contaminated by
liquid oil and/or oil-based products, as well as products that are liquifiable. By liquid, it is
meant that the viscosity is such that the material is capable of flowing; such liquids desirably
having a viscosity of less than about 20,000 cp, and more desirably ranging from about 0.1, 1,
100, 500, 1000 and 2000 cp up to about 5000, 10,0000, 15,000 and 20,000 cp (25°C).
[0091] The oil or oil-based contaminants that may be at least partially removed from
water by the inventive method vary widely, and include, without limitation, crude oil or
petroleum, as well as distilled, extracted and/or refined products thereof such as industrial
oils and oil-based products, e.g., diesel fuel, gasoline, kerosene, fuel oil, lubricating oil and
the like. Oil-based contaminants may include, without limitation, oil-containing paints,
solvents and coatings.

[0092] The composition may contain other materials in addition to the mineral complex
described herein. By way of example only, the composition may further include surfactants,
dispersants, emulsifiers, absorbants, enzymes, microorganisms, fungi, nitrate and/or sulfate
fertilizers, and natural materials such as plants, e.g., grasses, hay, starches, and the like. The
inventive method also may be used in combination with other oil remediation methods.
[0093] The amount of the composition that may be applied into the contaminated water

may vary depending on the amount of contaminant present, and may be readily determined
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by one skilled in the art. In one embodiment of the invention, the mineral complex and
compositions comprising the mineral complex described herein are applied onto the water in
an amount sufficient to provide therein mineral complex in an amount ranging from about 25
Ibs to about 5,000 Ibs of the mineral complex per 5,000 square feet of surface area of water
(e.g., about 25 Ibs, about 50 Ibs, about 100 Ibs, about 150 Ibs, about 200 lbs, about 250 Ibs,
about 300 1bs, about 350 Ibs, about 400 lbs, about 450 Ibs, about 500 lbs, about 550 lbs, about
600 lbs, about 650 lbs, about 700 1bs, about 750 1bs, about 800 1bs, about 850 1bs, about 900
1bs, about 950 1bs, about 1,000 Ibs, about 1,500 lbs, about 2,000 Ibs, about 2,500 Ibs, about
3,000 1bs, about 3,500 1bs, about 4,000 1bs, or about 4,500 Ibs per 5,000 square feet of surface
area of water). Desirably, the mineral complex and compositions comprising the mineral
complex described herein are applied onto the water to provide therein between about 50 Ibs
and about 500 Ibs of the mineral complex per 5,000 square feet of surface area of water.
[0094] The frequency of the application of the composition into the contaminated water
may vary depending on the amount of contaminant present, and may be readily determined
by one skilled in the art. In one embodiment of the invention, the process comprises
repeating the application of the composition onto the contaminated water at least once after
the initial application thereof. The application of the composition may be repeated at any
suitable time interval following the initial application, such as 1 week, 2 weeks, 3 weeks, 4
weeks, 1 month, or 2 months, or more after the initial application. In some embodiments, the
composition is applied to the contaminated water on a regular basis (e.g., the composition is
applied to the contaminated water every week, every 2 weeks, every 3 weeks, every 4 weeks,
every 5 weeks, every 6 weeks, every 7 weeks, every 8 weeks, every 9 weeks, or every 10
weeks). The total length of the treatment of the contaminated water may vary depending on
the amount of the contaminant present, and may readily determined by one skilled in the art.
For example, the composition may be applied on a regular basis until all of the contaminant is
removed from the water. In some embodiments, the composition is applied to the
contaminated water on a regular basis for at least 3 months, at least 6 months, at least 9
months, or at least 1 year until all of the contaminant is removed from the water.

[0095] After application, the composition may remain resident in the contaminated water
for a period of time, after which the composition and contaminants may, if desired, be
removed and/or separated from the water by available mechanical means, e.g., vacuum,
pumping, collection via booms, followed by a separation process such as, e.g., filtration, and

other known liquid/solid separation processes.
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[0096] In one aspect, the invention provides a process for remediating contaminated soil
comprising introducing into the soil the compositions described herein. The contaminated
soil may be sand, silt, clay, or any combination thereof. Many different types of soil
contamination are known in the art. The inventive process described herein may be used to
treat any soil that is determined by one of ordinary skill in the art to be contaminated relative
to normal soil. For example, the soil may be contaminated with one or more of the
following: asbestos, radioactive substances, sewage, oil, fuel, pesticides, solvents, landfill
waste, chemicals, or heavy metals. Soil that is contaminated with heavy metals may be
contaminated with at least one of lead, mercury, zinc cadmium, or chromium.

[0097] Soil that is contaminated with oil and/or fuel, such as petroleum, may have an
elevated level of hydrocarbons relative to normal soil. Thus, in one embodiment, the
compositions described herein are used to remediate soil having an elevated level of
hydrocarbons, e.g., soil that has been subjected to an oil spill.

[0098] The contaminated soil may be bare or may comprises vegetation prior to the
introduction of mineral complex or compositions thereof. If the contaminated soil comprises
vegetation, the application or introduction of the mineral complex to the contaminated soil is
expected to increase or enhance the growth of the existing vegetation. For example, the
growth of the existing vegetation may be increased by at least about 5% (e.g., about 5%,
about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, a;bout
45%, about 50%, or more) relative to the growth of vegetation on contaminated soil into
which the mineral complex has not been introduced.

[0099] In another aspect, the process further comprises introducing vegetation into the
contaminated soil into which the mineral complex has been introduced or applied. The
vegetation may be introduced to the contaminated soil, either prior to, simultaneously with, or
after, the introduction of the composition comprising the mineral complex. In a related
aspect of the invention, the process further comprising applying seed to the contaminated
soil, either prior to, simultaneously with, or after, the introduction or application of the
mineral complex or composition thereof. For example, the vegetation or seed may be
introduced into the soil at least 1 hour (e.g., about 1 hour, about 2 hours, about 3 hours, about
4 hours, about 5 hours, about 6 hours, about 8 hours, about 10 hours, about 12 hours, about
16 hours, about 20 hours, about 1 day, about 2 days, about 3 days, about 4 days, about 5 days,
about 6 days, about 7 days, or 2 weeks or more) prior to the introduction of the composition

comprising the mineral complex or the vegetation or seed may be introduced into the soil at
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least 1 hour (e.g., about 1 hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours,
about 6 hours, about 8 hours, about 10 hours, about 12 hours, about 16 hours, about 20 hours,
about 1 day, about 2 days, about 3 days, about 4 days, about 5 days, about 6 days, about 7
days, or 2 weeks or more) after the introduction of the composition comprising the mineral
complex. Exemplary types of seed, as well as compositions comprising the mineral complex
and seed, are described herein.

[0100] The mineral complex and compositions comprising the mineral complex, as
described herein, may be applied for purposes of soil remediation at a rate of between about
200 1bs per acre and about 10,000 Ibs per acre (e.g., about 200 to about 10,000 lbs per acre,
about 200 to about 9,000 Ibs per acre, about 200 to about 8,000 lbs per acre, about 200 to
about 7,000 Ibs per acre, about 200 to about 6,000 1bs per acre, about 200 to about 5,000 lbs
per acre, about 200 to about 4,000 lbs per acre, about 200 to about 3,000 Ibs per acre, about
200 to about 2,000 Ibs per acre, about 200 to about 1,000 1bs per acre, about 200 to about 900
1bs per acre, about 200 to about 800 Ibs per acre, about 200 to about 700 Ibs per acre, about
200 to about 600 Ibs per acre, about 300 to about 500 lbs per acre, about 300 to about 400 Ibs
per acre, about 400 to about 6,000 Ibs per acre, about 500 to about 5,000 Ibs per acre, about
600 to about 4,000 bs per acre, about 700 to about 3,000 Ibs per acre, about 800 to about
2,000 1bs per acre, or about 900 1bs per acre, about 1,000 1bs per acre, about 2,000 lbs per
acre, or about 3,000 lbs per acre). Desirably, the mineral complex and compositions
comprising the same are applied at about 250 lbs to about 5000 lbs per acre (e.g., about 250
1bs, about 300 1bs, about 350 Ibs, about 400 1bs, about 450 Ibs, about 500 1bs, about 550 1bs,
about 600 1bs, about 650 Ibs, about 700 1bs, about 750 lbs, about 800 1bs, about 850 1bs, about
900 1bs, about 950 1bs, about 1000 Ibs, about 1500 1bs, about 2000 1bs, about 2500 lbs, about
3000 1bs, about 3500, about 4000 Ibs, about 4500 Ibs, or about 5000 lbs per acre). In a
preferred embodiment, the mineral complex and compositions comprising the same are
applied at about 200 Ibs to about 3,000 Ibs per acre or at about 1,000 lbs to about 3,000 lbs
per acre.

[0101] The invention also provides a method for stimulating reproductive growth in
plants, which method comprises applying the mineral complex or compositions thereof, as
described herein, to the plants or to the environment thereof. The invention also provides a
method for stimulating or accelerating the germination time of seeds, which method
comprises applying the mineral complex described herein to the seeds or to the environment

thereof. The invention also provides a method for promoting maturity in plants, which
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method comprises applying the mineral complex or compositions thereof, as described
herein, to the plants or to the environment thereof. The invention also provides a method of
increasing flowering or for accelerating the onset of flowering in plants, which method
comprises applying the mineral complex or compositions thereof, as described herein, to the
plants or to the environment thereof. The invention also provides a method for improving or
accelerating the onset of coloration in plants, which method comprises applying the mineral
complex or compositions thereof, as described herein, to the plants or to the environment
thereof. The invention also provides a method for improving or accelerating the onset of
fruiting in plants, which method comprises applying the mineral complex or compositions
thereof, as described herein, to the plants or to the environment thereof. Unless otherwise
noted by context, the environment of the plants or seeds includes any water, air, soil,
fertilizer, or mulch surrounding the plants or seeds.

[0102] The mineral complex and compositions comprising the mineral complex, as
described herein, may be applied to a solid (e.g., soil or vegetation) or a liquid (e.g., water)
surface, as described herein, in any conventional manner. In one embodiment, the mineral
complex and compositions comprising the mineral complex are applied to soil, water, or
vegetation in dry form. For example, a conventional spreader or sprayer may be used to
distribute the dry form of the mineral complex and compositions comprising the same over
the soil, water, or vegetation. In one embodiment, the mineral complex and compositions
comprising the mineral complex are applied onto the solid or liquid surface in dry form by
spraying. Alternatively, the mineral complex and compositions comprising the same may be
applied in bulk to soil or vegetation and then manually spread or raked over the soil or
vegetation. In a related embodiment, the mineral complex and compositions comprising the
mineral complex may be applied in bulk to water and thereafter, desirably, the water may be
agitated in order to distribute the mineral complex relatively uniformly throughout the water
prior to application. Similar mixing and dispersing methods may be employed to apply dry
formulations comprising binder, seed, mulch, fertilizing agent, or any combination thereof.
[0103] In another embodiment, the mineral complex and compositions comprising the
mineral complex, as described herein, are applied to soil, water, or vegetation in dry or in
liquid form. In the latter regard, water may be added to the mineral complex or the
composition comprising the mineral complex as described herein. The amount of water to be
added may be routinely determined by one of ordinary skill in the art depending on the

particular application method employed. Exemplary methods of applying liquid formulations
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include pumping, spraying, e.g., by means of an electrostatic or other conventional sprayet,
or drip irrigation methods or fertigation systems, which involve application directly to the
soil. Examples of conventional sprayers include hydroseeders and backpack sprayers. Ina
preferred embodiment, the mineral complex and compositions comprising the mineral
complex are applied onto a solid or liquid surface (e.g., soil, vegetation, or water) in liquid
form by spraying. Similar methods may be employed to apply liquid formulations
comprising binder, seed, mulch, fertilizing agent, or any combination thereof.

[0104] The mineral complex and compositions comprising the mineral complex also may
be applied from the air using any method known in the art, such as a crop-duster, a helicopter,
or a cargo plane; frorﬁ the ground using any method known in the art, such as a dump truck, a
conventional spreader, or a conventional sprayer; or from the water, using any method known
in the art, such as a barge or boat.

[0105] When the mineral complex and compositions comprising the mineral complex, as
described herein, are applied to land, such as for purposes of augmenting or remediating a
solid growth medium, such as soil or vegetation, or preventing or mitigating erosion of soil,
as described herein, the mineral complex, or composition thereof, that may be applied is an
amount sufficient to provide for application of the desired amount of mineral complex
thereto. For example, the mineral complex is applied in an amount ranging from about 200
1bs per acre and about 10,000 Ibs per acre (e.g., about 200 to about 10,000 lbs per acre, about
200 to about 9,000 Ibs per acre, about 200 to about 8,000 lbs per acre, about 200 to about
7,000 1bs per acre, about 200 to about 6,000 1bs per acre, about 200 to about 5,000 lbs per
acre, about 200 to about 4,000 Ibs per acre, about 200 to about 3,000 lbs per acre, about 200
to about 2,000 Ibs per acre, about 200 to about 1,000 1bs per acre, about 200 to about 900 lbs
per acre, about 200 to about 800 1bs per acre, about 200 to about 700 Ibs per acre, about 200
to about 600 Ibs per acre, about 300 to about 500 1bs per acre, about 300 to about 400 lbs per
acre, about 400 to about 6,000 Ibs per acre, about 500 to about 5,000 lbs per acre, about 600
to about 4,000 Ibs per acre, about 700 to about 3,000 lbs per acre, about 800 to about 2,000
1bs per acre, or about 900 Ibs per acre, about 1,000 Ibs per acre, about 2,000 lbs per acre, or
about 3,000 Ibs per acre). Preferably, the amount of mineral complex, whether applied alone
or as part of a composition, is applied at about 250 1bs to about 5000 Ibs per acre (e.g., about
250 1bs, about 300 Ibs, about 350 lbs, about 400 Ibs, about 450 1bs, about 500 1bs, about 550
1bs, about 600 lbs, about 650 Ibs, about 700 lbs, about 750 lbs, about 800 lbs, about 850 Ibs,
about 900 1bs, about 950 lbs, about 1000 Ibs, about 1500 1bs, about 2000 1bs, about 2500 Ibs,
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about 3000 lbs, about 3500, about 4000 Ibs, about 4500 1bs, or about 5000 Ibs per acre), more
preferably at about 200 Ibs to about 3,000 Ibs per acre, and more preferably at about 1,000 Ibs
to about 3,000 1bs per acre.

[0106] When the mineral complex and compositions comprising the mineral complex, as
described herein, are applied to water, such as for purposes of augmenting a growth medium
comprising water (e.g., in hydroponics) or remediating contaminated water, as described
herein, the mineral complex, or composition thereof, is applied in an amount sufficient to
provide for the application of the mineral complex in an amount of from about 25 Ibs and
about 5000 1bs of the mineral complex per 5,000 square feet of surface area of water (e.g.,
about 25 Ibs, about 50 Ibs, about 100 lbs, abouf 150 1bs, about 200 Ibs, about 250 lbs, about
300 Ibs, about 350 lbs, about 400 lbs, about 450 lbs, about 500 Ibs, about 550 1bs, about 600
1bs, about 650 1bs, about 700 1bs, about 750 bs, about 800 lbs, about 850 Ibs, about 900 Ibs,
about 950 Ibs, about 1,000 Ibs, about 1,500 1bs, about 2,000 1bs, about 2,500 lbs, about 3,000
1bs, about 3,500 Ibs, about 4,000 Ibs, or about 4,500 1bs per 5,000 square feet of surface area
of water). Preferably, the amount of mineral complex, whether applied alone or as part of a
composition, is applied onto the water at from about 50 Ibs and about 500 lbs of the mineral
complex per 5,000 square feet of surface area of water.

[0107] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.

EXAMPLE 1
[0108] This example demonstrates the chemical analysis of several different mineral
complexes.
[0109] Two mineral complexes (complex 1 and complex 2) were obtained from a natural
mineral source and crushed/milled to a particle size of 200 to 400 mesh (a fine dust). A
chemical analysis was used to determine the components of each mineral complex, as set
forth in Table 3. A third mineral complex (complex 3) was prepared by mixing 95 wt.% of
complex 1 with 5 wt.% of complex 2. A fourth mineral complex (complex 4) was prepared

by mixing 85 wt.% of complex 1 with 15 wt.% of complex 2.

TABLE 3

Complex 1 Complex 2 Complex 3 Complex 4
S10, 47.6% 65.9% 48.52% 50.35%
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Complex 1 Complex 2 Complex 3 Complex 4
Al,O3 14.75% 11.5% 14.59% 14.26%
Fe, 03 13.6% 1.41% 12.99% 11.77%
CaO 9.01% 3.75% 8.75% 8.22%
MgO 6.36% 0.81% 6.08% 5.53%
Na,O 2.6% 2.11% 2.58% 2.53%
K,0 0.72% 5.25% 0.95% 1.40%
Cr,03 0.02% <0.01% 0.02% 0.02%
TiO, 1.59% 0.2% 1.52% 1.38%
MnO 0.19% 0.02% 0.18% 0.16%
P»,0s 0.2% 0.15% 0.20% 0.19%
SrO 0.03% 0.03% 0.03% 0.03%
BaO 0.02% 0.09% 0.02% 0.03%
C 0.04% 0.62% 0.07% 0.13%
S <0.01% 0.025% <0.01% <0.01%
Ag <1 ppm <1 ppm <1 ppm <1 ppm
Ba 199 ppm 450 ppm 211.55 ppm 236.65 ppm
Ce 32 ppm 220 ppm 41.4 ppm 60.20 ppm
Co 58 ppm 21 ppm 56.15 ppm 52.45 ppm
Cr 170 ppm 6 ppm 161.80 ppm 145.40 ppm
Cs 0.72 ppm 22 ppm 1.78 ppm 3.91 ppm
Cu 190 ppm 12 ppm 181.10 ppm 163.30 ppm
Dy 5.63 ppm 2.5 ppm 5.47 ppm 5.16 ppm
Er 3.21 ppm 1.7 ppm 3.13 ppm 2.98 ppm
Eu 1.79 ppm 3.7 ppm 1.89 ppm 2.08 ppm
Ga 24.2 ppm 15 ppm 23.74 ppm 22.82 ppm
Gd 5.56 ppm 3.7 ppm 5.47 ppm 5.28 ppm
Hf 3.9 ppm 21 ppm 4.76 ppm 6.47 ppm
Ho 1.06 ppm 0.6 ppm 1.04 ppm 0.99 ppm
La 14.6 ppm 220 ppm 24.87 ppm 45.41 ppm
Lu 0.43 ppm 0.5 ppm 0.43 ppm 0.44 ppm
Mo 3 ppm 12.5 ppm 3.48 ppm 4.43 ppm
Nb 8.6 ppm 40 ppm 10.17 ppm 13.31 ppm
Nd 20.6 ppm 5 ppm 19.82 ppm 18.26 ppm
Ni 105 ppm 2.5 ppm 99.88 ppm 89.63 ppm
Pb 5 ppm 6 ppm 5.05 ppm 5.15 ppm
Pr 4.71 ppm 27 ppm 5.82 ppm 8.05 ppm
Rb 17.2 ppm 325 ppm 32.59 ppm 63.37 ppm
Sm 4.9 ppm 6.2 ppm 4.97 ppm 5.10 ppm
Sn 1 ppm 3 ppm 1.10 ppm 1.30 ppm
Sr 244 ppm 380 ppm 250.80 ppm 264.40 ppm
Ta 0.6 ppm 2.8 ppm 0.71 ppm 0.93 ppm
Tb 0.89 ppm 0.8 ppm 0.89 ppm 0.88 ppm
Th 1.73 ppm 180 ppm 10.64 ppm 28.47 ppm
TI <0.5 ppm 6 ppm <0.78 ppm <1.33 ppm
Tm 0.45 ppm 0.6 ppm 0.46 ppm 0.47 ppm
U 0.48 ppm 6 ppm 0.76 ppm 1.31 ppm
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Complex 1 Complex 2 Complex 3 Complex 4
\ 271 ppm 7.8 ppm 257.84 ppm 231.52 ppm
Y 1 ppm 26 ppm 2.25 ppm 4.75 ppm
Y 29.2 ppm 23 ppm 28.89 ppm 28.27 ppm
Yb 2.93 ppm 1.4 ppm 2.85 ppm 2.70 ppm
Zn 135 ppm 64 ppm 131.45 ppm 124.35 ppm
Zr 138 ppm 63 ppm 134.25 ppm 126.75 ppm
As 0.8 ppm 1.1 ppm 0.82 ppm 0.85 ppm
Bi 0.01 ppm 3.5 ppm 0.18 ppm 0.53 ppm
Hg <0.005 ppm 0.01 ppm <0.005 ppm <0.006 ppm
Sb 0.06 ppm 0.4 ppm 0.08 ppm 10.11 ppm
Se 0.6 ppm 0.7 ppm 0.61 ppm 0.62 ppm
Te <0.01 ppm 0.022 ppm <0.01 ppm <0.01 ppm
LOI 2.76% 6.45% 2.94% 3.31%

[0110]

mineral complex described herein. However, mineral complex 2 was successfully combined

The silicon dioxide content of mineral complex 2 falls outside of the scope of the

with mineral complex 1 to prepare mineral complexes 3 and 4. Mineral complexes 1, 3, and
4 fall within the scope of the invention described herein. Additional mineral complexes
falling within the scope of the invention described herein can be prepared using mineral
complexes 1 and 2. This example demonstrates the specific components of three exemplary

mineral complexes of the invention that may be used as a soil amendment.

EXAMPLE 2
[0111]

moisture retention in soil, and enhancing seed germination using the mineral complex of the

This examples demonstrates methods for augmenting growth media, enhancing

present invention.
[0112]
Louisiana State University Agricultural Center Burden Facility in Baton Rouge, LA. Plots

A ten week study was initiated in August 2010 on a sandy loam soil located at the

(3x3 ft) were arranged in randomized complete block design with four replications. The plots
were treated at 0 and 4 weeks with a nitrogen source (NH4NOs) at arate of 0, 0.25. 0.5, or 1.0
pounds of the nitrogen source per 1,000 square feet (Ibs N/M), either alone (as a control) or in
combination with a mineral complex comprising a mixture of 96 wt.% of complex 1, as
described in Example 1 (see Table 3) and 4 wt.% of complex 2, as described in Example 1
(see Table 3).

[0113] The treatment conditions for the control and mineral complex treated plots are

shown in Table 4.
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TABLE 4
Treatment  Rateof =~ N Source  Fertilizer Rates of Nitrogen Nitrogen
Group Mineral Analysis Application Application
Complex _ (N-P-K) Frequency
Application
Ibs/acre Ibs N/M
Control NA NH4NO;3 34-0-0 0,0.25,0.5and 1.0 0 and 4 weeks
Mineral 2000 NH4NO; 34-0-0 0,0.25,0.5and 1.0 0 and 4 weeks
Complex

[0114] Common bermudagrass was seeded at 200 Ibs of pure live seed per acre (PLS/A)
to the entire treatment area followed by application of a mineral complex comprising a
mixture of 96 wt.% of complex 1, as described in Example 1 (see Table 3), and 4 wt.% of
complex 2, as described in Example 1 (see Table 3), at 2000 lbs/acre to half the plots using
shakers for more even distribution across the soil surface. Nitrogen applications were applied
using a 3 ft wide drop spreader at the initiation of the trial and 4 weeks after seeding. Plots
were irrigated within twenty-four hours after mineral complex and nitrogen fertilizer
applications and as needed throughout the trial. During the first 14 days, seed emergence was
recorded daily. Canopy coverage on a scale of 0% to 100% (0% = bare soil and 100% =
complete grass coverage) was visually assessed every 2 weeks for 10 weeks. During the first
60 days of the trial, soil water content (v/v) was measured using the EC-5 probe with data
recorded on the ECHO-5 datalogger (Decagon Inc., Pulham, WA). This measurement was
only recorded for treatments receiving the 1 Ibs N/M application rate.

[0115] At the conclusion of the trial, soil cores were collected from each treatment using
a hammer probe core sampler (6.3 cm x 15 cm, AMS INC., American Falls, ID) to a depth of
6 inches. Roots were washed to remove soil and debris in preparation for analysis using the
WinRhizo System (Regent Systems Inc., Quebec, Canada). The WinRhizo System is an
image analysis program designed to measure root architectural parameters such as total root
length and surface area. Root samples were scanned at 400 dots per inch (Epson 1680, Epson
America Inc, Long Beach, CA) and analyzed using WinRHIZO image analysis software.
Root analysis procedures followed previously published methods of Costa et al (2001) and
Bouma et al. (2000). Prior to scanning, root sample preparation included immersionina 1 %

(v/v) methlyene blue solution for 15 min followed by de-ionized water washes to remove
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excess dye. All data was analyzed as RCBD using SAS statistical software. Means Were
separated using Fisher’s protected least significant difference (0=0.05)

[0116] Common bermudagrass seed emergence occurred within the first 14 days of the
trial, as shown in Table 5. Environmental conditions were extremely favorable for common
bermudagrass seed germination, as shown in Table 6. Although, statistically, the only
significant improvement in common bermudagrass seed emergence occurred at the highest
nitrogen application rate (1.0 Ibs N/M) and mineral complex treatment group, seeds emerged
several days earlier in all of the mineral complex treatment groups (i.e., across all nitrogen
application rates) as compared to the matched controls. Specifically, seeds emerged between
5 and 7 days in plots treated with the mineral complex compared to 8 to 10 days for the

controls (treated with nitrogen only) (see Table 5).

Table 5. Effect of the Mineral Complex on Common Bermudagrass Seed Emerence.

Treatment Nitrogen Rate Seed Emergence
(Ibs N/M) (days)
Control 0 9.3
0.25 8.8
0.50 10.0
1.00 8.5
Mineral Complex 0 7.5
0.25 6.5
0.50 7.0
1.00 5.8
LSD (4=0.05) 3.3

LSD = Fisher’s least significant difference
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[0118] The slight acceleration in common bermudagrass seed emergence also had a
positive effect on increasing groundcover for the 1.0 1bs N/M application rate and mineral
complex treatment (see Table 7). During the first 2 weeks after seeding, nitrogen application
rates of 0.5 1bs N/M or less exhibited <1% ground cover for both treatments with the
exception of nitrogen application rate of 0.5 Ibs N/M and the mineral complex, which
exhibited a ground cover of 2.5%. In subsequent weeks, all treatments had increased ground
cover, with higher nitrogen application rates having the highest coverages. As nitrogen
application rates were reduced, common bermudagrass ground cover declined with the
exception of mineral complex and the 0.5 Ibs N/M rate. At 8 weeks after seeding, treatments
of 0.5 1bs N/M had 60.8% and 76.2% ground cover for control and mineral complex,

respectively.
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Table 7. Effect of Mineral Complex on Common Bermudagrass Establishment

Treatment Nitrogen Bermudagrass Cover
Rate
2 4 6 8 10
(Ibs N/M) (%)
Control 0 <1 9.8 15.5 30.3 44.5
0.25 <1 10.5 233 41.6 68.3
0.50 <1 18.8 39.3 60.8 86.5
1.00 3.0 19.5 47.8 80.5 97.5
Mineral Complex 0 <1 8.0 13.3 28.0 46.8
0.25 <1 12.5 28.8 46.5 72.8
0.50 2.5 19.3 46.8 76.2 96.5
1.00 6.0 22.8 49.5 83.8 95.0
LSD (5=005) 2.1 5.7 12.2 13.7 16.5

LSD = Fishet’s least significant difference

[0119] As shown in Figures 2 and 3, total root length and surface area increased for both
treatments as the nitrogen application rates increased. Common bermudagrass that received
no nitrogen resulted in the lowest total root length and surface areas. The mineral complex
appeared in this study to had relatively no effect on rooting at nitrogen application rates of 0,
0.25 and 1.0 Ibs N/M compared to controls at the same nitrogen application rates for total
root length. However, the combination of the mineral complex and a nitrogen application
rate of 0.5 1bs N/M resulted in higher total root length and surface area compared to controls
at a nitrogen application rate of 0.5 Ibs N/M, and were similar to controls at 1.0 lbs N/M (see
Figures 2 and 3).

[0120] The results of the experiments reflected in this example appear to demonstrate that
the need for nitrogen application may be reduced from the rate of 1.0 Ibs N/M, the rate that is
commonly applied during common bermudagrass establishment, by the application of a
mineral complex of the invention, namely, a mineral complex comprising 96 wt.% complex 1

set forth in Table 3 and 4 wt.% complex 2 set forth in Table 3 at a rate of 2000 lbs/acre.
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Common bermudagrass established using the mineral complex and a nitrogen application rate
of 0.5 1bs N/M exhibited a similar pattern in ground cover and root development as the 1 Ibs
N/M controls. It is believed that the ability of the mineral complex to enhance bermudagrass
establishment may be due in part to its ability to maintain higher soil water content. By
increasing soil water content, it is further believed that common bermudagrass is capable of
developing a stronger root system that is more effective at nitrogen uptake, resulting in better
plant growth. Because water is often a limiting factor that negatively affects vegetation
establishment, maintenance of higher soil water content is believed to be beneficial during
grass establishment.

[0121] All references, including publicaﬁons, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0122] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-claimed
element as essential to the practice of the invention.

[0123] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventor expects skilled artisans to employ such variations as

appropriate, and the inventor intends for the invention to be practiced otherwise than as
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The invention claimed is:

1. A composition comprising a binder and a mineral complex, wherein the mineral complex
consists essentially of a natural volcanic mineral deposit comprising 47 wt. % to about 54 wt. % SiO2,
about 9 wt. % to about 15 wt. % Fe203, about 6 wt. % to about 10 wt. % CaO, about 4 wt. % to about
7 wt. % MgO, about 12 wt. % to about 15 wt. % AI203, about 1 wt. % to about 4 wt. % Na20, about
0.01 wt. % to about 3 wt. % K20, about 0.01 wt. % to about 0.03 wt. % Cr203, about 1.0 wt. % to
about 2.0 wt. % TiO2, about 0.1 wt. % to about 0.3 wt. % MnO, about 0.1 wt. % to about 0.3 wt. %
P205, about 0.01 wt. % to about 0.05 wt. % SrO, and about 0.01 wt. % to about 2 wt. % BaO, and
wherein the mineral complex further comprises one or more of Ag, Ba, Co, Cr, Cs, Cu, Ga, Hf, Mo,
Nb, Ni, Rb, Sn, Sr, Ta, Th, Tl, V, W, Zn, and Zr in the ranges set forth in Table 1

TABLE 1
Range
{ppm based on total weight
Element of mineral complex)

Ag about 0.0001 ppm to about 10 ppm
Ba about 1 ppm to about 500 ppm

Co ahout 0.01 ppm to about 200 ppm
Cr about 1 ppm to about 400 ppm

Cs about 0.0001 ppm to about 50 ppm
Cn about | ppm to about 40 ppm

Ga about 0.001 ppm to about 200 ppm
Hf about 0.001 ppm to about 50 ppm
Mo about 0,001 ppm to about 25 ppm
Nb about 0,001 ppm to about 100 ppm
M1 about 1 ppm to about 400 ppm

REh about 1 ppm to about X ppm

sn about 0,001 ppm to about 15 ppm
st about | ppm to about 500 ppm

Ta about 0.0001 ppm te about 10 ppm
Th ahout 0,001 ppm to about 200 ppm
Tl about 0,0001 ppm to about 25 ppm
W about 1 ppm to about 600 ppm

W about 0.000]1 ppm to about 25 ppm
n ghout 1 ppm to about 400 ppm

£r about 1 ppm to about 400 ppm

and one or more of Bi, Hg, Se, and Te in the ranges set forth in Table 2

TABLE 2
Range
{ppm based on total weight
Element of mineral complex)
Bi about 0.0001 ppm to about 4 ppm
Hg about 0,0000]1 ppm to about 0.5 ppm
Se about 0.0001 ppm to about 4 ppm

Te about 0.0001 ppm to about 2 ppm
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wherein, in the mineral complex, As is present in an amount less than 5 ppm, Sb is present in
an amount less than 2 ppm, Pb is present in an amount of 5.15 ppm or less, and U is present in an
amount of 1.31 ppm or less.

2. The composition of claim 1, wherein the binder is an organic material.

3. The composition of claim 1, wherein at least about 85% of the mineral complex has an
average particle size from about 10 to about 6-000 mesh.

4. The composition of claim 1, wherein the composition is in the form of at least one pellet.

5. The composition of claim 4, wherein the pellet has an average diameter of from about 0.1 mm
to about 10 mm.

6. The composition of claim 1, wherein the composition is in the form of a plurality of pellets.

7. The composition of claim 6, wherein each pellet has an average diameter of from about 0.1
mm to about 10 mm.

8. The composition of claim 1, wherein the binder provides for the extended release of mineral
complex from the composition when the composition is exposed to a water-containing environment.

9. The composition of claim 1, wherein the binder is selected from at least one of the group
consisting of sulfur, wax, polymer, oil, urea-formaldehyde, plant starches, protein gels, glues,
gumming compositions, humic, crystallizing compounds, gelling clays, synthetic gel-forming
compounds, and mixtures thereof.

10. The composition of claim 1, wherein the mineral complex is present in the composition in an
amount ranging from about 50 wt. % to about 99.5 wt. % of the composition.

11. The composition of claim 1, wherein the composition further comprises a fertilizing agent.

12. The composition of claim 11, wherein the composition further comprises mulch.

13. The composition of claim 1, wherein the composition further comprises mulch.

14. The composition of claim 1, wherein the composition is in the form of a plurality of pellets,

wherein each pellet has an average diameter of from about 0.1 mm to about 10 mm.

15. The composition of claim 14, wherein the binder provides for the extended release of mineral
complex from the composition when the composition is exposed to a water-containing environment.

16. A composition comprising a fertilizing agent and a mineral complex, wherein the mineral
complex consists essentially of a natural volcanic mineral deposit comprising 47 wt. % to about 54 wt.
% SiO2, about 9 wt. % to about 15 wt. % Fe203, about 6 wt. % to about 10 wt. % CaO, about 4 wt. %
to about 7 wt. % MgO, about 12 wt. % to about 15 wt. % Al203, about 1 wt. % to about 4 wt. %
Na20, about 0.01 wt. % to about 3 wt. % K20, about 0.01 wt. % to about 0.03 wt. % Cr203, about
1.0 wt. % to about 2.0 wt. % TiO2, about 0.1 wt. % to about 0.3 wt. % MnO, about 0.1 wt. % to about
0.3 wt. % P205, about 0.01 wt. % to about 0.05 wt. % SrO, and about 0.01 wt. % to about 2 wt. %
BaO, wherein the mineral complex further comprises one or more of Ag, Ba, Co, Cr, Cs, Cu, Ga, Hf,
Mo, Nb, Ni, Rb, Sn, Sr, Ta, Th, Tl, V, W, Zn, and Zr in the ranges set forth in Table 1
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TABLE 1
Range
{ppm based on total weight
Element of mineral complex)

Ag about 0.0001 ppm to about 10 ppm
Ba about 1 ppm to about 500 ppm

Co about 0.01 ppm to about 200 ppm
Cr about 1 ppm to about 400 ppm

Cs about 0.0001 ppm to about 50 ppm
Cu about 1 ppm to about 4K ppm

Ga about 0,001 ppm to about 200 ppm
Hf about 0.001 ppm to about 50 ppm
Mo about 0,001 ppm to about 25 ppm
Nb about 0,001 ppm to about 100 ppm
NI about 1 ppm to about 400 ppm

Rk about 1 ppm to about 40 ppm

Sn ahout 0.0001 ppm to about 15 ppm
Sr about 1 ppm to about 6UX) ppm

Ta about 0,000 ] ppm to about 10 ppm
Th about 0,001 ppm to about 200 ppm
TI about 0.0001 ppm to about 25 ppm
W about 1 ppm to about 600 ppm

W abour 0.0001 ppm to about 25 ppim
Zn about 1 ppm to about 400 ppm

Zr about 1 ppm to about 400 ppm

and one or more of Bi, Hg, Se, and Te in the ranges set forth in Table 2

TABLE 2
Range
{ppm based on total weight
Element of mineral complex)

Bi about 0,0001 ppm to about 4 ppm
Hg about 0.00001 ppm to about 0.5 ppm
Se ahout 0.0001 ppm to about 4 ppm
Te about 0.0001 ppim to about 2 ppm

wherein, in the mineral complex, As is present in an amount less than 5 ppm, Sb is present in
an amount less than 2 ppm, Pb is present in an amount of 5.15 ppm or less, and U is present in an
amount of 1.31 ppm or less.
17. The composition of claim 16, wherein the fertilizing agent is an inorganic fertilizing agent.

18. The composition of claim 17, wherein the inorganic fertilizing agent is selected from the
group consisting of nitrogen, phosphorus, potassium, and mixtures thereof.

19. The composition of claim 16, wherein the fertilizing agent is an organic fertilizing agent.
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20. The composition of claim 19, wherein the organic fertilizing agent is selected from the group
consisting of manure, worm castings, compost, seaweed, humic, guano, brassin, peat moss, and
mixtures thereof.

21. The composition of claim 16, wherein the mineral complex is present in the composition in an
amount ranging from about 0.1 wt. % to about 99.5 wt. % of the composition.

22. The composition of claim 21, wherein the mineral complex is present in the composition in an
amount ranging from about 10 wt. % to about 70 wt. % of the composition.

23. The composition of claim 16, wherein at least about 85% of the mineral complex has an
average particle size of from about 10 to about 6000 mesh.

24, The composition of claim 16, wherein the composition is in the form of at least one pellet.

25. The composition of claim 24, wherein the pellet has an average diameter of from about 0.1
mm to about 10 mm.

26. The composition of claim 16, wherein the composition is in the form of a plurality of pellets.

217. The composition of claim 26, wherein each pellet has an average diameter of from about 0.1
mm to about 10 mm.

28. The composition of claim 16, wherein the composition further comprises a medium in which
the fertilizing agent and the mineral complex are enclosed, wherein the medium provides for the
controlled release of the fertilizing agent and the mineral complex from the medium when the medium
is exposed to a water-containing environment.

29. The composition of claim 28, wherein the medium comprises a cellulosic material.
30. The composition of claim 28, wherein the medium comprises a perforated membrane.
31. The composition of claim 16, wherein the composition is in the form of a plurality of pellets,

wherein each pellet has an average diameter of from about 0.1 mm to about 10 mm.

32. A composition comprising mulch and a mineral complex, wherein the mineral complex
consists essentially of a natural volcanic mineral deposit comprising 47 wt. % to about 54 wt. % SiO2,
about 9 wt. % to about 15 wt. % Fe203, about 6 wt. % to about 10 wt. % CaO, about 4 wt. % to about
7 wt. % MgO, 12 wt. % to about 15 wt. % AI203, about 1 wt. % to about 4 wt. % Na20, about 0.01
wt. % to about 3 wt. % K20, about 0.01 wt. % to about 0.03 wt. % Cr203, about 1.0 wt. % to about
2.0 wt. % TiO2, about 0.1 wt. % to about 0.3 wt. % MnO, about 0.1 wt. % to about 0.3 wt. % P205,
about 0.01 wt. % to about 0.05 wt. % SrO, and about 0.01 wt. % to about 2 wt. % BaO, and wherein
the mineral complex further comprises one or more of Ag, Ba, Co, Cr, Cs, Cu, Ga, Hf, Mo, Nb, Ni,
Rb, Sn, Sr, Ta, Th, Tl, V, W, Zn, and Zr in the ranges set forth in Table 1
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TABLE 1

Element

Range
{ppm based on total weight
of mineral complex)

Ag

Co
Cr
s
Cu
(Ga
Hf
Mo
Nk
Mi
Rb
=n
Sr
Ta
Th
Tl

Zn
Ar

about 0.0001 ppm to about 10 ppm
about 1 ppm to about 500 ppm
about 0.01 ppm to about 200 ppm
about 1 ppm to about 400 ppm
about 0.0001 pprm to about 50 ppm
about 1 ppm to about 400 ppm
about 0,001 ppm to about 200 ppm
about 0,001 ppm to about 50 ppm
about 0,001 ppm to about 25 ppm
about 0,001 ppm to about 100 ppm
about 1 ppm to about 400 ppm
about 1 ppm to about 400 ppm
about 00,0001 ppm te about 15 ppm
ahout 1 ppm to about 600 ppm
about 0.0001 ppm to about 10 ppm
about 0,001 ppm to about 200 ppm
about 0.0001 ppm to about 23 ppm
about 1 ppm to about 600 ppm
about 0.0001 ppm to about 25 ppm
about 1 ppm to about 400 ppm
about 1 ppm to about 400 ppm

and one or more of Bi, Hg, Se, and Te in the ranges set forth in Table 2

TABLE 2

Element

Range
{ppm based on total weight
of mineral complex)

Bi
Hg
Se
Te

about 0.0001 ppm to about 4 ppm
about 0.00001 ppm to about 0.5 ppm
ahout 0.0001 ppm to abhout 4 ppm
about 0.0001 ppm to about 2 ppm

wherein, in the mineral complex, As is present in an amount less than 5 ppm, Sb is present in
an amount less than 2 ppm, Pb is present in an amount of 5.15 ppm or less, and U is present in an
amount of 1.31 ppm or less.
33. The composition of claim 32, wherein the mulch is an inorganic mulch.

34. The composition of claim 33, wherein the inorganic mulch is selected from the group

consisting of rubber, plastic, rock, gravel, and mixtures thereof.
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35. The composition of claim 32, wherein the mulch is an organic mulch.

36. The composition of claim 35, wherein the organic mulch is selected from the group consisting
of leaves, hay, straw, bark, sawdust, wood chips, paper, and mixtures thereof.

37. The composition of claim 32, wherein the mineral complex is present in the composition in an
amount ranging from about 0.1 wt. % to about 99.5 wt. % of the composition.

38. The composition of claim 37, wherein the mineral complex is present in the composition in an
amount ranging from about 10 wt. % to about 50 wt. % of the composition.

39. The composition of claim 32, wherein at least about 85% of the mineral complex has an
average particle size from about 10 to about 6-000 mesh.

40. The composition of claim 32, wherein the composition is provided in the form of a pellet, and
wherein the pellet comprises a binder and the mineral complex.

41, The composition of claim 40, wherein the pellet has an average diameter of from about 0.1
mm to about 10 mm.

42. The composition of claim 32, wherein the composition is provided in the form of a plurality of
pellets, and wherein each pellet comprises a binder and the mineral complex.

43. The composition of claim 42, wherein each pellet has an average diameter of from about 0.1
mm to about 10 mm.

44, The composition of claim 32, wherein the composition further comprises a medium in which
the mineral complex is enclosed, wherein the medium provides for the controlled release of the
mineral complex from the medium when the medium is exposed to a water-containing environment.

45, The composition of claim 44, wherein the medium comprises a cellulosic material.
46. The composition of claim 44, wherein the medium comprises a perforated membrane.
47. The composition of claim 32, wherein the composition further comprises a binder, the

composition is provided in the form of a plurality of pellets.

48. The composition of claim 47, wherein each pellet has an average diameter of from about 0.1
mm to about 10 mm.



	final claims.pdf
	Biblio page:1
	Description page:2
	Claims page:43
	Drawings page:64
	ISR page:67




